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ABSTRACT 

 

Anxiety, depression, fatigue, and irritability are common symptoms in patients 

who are chronically infected with the hepatitis C virus (HCV).  Review of the recent 

empirical literature suggests that these symptoms are highly inter-correlated in HCV 

patients, but are not related to level of liver enzymes or amount of liver scaring.  Given 

evidence that psychological distress may be related to poorer antiviral treatment outcome 

in HCV patients because of poor treatment compliance and dose reduction or cessation, 

closer examination of the functional relationships between these symptoms in HCV 

patients is needed in order to improve the potential benefits from HCV treatment, and to 

assist in psychological and pharmacological treatment planning for anxiety, depression, 

fatigue and irritability. Using a multivariate replicated single-subject repeated measures 

design, this study examined the intraindividual, over-time construct validity of anxiety, 

depression, fatigue, and irritability in two adult patients who were chronically infected 

with HCV and who were experiencing clinically significant depression and/or anxiety.  

Daily ratings completed over 87 and 90 days were analyzed with confirmatory dynamic 

factor analysis (CDFA), confirmatory P-technique factor analysis (CPTFA), and dynamic 

time series regression (DTSR).  For both cases, CDFA and CPTFA analyses indicated the 

intraindividual, over time daily- and phase-state trajectory (over time trend) dimensional 

structures of anxiety, depression, fatigue, and irritability were empirically distinct.  

However, DTSR analyses provided mixed support for the predicted relationships between 

certain types of stressful events and cognitions within the four types of psychological 

distress.  Findings from the present study have implications for the clinical assessment 

and treatment of these symptoms and compliance with antiviral medical treatment in 

HCV patients.   
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CHAPTER I 

INTRODUCTION 

 

The Hepatitis C Virus Infection 

The hepatitis C virus infects an estimated 170 million people worldwide (Laurer 

& Walker, 2001; Worman, 1999).  In the U.S., approximately 3.9 million persons are 

infected, with 2.7 million of these, or 1.8% of the general population, developing chronic 

infection (Alter et al., 1999; CDCP, 1999; Costa & Schiff, 1999).  Approximately 35,000 

new infections occur in America each year (NIH, 2002; Palmer, 2002), and the mode of 

viral infection via intravenous drug use (IVDU) is presently the leading cause of new 

infections accounting for an estimated 65% of new cases (Palmer, 2000).   

Chronic hepatitis C infection (CHC) (i.e., > 6 months) or “virema” occurs in 

approximately 85% of acute cases (Daar et al., 2001; Kraus, Schafer, Al-Taie, & 

Scheurlen, 2005; Lauer & Walker, 2001) with up to one-third of these patients 

experiencing no overt symptoms despite suffering significant hepatic inflammation 

and/or injury (Hassoun, Willems, Deslauriers, Nguyen, & Huet, 2002; Maling, 2000; 

Palmer, 2000).  Other patients chronically infected with CHC experience a variety of 

symptoms of variable severity ranging from mild nonspecific complaints (e.g., fatigue) to 

severe symptoms associated with decompensated (or symptomatic) cirrhosis.  Common 

symptoms may include “influenza” [e.g., fever, fatigue, muscle pain (“myalgia”), joint 

pain (“arthralgia”), anorexia, nausea, rashes, headaches], pain in liver area due to 

enlargement of liver (“hepatomegaly”) termed “upper-quadrant pain”, itching (“pruitis”), 

muscle wasting (“cachexia”) and/or changes in mental status (Palmer, 2000; Russo & 

Brown, 2001; Ware et al., 1999; Worman, 1999).   

While CHC is not generally thought to be directly deleterious to liver cells 

(“hepatocytes”) chronic hepatic inflammation and/or injury via a sustained immune 

response to viral persistence contributes to hepatocyte death (“apoptosis”) and the 

formation of fibrotic collagen (Brown & Neuman, 2001; Lauer & Walker, 2001; Palmer, 

2000).  Prospective studies suggest that the formation of fibrotic collagen may lead to 
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cirrhosis, end stage liver disease (ESLD), and/or liver cancer (“hepatoma”) in 7-16% of 

cases after 20 years or more of infection (Hoare & Forton, 2000; Obhrai, Hall, & Anand, 

2001; NIH, 2002).  Costa et al.  (1999) and Palmer (2000) suggest that cirrhotic patients 

who are relatively asymptomatic (termed “compensated”) can progress to ESLD or 

develop a hepatoma in 4% and 1-4%, of cases, respectively.  ESLD is the most common 

reason for liver transplant in the U.S.  (Costa & Schiff, 1999; Laurer & Walker, 2001; 

Palmer, 2000; Russo & Brown, 2001; Schiff, 2000; Yates & Gleason, 1998), and ESLD 

accounts for an estimated 10,000 to 12,000 deaths annually (Dwight et al., 2000; Russo & 

Brown, 2001; Schiff, 2000).  The number of deaths secondary to complications from 

ESLD or hepatoma is expected to rise to 38,000 in 2010 (Armstrong, Alter, McQuillan, 

& Margolis, 2000; Russo & Brown, 2001).  In general, a poorer prognosis in CHC is 

associated with continued alcohol (i.e., > 50 grams/day) consumption, co-infection with 

human immunodeficiency virus (HIV) or hepatitis A and/or B viruses (HAV or HBV, 

respectively), male sex, and older age (age:  > 55) (Lauer & Walker, 2001).   

 

Anxiety, Depression, Fatigue, and Irritability in CHC Patients 

Anxiety symptoms are commonly reported among CHC patients.  Approximately 

15% of CHC infected patients not undergoing antiviral treatment will report anxious 

symptoms (Kraus et al., 2000).  Prevalence of current Diagnostic and Statistical Manual 

for Mental Disorders (4th ed.; DSM-IV) anxiety disorders among CHC patients not on 

antiviral treatment ranges from 4-18%, with the Generalized Anxiety Disorder (GAD) 

diagnosis being the most common (Dwight et al., 2000; Fontana et al., 2002; Maddock, et 

al., 2004).  These percentages are between 2 to 9 times the rates found in the general 

population (i.e., prevalence of GAD or panic disorder in the general population is 3% and 

2%, respectively; APA, 1994).  Furthermore, upwards of 44% and 10% of CHC patients 

will meet lifetime criteria for past GAD or panic disorder, respectively (Dwight et al., 

2000; Mulder et al., 2000).  However, the prevalence of anxiety disorders may be 

significantly higher in special populations.  For example, between 26-71% of male 
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veterans chronically infected with CHC will meet DSM-IV criteria for an anxiety 

disorder (El-Serag et al., 2002; Yovtcheva, Aly Rifai, Moles, & Van Der Linden, 2001).   

 Complaints of anxiety are also common among CHC patients undergoing antiviral 

treatment.  Briefly, this antiviral treatment is comprised of an immunomodulatory 

protein, or cytokine termed interferon-alpha (IFN-α or pegulated IFN-α) and an antiviral 

agent termed ribavirin, that when taken together, aids the immune system in response to 

antigens or viruses  (Bonaccorso et al., 2001; Dusheiko, 1997; Loftis & Hauser, 2004; 

Malek-Ahmadi, 2001;  Schiepers, Wichers, & Maes, 2005; Trask, Esper, Riba, & 

Redman, 2000).  Between 3-34% of CHC-infected patients will report anxious symptoms 

during antiviral treatment (Fontana, 2000; Fontana et al., 2002; Heathcote et al., 2000), 

and approximately 1.4% of CHC IFN-α treated patients will develop substance induced 

GAD within 2.2 (±1.9) weeks of treatment initiation (Hosoda et al., 2000).  While 

complaints of anxiety may be common during treatment, exacerbations in anxious 

symptoms do not always occur during antiviral treatment (Mulder et al., 2000). 

Reports of depressive symptoms are common in CHC patients.  Depending on 

which studies are cited, depressive symptoms are likely to occur in approximately 7-60% 

of CHC patients not undergoing interferon treatment (Cordoba et al., 1998; Goulding, 

O’Connel, & Murray, 2001; Hilsabeck, Hassanein, Carlson, Ziegler, & Perry, 2003; 

Hilsabeck, Perry, & Hassanein, 2002; Hunt et al., 1997; Johnson, Fisher, Fenaughty, & 

Theno, 1998; Lee, Hyder, Regenstein, & Perrillo, 1997; Poynard et al., 2002).  Between 

5-39% of CHC patients not undergoing antiviral treatment will meet criteria for current 

Major Depressive Disorder (MDD) or Dysthymia (Dwight et al., 2000; Maddock et al., 

2004; Schaefer et al., 2005; Tavakoli-Tabasi, Rowan, Yovtcheva et al., 2001), and these 

rates are minimally about two times the general population (general population 

prevalence 2-9%; Fontana, 2000; APA, 1994).  Furthermore, between 5-44% will meet 

criteria for a past major depressive episode or dysthymia prior to seeking treatment for 

CHC symptoms (Dwight et al., 2000; Maddock et al., 2004).  As with anxiety, these 

prevalence rates are even higher in special populations, notably in male veterans infected 
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with CHC where documented MDD prevalence rates range from 49-85% (El-Serag et al., 

2002).   

Between 21-45% of CHC patients undergoing antiviral treatment will report 

depressive symptoms (Amodio et al., 2005; Aspinall & Pockros, 2004; Castera, Zigante, 

Bastie, & Buffet, 2002; Fontana, 2000; Loftis & Hauser, 2004), although exacerbations in 

depressive symptoms do not always occur during treatment (see Mulder et al., 2000).  

Upwards of 20% of these CHC patients who report depressive symptoms will require 

psychiatric treatment (McDonald, Jayasuriya, Bindley, Gonsalvez, & Gluseska, 2002).  

Fontana (2000) characterized the depressive symptoms during antiviral treatment as 

including fatigue, apathy, poor concentration, slowness, withdrawal, and reduced 

psychomotor and verbal activity, and suggested that these symptoms may be difficult to 

differentiate from “flu-like” symptoms.  The development of a substance (i.e., IFN-α) 

induced MDD in CHC patients undergoing treatment ranges from 0-59% (Amodio et al., 

2005; Castera et al., 2002; Hosoda et al., 2000; Kraus, Schafer, Faller, Csef, & Scheurlen, 

2002; Scalori et al., 2005; Schaefer et al., 2005), and time to occurrence of these 

symptoms ranges from 1-22 weeks (mean = between 5.1 to 10.4 weeks; Hosoda et al., 

2000; Kraus et al., 2002).  The variability in incidence rates may be due to the reporting 

of somatic symptoms as “depression” and lack of gold standard for the assessment of 

depression (Amodio et al., 2005), and whether or not depression was diagnosed by 

mental health professionals or others as part of the treatment team (Schaefer et al., 2005).  

Identified risk factors for IFN-α induced MDD in CHC includes higher baseline 

depression (prior to starting IFN-α) and older age (> age 50; Loftis & Hauser, 2004).  

Note that less than 1% of patients undergoing antiviral treatment will complete suicide 

attempt (Fontana, 2000; Trask et al., 2000).  However, instances of completed a suicide 

have been reported in CHC patients who have not had a history of depression and/or 

suicide (Fontana, 2000; Janssen, Brouwer, van der Mast, & Schalm, 1994).  The above 

prevalence rates may be an underestimate, however, as most clinical trials exclude 

patients with significant psychopathology (Cheung & Ahmed, 2001; Van Theil et al., 

1998).   
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Fatigue is an ill-defined yet common symptom in both the general population and 

in general medical practice (Brunier & Graydon, 1996; Chalder et al., 1993; Glacken, 

Gocates, Kernohan, & Hegarty, 2003; Wessely & Pariante, 2002).  Fatigue has been 

variously defined as physical exhaustion or tiredness, muscle weakness, low physical 

energy, reduced psychological motivation and/or boredom, or diminished ability to carry 

out mental computation (Brunier & Graydon, 1996; Chalder et al., 1993; Chambers & 

Docktor, 1993; Lee, Hicks, & Nino-Murcia, 1991; Winstead-Fry, 1998).  The prevalence 

of fatigue in the general population in the United States is approximately 14-30%, and 

fatigue is more commonly reported by women than men (ratio about 3:2, respectively; 

Lee et al., 1991; Piche,  et al., 2002; Wessely & Pariante, 2002).  In general medical 

practice, fatigue is reported in 7-45% of patients (Smets, Garssen, Bonke, & De Haes, 

1995).   

Subjective complaints of fatigue are common in CHC patients (Poynard et al., 

2002) with reported incidence rates of 40-97% regardless of their stage of liver disease 

(Barkhuizen et al., 1999; Goh, Coughlan, Quinn, O’Keane, & Crowe, 1999; Lee et al., 

1991; McDonald et al., 2002).  Fatigue is the most common symptom accompanying 

liver disease (Neri et al., 2003; Palmer, 2000), and fatigue is more likely to reported in 

CHC patients who are older (Poynard et al., 2002) and female (Goh et al., 1999; 

Hilsabeck et al., 2005; Poynard et al., 2002).  The wide range in prevalence likely reflects 

differences in operational definitions and measurement of fatigue (Smets et al., 1995).  

The prevalence of fatigue in CHC seropositive and negative blood donors is reportedly 

61% and 70%, respectively (Wessely & Pariante, 2002).  Complaints of fatigue of 

variable severity are reported in approximately 50-80% of CHC patients undergoing 

antiviral treatment (Aspinall & Pockros, 2004; Fontana, 2000), and fatigue is seemingly 

related to dose and duration with increased complaints occurring with higher dosages and 

longer treatment (Cotler et al., 2000). 

Symptoms of irritability, or anger/hostility, also are commonly reported in CHC 

patients.  The prevalence of these complaints in CHC ranges between 20-52% (Fontana, 

2000; Fontana et al., 2002; McDonald et al., 2002), and these symptoms are more 
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frequently reported in men as compared to women (52% versus 41%, respectively; 

McDonald et al., 2002).  Furthermore, CHC patients will report that their irritability is of 

greater comparative severity than non-liver disease patients or healthy controls (Obhrai et 

al., 2001).  Complaints of increased irritability in CHC patients undergoing antiviral 

treatment are reported in approximately 24-35% of cases (Aspinall & Pockros, 2004).  

Moreover, approximately 7% of CHC patients undergoing antiviral treatment will 

develop what Renault and colleagues (1987) refer to as an “organic personality 

syndrome” that is characterized by a marked increase in irritability and a quick reactive 

temper.  These researchers noted that this substance induced personality syndrome 

typically occurs during the second or third months of treatment, and that it may have a 

deleterious impact upon interpersonal relationships.  As noted previously with regard to 

depression and anxious symptoms, as above, exacerbations in irritability do not always 

occur during antiviral treatment (Mulder et al., 2000).   

Anxiety, depression, fatigue, and irritability are poorly understood in terms of 

their etiology and relationship to the pathogenesis of CHC itself (Forton et al., 2002; 

Gershon, Margulies, Gorczynski, & Heathcote, 2000; Glacken, et al., 2003; Goh et al., 

1999; Neri et al., 2003).  McDonald and colleagues (2002) have shown that anxiety 

symptoms in CHC patients are correlated with depressive symptoms (r = .79, p = .01), 

fatigue (r = .70, p = .01), and irritability (r = .65, p = .01), and depressive symptoms are 

significantly associated with reports of fatigue (r = .80, p = .01) and irritability (r = .73, p 

= .01).  These researchers also reported that fatigue is correlated with irritability (r = .61, 

p = .01) (McDonald et al., 2002).  In a recent study, Hilsabeck and colleagues (2005) also 

show that that fatigue was moderately to highly correlated with depression (r = .61, p 

<.001).  While these symptoms appear to be moderately to highly inter-correlated, 

anxiety, depression, and irritability symptoms are not correlated significantly with the 

severity of ongoing liver disease (LD) in CHC (e.g., amount of cirrhosis/inflammation, 

serum ALT levels, and/or Child-Pugh scores)(Barret et al., 2001; Dwight et al., 2002; 

Fontana et al., 2002; Hassoun et al., 2002; Hunt et al., 1997; Kraus et al., 2000; 

Malaguarnera et al., 1998; McDonald et al., 2002; Singh, Gayowski, Wagener, & Marino, 
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1997; Tavakoli-Tabasi et al., 2005).  In a homogenous sample of Irish females infected 

with CHC via immunization, Barret and colleagues (2001) have reported that there are no 

significant differences in the prevalence of depressive symptoms in patients who were 

seropositive or seronegative (after clearing the hepatitis C virus either spontaneously or 

via IFN-α), suggesting that active CHC infection per se may not always be accompanied 

by depressive symptoms.  Fatigue appears to be weakly correlated with albumin (r = .11, 

p < .05; Tavakoli-Tabasi et al., 2005) and cirrhosis (r = -.08, p < .05; Kleinman et al., 

2000).  However, most studies do not find support for this latter association (e.g., 

Barkhuizen et al., 1999; Barret et al., 2001; Gershon et al., 2000; Goh et al., 1999; 

Hassoun et al., 2002; Hilsabeck et al., 2005; McDonald et al., 2002; Piche et al., 2002), 

and a number of studies have also failed to find a significant correlation between serum 

ALT levels, viral count, or level of circulating serum cytokine levels and fatigue [see 

Wessely & Pariante (2002) for review;  Barret et al., 2001; Gershon et al., 2000; Hassoun 

et al., 2002; Hilsabeck et al., 2005; Piche et al., 2002; Poynard et al., 2002; Tavakoli-

Tabasi et al., 2005] .  Given that that there appears to be a relative lack of association 

between LD severity (i.e., serum ALT or Fibrosis) and these symptoms, several 

hypotheses have been offered in the literature to account for the etiology of these 

symptoms in CHC patients (see Appendix A for a more detailed review).   

Recent empirical evidence supports the relationship between psychosocial 

changes (e.g., diminished sense of well-being, psychological reaction to lethality or 

presence of chronic disease), cytokine neurotoxicity in the pathogenesis of anxious and 

depressive symptoms (along with the fatigue and irritability), and acetyl L-Carnitine 

deficits contributing to fatigue in CHC patients (Appendix A).  The development of these 

symptoms is likely to involve the co-activation of multiple depressotypic response modes 

(e.g., neurovegetative symptoms including fatigue/sleep/subjective cognitive complaints, 

evaluative beliefs about the self, and dysphoric mood) over time, that may become self-

reinforcing over time in many.  For some, the severity may be sufficient to meet DSM-IV 

criteria for a mood or anxiety disorder (Appendix A).  In contrast, recent empirical 

evidence does not implicate a history of substance abuse (i.e., ethanol or drug) or direct 
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viral infection of the brain in the development of anxiety, depression, fatigue, and/or 

irritability in CHC patients (Appendix A).  Furthermore, there is presently little 

convincing evidence supporting the relationship between cytokine neurotoxicity due to 

antiviral treatment and the pathogenesis of fatigue (Appendix A).   

Additional factors that have been shown in the behavioral medicine and 

psychopathology literature to be involved in the ontogeny and/or maintenance of anxiety, 

depression, fatigue and/or irritability will now be considered.  These additional factors 

include the role of stress and cognitive content-specificity.  Each will be introduced 

below.   

 

Stress  

The predominant theoretical model of stress (and coping), the cognitive-

transactional theory posited by Folkman and Lazarus (1980,1985), suggests that the 

experience of stress by a person in his/her environment depends upon several 

interdependent cognitive and behavioral processes (DeLongis, Folkman, & Lazarus, 

1988).  Folkman and Lazarus (1980,1985) argue that when a person construes an 

encounter in the environment as “relevant” to him/her, and if it is deemed relevant, he or 

she judges whether the stress is likely to have a favorable outcome or if it represents a 

possible threat (e.g., potential for harm or loss), harm (e.g., to self or others) or challenge 

(e.g., potential for improvement) to the self.  An encounter or life event is judged 

“stressful” when it represents a possible threat, harm, or challenge to the person’s ability 

or resources to effectively deal with it (Folkman & Lazarus, 1985; Roberts, Dunkle, & 

Haug, 1994).   

 

Cognitive Content-Specificity in Depression and Anxiety 

A prominent theory in the conceptual understanding and clinical treatment of 

psychopathology, Beck’s cognitive model suggests that the onset and maintenance of 

affective and behavioral responses exhibited in emotional disorders will involve 

cognitions or cognitive filters that that demonstrate content-specificity (Beck, Rush, 
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Shaw, & Emery, 1979; Clark, Beck, & Brown, 1989; Clark & Beck, 1999; Schmidt, 

Joiner, Young, & Telch, 1995).  Content-specificity refers to a particular or unique 

cognitive profile associated with each emotional disorder (Clark & Beck, 1999).  

Cognitions associated with this content-specificity can occur at many levels (e.g., Latent 

schemas or early maladaptive schemas, biased interpretations, automatic thoughts, etc.), 

although the bulk of the research has been conducted on automatic thoughts (Ambrose & 

Rholes, 1993; Beck, Brown, Steer, Eidelson, & Riskind, 1987; Clark, et al., 1989).  

Automatic thoughts are believed to be the moment-to-moment cognitive products of 

schema driven information processing (Clark & Beck, 1999; Clark et al., 1989).  Young 

(1990) suggested that these latent schemas develop during childhood, termed early 

maladaptive schema (EMS), as byproducts of the person-environment/caretaker 

interactions within the environment.  These EMSs are maintained into adulthood through 

selective cognitive filtering of information garnered from person-environment 

interactions that serve to validate and reinforce the schema (Schmidt et al., 1995).  While 

it is believed EMSs are present in non-depressed/anxious persons, they become 

“hypervalent and prepotent” when activated by situations congruent with the particular 

schema (Clark & Beck, 1999, p.  66-67; Clark et al., 1989; Lee, Taylor, & Dunn, 1999; 

Schmidt et al., 1995; Wellburn et al., 2002).  For example, the experience of failing an 

exam for a student may serve to activate and strengthen negativistic beliefs (e.g., “I’m a 

failure”) about him/herself that may predispose him/her to experience depression.  These 

EMS are believed to be predictive of mood disturbances (Schmidt et al., 1995).  Glaser 

and colleagues (2002) noted that between 49-54% of the variance in depression scores 

[Symptom Check List-90-Revised (SCL-90-R)- Depression subscale and Beck 

Depression Inventory (BDI)] and 50% of the variance in anxiety symptoms (SCL-90-R 

Anxiety subscale) are accounted for when all 15 major EMSs proposed by Young (1990) 

are considered (Glaser, Campbell, Calhoun, Bates, & Petrocelli, 2002).   

The cognitive content-specificity of depression is hypothesized to center around 

themes of abandonment, loss, deprivation, failure, or hopelessness (Ambrose & Rholes, 

1993; Beck et al., 1979; Clark & Beck, 1999; Clark, Steer, Beck, & Snow, 1996; 



 

 

 

10

Wellburn et al., 2002).  The EMS involving the theme of “abandonment” has been shown 

to account for a statistically significant unique proportion of variance in depressive 

symptoms (i.e., 13% of unique variance; Wellburn et al., 2002).  Nezu and colleagues 

(2000) have shown that increased reports of hopelessness predicted increased depressive 

symptoms in adults.  In contrast, cognitive content specificity of anxiety is hypothesized 

to involve perceptions of threat, harm, or danger (Beck et al., 1987; Clark & Beck, 1999; 

Wellburn et al., 2002).  For example, the “vulnerability to harm” EMS accountants for 

11% of the unique variance in anxiety symptoms (Wellburn et al., 2002).  Clark and 

Beck’s review suggests that there is strong empirical support for content-specificity of 

characteristic depressive thoughts (of loss or failure) and depression, but mixed support 

for cognitive content-specificity of cognitive anxiety and mood-congruent anxiety. 

Tests of the content-specificity hypotheses have been conducted largely within the 

framework of cross-sectional, aggregate level research where data may be collected on 

one or only a few occasions (Green & Mumma, 2000b).  Only two studies, to this 

author’s knowledge, have investigated the relationship between the cognitive content-

specificity hypothesis in relation to depression and anxiety, intraindividually, in clinically 

depressed and anxious patients (i.e., Green & Mumma, 2000a; Mumma, 2004).  Both of 

these studies provide mixed support for the cognitive content specificity of depression 

and anxiety. 

To date, there have been no published studies investigating the relationship 

between cognitive content-specificity in anxiety, depression, fatigue, and/or irritability in 

CHC.  Thus, there is a need to explore their applicability to CHC patients who are 

exhibiting depressive or anxious symptoms.  Difficulties in generalizing the findings of 

the aggregate-level research reviewed thus far to the level of the individual will be 

presented next.   
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Anxiety, Depression, Fatigue, and Irritability:  Consequences and Need for Improved 

Understanding 

Anxiety, depression, fatigue, and irritability in CHC patients with or without 

concomitant antiviral treatment has been associated with reduced ability to carry out 

work responsibilities, poorer quality of life; and these psychosocial variables also may 

have a deleterious impact on treatment compliance and may necessitate dose reduction or 

cessation of antiviral therapy contributing to poorer clinical outcome (Cotler et al., 2000; 

Fontana et al., 2001; Kraus et al., 2001, 2005a; Lee et al., 1997; McDonald et al., 2002; 

Russo & Brown, 2001; Turner & Blackwell, 2005).  For example, upwards of 23% of 

CHC patients are non-compliant with IFN-α treatment (Kraus et al., 2001).  In a recent 

study conducted by Kraus and colleagues (2001), noncompliance with antiviral treatment 

was predicted best by psychosocial factors such as depression and irritability but not 

demographic characteristics (i.e., education level, work status, relationship status, mode 

of acquisition) or CHC medical variables (i.e., genotype or liver histology).  Moreover, 

anxiety, depression, irritability, and fatigue are common psychiatric adverse events 

associated with dose reduction or cessation of IFN-α treatment (Kraus et al., 2005; 

Hilsabeck et al., 2005; Schaefer, et al., 2005; Turner & Blackwell, 2005).  For example, 

depressive symptoms often lead to dose reduction of antiviral therapies in 40% of cases 

and account for upwards of 15% of attrition cases (Turner & Blackwell, 2005).  Clearly 

with improved compliance with the full doses of antiviral regimen it may be possible to 

increase the treatment efficacy and cost-efficiency in CHC patients, particularly in 

genotype 1 CHC Infected patients (Kraus et al., 2002).  For example, McHutchison and 

colleagues (2002) showed that if CHC-genotype 1 Infected patients complete 80% or 

more of the combination antiviral therapy (pegulated-IFN-α and ribavirin) dosages for 

80% of the treatment duration, the overall sustained virologic response (i.e., no detectable 

CHC-RNA for 6 months after terminating IFN-α treatment) can be increased by 

approximately 12% over and above the average sustained virologic response rate of 51%.  

Therefore, closer examination of the functional relationships between these symptoms, 

antiviral therapy, and CHC disease progression are needed in order to improve the 
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potential benefits from treatment (Kraus, Schafer, Csef, & Scheurlen, 2005b; Schaefer et 

al., 2005).  Elucidation of these relationships would help to refine/inform appropriate use 

of psychological and/or medical treatments for these complaints while potentially 

fostering improved compliance with a trial of IFN-α therapy.   

A discussion of the methodological issues relevant to the present study is 

described next.  Finally, the goals and hypotheses of the present study are described.    

 

Aggregate versus Intraindividual Level of Analysis 

 Research investigating the construct validity of anxiety, depression, fatigue, 

irritability and coping in CHC has been conducted at the aggregate-level.  While this 

growing body of literature is generalizable to the population of CHC patients, these 

aggregate-level models do not necessarily correspond to the dimensional structure of 

these constructs over time within a particular CHC patient (Hooker, 1991; Jones & 

Nesselroade, 1990; Mumma, 2001a; Shifren, Hooker, Wood & Nesselroade, 1997).  

Differences between aggregate and intraindividual models may be due to the very nature 

of group level designs where idiosyncrasies characteristic of a particular individual are 

washed out by averaging across participants (Hayes, Barlow, & Nelson-Grey, 1999; 

Hooker, 1991).  From a treatment perspective, it is precisely these idiosyncratic 

relationships that may help to characterize a particular person’s functioning and change 

processes to aid in clinical decisions regarding appropriate treatment planning and 

intervention (Hayes et al., 1999; Mumma, 2001a; Mumma & Green, 2001; Nesselroade 

& Ghisletta, 2000).  Researchers and clinicians exploring the intraindividual, over-time 

dimensional structure of constructs have used P-technique factor analysis (PTFA, Jones 

& Nesselroade, 1990) and dynamic factor analysis (DFA, Molenaar, 1985; Wood & 

Brown, 1994).  Each of these methods will be introduced below.   

P-Technique factor analysis (PTFA) identifies groups of variables that covary 

together across time within a single individual (Barton, Catell & Conner, 1972; 

Hershberger, 1998; Hooker, 1991; Russell, Bryant & Estrada, 1996, Shifren et al., 1997; 

Voelkel & Mathier, 1995; Wood & Brown, 1994).  This is in contrast to aggregate-level 
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factor analytic procedures (e.g., R-Technique factor analysis, RTFA) which identify 

groups of variables that covary across many individuals on a single measurement 

occasion (Corneal & Nesselroade, 1994, Hurlburt & Melancon, 1987; Nunnally & 

Burnstein, 1994; Tabachnick & Fidel, 2001).  While computationally both forms of factor 

analysis are the same, the primary difference between PTFA vis-à-vis RTFA is the type 

of data used.  The utility of PTFA is that it allows researchers to study nearly any set of 

constructs or dimensions that can vary over time within the individual.  PTFA has been 

used to study schizophrenia, anxiety, self-concept, temperament, depression, cognitions, 

personality, reaction times, adult and child psychotherapy, and Parkinson’s disease (Jones 

& Nesselroade, 1990; Mumma, 2004; Nesselroade & Ghisletta, 2000).  As PTFA has 

tremendous potential for further elucidating the dimensional structure of constructs 

within particular individuals, a few methodological and statistical caveats need to be 

considered.   

 First, a minimum of 100 measurement occasions for a single subject are generally 

needed to obtain a correlation matrix that will yield reliable factor solutions (Catell & 

Birkett, 1980).  However, this number of measurement occasions can be shortened to 50 

observations if the ratio of occasions to variables is greater than 2:1 (Catell & Birkett, 

1980).  Second, a basic statistical assumption of factor analysis is the independence of 

observations across occasions (Tabachnick & Fidel, 2001; Wood & Brown, 1994).  The 

problem of auto-correlation or cyclicity in longitudinal data has been ignored by some 

researchers (e.g., Luborsky, 1995).  Ignoring the presence of possible autocorrelation or 

trend and cyclicity may “diminish standardized factor loading estimates, producing 

values which may be lower than true estimates” (Wood & Brown, 1994; p.  167).  

Potential problems with trend and cyclicity can be removed by modeling the data using 

regression analysis and then using the residuals in subsequent analyses (Molenaar, 

Gooijer, & Schmitz, 1992; Shifren et al., 1997; Wood & Brown, 1994).  Third, PTFA 

identifies latent factors representing concurrent relationships amongst a set of variables 

within a particular individual and does not take into account possible lagged (e.g., 

yesterday) relationships in the observed variables or latent factors (Ferrer & Nesselroade, 
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2003; Molenaar, 1985; Wood & Brown, 1994).  Therefore important sources of 

information regarding the intraindividual dynamic qualities of change as indicated by the 

lagged covariances of items are not modeled with PTFA.  However, dynamic factor 

analysis (DFA) is a recent elaboration of the PTFA model which incorporates lagged 

latent factors (e.g., Molenaar, 1985; Wood & Brown, 1994).   

DFA is a relatively new statistical procedure which combines multivariate time 

series regression and PTFA (Hershberger, 1998).  The utility of such a modeling 

approach is that it can elucidate both concurrent intraindividual dimensional structure and 

lagged relationships amongst latent and manifest variables (Hershberger, 1998; Shifren et 

al., 1997).  Given that PTFA can be viewed as a special case of DFA when lagged 

relationships for the latent factors are not modeled (e.g., yesterday’s factor scores 

contributing to today’s factor scores; Ferrer & Nesselraode, 2003), it is recommended 

that researchers begin by fitting dynamic models (incorporating at least Lag1 

information, or with Lag 2 if possible) first, and then back down to non-lagged DFA 

models if the lagged models do not significantly improve fit.  This recommendation is 

consistent with results with other studies where dynamic factors have been found for 

some but not all individuals when examining depression, anxiety or related constructs 

(see Lauderdale, Mumma, & Mooney, 2002; Mooney & Mumma, 2002; Mumma & 

Green, 2001; Shifren et al., 1997).  DFA uses a Block-Toeplitz transformed variance 

covariance matrix (BTM; Hershberger, 1998), which captures both concurrent covariance 

and lagged auto- and cross-covariance information for manifest variables.  Two types of 

model specification for DFA include the White-Noise Factor Score (WNFS) and Direct-

Autoregressive Factor Score (DAFS) models (Ferrer & Nesselroade, 2003; Mumma, 

2004).  The WNFS model allows different factor loading patterns amongst a set of 

concurrent and lagged variables for a given factor, calculation of oblique models, and 

specification of auto-correlated error covariances (Ferrer & Nesselroade, 2003).  The 

DAFS model is similar to the WNFS model in that oblique and autocorrelated errors can 

be specified, but differs from the WNFS model in that factor scores are created from only 

concurrent variable loadings (Ferrer & Nesselroade, 2003).  However, the DAFS model 
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also incorporates lagged information from yesterdays factor score to today’s factor score 

via an autoregressive parameter (Ferrer & Nesselroade, 2003; Mumma, 2004).  As used 

to date, DFA is basically an exploratory factor analytic method.  However, a common 

critique of EFA approaches is that they do not provide statistical tests for the adequacy of 

competing models (Burns & Eidelson, 1998; Russell et al., 1996).  A discussion 

regarding the utility of complementing EFA with confirmatory factor analytic approaches 

follows.   

Confirmatory factor analytic (CFA) procedures have a number of important 

advantages over exploratory modeling techniques.  EFAs are data driven modeling 

techniques that identify latent dimensions according to mathematically derived 

constraints which may or may not have important research or clinical implications (Burns 

& Eidelson, 1993; Feldman, 1993; Lonigan, Hooe, David, & Kistner, 1999; Nunnally & 

Burnstein, 1994; Tabachnick & Fidel, 2001).  In contrast, CFA is a theory driven model 

testing technique that specifies a priori which items should load on which factors, thereby 

reducing the probability of capitalizing on chance (Burns & Eidelson, 1998; Feldman, 

1993; Lonigan et al., 1999; Nunnally & Bernstein, 1994).  Furthermore, CFA permits 

hypothesis testing regarding the adequacy of fit of various comparison models to an 

observed variance covariance matrix (Burns & Eidelson, 1998; Feldman, 1993; Lonigan 

et al., 1999; Nunnally & Bernstein, 1994).  CFA may be used to cross validate EFA 

derived factor structures using independent samples, while elucidating factor 

relationships uncontaminated by measurement error (Lonigan et al., 1999).  While 

confirmatory approaches have been applied to P-Technique data sets (e.g., Garfein & 

Smyer, 1991; Russell et al., 1996), such procedures similarly suffer from exploratory 

PTFA’s inability to take into account information regarding lagged relationships amongst 

manifest variables and latent factors.  Thus, there is a strong need to apply confirmatory 

procedures within a DFA framework.  Expanding upon the work of Molenaar (1985) and 

Wood and Brown (1994), Mumma (1999, 2002a, 2004) has outlined procedures to 

conduct confirmatory DFA using SAS PROC CALIS and IML.   
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The Present Study 

The present study employed a multivariate replicated single-subject repeated 

measures (MRSSRM) design, confirmatory dynamic factor analysis (CDFA, Mumma, 

1999, 2004) and dynamic time series regression (DTSR, Hokanson, Tate, Niu, Stader, & 

Flynn, 1994) to explore the intraindividual construct validity of anxiety, depression, 

fatigue, and irritability in two adult patients who were chronically infected with Hepatitis 

C (CHC) and were experiencing clinically significant depression and/or anxiety 

symptoms.  The MRSSRM design involves an intensive study of an individual over a 

protracted period of time using a variety of self-report measures that demonstrate 

particular utility in elucidating intraindividual change patterns over time (Corneal & 

Nesselroade, 1994; Green & Mumma, 2000a; Jones & Nesselroade, 1990).  This 

methodology can be used to explore intraindividual dimensional structure (via DFA or P-

Technique Factor Analyses) and dynamic relationships amongst variables (via DTSR) 

(Corneal & Nesselroade, 1994; Hokanson et al., 1994).  In addition, by using several 

subjects, replication is possible in order to investigate patterns reflecting “interindividual 

differences and similarities” (Jones & Nesselroade, 1990; p.  172).   

 Goals.  The present study had two primary goals.  First, several methods were 

employed to ascertain if anxiety, depression, fatigue, and irritability were empirically 

distinct as evidence for intraindividual construct validity.  Second, theoretically relevant 

predictors of psychological distress (i.e., cognitions) were examined in order to further 

establish the intraindividual construct validity of anxiety, depression, fatigue, and 

irritability.  An additional ancillary goal involved exploration of the impact of antiviral 

and/or psychiatric/psychological treatment on predictors of dynamic daily symptom 

structure and over time phase-state trajectories.   

 

Goal 1:  Intraindividual Construct Validity 

 Recent empirical evidence supports the relationship between psychosocial 

changes and cytokine neurotoxicity in the pathogenesis of depressive and anxious 

symptoms (along with fatigue and irritability) in CHC patients.  The ontogeny of these 
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symptoms is likely to involve a co-activation of multiple response modes over time that 

may be of sufficient severity in some to meet criteria for a DSM-IV mood or anxiety 

disorder.  However, as suggested by Dwight et al.  (2000), the question remains in the 

CHC literature as to whether depression and fatigue are empirically distinct constructs.  

In a review, Wessely and Pariante (2002) suggested that while fatigue is a subcomponent 

of syndromal-level depression, both of these constructs are likely to be multiply 

determined (i.e., some differences in causal variables).  Given the moderate to high inter-

correlations between measures of depression and fatigue and measures of anxiety and 

irritability, one could extend Dwight and colleagues question to these latter symptoms as 

well.  Therefore, to ascertain if anxiety, depression, fatigue, and irritability are 

empirically distinct in CHC patients, several hypotheses regarding intraindividual 

construct validity were tested.   

 Study Objective 1:  Testing the Intraindividual Dimensional Structure of Anxiety, 

Depression, Fatigue, and Irritability Using Daily Ratings.  This first objective concerned 

the dimensional structure of daily ratings of anxiety, depression, fatigue, and irritability 

within the individual as evidence for construct validity.  Several different factor 

structures were hypothesized. 

 Hypothesis 1.1:  General Distress Model.  The general distress model 

(GD) hypothesized that a single general distress factor would provide the best fit 

to items measuring anxiety, depression, fatigue, and irritability overtime within 

each individual.  This hypothesis is consistent with the high inter-correlations 

between these symptoms reported in an aggregate-level study conducted by 

McDonald et al.  (2002).  This hypothesis also is conceptually consistent both 

with Feldman’s (1993) finding that anxiety and depression could not be 

empirically differentiated in aggregate-level studies of  analogue and clinically 

depressed samples, and with Dwight et al. (2000) and Wessely and Pariante’s 

(2002) suggestion that depression and fatigue may not be empirically 

distinguishable in CHC patients, at least at the aggregate level.   
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 Hypothesis 1.2:  3-Factor Model.  This model predicted that depression 

and fatigue items would form a single factor and that this composite factor will be 

empirically distinct from, yet highly correlated with, anxiety and irritability.  This 

hypothesis is consistent both with Dwight et al.  (2000) and Wessely and 

Pariante’s (2002) assertion that depression and fatigue may not be empirically 

distinguishable in CHC patients at the aggregate-level, and with Burns and 

Eidelson’s (1998) suggestion that anxiety and depression are empirically distinct 

constructs in clinically depressed and/or anxious patients.   

 Hypothesis 1.3:  4-Factor Model.  An alternative hypothesis was that 

anxiety, depression, fatigue, and irritability items will form four highly inter-

correlated yet empirically distinct factors.   

 Study Objective 2:  Testing the Intraindividual Dimensional Structure of Anxiety, 

Depression, Fatigue, and Irritability Phase-States Trajectories.  This second objective 

concerned the dimensional structure of anxiety, depression, fatigue, and irritability phase-

state trajectories within the individual as additional evidence for construct validity.  

“Phase-state” refers to a particular measurement occasion of the symptom or variable 

within the context of its time course or overtime trend and/or cyclicity (Haynes, 1992; 

Haynes & O’Brien, 2000).  Haynes (1992) argues that understanding phase-state 

relationships is important for capturing the dynamic (i.e., magnitude and direction of 

change) characteristics of a symptom or behavior over time and that differences in the 

degree of parallelism of phase-states (i.e., desynchrony) amongst a group of variables 

within a person or group of persons over many measurement occasions implicates 

different causal variables in symptom etiology and maintenance (Haynes, 1992).  Several 

different factor structures were hypothesized.   

 Hypothesis 2.1:  General Distress Model.  The GD model hypothesized 

that a single general distress factor would provide the best fit for the anxiety, 

depression, fatigue, and irritability phase-state trajectories overtime within each 

individual.  This hypothesis is consistent with aggregate-level research, as 

described above.   
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 Hypothesis 2.2:  3-Factor Model.  This model predicted that depression 

and fatigue phase-state trajectories would form a single factor (overtime profile 

parallelism) and that this composite factor would be empirically distinct from, yet 

highly correlated with, anxiety and irritability phase-states (similar but not perfect 

parallelism).  This hypothesis is consistent with aggregate-level research, as noted 

above. 

 Hypothesis 2.3:  4-Factor Model.  An alternative hypothesis was that 

anxiety, depression, fatigue, and irritability symptom phase-states would form 

four highly inter-correlated yet empirically distinct factors.   

 Study Objective 3:  Congruence Between Dynamic Daily Structure and Phase-

State Trajectories as Corroborating Evidence for Construct Validation.  The third 

objective was to explore the degree of convergence or divergence amongst concurrent 

intraindividual daily covariation dimensional structure and the dimensional structure of 

the phase-state trajectories as further corroborating evidence for intraindividual construct 

validity.  The following hypothesis is examined:   

 Hypothesis 3.1:  Intraindividual Convergent Daily and Phase-State 

Dimensional Structure.  It was hypothesized that anxiety, depression, fatigue, and 

irritability symptoms would display congruent daily variability and phase-state 

trajectories within each individual.  For example, if a three dimensional daily 

variability structure was present for an individual, a corresponding three 

dimensional phase-state trajectory also would be evident for that same individual. 

 

Goal 2:  Prediction of Anxiety, Depression, Fatigue, and Irritability:  Evidence for 

Construct Validity 

   The relationships between theoretically relevant predictors of psychological 

distress (e.g., cognitions) and anxiety, depression, fatigue, and irritability symptoms, 

were explored intraindividually as further evidence for construct validity.  Specific 

hypotheses regarding several predictors and mediators were examined, as presented 

below.   
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 Study Objective 4:  Cognitions as Predictors of Anxiety, Depression, Fatigue, and 

Irritability.  The fourth objective examined the hypothesized relationships between 

cognitions and symptom measures within each individual.  The following hypotheses 

were tested:   

 Hypothesis 4.1:  Cognitive Content Specificity and Anxiety, Depressive, 

and Irritability.  It was hypothesized that increases in nomothetic and/or 

idiographic (i.e., idiosyncratic or unique to the individual; Haynes & O’Brien, 

2000) anxious and depressive cognitions would predict anxiety and depression, 

intraindividually as evidence for construct validity.  This hypothesis was 

consistent with predictions based upon aggregate- and intraindividual-level 

research relevant to the cognitive content-specificity hypotheses as it relates to 

anxiety and depression (Clark et al., 1989; Clark et al., 1996; Green & Mumma, 

2000b; Mumma, 2004).  The following hypotheses were investigated: 

 Hypothesis 4.1.1:  It was hypothesized that both nomothetic and 

idiographic cognitions involving a theme of Vulnerability to Harm would 

predict anxiety and irritability, but not depression or fatigue.  These 

hypothesized relationships have received mixed support at both the 

aggregate- and intraindividual-level (Clark & Beck, 1999; Green & 

Mumma, 2000a; Mumma, 2004; Wellburn et al., 2002).   

 Hypothesis 4.1.2:  It was hypothesized that both nomothetic and 

idiographic cognitions involving a theme of Failure would predict 

depression and irritability, but not anxiety or fatigue, within the individual.  

This hypothesis has received empirical support at the aggregate level 

(Clark & Beck, 1999; Wellburn et al., 2002), but less clear evidence has 

emerged from the few intraindividual studies that have examined this issue 

to date (Green & Mumma, 2000b; Mumma, 2004).   

 Hypothesis 4.1.3:  It was hypothesized that both nomothetic and 

idiographic cognitions involving a themes of Abandonment and 

Hopelessness would predict depression but not anxiety, fatigue, or 
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irritability.  This hypothesis has received empirical support at the 

aggregate level (Abramson, Alloy, & Hogan, 1997; Clark & Beck, 1999; 

Nezu et al., 2000; Wellburn et al., 2002), and also has received provisional 

support, intraindividually (at least as it applies to hopelessness; see 

Mumma, 2004).   

 Hypothesis 4.2:  Incremental Predictive Validity of Idiographic 

Cognitions.  It was hypothesized that idiographic/idiosyncratic cognition items 

would incrementally account for additional variance in outcome measures over 

and above that which was accounted for by standardized questions alone both in 

terms of a stand alone cognition predictor and/or as additional items used to flesh-

out a standardized scale (thereby increasing specificity).  This hypothesized 

relationship was consistent with recent data for a single-subject analysis reported 

by Mumma (2004), and with the assertions made Haynes and O’Brien (2000).  

The latter researchers have postulated that increased sensitivity to detect 

relationships with, or change in outcome measures may be observed when more 

specific measures that are relevant to the specific or idiosyncratic problems (in 

this case cognitions) of a particular patient are used compared to standardized 

measures as compared to more nomothetic-level measures (for summary see 

Mumma, 2001a). 

 Study Objective 5:  Cognitions as Mediators Between Stressful Life Events and 

Measures of Anxiety, Depression, Fatigue, and Irritability.  The fifth objective examined 

whether a theoretically relevant mediator (cognitions) impacted the relationship between 

stressful life events, and either anxiety, depression, fatigue, or irritability, 

intraindividually.  Several hypotheses were postulated: 

Hypothesis 5.1:  Intraindividual Cognitive Content Specificity in Mediation.  It 

was hypothesized that anxious and depressive cognitions would mediate the 

relationship between stressful event severity and symptoms of anxiety, 

depression, fatigue, and irritability.  This hypothesis was consistent with 

predictions based upon aggregate- and intraindividual-level research cited 
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relevant to the cognitive content-specificity hypotheses as it relates to anxiety and 

depression (Clark et al., 1989; Clark et al., 1996; Mumma, 2004).  The following 

hypotheses were proposed: 

 Hypothesis 5.1.1:  It was hypothesized that both nomothetic and 

idiographic cognitions involving a theme of Vulnerability to Harm would 

partially mediate, intraindividually, the relationship between severity of 

stressful life events and anxiety and irritability, but not depression or 

fatigue.   

 Hypothesis 5.1.2:  It was hypothesized that both nomothetic and 

idiographic cognitions involving a theme of Failure would partially 

mediate the relationship between the severity of stressful life events and 

measures of depression and irritability, but not anxiety or fatigue, 

intraindividually.   

 Hypothesis 5.1.3:  It was hypothesized that both nomothetic and 

idiographic cognitions involving a theme of Abandonment and 

Hopelessness would partially mediate the relationship between severity of 

stressful life events and measures of depression, but not anxiety, fatigue, 

or irritability symptoms within the level of the individual.   

 

Ancillary Analyses 

 An additional ancillary goal was to characterize the impact of antiviral and/or 

psychiatric/psychological treatment on predictors of dynamic daily symptoms structures 

and phase-state trajectories. 
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CHAPTER II 

METHOD 

 

Participants 

The first HCV-infected participant was a 39-year-old, Caucasian man with 16 

years of education, who endorsed severe depressive and anxious symptoms at pretest 

(i.e., BDI-II = 37; BAI = 47).  His psychiatric history was reportedly positive for remote 

Post-Traumatic Stress Disorder and current Major Depressive Disorder.  The second 

HCV participant was a 62-year-old, Hispanic woman with 15 years of education with 

moderate pretest depression and minimal to mild anxiety (i.e., BDI-II = 32; BAI = 12).  

Her psychiatric history was reportedly positive for current Major Depressive Disorder.  

See Table 1 for additional information on demographic, medical/surgical/psychiatric 

histories, and raw scores on pre-test psychological symptom distress measures.  

Participants were referred from physicians working at a medical training hospital.  All 

participants were paid volunteers.  Inclusion criteria for the study required that 

participants evidenced CHC seropositivity for more then 6 months (i.e., “chronic”), be 

between the ages of 18 and 65, and speak English fluently.  Additional inclusion criteria 

included exceeding pretest cut-off scores on the Beck Depression Inventory-II (BDI-II) 

(≥14; mild or greater) and/or Beck Anxiety Inventory (BAI) (≥ 8; mild or greater).  

Exclusionary criteria included current suicidal or homicidal ideation, active psychotic or 

manic episodes, substance abuse (requiring treatment), anorexia, bulimia, and history of 

suicide attempts or para-suicidal acts.  In addition, participants were excluded from the 

study if they are going to begin a trial of antiviral treatment (i.e., Interferon-α and 

ribavirin) within 30 days of beginning the daily questionnaire or if their psychiatric 

medication was not stabilized prior to starting the study.  Six of eight potential 

participants were ultimately excluded from participation in the study for the following 

reasons:   withdrawing voluntarily (i.e., 1of 6 dropouts), being deemed ineligible based 

upon sub-clinical depression or anxiety symptoms (1/6), and failing to schedule or attend 

the screening/clinical interviews (4/6).   
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Materials 

The Automatic Thoughts Questionnaire (ATQ; Hollon & Kendall, 1980) is a 30-

item self-report measure used to assess the frequency of negative automatic thoughts.  

Items are rated in terms of frequency on a 5-point scale ranging from “1” (i.e., Not at all) 

to “5” (i.e., All the time).  The highest score is 150.  Reported split-half and internal 

consistency estimates are .97 and .96, respectively (Hollon & Kendall, 1980).  All 30 

items significantly discriminate between depressed patients and non-depressed patients 

(Hollon & Kendall, 1980).  Convergent validity is supported by moderate to strong 

correlations with the Beck Depression Inventory and the Minnesota Multiphasic 

Personality-Depression Scale (r’s range from .45 to .70 across separate samples, p < 

.010), but poor specificity is suggested by a high correlation with a self-report measure of 

anxiety (i.e., the State-Trait Anxiety Inventory; r =.  79, p < .010; Hollon & Kendall, 

1980).  No items from this measure were included on Participant 1’s daily questionnaire 

as he did not endorse any of the ATQ items as relevant to his situation.  Participant 2 

rated one item (i.e., ATQ item # 28) as moderately relevant and this item was included on 

her daily questionnaire.  The full measure also was given at pretest.  See Appendix B for 

a copy of the measure. 

The Beck Anxiety Inventory (BAI; Beck, Epstein, Brown, & Steer, 1988) is a 21-

item self-report measure used to assess somatic, physiological, and cognitive symptoms 

related to anxiety.  Items are rated on a 4-point scale ranging from 0 to 3.  Total scores 

range from 0 to 63, with a score greater then 8 indicating “mild” levels of anxious 

symptoms.  A total score ranging from 16 to 25 indicates “moderate” anxious symptoms, 

and a score of 26 or greater is suggestive of “severe” anxious symptoms.  It is widely 

used measure of anxiety in published treatment outcome studies.  Reports of the internal 

consistency range from .92 to .94 with a 1-week test-retest reliability of .75 (Beck & 

Steer, 1990).  Concurrent validity is established by a moderate correlation with a 

clinician-rated measure of anxiety (the Hamilton Anxiety Rating Scale, HARS; r = .51, p 

< .001), and discriminant validity is supported by low to moderate correlation’s with 

clinician- and self-report measures of depression (i.e., Hamilton Rating Scale for 
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Depression = .25, p < .050; Beck Depression Inventory = .48, p < .001) (Beck & Steer, 

1990).  Furthermore, the BAI displays improved discrimination amongst self-report 

measures of anxiety and depression than does the State-Trait Anxiety Inventory (Antony, 

Orsillo, & Roener, 2001).  The BAI manual reports a four dimensional structure 

reflecting neurophysiological, subjective, panic, and autonomic anxious symptoms (see 

Beck et al., 1988; Antony et al., 2001), but exploratory factor analytic studies support 

either a 2- or 4-factor structure depending upon which factor analytic procedures are 

employed (Antony et al., 2001).  This measure was used as a screening instrument to 

ascertain if participants meet inclusion criteria for this study.   

The Beck Depression Inventory-2nd Edition (BDI-II; Beck, Steer, & Brown, 1996) 

is a 21-item self-report measure used to assess current levels of depressive symptoms, 

covering cognitive, behavioral, physiological, and affective domains.  Items are rated on 

a 4-point scale ranging from 0 to 3.  Total scores range from 0 to 63, with a score greater 

then 14 indicating “mild” levels of depressive symptoms.  A total score ranging from 20 

to 28 indicates “moderate” depressive symptoms, and a score of 29 or greater is 

suggestive of “severe” depressive symptoms.  It is widely used measure of depression in 

published treatment outcome studies.  Reports of internal consistency range from .92 to 

.93, with a 1-week test-retest reliability of .93 (Beck, Steer, & Brown, 1996).  Convergent 

validity is supported by very strong to moderate correlations with a previous version of 

the BDI (r = .93, p < .050) and a clinician-rated measure of depression (Hamilton Rating 

Scale for Depression; r = .71, p < .001), and discriminant validity is supported by a low to 

moderate correlation with a self-report measure of anxiety (i.e., the BAI; r = .25, p < 

.001) (Beck, Steer, & Brown, 1996).  Exploratory factor analytic studies consistently 

demonstrate that the BDI-II has a 2-factor structure, although the content of the two 

dimensions varies according to patient sample characteristics.  Specifically, in clinical 

samples it has been shown that the 2-factors reflect somatic-affect and cognitive aspects 

of depression, but in analogue samples the 2-factors correspond to cognitive-affect and 

somatic elements of depression (Nezu et al., 2000).  This measure was used as a 

screening instrument to ascertain if participants met inclusion criteria for this study.   
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The Beck Hopelessness Scale (BHS; Beck & Steer, 1988) is a 20-item self-report 

measure used to assess negative expectancies and degree of hopelessness about the 

future.  Items are rated as either “true” or “false”, and are scored either 0 or 1, 

respectively.  The highest score is 20.  The BHS manual suggests a cut-off score of 

greater than 9 indicating moderate (or greater) hopelessness that may be predictive of 

eventual suicide.  Reports of internal consistency range from .82 to .93 across several 

clinical groups, with a 1-week test-retest reliability of .69 (Beck & Steer, 1988).  

Concurrent validity is established by a moderate to strong correlation with a self-report 

measure of depression (the BDI; r = ranges from .51 to .76, p < .001), and discriminant 

validity is supported by group differences on outpatients diagnosed with generalized 

anxiety disorder (GAD) and major depression (MDD) where patients with GAD score 

lower then MDD patients (Beck & Steer, 1988).  The BHS manual reports three 

dimensions reflecting Feelings about the Future, Loss of Motivation, and Future 

Expectations, but another exploratory factor analytic study reviewed in the BHS manual 

supported a 5-factor structure reflecting Motivation and Outcome, Confidence in the 

Future, Future Accomplishments, Trust in the Future, and Time Perspective (Beck & 

Steer, 1988).  Differences in factor structure were attributed by the authors as reflecting 

differences in clinical sample composition (i.e., patients exhibiting active suicidal 

ideation versus substance abusers).  Five items from the BHS (i.e., item #’s 1, 5, 8, 13, 

and 19) that were endorsed by Participant 1 were modified for use and included on his 

daily measure.  Four items from the BHS (i.e., item #’s 1, 7, 15, and 18) that were rated 

as highly relevant to Participant 2 were also included on her daily questionnaire.  The full 

measure was given at pretest.   

The Chicago Multi-scale Depression Inventory (CMDI; Nyenhuis et al., 1998) is 

a 50-item self-report measure used to assess current levels of depressive symptoms and is 

comprised of three subscales (dysphoric mood, neurovegetative, and 

cognitive/evaluative).  Items are rated on a 5-point scale ranging from “1” (i.e., Not at all) 

to “5” (i.e., Extremely).  The highest scores for the Mood, Neurovegetative, Evaluative, 

and Total scales are 45, 45, 30, and 210, respectively, with suggested cut-off scores 
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indicating clinically significant elevations on the (dysphoric)  Mood, Vegetative, 

Evaluative, and Total scores of 23, 28, 11, and 98, respectively (Nyenhuis et al., 1998).  

Nyenhuis and colleagues (1998) suggest that a more accurate assessment of depressive 

symptoms in medical patients is afforded when self-report measures de-emphasize the 

contribution of vegetative symptoms, and instead, weigh more heavily dysphoric mood 

and evaluative symptoms (i.e., Mood and Evaluative subscales).  Reports of internal 

consistency range from .77 (both Vegetative and Evaluative subscales) to .91 (Mood 

subscale), and convergent validity is supported by moderate correlations with the BDI 

(correlations of CMDI subscales/total score with BDI range from .45 to .68, all p < .001), 

the Geriatric Depression Scale (CMDI subscales/total score range from .37 to .62, all p < 

.001), and Profile of Mood States-Depression/Dejection (CMDI subscales/total score 

range from .38 to .77 all p < .001).  Discriminant validity is supported by moderate 

correlations with the non-depressed subscales of the Profile of Mood State (POMS; 

tension-anxiety, anger-hostility, vigor-activity, and confusion-bewilderment) (CMDI 

subscales/total scores range from ± .43 to .65; Nyenhuis et al., 1998).  Both exploratory 

principle component and confirmatory factor analyses support a 5-factor structure 

reflecting mood, evaluative, fatigue/lethargy, cognitive inefficiency, and sleep 

disturbance (Nyenhuis et al., 1998).  Nyenhuis and colleagues have collapsed the latter 

three factors into a conceptually coherent “Vegetative” subscale.  The CMDI-Mood 

subscale is moderately correlated with the CMDI-Evaluative and CMDI-Vegetative 

subscales (r’s = .59 and .53, respectively; both p < .001), and the Mood subscale also 

displays a high correlation with the CMDI-Total score (r = .89, p < .001) (Nyenhuis et al., 

1998).  The CMDI-Evaluative subscale is correlated only low to moderately with the 

CMDI-Vegetative subscale (r = .30, p < .001), but evidences a high correlation with the 

CMDI-Total score (r = .74, p < .001) (Nyenhuis et al., 1998).  Consistent with the other 

subscales, the CMDI-Vegetative subscale is highly correlated with the CMDI-Total score 

(r = .73, p < .001) (Nyenhuis et al., 1998).  Six items from the CMDI-Mood subscale 

(i.e., item #’s 1, 10, 12, 16, 19, and 37) that were endorsed as highly relevant by 

Participant 1 were included on his daily measure.  Six items from the CMDI-Mood 
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subscale (i.e., item #’s 1, 10, 12, 16, 19, and 40) also were included on Participant 2’s 

daily questionnaire.  The full measure was given at pretest.  See Appendix C for a copy 

of the measure.   

The Fatigue Severity Scale (FSS; Krupp, LaRocca, Muir-Nash, & Steinberg, 

1989) is 9-item self-report measure used to quantify the impact of fatigue.  Items are 

rated in terms of “impact” on a 7-point scale ranging from “1” (i.e., Strongly disagree) to 

“7” (i.e., Strongly agree).  The total score is obtained by averaging across all 9 items, 

with a higher average score suggesting higher fatigue.  Reported internal consistency 

ranges from .81 to .95 depending upon patient sample (e.g., multiple sclerosis, systemic 

Lupis, healthy controls, chronic hepatitis C, cancer)( Kleinman et al., 2000; Krupp et al., 

1989; Winstead-Fry, 1998), and interval test-retest reliabilities range from .82 to .89 

(Kleinman et al., 2000; Krupp et al., 1989).  Exploratory factor analytic studies provide 

strong evidence for its unidimensional structure, with all nine items loading significantly 

onto 1 factor (all loadings > .63; Winstead-Fry, 1998).  In terms of discriminant validity, 

the FSS is negatively correlated with the MOS SF-36 Vitality subscale (r = -.76, p = < 

.001; Kleinman et al., 2000).  Six items from the FSS (i.e., item #’s 1, 2, 3, 6, 7, and 9) 

that were endorsed as highly relevant by Participant 1 were included on his daily 

measure.  Six items (i.e., item #’s 1, 3, 4, 6, 7, and 9) from the FSS were also included on 

Participant 2’s daily questionnaire.  The full measure also was given at pretest.  See 

Appendix D for a copy of the measure.   

The Hospital Anxiety Depression Scale (HADS; Zigmond & Snaith, 1983) is a 

14-item self-report measure used to quantify the severity of anxiety and depressive 

emotional states in a medical setting.  Items are rated in terms of severity of the 

emotional states (e.g., nervousness/tension or anhedonia/low positive affect) while 

excluding somatic symptoms that are likely to be confounded with medical problems 

(Kraus et al., 2002; Moorey et al., 1991).  Items are rated in terms of intensity on a 4-

point scale ranging from 0 to 3.  The highest score is 21 for each scale, and scores of 11 

(anxiety scale) or 9 (depression scale) or greater are suggestive of greater subjective 

anxiety or depression in CHC patients, respectively (Kraus et al., 2002).  Internal 
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consistencies for the Anxiety and Depressive scales are .93 and .90, respectively (Moorey 

et al., 1991), with a 1.69 month test-retest reliability of .72 for both scales (Antony et al., 

2001).  While information regarding the HADS convergent and discriminant validity is 

presently limited, preliminary evidence suggest that the HADS-Anxiety and HADS-

Depression subscales are moderately to highly correlated with psychiatric ratings of 

anxiety and depression, respectively (r = .54 and .79, respectively; both p < .050)(Antony 

et al., 2001).  Several exploratory factor analytic studies have replicated the 2 factor 

structure of the HADS (Antony et al., 2001), and the HADS-Anxiety and Depression 

subscales are moderately inter-correlated (r = .53, p < .05)(Crawford, Henry, Crombie, & 

Taylor, 2001).  Six items from the HADS-Anxiety subscale (i.e., item #’s 1, 2, 3, 5, 6, 

and 7) that were endorsed as highly relevant by Participant 1 were included on his daily 

measure.  Six items from this same scale (i.e., item #’s 2, 3, 4, 5, 6, and 7) that were rated 

as highly relevant to Participant 2 were included on her daily questionnaire.  The full 

measure also was given at pretest.  See Appendix E for a copy of the measure.   

The Profile of Mood States (POMS; McNair et al., 1981) is a 65-item self-report 

measure used to assess six mood states (tension-anxiety, depression-dejection, anger-

hostility, vigor-activity, fatigue-inertia, and confusion-bewilderment) (Lezak, 1995).  

Only the anger-hostility scale (POMS-A/H) was used for the present study.  Items are 

rated in terms of intensity on a 5-point scale ranging from “0” (i.e., Not at all) to “4” (i.e., 

Extremely).  Ratings within each mood state are summed and then converted into t-

scores.  Reports of internal consistency for the POMS-AH range from .92 to .93, and 6-

week test-retest reliability is .53 (McNair et al., 1981).  Convergent validity between the 

POMS-A/H and a clinician-rated measure of hostility (the Interpersonal Behavior 

Inventory) was .30 (p < .010; McNair et al., 1981).  Six items from the POMS-A/H 

subscale (i.e., item #’s 1, 3, 5, 6, 11, and 12) that were rated by Participant 1 as highly 

relevant to his situation were included on his daily measure.  Similarly, six items from the 

POMS-A/H subscale (i.e., item #’s 1, 2, 3, 5, 7, and 10) were also included on Participant 

2’s daily questionnaire.  The full sub-scale was given at pretest.  See Appendix F for 

description of POMS-A/H items. 
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The Schema Questionnaire-Short Form (SQSF; Young, 1998) is a 75-item self-

report measure used to quantify the presence of 15 early maladaptive schema (EMS; i.e., 

Emotional Deprivation, Abandonment, Mistrust/Abuse, Social Alienation, Defectiveness, 

Incompetence, Dependency, Vulnerability to Harm, Enmeshment, Subjugation of Needs, 

Self-Sacrifice, Emotional Inhibition, Unrelenting Standards, Entitlement and Insufficient 

Self-Control; Welburn et al., 2002).  Items are rated in terms of how well each item 

describes the respondent on a 6-point scale ranging from “1” (i.e., “Completely untrue of 

me”) to “6” (i.e., “Describes me perfectly”).  Ratings within each scale are summed with 

higher scale scores indicating greater activation of a particular EMS for that participant.  

Reports of internal consistency across all 15 scales of the SQSF range from .76 to .93, 

with an average of .88 (only 1 scale is below .80).  At present, no test-retest reliability 

information is available for the SQSF, although the parent measure (i.e., the 205-item 

Schema Questionnaire) demonstrates low to moderate three week test-retest reliabilities 

ranging from .50 to .82 (average = .67; Schmidt et al., 1995).  An exploratory factor 

analytic study with a moderately sized clinical sample (n = 196) supports the factor 

structure of the SQSF (see Wellburn et al., 2002).  In terms of convergent validity, the 

SQSF scales of Failure, Insufficient Self-Control, Abandonment, Mistrust/abuse, Self-

Sacrifice, Social Alienation, Emotional Inhibition, Unrelenting Standards, Dependency, 

Defectiveness/Shame, Subjugation, and Vulnerability to Harm were all positively 

correlated with depression (for each scale, r ranges from .27 to .55, all p < .001) 

(Wellburn et al., 2002).  However, multiple regression results indicate that only two of 

the SQSF scales accounted for a significant proportion of unique variance in Brief 

Symptom Inventory-Depression scores (i.e., Abandonment and Insufficient Self-Control; 

12.5% and 5.5%, respectively; Wellburn et al., 2002).  The SQSF scales of Failure, 

Insufficient Self-Control, Abandonment, Mistrust/abuse, Self-Sacrifice, Enmeshment, 

Social Alienation, Unrelenting Standards, Dependency, Defectiveness/Shame, 

Entitlement, Subjugation, and Vulnerability to Harm were all positively correlated with 

anxiety (for each scale, r ranges from .27 to .57, all p < .001; Wellburn et al., 2002).  

However, multiple regression results indicate that only five of the aforementioned SQSF 
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scales accounted for a significant proportion of unique variance in the Brief Symptom 

Inventory-Anxiety scores (i.e., Abandonment, Vulnerability to Harm, Failure, Self-

Sacrifice, and Emotional Inhibition; 11.3%, 10.5%, 5.2%, 3.5%, and 3.3%, respectively; 

Wellburn et al., 2002).  In general, only the Abandonment, Vulnerability to Harm, and 

Failure subscales were included in a daily measure.  These scales were chosen as they 

cover the “best” two or three unique cognitive predictors of depressive and anxiety 

symptoms, as well as include the two out of three of the highest bivariate correlations 

with irritability.  Five items drawn from each of the SQSF-Abandonment (i.e., SQSF item 

#’s 6, 7, 8, 9, and 10), Vulnerability to Harm (i.e., SQSF item #’s 36, 37, 38, 39, and 40), 

and Failure subscales (i.e., SQSF item #’s 26, 27, 28, 29, and 30), that were endorsed as 

highly relevant by Participant 1 were included on his daily measure.  Five items drawn 

from each of the SQSF-Vulnerability to Harm (i.e., SQSF item #’s 36, 37, 38, 39, and 40) 

and Failure subscales (i.e., SQSF item #’s 26, 27, 28, 29, and 30) that were rated as 

highly relevant by Participant 2 were included on her daily measure.  Participant 2 did not 

endorse the SQSF-Abandonment subscale as especially relevant to her, but instead 

indicated that the Emotional Deprivation subscale was, and as such, items reflecting this 

scale (i.e., SQSF item #’s 1, 2, 3, 4, and 5) were included on her daily questionnaire 

instead.  However, in some cases, item content was modified slightly for use on a daily 

measure.  See Appendix G for a copy of the original measure.  See Appendix H for a 

description of items that were retained and modified for use on the daily questionnaire.   

Procedure 

Study participants who respond to the public posting or physician referral were 

scheduled for a screening interview.  Following informed consent each participant 

completed a screening interview that incorporated two self-report measures assessing 

depression and anxiety symptoms (i.e., BDI-II and BAI, respectively), a brief clinical 

screening interview, and a clinician completed intake form.   

After completing the screening interview, each participant then completed a 

battery of self-report psychological assessments at pretest including the ATQ, BHS, 

CMDI, FSS, HADS, POMS-A/H, and the SQSF.  First, participants were asked to 
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complete each measure in its entirety in accordance with the standard instructions and 

standard response formats.  Second, items were then rated in terms of typical variability 

or range of ratings across a typical week that might be expected if that participant were 

asked to complete a daily questionnaire with that item included on it.  Only the items that 

were rated as moderate or higher in severity and demonstrated variability within a typical 

week were included on each participant’s daily measure (described below).  After 

completing these measures, participants were then scheduled for a semi-structured 

cognitive-behavioral assessment interview (CBISSAI; Mumma, 2001b). 

The CBISSAI procedure was developed by Mumma (2001b) as a method for 

developing a narrative situational-level case formulation that captures prototypical 

sequences of behavior (cognitions, affect, behavior, physiological) in response to typical 

situations that may elicit distress within a particular patient.  This case formulation 

method may be useful for treatment planning in complex comorbid psychiatric cases for 

which standard treatment protocols have not been developed (Mumma, 2001a), and for 

developing idiographic outcome measures that may be more sensitive to detecting 

clinically significant change within a particular patient (Haynes & O’Brien, 2000; 

Mumma, 1998, 2001a, 2004).  Recent empirical studies support the usefulness of 

including idiographic cognition outcome measures as an adjunct to common nomothetic 

cognitive measures (see Green & Mumma, 2000; Mumma, 2004; Mumma & Mooney, 

2005a; Mumma, Mooney, & Riggins, 2002), and a preliminary validation study indicates 

that the situation-based clinical scenarios derived from the CBISSAI demonstrate good 

inter-rater reliability on several dimensions of behavior over several raters (>.83) and 

adequate convergent and discriminate validity of independently generated formulations 

(Mumma & Smith, 2001).  The detailed procedure for conducting CBISSAI interviews 

are described in detail elsewhere (see Mumma, 2001b, 2004; Mumma & Smith, 2001).  

Generally the CBISSAI takes between 1-3 hours to complete, although the interview can 

be completed over multiple occasions.  For purposes of the present study, the research 

clinician (SRM) and each study participant generated issues and concerns related to 

anxiety, depression, fatigue and irritability.  Each study participant was asked to describe 
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at least two typical events for each of these issues (e.g., events leading to anxiety or 

irritability).  For each event, the participant answered a set of relatively open-ended 

questions asking about his/her cognitions (e.g., “What was going through your mind?”), 

affective reactions (“What were you feeling?”), behavior (“What did you do?”), and the 

expected or actual reactions of others (“How did _________ react to this?” or “What did 

you expect s/he was thinking about you at that point?”) if someone else was involved.  

The clinician occasionally followed-up with additional specific questions (e.g., “When 

you talk about that, you looked angry.  Is that how you were feeling during the event?”).  

For the present study, the purpose of this interview was only to gather data to develop 

idiographic cognition items for the daily questionnaire, and the interview was completed 

within 1-2 hours for each participant.  Several idiographic cognitions were constructed 

from data obtained during a particular participant’s CBISSAI interview.  Participants 

rated each item using an 11-point Likert response format (0 = “Not at all relevant to me” 

to 10 = “Extremely relevant to me”).  After completing this task, cognitions items that 

were generated for the participant that were rated as moderately relevant (i.e., “5” or 

higher in relevance) were then rated in terms of overall frequency or duration and typical 

variability or range of ratings across a typical week that might be expected if they were to 

complete a daily questionnaire with that item included on it.  Only the items that were 

rated as moderately relevant and demonstrate variability within a typical week were 

included on a daily measure.  Five items drawn from each of two idiographic themes 

reflecting Inadequacy and Unlovability that were endorsed as highly relevant by 

Participant 1 were included on his daily measure.  Four items drawn from three 

idiographic themes representing Inadequacy, Failure, and Worthlessness that were rated 

by Participant 2 as highly relevant to her situation were included on her daily 

questionnaire.  See Appendix I for description of these items.   

A brief daily questionnaire for each participant was then developed from the 

symptom and cognition item pool of moderate or greater severity/relevant items that were 

likely to be somewhat variable in severity or frequency across a typical week.  The daily 

questionnaire initially included 55 and 57 items for Participants 1 and 2, respectively, that 
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were drawn from standardized measures (i.e., ATQ, BHS, CMDI, FSS, HADS, POMS-

A/H, and SQSF) and several idiographic cognition items that assessed a particular 

participant’s most relevant psychiatric symptoms, cognitions, and a rating of severity of a 

daily stressful life event.  Note that each daily questionnaire differed somewhat in item 

content across both participants.  See Appendix J for a copy of Participant 1’s initial daily 

questionnaire.  Also see Appendix K for a copy of Participant 2’s daily questionnaire.  

Each participant was also instructed on how to complete the measure.   

When rating cognition items, participants were told to “rate the overall frequency 

and/or duration of each item during the past 24 hours,” on an 11-point Likert response 

scale (0 = “not at all” to 10 = “all the time”).  When rating symptoms participants were 

told to “rate the severity of each item during the past 24 hours,” on an 11-point Likert 

response scale (0 = “not at all” to 10 = “extreme”) in terms of overall severity.  Patients 

were instructed by the research clinician (SRM) on how to make these ratings for each 

item by taking into consideration the frequency, duration, and intensity.  Each daily 

measure required approximately 8-10 minutes to complete and was to be completed at 

about the same time each day for approximately 90 consecutive days, starting that night.  

Each study participant preferred to report their data by mailing hard copies of the daily 

questionnaire data to the lab.  A total of 85 (out of 87 consecutive days) and 90 (of 90 

consecutive days) questionnaires for Participants 1 and 2, respectively, were completed 

and returned.  Daily questionnaire data for each participant was reviewed several times 

during the course of data collection and items with floor or ceiling effects or otherwise 

unusually low variability were deleted from subsequent questionnaires to reduce response 

burden.  A modest monetary incentive was provided to encourage completion of all daily 

questionnaires for the duration of the study.   
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Statistical Analyses 

Item Preparation 

For each participant, item preparation included the following:  a) Deleting all 

dependent variables and predictors with high kurtosis (>10), skewness (> |3.00|), or single 

response frequency >80% in order to not violate assumptions of multivariate normality 

(see Jones & Nesselroade, 1990; Mumma, 2002a).  b) Removing trend and cyclicity on 

each remaining item by using dynamic time series regression (DTSR) with polynomial 

modeling of trend and cyclicity using autocorrelation-corrected significance tests (see 

Hokanson et al., 1994; Green & Mumma, 2000a,b; Mumma, 2004; Mumma & Mooney, 

2005a; Shifren et al., 1997).  This was performed on each item if the number of 

observations which vary from the minimum or maximum score was greater than five 

times the maximum order of the appropriate polynomial equation.  The maximum order 

for the polynomial was calculated by taking the number of months of completed data 

multiplied by two and then adding two in order to adequately model possible monthly 

cyclicity in the data as well as general linear and curvilinear trend in the data overtime.  

This approach to model fitting was used so that the appropriate model for trend/cyclicity 

can be elucidated without over fitting the model (Mumma, 2002a).  Over fitting can result 

in very small residuals if only a few observations varied from a particular score (e.g., 

plateau, ceiling or flooring in the data) which may contribute only negligibly to 

dimensional structure.  c) Unidimensional CDFA or confirmatory P-technique factor 

analyses (CPTFA) were performed for each retained scale to further screen residualized 

or predicted-mean (phase-state) items with low commonalties.  If less than 16 percent of 

the variance of an item was held in common with its scale, then it was subsequently 

dropped from further consideration.  These procedures have been used in other 

intraindividual studies (see Mumma, 2004; Mumma & Mooney, 2005a).  The retained 

residuals, which capture daily variability only, were then used in subsequent CDFA and 

DTSR to explore Study Objectives 1, 3, 4, and 5.  In contrast, the retained structural-

predicted means were used in subsequent CPTFA when exploring the covariance of 

overtime trend amongst symptom measures as in Study Objective 2.   
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Approach to Fitting Confirmatory Dynamic or P-Technique Factor Analytic Models 

For each participant,  two types of variance covariance matrices using all retained 

items (those not deleted due to problems with skewness, kurtosis, frequency, or poor 

commonality, as above) from the daily questionnaire were formed.  The first type of 

matrix included the daily process items, that is, those items that were residualized on 

trend and cyclicity.  Note that this first matrix contains both Lag0 and Lag1 auto- and 

cross-covariance information, and as such, it is inherently non-symmetric (Hersberger, 

1998; Mumma, 2004).  For instance, lagged and concurrent covariance’s between X1 and 

X2 may not be equivalent (e.g., X1:  Lag1 covariance with X2:  Lag0 may not equal the 

covariance between X1:  Lag0 and X2:  Lag1).  Given that the statistical software used (i.e., 

SAS, Inc.) cannot utilize non-symmetric matrices in its analyses, the constructed variance 

covariance model was subjected to a Block-Toeplitz transformation using a SAS macro 

developed by Wood and Brown (1994) to create a Block-Toeplitz Matrix (BTM; Window 

= 2; i.e., Lag1 BTM).  The Block-Toeplitz procedure transmogrifies the non-symmetric 

variance-covariance matrix into a symmetric one by including redundant information 

(Ferrer & Nesselroade, 2003; Hershberger, 1998; Wood & Brown, 1994).  The second 

variance covariance matrix was comprised of all the structural-predicted means (phase-

states) for retained items.  For each confirmatory model, the measured variables and 

number of latent factors were specified a priori (Fabrigar et al., 1999).  Thereafter, each 

measured variable or its structural predicted mean were constrained to load uniquely onto 

a particular factor (e.g., Lag0 factor with zero loadings on other factors based upon the 

particular model being fit (Lauderdale et al., 2002; Mumma, 2002a, 2004).  For each 

constructed daily process or phase-state model, the factors were allowed to inter-

correlate.   

To ascertain whether a particular confirmatory dynamic factor analytic (CDFA) or 

P-technique factor analytic (CPTFA) model provided a good fit to the data matrix for 

each participant, the following strategy was employed.  First, a variety of one factor 

models were fit to the data to serve as theoretically plausible null models including an 
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Independent Null, 1 factor DFA direct autoregressive factor score model with auto-

correlated error, 1 factor DFA direct autoregressive factor score model with independent 

error, 1 factor DFA white noise factor score model with auto-correlated error, 1 factor 

DFA white noise factor score model with independent error, 1 factor PTFA model with 

auto-correlated error, and a 1 factor PTFA model with independent error (Molenaar, 

1985; Wood & Brown, 1995) depending on which type of analyses were performed 

(daily process vs. phase-state).  Second, several multidimensional target models were 

constructed in accordance with study objectives (e.g., 2-factor CDFA model comprised of 

Depression and Fatigue using daily process data; 3- factor CPTFA model reflecting 

Depression, Anxiety, and Irritability using phase-state data).  For each target model 

examined in reference to the daily dimensional structure, both Lag1 (i.e., both white 

noise and direct autoregressive factor) and Lag0 models were fit.  Also, for each model 

the item error was allowed to either co-vary over time (ACE, auto correlated error) or be 

statistically independent (IE, independent error).  Note that for the phase-state target 

models, only Lag0 IE target models were constructed as other models failed to converge 

secondary to extreme auto-correlation among constituent items.  This latter outcome was 

expected given that each phase-state trajectory reflects extreme non-decaying 

autocorrelation (or deterministic trend).  Third, in accordance with recommendations of 

Anderson and Gerbing (1988) and Hatcher (1994) in the SEM literature, a two-step 

approach was used to empirically evaluate whether the measures of anxiety, depression, 

fatigue, and irritability emerged as “empirically” distinct.  This was determined by 

investigating the inter-factor correlations in the CDFA/CPTFA such that if two (or more) 

factors share a high magnitude of covariation [i.e., upper or lower bounds of correlation ± 

2*(its Standard Error) = |1.0|] then these factors are not deemed empirically distinct.  

Also, given that these models were nested as they were constructed from the same BTM 

or variance covariance matrix (amongst candidate daily process models), χ2 difference 

tests and CDFA fit indices were used to determine which factorial solution provided the 

best fit (e.g., 1-factor vs.  2-factor) (Mumma, 2004; Wood & Brown, 1994).  In the event 

that there was inconsistent evidence for factor discriminatability such as when either the 
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χ2 tests or inter-factor correlations indicated a unidimensional model, but not both, then 

model parsimony and goodness of fit indices (after correcting for redundancy in the 

BTM) were examined to ascertain the best comparative fit.  Similarly, if error structure 

was different across competing models (hence, models not truly nested), goodness of fit 

indices also were used to evaluate comparative fit.  The following guidelines were used:  

Lowest Maximum Likelihood χ2 (Russell et al., 1996); goodness of fit indices (Normed 

Fit Index, Non-Normed Fit Index, and Comparative Fit Index; elucidated from target 

model vs.  independence null) ranging from 0.0 to 1.0, with 1.0 suggesting perfect fit 

(Wood & Brown, 1994); and model parsimony (Brown, Chorpita, & Barlow, 1998).  

While Wood and Brown (1994) suggest cut-off values for interpretation of the goodness 

of fit indices in DFA (i.e., “good fit”= ≥ .6 vs.  PTFA IE null model with a long time 

series), they apparently did not correct for redundant information inherently contained in 

the BTM (Mumma, 2002a,b, 2004).  As such, all such indices were corrected for 

redundancy in the BTM by partialling out the redundant covariance’s by either modeling 

it (termed freely estimated redundant error covariance, FEREC; see Ferrer & 

Nesselroade, 2003; Nessleroade et al., 2002) or using a SAS PROC IML program 

developed by Mumma (2002b, 2004).  Therefore the reported cut-off scores may not be 

directly applicable to fit indices that are corrected for redundancy (Mumma, 2002a).  

Fourth, an omnibus multidimensional CDFA or CPTFA model also was tested in order to 

provide a full test of Study Goals 1 and 2, as well as to elucidate the true inter-

correlations amongst the set of outcome factors.   

 

Approach to Performing Standard and Hierarchical Dynamic Time Series Regression 

Dynamic Time Series Regression (DTSR) was employed to examine 

hypothesized predictor-criterion relationships for each participant using the daily process 

data.  Seven steps were followed when performing standard DTSR.  First, the factor score 

for each outcome variable using the daily process data was formed by using a regression-

weight approach [i.e., (sum of the products of residualized items)*(unstandardized factor 

loading ascertained from the optimal unidimensional CDFA model)].  Second, each 
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predictor factor score was calculated by summing across the residualized items for each 

scale.  Third, each thusly formed factor was then subjected to DTSR with polynomial 

modeling of trend to ensure that there was no deterministic trend present.  Forth, intra-

scale correlations amongst the constituent items (or item parcels) for each predictor were 

examined to ascertain if each formed an internally reliable factor.  Fifth, concurrent 

bivariate relationships between all symptom scales and predictors were examined for 

congruence.  Sixth, each outcome variable (anxiety, depression, fatigue, and irritability) 

was then regressed onto the various predictors (i.e., stressful event and/or cognitions) as a 

set (all Lag0) in standard DTSR according to study goals.  Notably, a back step approach 

was used in that non-significant Lag0 predictors were sequentially removed until only the 

significant Lag0 predictors were retained (hereafter termed the reduced model).  Each 

outcome variable (from the reduced model) was then regressed onto a second set of 

predictors (either all Lag0 and/or Lag1cognitions depending on the hypothesis) using 

hierarchical DTSR.  Seventh, in instances where there was a question of incremental 

variance such as when testing the contribution of the set of predictors in the full model 

over and above the predictors in the reduced model, an incremental F-test was performed.  

Eighth, evidence for partial mediation within the context of hierarchical DTSR was 

established when the following conditions were met:  1) the independent variable (IV) 

correlated with the dependent variable (DV); 2) the IV correlated with the hypothesized 

mediator; 3) the mediator correlated multivariately with the DV; and 4) the magnitude of 

prediction (association) between the IV and DV was diminished after the mediator was 

entered into the prediction model (see Baron & Kenny, 1986).  This approach is an 

application of the aggregate-level regression-based approach to intraindividual 

hierarchical DTSR.   

 

Approach to Testing Assumptions for CDFA and DTSR 

At the most basic level, it is assumed that data used in DFA or DTSR should 

display adequate distributional properties.  Use of non-normal data may compromise 

model fits and attenuate relationships among variables (Fabrigar, Wegener, MacCallum, 
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& Strahan, 1999; Lonigan et al., 1999; Tabachnick & Fidell, 2001).  Procedures for 

inspecting the distributional properties of the daily process items were described in the 

item preparation section, as noted above.   

The primary assumption of both DFA and DTSR is “stationarity” (Hokanson et 

al., 1994; Mumma, 2004; Mumma & Mooney, 2005a; Tabachnick & Fidel, 2001; Wood 

& Brown, 1994).  This assumption requires, amongst other things, that there is no 

deterministic trend and/or cyclicity present in the daily process data as this can lead to 

diminished factor loading estimates in DFA (Wood & Brown, 1994), changes in the 

degree of association amongst a set of predictors used in DTSR (Hokanson et al., 1994), 

and result in inaccurate estimates of standard errors that subsequently impact hypothesis 

testing (Hokanson et al., 1994).  For CDFA, this assumption was met when each retained 

constituent item for each hypothesized factor was first residualized on trend and cyclicity 

(if needed) prior to inclusion in the factor analytic model.  The detrending procedure 

using polynomial DTSR was described previously.  For DTSR, each IV and DV, after 

being formed were similarly modeled.  Also, if any cyclicity was present after detrending, 

it was subsequently specified in each DTSR model by including the appropriate 

autoregressive parameter(s).   

Another assumption for both DFA and DTSR is constant variable covariance 

overtime (Ferrer & Nesselroade, 2003; Mumma, 2004; Mumma & Mooney, 2005a).  For 

DFA, Ferrer and Nesselroade (2003) indicated that this assumption can be tested by 

splitting a participant’s time series in half and then cross-validating dimensional 

structure, intraindividually.  Unfortunately, the time series for both current study 

participants was about half that reported in Ferrer and Nesselroade (2003), and as such, 

this methodology could not be used.  For DTSR, this assumption mandates that the 

relationships between the IV(s) and DV should be equivalent across the time series.  This 

assumption was tested by using hierarchical DTSR (Mumma, 2004).  After determining 

the final reduced or full model depending on which hypothesis was under consideration, 

an interaction term between each IV and a dummy coded variable (early versus late phase 

of time series) was calculated and then added to the model as a set over and above the 
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reduced model.  An incremental F-test was then performed comparing this newly formed 

full model to the reduced.  Note that a conservative adjustment to the α-level was made 

so as to protect against type I error, given that 10 and 20 models were tested for 

Participants 1 and 2, respectively.  Thus, each test of constant covariance for Participant 1 

was considered statistically significant at the p ≤ .005 level.  For Participant 2, an 

adjusted p-level of .0025 or less was considered statistically significant.  No evidence for 

changes in covariance amongst the IV’s and DV’s across each participant’s time series 

was significant.  Several additional assumptions for DTSR are discussed next.   

The absence of significant feedback is an important assumption in DTSR 

(Hokanson et al., 1994).  Feedback occurs when a concurrent value of a given predictor is 

predicted in part by a lagged value of the DV.  This assumption was tested by forming a 

cross-correllogram (using SAS Proc ARIMA) for all retained DV's and IVs for each 

participant.  Note that a conservative adjustment to the α-level (i.e., p = .00042) was 

made so as to protect against false positives, given that a total of 120 and 224 cross-

correlations were tested for Participants 1 and 2, respectively.  There was evidence for 

seven cases of feedback for Participant 1.  No cases of feedback were indicated for 

Participant 2 (see Table 2).  Hokanson and colleagues (1994) suggest that violations in 

the feedback assumption can be corrected by simultaneously estimating both the 

feedback (IV regressed onto DV) and default model (DV regressed onto IV).  

Unfortunately, methods for doing so have not been delineated for DTSR (Mumma, 

personal communication, 2002).   

Another assumption of DTSR is linearity.  As in standard linear regression or 

multiple linear regression, and by extension DTSR, this assumption mandates that the 

model must consist of linear (additive) predictors (Darlington, 1990; Nunnally & 

Bernstein, 1994; Tabachnick & Fidel, 2001).  In the simplest calculation, linearity 

consists of a straight-line relationship.  Linearity was tested using hierarchical DTSR.  

Again, after ascertaining the final reduced or full model, a quadratic term for each IV was 

then added to the model as a set over and above the reduced model.  An incremental F-

test was then performed comparing this newly formed full model to the reduced.  Note 



 

 

 

42

that a conservative adjustment to the α-level also was made so as to protect against 

spurious inclusion of quadratic terms (indicating presence of curvilinearity) by chance, 

given that a total of 10 and 20 models were tested for Participants 1 and 2, respectively.  

Thus, each test of linearity for Participant 1 was considered statistically significant at the 

p ≤ .005 level.  For Participant 2, an adjusted p-level of .0025 or less was considered 

statistically significant.  No evidence for curvilinearity was present for Participant 1 or 2.   

The homogeneity of variance assumption of DTSR states that the variance of the 

residuals should be equivalent over the course of the time series (Mumma, 2004; SAS, 

Institute, 2004).  In that end, several tests of auto-regressive conditional 

heteroscedasticity (ARCH) using SAS Proc Autoreg were examined for each of the final 

sets of DTSR models including the Normality test, Portmanteau-Q test, and Lagrange 

Multiplier (see SAS, Institute, 2004, p.  548-549).  Unfortunately, the decision rules by 

which to address issues of ARCH are not systematic or clear.  For instance, SAS 

documentation (i.e., SAS, Institute, 2004) states that inspection of the Portmanteau-Q test 

(PQ) tests speak to how far back from Lag0 heteroscedasticity occurs (if present) and 

how temporally stable is it (i.e., whether there is a short or long memory process) and the 

Lagrange Multipliers (LM) are useful in ascertaining which ARCH parameters to fit in 

order to accurately account for heteroscedasticity.  However, given the number of PQ and 

LM tests that are calculated for each model, i.e., 12 for each Lag (1-12), it is likely that a 

number of these may be significant from chance alone.  Therefore, a conservative 

adjustment was employed when examining the statistical significance of each PQ and LM 

(p ≤ .004).  As such, if two (or more) of the three heteroscedasticity tests were 

statistically significant, then the ARCH process was subsequently modeled.  A back step 

approach was utilized whereby an initial ARCH model was specified that included a long 

memory process (using a Generalized Auto-regressive Conditional Heteroscedasticity 

Model, or GARCH) with all ARCH parameters specified (i.e., p = 1, q = 1-12).  In the 

event that this specification was non-significant, denoted by a non-significant GARCH 

parameter (i.e., p > .050) then it was eliminated and a short memory process model was 

re-specified and all ARCH parameters were again included (i.e., p = 0, q = 1-12).  Non-
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significant ARCH parameters were then subsequently deleted.  Consistent with 

recommendations with the SAS documentation (see SAS Institute, 2004, p.  549), ARCH 

was appropriately modeled in instances when retained ARCH parameters were significant 

and the Normality test was non-significant.  Calculation of structural R2 (auto-correlation 

and ARCH corrected) was performed using hierarchical DTSR.  Procedurally, the 

obtained “total R2” value reported in the output from SAS Proc Autoreg from a reduced 

ARCH model (with only significant auto-correlation and ARCH parameters included) 

was subtracted from the total R2 value reported from the final ARCH model (with all 

predictors, autocorrelation, and ARCH parameters included) to yield information 

regarding the structural component of the model.  That is, what proportion of variance 

does the DTSR model explain in the outcome variable, after adjusting for autocorrelation 

and ARCH.   
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Table 1:  Participant Demographics, Medical/Surgery and Psychiatric Histories, and 
Pretest Symptom Distress Measures  
________________________________________________________________________ 

 
Participant 1:  Demographics: 

Age:  39    
Sex:  Male    
Ethnicity:  Caucasian    
Marital Status:  Single    
Education:  16    
Employment:  Medically disabled.      
 

Participant 1:  Medical/Surgical History:  Chronic hepatitis C infection (diagnosed in 2004, per patient 
report), hypertension, diabetes mellitus, and allergies.   

Fibrosis Score:  No fibrosis score was reported in medical chart. 
Liver biopsy:  No liver biopsy information was reported in medical chart. 
HCV Viral Titer: 

Date  Copies/mL 
2/17/04  625,000 

 
Hepatic Transaminases Assays: 

Date  AST (>41 is abnormal) ALT  (>45 is abnormal) 
1/11/04  60   97 
6/16/04  50   73 
6/29/04  45   63 

 
Participant 1:  Psychiatric History:   Post-Traumatic Stress Disorder and Major Depression Disorder.  

 Current Psychiatric Treatment:  His case was followed and his psychiatric symptoms were 
medically managed by a psychiatrist working at a community-based mental health center.  
Participant 1 reported taking a selective serotonin re-uptake inhibitor (i.e., Zoloft) and a 
heterocyclic antidepressant (i.e., trazodone hydrochloride) at the time of his participation in the 
study.  No change in dosage was reported during the duration of the study.        

 
Participant 1:  Pre-Test Symptom Distress Measures: 

 Automatic Thoughts Questionnaire = 99 (of 150) 
 Beck Anxiety Inventory = 47 (of 63; severe) 
 Beck Depression Inventory-II = 37 (of 63; severe) 
 Beck Hopelessness Scale = 15 (severe) 

 Chicago Multi-Scale Depression Inventory: 
  Mood:  29 (t-score = 76.01) 

 Cognitive:  15 (t-score = 80.00) 
 Neurovegetative:  38 (t-score = 84.30) 
 Total Score = 155 (t-score = 95.64) 
Fatigue Severity Scale = 63 (of 63) 
Hospital Anxiety Depression Scale:  
 Total = 29 (of 42) 
 Anxiety = 16 (of 21; cut off score is 11) 
 Depression = 13 (of 21; cut off score is 9) 

________________________________________________________________________ 
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Table 1:  Continued.  
________________________________________________________________________ 

  
 Profile of Mood States-Anger/Hostility Scale = 38 (of 48) 
 Early Maladaptive Schema Questionnaire (possible range = 5-30): 

Emotional Deprivation = 29   
Abandonment = 15   
Mistrust/Abuse = 29  
Social Alienation = 27  
Defectiveness/Shame = 17   
Failure = 8   
Dependency = 11   
Vulnerability to Harm = 19   
Enmeshment = 20    
Subjugation of Needs = 22    
Self-Sacrifice = 20    
Emotional Inhibition = 9    
Unrelenting Standards = 22    
Entitlement = 15   
Insufficient Self-Control = 17 

 
Participant 1:  Daily Questionnaires Completed:  85 (of 87) 

 
Participant 2:  Demographics: 

Age:  62 
Sex:  Female 
Ethnicity:  Hispanic 
Marital Status:  Married 
Education:  15 
Employment:  Retired.  
 

Participant 2:  Medical/Surgical History:  Chronic hepatitis C infection (diagnosed in 2000, per patient 
report), colon cancer, hypertension, fibromyalgia, and hysterectomy.  

Fibrosis Score:  No fibrosis score was reported in medical chart. 
Liver biopsy:  No liver biopsy information was reported in medical chart. 
HCV Viral Titer:  No viral titer information was reported in medical chart.  
Hepatic Transaminases Assays: 

Date  AST (>41 is abnormal) ALT  (>45 is abnormal) 
  6/11/03  23   23 
  11/18/03  34   35 
  3/9/04  19   1 

 
Participant 2:  Psychiatric History:  Major Depression Disorder.   

Current Psychiatric Treatment:  Followed and medically managed by a psychiatrist.  Participant 2 
was taking a selective serotonin re-uptake inhibitor (i.e., Welbutrin) at the time of her 
participation in the study.  No change in dosage was reported during the duration of the 
study.  

 
 

________________________________________________________________________ 
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Table 1:  Continued.  
________________________________________________________________________ 

 
 

Participant 2:  Pre-Test Symptom Distress Measures: 
Automatic Thoughts Questionnaire = 118 (of 150) 
Beck Anxiety Inventory = 12 (of 63; mild) 
Beck Depression Inventory-II = 32 (of 63; severe)   
Beck Hopelessness Scale = 18 (severe) 
Chicago Multi-Scale Depression Inventory: 

Mood:  21 (t-score = 61.52) 
Cognitive:  13 (t-score = 72.00) 
Neurovegetative:  43 (t-score = 93.64) 
Total Score = 139 (t-score = 87.02) 

Fatigue Severity Scale = 26 (of 63) 
Hospital Anxiety Depression Scale: 

Total = 30 (of 42) 
Anxiety = 17 (of 21; cut off score is 11) 
Depression = 13 (of 21; cut off score is 9) 

Profile of Mood States-Anger/Hostility Scale = 5 (of 48) 
Early Maladaptive Schema Questionnaire (possible range = 5-30): 

Emotional Deprivation = 29   
Abandonment = 6   
Mistrust/Abuse = 5  
Social Alienation = 21  
Defectiveness/Shame = 16   
Failure = 21   
Dependency = 9   
Vulnerability to Harm = 15   
Enmeshment = 5    
Subjugation of Needs = 5    
Self-Sacrifice = 30    
Emotional Inhibition = 9    
Unrelenting Standards = 25    
Entitlement = 10   
Insufficient Self-Control = 7 
 

Participant 2:  Daily Questionnaires Completed:  90 (of 90) 
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Table 2:  Participant 1’s Evidence for Feedback amongst DV’s and IV’s  
  

______________________________________________________________________________________ 
        Lagged Feedback1  
   
DV              IV            (-1) (-2) (-3) (-4) (-5) (-6) (-7) (-8)        
Anxiety  Hopelessness    .36     
Anxiety  IdiographicCT1   -.46   
Anxiety  IdiographicCT2   -.40  
Anxiety  Stressor       -.37 
 
Depression IdiographicCT1    -.55 
  
Irritability IdiographicCT1    -.52    
Irritability IdiographicCT2 .33 
 
1Note:  Only feedback that were statistically significant at p ≤ .00042 (i.e., ≥ 3.5 Standard Errors) are 

reported here.     
________________________________________________________________________ 
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CHAPTER III 

RESULTS 

 

Study Objectives 1 and 2 

 The first two study objectives test the intraindividual dimensional structure of 

several measures of anxiety, depression, fatigue, and irritability symptoms within each 

individual in terms of dynamic daily covariance (Lag0 and possibly Lag1 information) 

and phase-state trajectories as evidence for construct validity.   

 

Items Retained for Dynamic Daily Covariance Analyses 

The item pool across both participants was comprised of six items drawn from 

each HADS, CMDI, FSS, POMS-A/H subscales.  For Participant 1, 17 items (5 out of 6 

HADS, 6 out of 6 CMDI, 0 out of 6 FSS, and 6 out of 6 POMS-A/H) were retained 

following item preparation procedures (see Table 3).  The time series for Participant 1 

spanned 87 days with 2 missing days.  For Participant 2, nine items (2/6 HADS, 3/6 

CMDI, 6/6 FSS, and 2/6 POMS-A/H) were retained (see Table 4).  The time series for 

Participant 2 spanned 90 days, with no missing days.  Note that subsets of these items 

were used for specific comparisons, as below. 

 

Dimensional Structure:   Daily Dynamic Covariance Models 

Within a particular participant, the same set of items was used to test the goodness 

of fit of several candidate unidimensional and bidimensional models.  First, for 

Participant 1, a variety of 1-factor models were formed by constraining all retained 

symptom items following item preparation from two of three candidate scales (i.e., items 

from the Anxiety, Depression, and Irritability scales) at a time to load onto a single 

factor.  Thus, each unidimensional model was comprised of 11 or 12 items depending 

upon which scales were included (Anxiety + Depression = 11 items; Anxiety + Irritability 

= 11 items; Depression + Irritability = 12 items).  For Participant 2, several 

unidimensional models also were formed from two of four candidate scales to load onto a 
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single factor.  Note that these constituent items were either raw variables (as in Anxiety 

or Irritability factors) or item parcels (Depression and Fatigue factors).  Item parcels were 

formed to circumvent problems with model estimation secondary to Heywood cases 

(where the commonality of a particular item for a particular factor was ≥ 1.0) and to 

minimize the influence of having an unbalanced number of indicators per factor (e.g., 2 

items for Anxiety but 6 for Fatigue) on fit statistics (Mumma, Personal Communication, 

2005).  Procedurally, item parcels are formed when highly correlated items from the 

same scale are combined to form 2 to 3 composite variables that were then used as 

indicators for each factor.  The two Depression item parcels were comprised of:  (1) = 

average of Depression items 3 & 4, and (2) = Depression item 6.  The three Fatigue item 

parcels included:   (1) = average of Fatigue items 1 & 3, (2) = average of Fatigue items 2 

& 4, and (3) = average of Fatigue items 5 & 8.  Therefore, each unidimensional factor 

was comprised of between 4 or 5 indicators depending upon which scales were included 

(Anxiety + Depression = 4 items; Anxiety + Fatigue = 5 items; Anxiety + Irritability = 4 

items; Depression + Fatigue = 5 items; Depression + Irritability = 4 items; Fatigue + 

Irritability = 4 items).  Second, for Participants 1 and 2, several bidimensional target 

models were then constructed whereby the daily process items were constrained to load 

onto two different factors.  A total of six candidate target models were constructed for 

each of three bidimensional models for Participant 1 (Anxiety versus Depression, 

Anxiety versus Irritability, and Depression versus Irritability).  For Participant 2, six 

candidate target models also were formed for several bidimensional comparisons 

(Anxiety versus Fatigue, Depression versus Fatigue, Depression versus Irritability, 

Fatigue versus Irritability).  Note that target models for the bidimensional comparison of 

Anxiety versus Depression and Anxiety versus Irritability lead to estimation problems 

(due to 1 or 2 items producing Heywood cases).  As described previously, the 

bidimensional target models were then statistically compared to their unidimensional 

counterparts via nested χ2 difference tests to ascertain the intraindividual empirical 

integrity of measures of Anxiety, Depression, Fatigue, and Irritability.  Inter-factor 

correlations also were examined.  A similar procedure for Participant 1 was used to 
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examine a 3-factor model (approximates Hypothesis 1.2 sans fatigue-related items) 

reflecting measures of Anxiety, Depression, and Irritability.  Moreover, this same 

procedure was used to test Hypotheses 1.2 and 1.3 in Participant 2.   

For Participant 1, CDFA of 11 items (5 HADS and 6 CMDI; see Table 3) 

reflecting measures of Anxiety and Depression using a Lag1 Block-Toeplitz matrix 

(BTM) are reported in Table 5.  As shown in Table 5, bidimensional models providing 

the best fit were statistically determined (via nested χ2 difference tests) amongst several 

candidate target models.  Each optimal bidimensional model was then statistically 

compared to a unidimensional model with comparable dynamic (WNFS or DAFS or 

Lag0) and error structure (ACE or IE) as a test of discriminate validity.  The optimal 

bidimensional model was the 2-factor Lag1, auto-correlated error, direct autoregressive 

factor score (F2L1ACEDAFS) model, and CDFA of the F2L1ACEDAFS model yielded:  

χ2 (df = 162) = 316.63, RMSEA = .107, which provided an improvement in fit over the 

F1L1ACEDAFS model (RMSEA = .126) [χ2
diff  (df = 2) = 64.28, p < .001].  Anxiety and 

Depression factors were moderately to strongly positively correlated (r = .77, SE = .05, p 

< .001).  Moreover, the confidence interval for the correlation amongst these two factors 

did not include ± 1.0.   

For Participant 1, CDFA of 11 items (5 HADS and 6 POMS-A/H; see Table 3) 

measuring Anxiety and Irritability using a Lag1 BTM are shown in Table 6.  The optimal 

bidimensional model was the F2L0ACE model, and CDFA of the F2L0ACE model 

yielded:  χ2 (df = 164) = 292.20, RMSEA = .097, which was a significant improvement in 

fit vis-à-vis the F1L0ACE model (RMSEA = .140) [χ2
diff  (df = 1) = 139.83, p < .001].  

For the later model, Anxiety and Irritability were moderately positively correlated (r = 

.43, SE = .07, p < .001) and the confidence interval for the correlation did not include ± 

1.0.   

For Participant 1, results of the bidimensional comparison of measures of 

Depression and Irritability using CDFA of 12 items (6 CMDI and 6 POMS-A/H; see 

Table 3) using a Lag1 BTM are reported in Table 7.  The optimal bidimensional model 

was the F2L1ACEDAFS model.  CDFA for the bidimensional F2L1ACEDAFS yielded:  
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χ2 (df = 195) = 448.10, RMSEA = .125, and this later model provided a significant 

improvement in fit over the F1L1ACEDAFS model (RMSEA = .152) [χ2
diff (df = 2) = 

128.31, p < .001].  Moreover, inspection of the inter-factor correlations derived from the 

F2L1ACEDAFS indicated that the Depression and Irritability factors were weakly 

positively correlated (r = .25, SE = .09, p = .004), with the confidence interval not 

including ± 1.0.   

Taken together, results from the bidimensional comparisons for Participant 1 

indicate that measures of anxiety, depression, and irritability symptoms were empirically 

distinct.  A follow-up CDFA of 17 items (5 HADS, 6 CMDI, and 6 POMS-A/H; see Table 

3) measuring all three symptoms states using a Lag1 BTM was performed to provide a 

full test of Hypothesis 1.1 and 1.2, whereby all outcomes were simultaneously tested.  As 

shown in Table 8, the optimal 3-factor model was the F3L1ACEDAFS model.  CDFA for 

the F3L1ACEDAFS model yielded:  χ2 (df = 402) = 887.01, RMSEA = .121, which was 

a significant improvement in fit over the F1L1ACEDAFS model (RMSEA = .142) [χ2
diff 

(df = 5) = 203.88, p < .001].  For the later model, the Anxiety and Depression factors 

were strongly positively correlated (r = .73, SE = .05, p < .001), Anxiety and Irritability 

were moderately negatively correlated (r = -.41, SE = .07, p < .001), and Depression and 

Irritability were weakly negatively correlated (r = -.23, SE = .09, p = .012), consistent 

with the magnitude of associations obtained from the bidimensional comparisons, as 

above.  Again, no correlation included |1.0| in its upper or lower bounds, indicating that 

all three factors were empirically distinct.   

Given that each factor was judged to be empirically distinct for Participant 1, a 

series of follow-up unidimensional CDFA’s also were performed to ascertain the optimal 

final unidimensional models that were used in subsequent analyses.  The final optimal 

models for Anxiety, Depression, and Irritability were the F1L1ACEDAFS, 

F1L1ACEWNFS, and F1L0ACE models, respectively (see Table 9).  See Table 10 for 

standardized estimates and commonalities for each model.  Examination of the 

standardized estimates (zλ) for the Anxiety F1L1ACEDAFS model (standardized auto-

regressive parameter = .39, SE = .17; p < .05) indicated that all items had statistically 
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significant Lag0 loadings of .68 or higher (zλ’s mean = .75; range = .68 to .83), and all 

Lag1 zλ’s were .28 or higher (zλ’s mean = .31; range = .28 to .34).  For the five anxiety 

items, an average of 66 percent of the total item variance was accounted for by the latent 

dynamic factor (range = .54 to .81).  The Lag0 zλ’s for the Depression F1L1ACEWNFS 

model were all .44 or higher (zλ’s mean = .74; range = .44 to .86) and each also was 

statistically significant.  Moreover, the Lag1 zλ’s for this same model were all 

statistically significant but one, with three Lag1 zλ’s greater than .42 (zλ’s mean = .31; 

range = .04 to .57).  About 56 percent of the variance of the five depression items was 

held in common with the latent dynamic factor (range = 23 to .78).  For the Irritability 

F1L0ACE model, each Lag0 zλ’s were .51 or higher (zλ’s mean = .66; range = .51 to 

.87), and the model accounted for 45 percent of the variance across the six irritability 

items (range = .26 to .75).  See Figures 1, 2, and 3 for plots of Participant 1’s optimal 

daily dynamic symptom models overtime.   

For Participant 2, CDFA of 5 indicators (2 items for HADS and 3 item parcels for 

FSS) reflecting measures of Anxiety and Fatigue using a Lag1 BTM are shown in Table 

11.  The optimal bidimensional model was F2L1ACEWNFS model, and CDFA of the 

F2L1ACEWNFS model yielded:  χ2 (df = 25) = 34.63, RMSEA = .066, which provided a 

significant improvement in fit over the F1L1ACEWNFS model (RMSEA = .098) [χ2
diff  

(df = 1) = 13.45, p < .001].  Although the Anxiety and Fatigue factors were moderately to 

strongly positively correlated (r = .74, SE = .06, p < .001), but the confidence interval for 

the correlation amongst these two factors did not include ± 1.0.   

For Participant 2, CDFA of 5 indicators (2 item parcels for CMDI and 3 item 

parcels for FSS) measuring Depression and Fatigue using a Lag1 BTM are shown in 

Table 12.  The optimal bidimensional model was the F2L1ACEDAFS model.  CDFA for 

the F2L1ACEDAFS model yielded:  χ2 (df = 28) = 54.07, RMSEA = .102, which was a 

significant improvement in fit vis-à-vis the F1L1ACEDAFS model (RMSEA = .142)  

[χ2
diff (df = 2) = 29.56, p < .001].  Depression and Fatigue were weakly to moderately 

positively correlated (r = .33, SE = .09, p < .001) with the confidence interval not 

including ± 1.0. 
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For Participant 2, CDFA of 4 indicators (2 item parcels for CMDI and 2 items for 

POMS-A/H) reflecting measures of Depression and Irritability using a Lag1 BTM are 

show in Table 13.  The optimal bidimensional model was the F2L1ACEDAFS model.  

CDFA of the F2L1ACEDAFS model yielded:  χ2 (df = 17) = 37.30, RMSEA = .116, 

which provided an improvement in fit over the F1L1ACEDAFS model (RMSEA = .163) 

[χ2
diff (df = 2) = 26.85, p <.001].  The Depression and Irritability factors were weakly 

positively correlated (r = .10, SE = .13, p >.050).  Moreover, the confidence interval did 

not include ± 1.0. 

For Participant 2, CDFA of 5 indicators (3 item parcels for FSS and 2 items for 

POMS-A/H) measuring Fatigue and Irritability using a Lag1 BTM are shown in Table 14.  

The optimal bidimensional model was the F2L1IEWNFS model, and CDFA of the 

F2L1IEWNFS model yielded:  χ2 (df = 30) = 47.45, RMSEA = .081, which provided an 

improvement in fit over the F1L1IEWNFS model (RMSEA = .104) [χ2
diff (df = 1) = 

13.30, p <.001].  Fatigue and Irritability were moderately negatively correlated (r = -.40, 

SE = .09, p < .001) and the confidence interval for the correlation did not include ± 1.0. 

Taken together, results from the bidimensional comparisons for Participant 2 

indicated that measures of anxiety, depression, fatigue, and irritability symptoms were all 

empirically distinct.  A follow-up CDFA of 9 indicators (2 items for HADS, 2 item 

parcels for CMDI, 3 item parcels for FSS, and 2 items for POMS-A/H) measuring all four 

symptoms states using a Lag1 BTM was performed to provide a full test of Hypothesis 

1.1, 1.2, and 1.3, whereby all outcomes were simultaneously tested.  As shown in Table 

15, the optimal 3-factor and 4-factor models were the F3L1ACEWNFS and 

F4L1ACEWNFS models, respectively.  CDFA for the F3L1ACEWNFS model yielded:  

χ2 (df = 99) = 183.24, RMSEA = .098, which was a significant improvement in fit over 

the F1L1ACEWNFS model (RMSEA = .109) [χ2
diff (df = 3) = 27.64, p < .001].  CDFA of 

the F4L1ACEWNFS model yielded:  χ2 (df = 96) = 171.11, RMSEA = .094, which was a 

significant improvement in fit over the F1L1ACEWNFS model [χ2
diff (df = 6) = 39.77, p 

< .001].  Moreover, the 4-factor model also provided a statistically significant 

improvement in fit as compared to the 3-factor model [χ2
diff (df = 3) = 12.13, p = .007].  
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For the 4-factor model, most interfactor correlations ranged between .17 to .41, with the 

highest noted between Anxiety and Fatigue (r = .73; see Table 15).  The obtained 

correlations were generally consistent with the magnitude of associations obtained from 

the bidimensional comparisons, as above.  Again, no correlation included |1.0| in its 

upper or lower bounds, thus, all four factors were empirically distinct.   

Given that each factor was empirically distinct for Participant 2, a series of 

follow-up unidimensional CDFA’s were performed to ascertain the optimal final 

unidimensional models that were used in subsequent analyses.  The final optimal models 

for Anxiety, Depression, Fatigue, and Irritability were the F1L1IEWNFS, 

F1L1ACEDAFS, F1L1IEDAFS, and F1L0IE models, respectively (see Table 16).  See 

Table 17 for standardized estimates and commonalities for each model.  The Lag0 

standardized estimates (zλ) for the two items comprising the Anxiety F1L1IEWNFS 

model were .13 and .25 (zλ’s mean = .19) and were not statistically significant.  In 

contrast, Lag1 loadings were .56 and .90 (zλ’s mean = .60) and were both statistically 

significant.1  For the two Anxiety items, an average of 60 percent of the total item 

variance was accounted for by this latent dynamic factor (range = .33 to .87).  The Lag0 

zλ’s for the Depression F1L1ACEDAFS model (standardized auto-regressive parameter 

= 1.00, SE = .02; p <.001) were all .42 or higher (zλ’s mean = .50; range = .42 to .57) 

and each also was statistically significant.2  Moreover, the Lag1 zλ’s for this same model 

 

 1For Anxiety, the high Lag1 vis-à-vis Lag0 loadings implicate serial dependency 
amongst constituent items.  Note that the Anxiety item#1 was detrended (8th order), but 
item#2 was not.  Inspection of Anxiety item#2 indicated that fewer than 35 out of 90 
observations differed from "7" (i.e., poor item).  These estimates, therefore, are likely the 
result of forcing a model testing approach using poor items. 
 
 2Recall that 2 item parcels were used for Depression (formed from 3 constituent 
CMDI items) to circumvent problems with model estimation due to Heywood cases.  The 
high standardized AR parameter for Depression indicates that there is a problem with 
serial dependency in the constituent items (despite producing no error messages in SAS).  
Note that all three constituent depression items were not detrended as fewer than 40 
observations of 90 differed from “0” (i.e., indicating that they are poor items).    
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were all statistically significant and both Lag1 zλ’s were .42 or greater (zλ’s mean = .50; 

range = .42 to .57).  About 51 percent of the variance of the two Depression items were 

held in common with this latent dynamic factor (range = .36 to .65).  The Lag0 zλ’s for 

the Fatigue F1L1IEDAFS model (standardized auto-regressive parameter = .30, SE = .15; 

p < .050), were .59 or higher (zλ’s mean = -.75; range = -.59 to -.89) and each also was 

statistically significant.  Moreover, the Lag1 zλ’s for this same model were all 

statistically significant, with all Lag1 zλ’s -.18 or greater (zλ’s mean = -.23; range = -.18 

to -.27).  About 63 percent of the variance of the three Fatigue items was held in common 

with this latent dynamic factor (range = .37 to .86).  For the Irritability F1L0IE model, 

Lag0 zλ’s were .65 and .83 (zλ’s mean = .74), and the latent factor accounted for 56 

percent of the variance across the two irritability items (range = .42 to .70).  See Figures 

4, 5, 6, and 7 for plots of Participant 2’s optimal daily dynamic symptom models 

overtime.   

In summary, results from daily dynamic covariance models for Participant’s 1 and 

2 provided support for Hypothesis 1.2 and 1.3 (see Table 18).  Note that for Participant 1, 

a full test of each hypothesis was not possible given that fewer symptom scales were 

retained than were originally hypothesized (i.e., 3 of 4).  With this caveat, for Participant 

1, Anxiety, Depression, and Irritability were found to be empirically distinct latent 

variables, and as such, Hypothesis 1.1 was rejected in favor of Hypothesis 1.2 (sans 

fatigue).  For Participant 2, Anxiety, Depression, Fatigue, and Irritability were 

empirically distinguishable latent variables, providing support for Hypothesis 1.3.   

 

Items Retained for Phase-State Analyses 

The phase-state item pool across both participants was comprised of six items 

drawn from each HADS, CMDI, FSS, POMS-A/H subscales.  For Participant 1, 16 items 

(5 out of 6 HADS, 6 out of 6 CMDI, 0 out of 6 FSS, and 5 out of 6 POMS-A/H) were 

retained following item preparation (see Table 3).  For Participant 2, seven items (1/6 

CMDI, 0/6 FSS, 4/6 HADS, and 2/6 POMS-A/H) in total were retained (see Table 4).   
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Note that item parcels were formed for all phase-state analyses for Participant 1 

due to problems with model estimation.  Note that this was an iterative process in that 

initial models with the newly constructed composites more often than not lead to 

estimation problems.  Therefore, the item composition of each item parcel was modified 

(by switching the item composition of item parcels within a particular set of symptom 

items) until the model converged successfully without producing errors, such as 

Heywood cases.  Therefore, different sets of item parcels (reflecting various 

combinations amongst the same set of items) were used to test the goodness of fit of 

several candidate 1-factor, 2-factor, and 3-factor models in a manner that was previously 

explicated.  For Participant 2, item parceling was not successful in ameliorating model 

estimation problems.  Ultimately, the bidimensional comparison of Anxiety and 

Irritability was possible only after two anxiety items (non item parcels) were eliminated, 

thus bringing the total number of anxiety items used in 2-factor model to four. 

As such, formal testing Hypothesis 2.1 and 2.2 (sans fatigue scale) were tested for 

Participant 1.  However, although all fatigue symptom items were not retained for the 

daily dimensional structure analyses following data preparation procedures (due to 

invariance from a ceiling value), visual inspection of a daily plot of the average of these 

items would suggest a linear (horizontal) phase-state trajectory (see Figure 8).  Therefore, 

the adequacy of Hypothesis 2.3 was also tested, albeit, informally. Formal testing of 

Hypotheses 2.1, 2.2, and 2.3 was not possible for Participant 2 as only two symptoms 

scales were retained following item preparation (i.e., Anxiety and Irritability).   

 

Dimensional Structure:  Phase-State Trajectory Covariance Models 

For Participant 1, confirmatory PTFA of six item parcels items [Anxiety Item 

Parcels:  (1) = average of Anxiety items 3 & 6, (2) = average of Anxiety items 1 & 4, (3) 

= Anxiety item 2; Depression Item Parcels:  (1) = average of Depression items 2 & 4, (2) 

= average of Depression items 5 & 6, (3) = average of Depression items 1 & 3] reflecting 

Anxiety and Depression are reported in Table 19.  CPTFA of the unidimensional yielded:  

χ2 (df = 9) = 268.34, RMSEA = .568.  CPTFA of the bidimensional model yielded:  χ2 (df 
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= 8) = 134.57, RMSEA = .434, which provided an improvement in fit over the one factor 

model [χ2
diff (df = 1) = 133.78, p < .001].  Note that the very high RMSEA’s obtained 

here (and in subsequent analyses), within the context of adequate to low fit indices, was 

probably due to extreme autocorrelation amongst the constituent items (and also item 

parcels).  For example, the average bivariate correlation across all depression and anxiety 

Lag0 item parcels and their Lag1 counterparts was .97.  This is a clear example of how 

deterministic trend, which are the phase-state trajectories (by definition), spuriously 

impacts fit indices.  For the 2-factor model, the correlations between the Anxiety and 

Depression factors approached statistical significance (r = .21, SE = .11, p = .066).  

Moreover, the confidence interval for the correlation amongst these two factors did not 

include ± 1.0.   

For Participant 1, Confirmatory PTFA of five item parcels items [Anxiety Item 

Parcels:  (1) = average of Anxiety items 2 & 3, (2) = average of Anxiety items 1 & 4, (3) 

= Anxiety item 6; Irritability Item Parcels:  (1) = average of Irritability items 1 & 2, (2) = 

average of Irritability items 3, 4, & 6] reflecting Anxiety and Irritability are reported in 

Table 19.  CPTFA of the unidimensional model yielded:  χ2 (df = 5) = 61.29, RMSEA = 

.366.  CPTFA of the bidimensional model yielded:  χ2 (df = 4) = 10.94, RMSEA = .144, 

with the 2-factor model providing an improvement in fit over the 1-factor model [χ2
diff  

(df = 1) = 50.35, p < .001].  Anxiety and Irritability were low to moderately positively 

correlated (r = .34, SE = .11, p = .002), with the confidence interval not including ± 1.0.   

For Participant 1, Confirmatory PTFA of 6 item parcels items [Depression Item 

Parcels:  (1) = average of Depression items 2 & 4, (2) = average of Depression items 5 & 

6, (3) = average of Depression items 1 & 3; Irritability Item Parcels:  (1) = Irritability 

item 2, (2) = Irritability item 6, (3) = average of Irritability items 1, 3, & 4] reflecting 

measures of Depression and Irritability are reported in Table 19.  CPTFA of the 

unidimensional model yielded:  χ2 (df = 9) = 213.72, RMSEA = .520, and CPTFA of the 

bidimensional model yielded:  χ2 (df = 8) = 92.51, RMSEA = .353.  The bidimensional 

model provided an improvement in fit over the unidimensional model [χ2
diff  (df = 1) = 

121.20, p < .001].  For the 2-factor model, Depression and Irritability were moderately 
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correlated in a positive direction (r = .47, SE = .09, p < .001), and the confidence interval 

for the correlation did not include ± 1.0.   

Taken together, results from the bidimensional comparison of Participant 1’s 

symptom phase-state trajectories indicated that Anxiety, Depression, and Irritability have 

empirically distinct phase-state trajectories.  A follow-up CPTFA of eight item parcels 

items [Anxiety Item Parcels:  (1) = average of Anxiety items 3 & 6, (2) = average of 

Anxiety items 1 & 4, (3) = Anxiety item 2; Depression Item Parcels:  (1) = average of 

Depression items 2 & 4, (2) = average of Depression items 5 & 6, (3) = average of 

Depression items 1 & 3; Irritability Item Parcels:  (1) = average of Irritability items 1 & 

2, (2) = average of Irritability items 3, 4, & 6] measuring all three symptoms phase-states 

(see Table 20) was performed to provide a full test of Hypothesis 2.1 and 2.2, whereby all 

outcomes were simultaneously tested.  CPTFA of the unidimensional model yielded:  χ2 

(df =20) = 595.40, RMSEA = .585.  CPTFA of the 3-factor model yielded:  χ2 (df =17) = 

397.33, RMSEA = .516, which provided an improvement in fit over the unidimensional 

model [χ2
diff (df = 3) = 198.06, p < .001].  For the 3-factor model, Anxiety and 

Depression were not significantly correlated (r = .17, SE = .11, p = .134), Anxiety and 

Irritability were low to moderately positively correlated (r = .36, SE = .10, p < .001), and 

Depression and Irritability also were moderately positively correlated (r = .65, SE = .07, 

p < .001), generally consistent with the magnitude and direction of association obtained 

during the bidimensional comparisons, as above.  Again, no confidence interval for these 

correlations included |1.0| in their upper or lower bounds. As noted previously, visual 

inspection of a daily plot of Fatigue would suggest a linear (horizontal) phase-state 

trajectory.  Taken together, these results indicate that all four factors are empirically 

distinct.  See Figure 8 for a visual plot of the phase-state trajectories of each symptom 

dimension.   

For Participant 2, CPTFA of 4 items (2 HADS and 2 POMS-A/H) reflecting 

measures of Anxiety and Irritability are reported in Table 21.  CPTFA of the 

unidimensional model yielded:  χ2 (df = 4) = 97.70, RMSEA = .513, and CPTFA of the 

bidimensional model yielded:  χ2 (df = 3) = 84.98, RMSEA = .554.  The bidimensional 
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model provided an improvement in fit over the unidimensional model [χ2
diff  (df = 1) = 

7.72, p < .005].  For the 2-factor model, Anxiety and Irritability were very strongly 

correlated in a negative direction (r = -.93, SE = .02, p = < .001), but the confidence 

interval for the correlation did not include ± 1.0.  See Figure 9 for a visual plot of the 

phase-state trajectories of each symptom.   

In summary, results from phase-state covariance models for Participant 1 and 2 

provided provisional support for Hypothesis 2.3 and 2.2, respectively, but not Hypothesis 

2.1 (see Table 18).  As was the case in the daily dynamic covariance analyses, a full 

empirical test of each hypothesis for Study Objective 2 was not possible given that fewer 

symptoms scales were retained than were originally hypothesized (i.e., 3 of 4 scales for 

Participant 1; 2 of 4 scales for Participant 2).  Nevertheless, measures of Anxiety, 

Depression, Fatigue, and Irritability phase-state trajectories were judged to be empirically 

distinct.   

 

Study Objective 3 

 The third study objective explored the degree of convergence of dimensional 

structures across both daily dynamic and phase-state trajectories, intraindividually.   

Results from both daily dynamic and phase-state trajectory covariance models for 

both participants indicated that measures of anxiety, depression, and irritability and 

fatigue were empirically distinct, providing support for Hypothesis 3.1.  However, as 

shown in Table 22, the direction and magnitude of association for both participants, when 

considering their correlations between daily and phase-state dimensional structures, were 

often very different.  For instance, for Participant 1, the correlation amongst the daily 

dimensional structures of anxiety and depression were moderately to very strong in a 

positive direction (r = .73, p < .001), whereas the correlation amongst anxiety and 

depression phase-states was nonsignificant (r = .17, p > .050).  Although the magnitude 

of association amongst anxiety and irritability was similar (i.e., r = -.41 and .36, both p < 

.001), the direction of association was opposite.  The daily dimensional correlation 

between depression and irritability was weak and in a negative direction (r = -.23, p < 
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.050), but the phase-state trajectory correlation was moderately strong in a positive 

direction (r = .65, p < .001).  For Participant 2, the correlation between anxiety and 

irritability daily dimensional structures was weak to moderate and in a positive direction 

(r = -.23, p < .050), but the phase-state trajectories were very strongly correlated in a 

negative direction (r = -.93, p < .001). 

In summary, the degree of convergence between daily dimensional structure and 

phase-state trajectories was poor, overall (see Table 18).  Although results from both 

daily dynamic and phase-state trajectory covariance models uniformly supported the 

empirical distinctiveness of Anxiety, Depression, Fatigue, and Irritability (and hence 

support Hypothesis 3.1), there often was a marked divergence in the magnitude and 

direction of association between the daily and phase-state dimensional structures.   

 

Study Objective 4 

 The fourth study objective tested the hypothesized relationship between daily 

negative cognitions and symptom measures within the individual.  Specifically, it was 

hypothesized that nomothetic and idiographic cognitions would differentially predict 

anxiety, depression, fatigue, and irritability symptoms, intraindividually.  However, 

before these results are introduced, predictor and outcome internal reliabilities and 

bivariate correlations are examined first.    

With regard to predictors, for Participant 1, Hopelessness, idiographic Inadequacy 

and idiographic Unlovable displayed good to excellent internal reliabilities (approximate 

intraindividual α-coefficients range from .84 to .98), but Abandonment did not (.51) (see 

Table 23).  All three outcomes variables for Participant 1 exhibited good to excellent 

internal reliabilities (Anxiety = .91; Depression = .85; Irritability = .82).  Examination of 

the concurrent bivariate correlations amongst would be predictors and outcome variables 

revealed that Abandonment, Hopelessness, Inadequacy, and Unlovable were all 

moderately intercorrelated (|r’s| range from .37 to .49; all p < .05), and all but Inadequacy 

were mildly to moderately correlated with Stressor.  Anxiety and Depression were 

moderately correlated with Inadequacy, Unlovability, and Stress, while only Depression 
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was also moderately correlated with Hopelessness.  Irritability was correlated with 

Stressor and Unlovability.   

For Participant 2, six of seven predictors including Emotional Deprivation, 

Failure, Hopelessness, idiographic Failure, idiographic Inadequacy, and idiographic 

Worthlessness displayed marginal to adequate intraindividual internal reliabilities (all 

between .67 to .79), but Vulnerability to Harm did not (.56) (see Table 24).  All four 

outcomes variables for Participant 2 exhibited adequate to good internal reliabilities 

(Anxiety = .70; Depression = .72; Fatigue = .82; Irritability = .70).  All cognition scales 

except Emotional Deprivation were generally moderately to strongly intercorrelated.  

Most cognition scales also were moderately correlated with Fatigue and Irritability, but 

none were correlated with Depression and only 3 were mildly correlated with Anxiety.   

  

Daily Variability in Vulnerability to Harm predicts Anxiety and Irritability, but not 

Depression or Fatigue 

 For Participant 1, there were no retained predictors available that were relevant to 

test Hypothesis 4.1.1 in DTSR.   

For Participant 2, when Anxiety was regressed onto the Vulnerability to Harm 

(Lag1) predictor, the model was statistically significant (F-test = 117.79; p < .001; see 

Table 25), accounting for 58 percent of the variance in Anxiety, but explained no 

variance in Depression (ARCH model F-test = 0; p = 1.000).  Vulnerability to Harm 

(Lag0 and Lag1) accounted for 42 percent of the variance in Fatigue (ARCH model F-test 

= 29.80; p < .001), but the Lag0 Vulnerability to Harm predictor explained just 1 percent 

of the variance in Irritability (ARCH model F-test = .52; p = .473; see Table 25). 

In sum, mixed support for the validity of cognition’s involving a theme of 

Vulnerability to Harm in differentially predicting Anxiety and Irritability, but not 

Depression or Fatigue was indicated for Participant 2 (see Table 18).  Hypotheses 4.1.1 

remains untested in Participant 1. 
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Daily Variability in Failure Predicts Depression and Irritability, but not Anxiety or 

Fatigue   

 For Participant 1, there were no retained predictors available that were relevant to 

test Hypothesis 4.1.2 in DTSR.   

For Participant 2, when Anxiety was regressed onto the idiographic Failure 

(Lag1), the model was statistically significant (ARCH model F-test = 16.55; p < .001; see 

Table 26), accounting for 15 percent of the variance in Anxiety.  Nomothetic Failure 

(Lag1) accounted for 5 percent of the variance in Depression (ARCH model F-test = 

4.35; p = .040), and idiographic Failure (Lag0) accounted for 33 and 16 percent of the 

variance in Fatigue and Irritability, respectively (F-tests = 24.24 and 16.33, respectively; 

both p < .001; see Table 26). 

In summary, mixed support for the validity of nomothetic or idiographic 

cognition’s involving a theme of Failure in predicting Depression and Irritability, but not 

Anxiety and Fatigue was indicated for Participant 2 (see Table 18).  Hypotheses 4.1.2 

remains untested in Participant 1. 

 

Daily Variability in Abandonment and Hopelessness Predicts Increased Depression, but 

not Anxiety, Fatigue, or Irritability 

 For Participant 1, all outcomes were not significantly predicted by Abandonment 

or Hopelessness predictors.  When Anxiety was regressed onto the Abandonment (Lag1), 

the model accounted for no variance in anxiety (ARCH model F-test = 0; p = 1.000; see 

Table 27).  Hopelessness (Lag0 and Lag1) accounted for approximately 5 percent of the 

variance in Depression (ARCH model F-test = 1.42; p = .259), and Hopelessness (Lag0) 

accounted for 5 percent of the variance in Irritability (ARCH model F-test = 3.53; p = 

.065).   

For Participant 2, all outcomes but Depression were significantly predicted by the 

Hopelessness predictor.  When Anxiety was regressed onto the Hopelessness (Lag0 and 

Lag1) the model accounted for 37 percent of the variance in Anxiety (ARCH model F-

test = 24.25; p = < .001; see Table 27).  Hopelessness (Lag1) did not explain any variance 
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in Depression (ARCH model F-test = 0; p = 1.000).  Hopelessness (Lag0) also accounted 

for 36 and 8 percent of the variance in Fatigue and Irritability, respectively (ARCH 

model F-tests = 48.02 and 7.09, respectively; both p < .01).   

In summary, results from Participant 1 and 2 indicated poor support for 

Hypothesis 4.1.3 (see Table 18).  For Participant 1, Abandonment or Hopelessness was 

not predictive of any outcomes.  In contrast, Hopelessness cognitions predicted all 

outcomes except Depression, which is inconsistent with Hypothesis 4.1.3. 

 

Incremental Predictive Validity of Idiographic Cognitions   

 For Participant 1, when Anxiety was regressed onto the nomothetic Abandonment 

predictor (Lag1), the model failed to explain any variance in Anxiety (ARCH model F-

test = 0; p = 1.000; see Table 28).  When the idiographic Unlovable (Lag1) predictor was 

added to this model, it failed to account for any incremental variance over and above the 

nomothetic Abandonment (Lag1) predictor (R2
Inc = .00; F-testInc = .00; p = 1.000).   

For Participant 1, when Depression was regressed onto the nomothetic 

Hopelessness predictors (Lag0 and Lag1), about 4 percent of the variance in Depression 

was accounted for (ARCH model F-test = 1.42; p = .249; see Table 28).  When the 

idiographic Unlovable (Lag1) predictor was added to this model, it again failed to 

account for any incremental variance over and above the nomothetic Hopelessness (Lag0 

and Lag1) predictors alone (R2
Inc = .00; F-testInc = .00; p = 1.000).   

For Participant 1, when Irritability was regressed onto the nomothetic 

Hopelessness predictor (Lag0), approximately 5 percent of the variance in Irritability was 

accounted for (ARCH model F-test = 3.53; p = .065; see Table 28).  When the 

idiographic Unlovable (Lag1) predictor was added to this model, it accounted for a 

statistically significant amount of incremental variance over and above the nomothetic 

Hopelessness predictor (R2
Inc = .10; F-testInc = 7.25; p = .009). 

For Participant 2, when Anxiety was regressed onto the nomothetic Hopelessness 

(Lag1) and Vulnerability to Harm (Lag1) predictors, about 58 percent of the variance in 

Anxiety was accounted for (ARCH model F-test = 57.06; p < .001; see Table 28).  When 
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the idiographic Worthlessness (Lag1) predictor was added to this model, it failed to 

account for any incremental variance over and above the nomothetic predictors alone 

(R2
Inc = .01; F-testInc = 1.60; p = .209).   

For Participant 2, when Depression was regressed onto the nomothetic Emotional 

Deprivation and Failure (both Lag1) predictors, approximately 5 percent of the variance 

in Depression was accounted for (ARCH model F-test = 2.09; p = .131; see Table 28).  

When the idiographic Failure (Lag1) predictor was added to this model, it failed to 

account for any incremental variance over and above the nomothetic predictors (R2
Inc = 

.00; F-testInc = .34; p = .562).   

For Participant 2, when Fatigue was regressed onto the nomothetic Hopelessness 

(Lag0 and Lag1) and Vulnerability to Harm (Lag0) predictors, about 55 percent of the 

variance in Fatigue was accounted for (ARCH model F-test = 34.37; p < .001; see Table 

28).  When the idiographic Failure (Lag0), Inadequacy (Lag1), and Worthlessness (Lag1) 

predictors were added to this model, they failed to account for any incremental variance 

over and above the nomothetic predictors (R2
Inc = .02; F-testInc = .99; p = .400).   

For Participant 2, when Irritability was regressed onto the nomothetic 

Hopelessness (Lag0 and Lag1), Emotional Deprivation (Lag1), and Vulnerability to 

Harm (Lag1) predictors, approximately 18 percent of the variance in Irritability was 

accounted for (ARCH model F-test = 4.49; p = .002; see Table 28).  When the 

idiographic Failure (Lag0) and Inadequacy (Lag1) predictors were added to this model, 

they accounted for a statistically significant increase in incremental variance over and 

above the nomothetic predictors (R2
Inc = .11; F-testInc = 6.06; p = .004). 

In summary, results from Participant 1 and 2 provide mixed support for 

Hypothesis 4.2 (see Table 18).  For both participants, the incremental validity of 

idiographic cognitions was supported when predicting irritability symptoms, but not 

anxiety or depression (or fatigue for Participant 2).   

Overall, the adequacy of Hypotheses 4.1 and 4.2 is questionable (see Table 18).  

Although in most cases nomothetic and idiographic cognitions accounted for a significant 
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proportion of the daily symptom variability, they nevertheless displayed generally poor 

cognitive content-specificity, intraindividually.   

In general, for both participants, poor support was found for Hypothesis 4.1.3, but 

mixed support for Hypothesis 4.2 was indicated.  Mixed support for Hypotheses 4.1.1 

and 4.1.2 also was observed for Participant 2.  Hypotheses 4.1.1 and 4.1.2 remain 

untested in Participant 1.   

 

Study Objective 5 

 The fifth objective examined whether theoretically relevant mediators 

(cognitions) impacted the relationship between stressful life events, and either anxiety, 

depression, fatigue, or irritability, intraindividually.   

For Participant 1, there were only two retained mediators available that were 

relevant to test Hypothesis 5.1.3 in DTSR.  For Participant 2, the stressful event rating 

was not retained following item preparation procedures.   

 

Abandonment and Hopelessness Mediates the Relationship Between Stressful Life 

Events and Depression, but not Anxiety or Irritability for Participant 1 

 The Stressor variable (Independent Variable) for Participant 1 was bivariately 

correlated with Anxiety, Depression, and Irritability (r’s = .49, .41, and .46, respectively; 

all p < .001).  Thus the first condition of (partial) mediation has been met.  Stressor also 

was bivariately correlated with Abandonment and Hopelessness (both hypothesized 

partial mediators) (r’s = .23 and -.30, respectively; both p < .05), satisfying condition 2 of 

intraindividual mediation.  Abandonment and Hopelessness were not bivariately 

correlated with Anxiety or Irritability, and only Hopelessness was bivariately correlated 

with Depression (r = -.35; p < .010), but none of the other outcomes (see Table 23).   

When Anxiety was regressed onto the Stressor rating (Lag0 and Lag1), 

approximately 25 percent of the variance in Anxiety was explained (F-test = 12.09; p < 

.001; see Table 29).  Inspection of the partial regression coefficient of Abandonment 

(Lag1) after being added to the model indicated that Abandonment was a nonsignificant 
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predictor of Anxiety (B = -1.87, p = .227), over an above Stressor.  Moreover, Stressor 

continued to be a significant predictor of Anxiety.  Taken together, these results indicated 

that Abandonment does not partially mediate this relationship.   

When Depression was regressed onto the Stressor rating (Lag0), approximately 7 

percent of the variance in Depression was accounted for (F-test = 5.73; p = .019; see 

Table 29).  When Hopelessness (Lag0) was added to this model (B = -2.21, p = .038), the 

magnitude of prediction between the Stressor rating and Depression was diminished 

(change in slope parameter from .22 to .18), and Stressor was no longer a significant 

predictor of Depression, indicating that Hopelessness significantly partially mediates this 

relationship.   

When Irritability was regressed onto the Stressor rating (Lag0), approximately 21 

percent of the variance in Irritability was explained (F-test = 21.79; p < .001; see Table 

29).  Abandonment (Lag1) was a nonsignificant predictor of Irritability (B = -.35, p = 

.841), incrementally over the Stressor predictor.  Stressor also continued to be a 

significant predictor of Irritability.  Taken together, these results indicated that 

Abandonment does not partially mediate this relationship.   

In sum, support for the validity of cognition’s as mediators between stressful life 

events and distress, at least for depression, was indicated for Participant 1 (see Table 18).  

Therefore, provisional support of Hypotheses 5.1 and 5.1.3 is indicated for Participant 1.  

Hypotheses 5.1, 5.1.1, 5.1.2, and 5.1.3 remain untested in Participant 2. 

 

Ancillary Analyses 

 The impact of antiviral, psychiatric, or psychological treatment on daily and 

phase-state dimensional structures and predictors remains unexamined as both 

participants were undergoing antidepressant treatment at the time of their enrollment and 

participation during the study.  Moreover, both participants did not report any changes in 

their medications during the course of their participation. 
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Table 3.  Participant 1:  Descriptive Statistics, Time Series Detrending, and Unidimensional CDFA/CPTFA’s   

______________________________________________________________________________________________________ 
   
    Descriptive      
          Statistics          Time Series Detrendinga    
       CDFA R2 

       Raw          PM                 OLS   MLE  
 
Outcomes (with Constituent Items)   N  Ø M SD SW   K M     SD  SW K  Order  R2      R2   RMSE  RM  PM  
Anxiety 
1. I feel tense or ‘wound up’. 84 3 4.35 2.47 .03 -.21 4.33 1.02 1.33 4.98 6  .21 .21 2.27  .57 .20  
2. I get a sort of frightened feeling as if  

  something awful is about to happen. 84 3 2.80 3.03 .77 -.38 2.78 1.35 .48 -.25 8  .20 .41 2.85  .59 .73 
3. Worrying thoughts go through my mind. 84 3 4.16 2.39 .41 .45 4.11 1.08 1.38 4.63 8  .18 .39 2.27  .82 .41 
4. I get a sort of frightened feeling like  

  ‘butterflies’ in the stomach. 84 3 2.66 3.19 1.01 -.04 2.62 2.00 .40 -.61 8  .37 .56 2.66  .72 .80 
5. I feel restless as if I have to be on the  

  move.c, d 84 3 1.70 2.48 1.34 1.06 --- --- --- --- ---  --- --- --- .11 --- 
6. I get sudden feelings of panic.  84 3 3.11 2.79 .90 .49 3.03 1.35 .63 -.53 6  .24 .45 2.52  .65 .57 
 
Depressed Mood 
1. Sad. 84 3 4.54 3.26 .194 -1.00 4.54 2.05 -1.17 .65 6  .40 .57 2.62 .68 1.00 
2. Blue. 84 3 3.93 3.13 .31 -.97 3.87 2.07 -.96 -.12 5  .48 .66 2.33 .74 .78 
3. Unhappy. 84 3 5.00 3.19 -.12 -1.12 4.99 1.98 -.49 .28 6  .41 .28 2.54 .46 .87 
4. Cheerless. 84 3 4.19 3.21 .02 -1.19 4.19 1.89 -.99 .70 8  .37 .72 2.69 .23 .69 
5. Low. 84 3 4.54 3.36 .07 -1.18 4.49 2.16 -1.49 2.63 3  .40 .47 2.66 .78 .82 
6. Gloomy. 84 3 3.55 2.79 .33 -.80 3.61 1.68 -.86 .09 6  .37 .61 2.29 .49 .54 
 
Fatigue 
1. My motivation is lower when I am fatigued. 84 3 10.00 .00 . .  --- --- --- --- ---  --- --- --- --- --- 
2. Exercise brings on my fatigue.b 84 3 9.99 .11 -9.17 84.00  --- --- --- --- ---  --- --- --- --- ---  
3. I am easily fatigued.b 84 3 10.00 .00 . .  --- --- --- --- ---  --- --- --- --- --- 
4. My fatigue prevents sustained physical    

  functioning.b 84 3 9.94 .39 -6.74 46.07  --- --- --- --- ---  --- --- --- --- --- 
5. Fatigue interferes with carrying out certain 

  duties and responsibilities.b 84 3 10.00 .00 . .  --- --- --- --- ---  --- --- --- --- --- 
6. Fatigue interferes with my work, family,  

  or social life.b 84 3 9.95 .31 -6.36 39.40  --- --- --- --- ---  --- --- --- --- --- 
 
______________________________________________________________________________________________________ 
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Table 3. Continued. 
______________________________________________________________________________________________________ 
 
    Descriptive      
          Statistics          Time Series Detrendinga    
       CDFA R2 

     Raw             PM               OLS MLE  
 
Outcomes (with Constituent Items)  N Ø M SD SW K M     SD  SW K  Order  R2     R2    RMSE  RM  PM  
Irritability 
1. Angry. 84 3 3.64 3.15 .38 -1.06 3.65 1.61 .25 -.49 6 .27 .27 2.80  .35 .46 
2. Grouchy. 84 3 2.35 2.43 .67 -.35 2.35 1.32 -.76 1.14 8 .31 .39 2.13  .36 .59 
3. Annoyed. 84 3 3.68 3.14 .46 -.86 3.69 1.71 -.40 -.83 6 .32 .45 2.69  .76 1.00 
4. Resentful. 84 3 5.08 3.48 -.19 -1.31 5.05 1.76 -.96 .13 8 .32 .54 3.03  .36 .76 
5. Furious.c 84 3 2.00 3.23 1.44 .79 ---  ---  ---  --- --- --- ---  ---  .27 ---  
6. Bad tempered. 84 3 3.76 3.18 .56 -.57 3.80 2.05 -.29 -.27 6 .44 .70 2.47  .63 .78 
 
       Raw   
   Statistics  Time Series Detrendinga          CDFA R2 
Standardized 
Predictors (with Constituent Items)  N Ø M SD SW K Order OLS R2 MLE R2  RMSE  RM 
Abandonment 
1. I find myself cling to people I’m close to,  

  because I’m afraid they’ll leave me.  85 2  6.71 1.88 -1.90 4.38 6 .43 .74 1.47 .48 
2. I need other people so much that I worry  

  about losing them.d  85 2  6.82 1.90 -1.49 2.75 3 .33 .33 1.58 .04 
3. I worry that people I feel close to will  

  leave me or abandon me.  85 2  7.24 2.68 -1.70 2.07 4 .25 .22 2.38 1.00 
4. When I feel someone I care for pulling   

  away from me, I get desperate.  85 2  8.33 2.27 -2.02 4.61 8 .31 .45 1.98 .30 
5. Sometimes I am so worried about people  

leaving me that I drive them away.d  85 2  7.39 1.97 -1.51 2.46 8 .43 .69 1.57 .02 
 
______________________________________________________________________________________________________ 
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Table 3. Continued. 
______________________________________________________________________________________________________ 
 
       Raw   
   Statistics  Time Series Detrendinga          CDFA R2 
Standardized 
Predictors (with Constituent Items)  N Ø M SD SW K Order OLS R2 MLE R2  RMSE  RM 
Failure 
1. Almost nothing I do at work (or school) is  

  as good as other people can do.b 20 67 0   0  . .  --- --- --- --- --- 
2. I’m incompetent when it comes to  

  achievement.b 20 67 0   0  . .  --- --- --- --- --- 
3. Most other people are more capable than I  

  am in areas of work and achievement.b 20 67 0   0  . .  --- --- --- --- --- 
4. I’m not as talented as most people are at  

  their work.b 20 67 0   0  . .  --- --- --- --- --- 
5. I’m not as intelligent as most people when  

  it comes to work (or school).b 20 67 0   0   . .  --- --- --- --- --- 
 
       Raw   
   Statistics  Time Series Detrendinga          CDFA R2 
Standardized 
Predictors (with Constituent Items)  N Ø M SD SW K Order OLS R2 MLE R2  RMSE  RM 
Hopelessness 
1. I look forward to my future with hope and  

  enthusiasm. 85 2  2.92 3.48 .99 -.39 8 .78 .80 1.91 .48 
2. I have enough time to do the things I want  

  to do.d 85 2  4.45 2.42 -.75 .14 3 .08 .12 2.37 .05 
3. I happen to be particularly lucky, and I  

  expect to get more of the good things in 
  life than the average person.b 20 67 0   0  . . --- --- --- --- ---  

______________________________________________________________________________________________________ 
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Table 3. Continued. 
______________________________________________________________________________________________________ 
 
       Raw   
   Statistics  Time Series Detrendinga          CDFA R2 
Standardized 
Predictors (with Constituent Items)  N Ø M SD SW K Order OLS R2 MLE R2  RMSE  RM 
 
4. When I look ahead to my future, I expect to 

  be happier than I am now. 85 2  3.87 3.91 .27 -1.54 4 .51 .59 2.81 .77 
5. I look forward to experiencing more good  

  time than bad times. 85 2  3.82 3.86 .27 -1.54 6 .58 .69 2.61 1.00 
 
Vulnerability to Harm 
1. I can’t seem to escape the feeling that  

  something bad is about to happen. 20 67 1.90 2.75  .94 -.73 --- --- --- --- --- 
2. I feel that a disaster (natural, criminal,  

  financial, or medical could strike at any  
  moment.f 20 67 1.05  2.31  2.14 3.76 --- --- --- --- --- 

3. I worry about being attacked.b 20 67 .15  .67   4.47 20.00 --- --- --- --- --- 
4. I worry that I’ll loose all my money and  

  become destitute.b  20 67 0   0   . .  --- --- --- --- --- 
5. I worry that I’m developing a serious  

  illness, even though nothing serious  
  has been diagnosed by a physician.b  20 67 0   0   . .  --- --- --- --- --- 

 
______________________________________________________________________________________________________ 
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Table 3. Continued.  
______________________________________________________________________________________________________ 
 
          Raw   
   Statistics  Time Series Detrendinga          CDFA R2 
Idiographic 
Predictors (with Constituent Items)  N Ø M SD SW K Order OLS R2 MLE R2  RMSE  RM 
Idiographic Cognition, Theme 1:  “Inadequacy” 
1. At my core, I’m not a real man.c 85 2 7.95 3.85 -1.52 .47 --- --- --- --- .90 
2. Deep down inside, I don’t measure up as a  

  man.c,  h 85 2 7.88 4.00 -1.48 .25 --- --- --- --- 1.00 
3. I’m not a real man because of what  

  happened to me when I was a boy.c 85 2 7.88 3.91 -1.49 .36 --- --- --- --- .83 
4. If I think about my past, then I feel dirty,  

  degraded, and less than human.b 85 2 9.40 1.54 -2.76 7.26 --- --- --- --- --- 
5. A real man would never allow another man  

  to violate him.b 85 2 8.34 3.55 -1.84 1.63 --- --- --- --- --- 
 
Idiographic Cognition, Theme 2:  “Unlovable” 
1. Deep down inside, I’m unlovable as a  

  person. b 85 2 38 1.64 5.16 27.69 --- --- --- --- --- 
2. If someone asks for my help, then they’ll 

  just use me like everyone else. 85 2 6.93 2.22 -.85 .15 6 .55 .55 1.55 .72 
3. People don’t care about me. 85 2 6.40 2.67 -.96 .28 5 .59 .59 1.77 .72 
4. I feel used. 85 2 7.18 2.85 -1.29 .72 8 .76 .83 1.48 .34 
5. People just use me – they don’t really  

  care about me.  85 2 6.94 2.31 -1.18 .72 6 .72 .80 1.26 .53 
 
Stressful Event 85 2 83.24 21.53 -2.10 3.88 5 .24 .56 19.34 --- 
______________________________________________________________________________________________________ 
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Table 3. Continued. 
 
______________________________________________________________________________________________________ 
Note:  CDFA R2 = the proportion of variance held in common with the unidimensional factor model (from CDFA or CPTFA) 

for the daily process (under RM column) and predicted-mean/phase-state (PM column) items.  PM = predicted mean 
(phase-state).  N = number of observations. Ø = number of embedded missing values.  M = mean. SD = standard 
deviation.  SW = skewness.  K = kurtosis. “---” = not applicable/no data.   

 

aFor dynamic time series regression (DTSR), Order = the order of the polynomial equation specified in DTSR used for 
detrending.  OLS R2 = the proportion of variance explained in the item by the polynomial DTSR using ordinary least 
square regression (uncorrected for autocorrelation).  MLE R2 = the proportion of variance explained in the item by the 
polynomial DTSR using maximum likelihood estimation that corrects for autocorrelation (if needed).  RMSE (root-
mean-square-error) = the standard deviation of both the residuals from the ordinary least squares DTSR model and 
residualized variables that are used in subsequent daily process analyses.   

 

bItem was dropped from analyses due to unacceptable skewness, kurtosis, and/or fewer than 80% of observations differed from 
floor, ceiling, or plateau.   

 

cItem was not residualized on trend or autocorrelation as fewer than 40 observations deviated from floor, ceiling, or plateau.   
 

dItem was dropped  from daily process analyses as undimensional CDFA yielded an R2 less than .16.   
 
eItem was dropped from phase-state analyses as undimensional CPTFA yielded an R2 less than .16. 
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Table 4.  Participant 2:  Descriptive Statistics, Time Series Detrending, and Unidimensional CDFA/CPTFAs   
______________________________________________________________________________________________________ 
 
       Descriptive      
           Statistics          Time Series Detrendinga  CDFA R2 

 

       Raw                         PM     OLS  MLE  
 
Outcomes (with Constituent Items)  N  Ø M SD SW K M SD SW K Order  R2      R2   RMSE  RM  PM 
Anxiety 
1. I get a sort of frightened feeling as if  

  something awful is about to happen.   90 0 5.70 2.15 -1.31 .65 5.69 1.71 -.94 -.84 8 .62 .96 1.40 .86 .96  
2. Worrying thoughts go through my  

  mind.c  90 0 6.93 .70 .29 .96 --- --- --- --- --- --- --- --- .35 ---  
3. I can sit at ease and feel relaxed.d  90 0 3.94 2.27 .30 -1.46 3.94 1.26 -.49 -.87 4 .32 .33 1.92 .04 .30  
4. I get a sort of frightened feeling like  

  ‘butterflies’ in the stomach.d  90 0 6.28  2.44 -1.46 .84 6.28 2.8 -1.34 .28 6 .87 .94 .90 .14 .88 
5. I feel restless as if I have to be on the  

  move.d  90 0 6.41  1.64 -1.27 1.20 6.39 1.29 -.98 -.32 3 .60 .69 1.06 .13 .92 
6. I get sudden feelings of panic.c, d   90 0 7.72  .65 -1.86 5.60 --- --- --- --- --- --- --- --- .10 --- 
 
Depressed Mood 
1. Sad.d, e   90 0 3.16 1.93 -.10 -.75 3.16 1.31 -.89 -.16 2 .47 .47 1.42 .03 .02 
2. Blue.d  90 0 1.39 1.67 1.54 2.44 1.39 .76 0 -1.20 1 .21 .21 1.50 .07 1.00 
3. Unhappy.c  90 0 .87 1.49 2.25 4.99 --- --- --- --- --- --- --- --- 1.00 ---  
4. Cheerless.c  90 0 1.21 2.02 2.00 3.33 --- --- --- --- --- --- --- --- .65 ---  
5. Low.d, e  90 0 1.76 2.50 1.29 .045 1.76 1.95 .96 -.42 8 .61 .99 1.64 .02 .06  
6. Sorrowful.c  90 0 .70 1.11 2.10 5.62 --- --- --- --- --- --- --- --- .38 --- 
 
Fatigue 
1. My motivation is lower when I am  

  fatigued.c  90 0 7.10 .67 .34 1.81 --- --- --- --- --- --- --- --- .50 ---  
2. I am easily fatigued.c  90 0 7.18 .53 .62 1.32 --- --- --- --- --- --- --- --- .28 ---  
3. Fatigue interferes with my physical 

  functioning.c  90 0 7.29 .53 1.64 1.87 --- --- --- --- --- --- --- --- .76 ---  
4. My fatigue prevents sustained physical  

  functioning.c  90 0 7.26 .55 .46 .41 --- --- --- --- --- --- --- --- .41 ---   
5. Fatigue interferes with carrying out certain 

  duties and responsibilities.c  90 0 7.19   .58 1.04 2.18 --- --- --- --- --- --- --- --- .46 ---  
6. Fatigue interferes with my work, family,   

  or social life.c  90 0 7.29  .55 .91 .86 --- --- --- --- --- --- --- --- .71 --- 
______________________________________________________________________________________________________ 
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Table 4.  Continued.  
______________________________________________________________________________________________________ 
       Descriptive      
           Statistics          Time Series Detrendinga  CDFA R2 

 

       Raw                         PM     OLS  MLE  
 
Outcomes (with Constituent Items)  N  Ø M SD SW K M SD SW K Order  R2      R2   RMSE  RM  PM 
Irritability 
1. Angry.b   17 73 .94 .90 .13 -1.84 ---  --- --- --- --- --- --- --- --- --- 
2. Peeved.  90 0 1.63 1.89 1.53 2.60 1.63 1.04 1.79 5.35 5 .30  .30  1.63  .97 .76  
3. Grouchy.b    90 0 .99 1.69 2.79 10.05 ---  --- --- --- --- --- --- --- --- ---  
4. Annoyed.  90 0 2.26 2.45 1.03 .42 2.26 1.36 0 -1.20 1 .31 .31 2.05 .43 .76 
5. Bitter.b, c, d  90 0 .82 1.50 2.58 6.70 ---  --- --- --- --- --- --- --- .03 --- 
6. Deceived.b  17 73 1.06 2.78 2.98 9.93 ---  --- --- --- --- --- --- --- --- --- 
       Raw   
   Statistics  Time Series Detrendinga          CDFA R2 
Standardized 
Predictors (with Constituent Items)  N Ø M SD SW K Order OLS R2 MLE R2  RMSE  RM 
Emotional Deprivation 
1. I haven’t had someone to nurture me, share 

  him/herself with me, or care deeply about 
  everything that happened to me today. 90 0 4.29 1.06 -.84 2.68 1 .15 .26 .99 .42 

2. In general, people have not been there to  
  give me warmth, holding, or affection  
  today. 90 0 4.48 .95 -.38 .84 1 .05 .05 .93 .79  

3. I haven’t felt that I was special to someone. 90 0 4.60 1.21 -.32 .84 8 .14 .39 1.17 .40 
4. I don’t believe that I had someone who  

  really listened to me, understood me, or  
  was tuned into my true needs and feelings. 90 0 4.67 1.03 .01 1.36 8 .20 .24 .96 .59 

5. I didn’t have a strong person to give me  
  sound advice or direction when I wasn’t  
  sure what to do.  90 0 4.74 1.09 .48 2.61 5 .08 .13 1.08 .19  

______________________________________________________________________________________________________ 
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Table 4.  Continued. 
______________________________________________________________________________________________________ 
 
           Raw   
   Statistics  Time Series Detrendinga          CDFA R2 
Standardized 
Predictors (with Constituent Items)  N Ø M SD SW K Order OLS R2 MLE R2  RMSE  RM 
Failure 
1. Almost nothing I do at work (or school) is  

  as good as other people can do. 90 0 5.51 .80 -.38 .34 8 .34 .62 .68 .33 
2. I’m incompetent when it comes to  

  achievement. 90 0 5.61 .84 .04 -.05 8 .31 .69 .73 .37  
3. Most other people are more capable than I  

  am in areas of work and achievement. 90 0 5.73 .82 -.22 .88 8 .35 .35 .69 .73  
4. I’m not as talented as most people are at  

  their work.b 90 0 5.63 .95 -1.98 13.11 --- --- --- --- ---  
5. I’m not as intelligent as most people when  

  it comes to work (or school). 90 0 5.76 .74 .26 1.13 8 .35 .67 .63 .44 
  

       Raw   
   Statistics  Time Series Detrendinga          CDFA R2 
Standardized 
Predictors (with Constituent Items)  N Ø M SD SW K Order OLS R2 MLE R2  RMSE  RM 
Hopelessness 
1. I look forward to my future with hope and  

  enthusiasm.d  90 0 3.76 1.75 .38 -.96 2 .25 .34 1.53 .02 
2. I thing that my future seems dark.c 90 0 6.33 1.29 -1.65 2.22 --- --- --- --- .51  
3. I have gat faith about my future.d 90 0 3.23 1.91 1.06 .07 8 .34 .57 1.63 .01  
4. I think that my future is vague and  

  uncertain. 90 0 6.53 1.08 -.93 2.83 0 --- --- --- .39  
5. My future is bleak.c 90 0 6.28 1.45 -1.76 3.89 --- --- --- --- .62  
______________________________________________________________________________________________________ 
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Table 4.  Continued. 
______________________________________________________________________________________________________ 
 
       Raw   
   Statistics  Time Series Detrendinga          CDFA R2 
Standardized 
Predictors (with Constituent Items)  N Ø M SD SW K Order OLS R2 MLE R2  RMSE  RM 
Vulnerability to Harm 
1. I can’t seem to escape the feeling that  

  something bad is about to happen. 90 0 5.51  1.98 -1.30 .66 8 .74 .86 1.05 .34  
2. I feel that a disaster (natural, criminal,  

  financial, or medical could strike at any  
  moment. 90 0 5.01 2.20 -.97 -.25 6 .76 .87 1.12 .70  

3. I worry about being attacked.b 17 73 .59 .94 .99 -1.17 --- --- --- --- ---  
4. I worry that I’ll loose all my money and  

  become destitute.  90 0 5.69  1.73 -1.25 .99 5 .67 .83 1.02 .16  
5. I worry that I’m developing a serious  

  illness, even though nothing serious  
  has been diagnosed by a physician.b 17 73 .12 .49 4.12 17.00 --- --- --- --- --- 
   

       Raw   
   Statistics  Time Series Detrendinga          CDFA R2 
Idiographic 
Predictors (with Constituent Items)  N Ø M SD SW K Order OLS R2 MLE R2  RMSE  RM 
Idiographic Cognition, Theme 1:  “Inadequacy” 
1. Basically, I’m inadequate as a person. 90 0 5.48 1.03 -.89 2.12 8 .48 .87 .78 .74 
2. If I can’t take care of myself, then I’m   

  weak. 90 0 6.02 .83 -.04 -.38 8 .22 .22 .77 .30 
3. It’s just terrible to rely on others for help. 90 0 6.00 .92 -.18 .13 8 .26 .26 .84 .17 
4. I must be the strong one.  90 0 6.10 .95 1.01 .97 8 .45 .55 .74 .30  
______________________________________________________________________________________________________ 
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Table 4.  Continued. 
______________________________________________________________________________________________________ 
 
       Raw   
   Statistics  Time Series Detrendinga          CDFA R2 
Idiographic 
Predictors (with Constituent Items)  N Ø M SD SW K Order OLS R2 MLE R2  RMSE  RM 
 
Idiographic Cognition, Theme 2:  “Failure” 
1. I’m no longer a super mom. 90 0 5.86 .84 -.76 4.31 8 .22 .31 .78 .41 
2. I’ve let important others down. 90 0 5.68 .78 -.25 1.38 8 .41 .76 .63 .37 
3. I feel just awful when I let others down. 90 0 5.97 .81 .83 1.28 8 .35 .35 .69 .70 
4. At my core, I’m basically a failure. 90 0 5.64 .83 -.23 -.40 2 .20 .29 .75 .22  
 
Idiographic Cognition, Theme 3:  “Worthlessness” 
1. If I can’t deal with my problems, then 

  I’m a worthless person. 90 0 6.02 .89 .06 .82 8 .29 .52 .79 .29  
2. I’m falling apart. 90 0 6.36 1.05 -.70 .45 8 .35 .57 .89 .36 
3. I must pull my own weight. 90 0 6.20 1.00 .98 1.61 4 .41 .41 .78 .40 
4. Basically, I’m worthless as a person. 90 0 5.72 .96 .04 .21 8 .23 .37 .88 .75 
 
Stressful Event.b 4 86 41.00 44.26 .98 -.63 --- --- --- --- --- 
______________________________________________________________________________________________________ 
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Table 4.  Continued. 
______________________________________________________________________________________________________ 
Note:  CDFA R2 = the proportion of variance held in common with the unidimensional factor model (from CDFA or CPTFA) 

for the daily process (under RM column) and predicted-mean/phase-state (PM column) items.  PM = predicted mean 
(phase-state).  N = number of observations. Ø = number of embedded missing values.  M = mean. SD = standard 
deviation.  SW = skewness.  K = kurtosis.  “---” = not applicable/no data.   

 
aFor dynamic time series regression (DTSR), Order = the order of the polynomial equation specified in DTSR used for 

detrending.  OLS R2 = the proportion of variance explained in the item by the polynomial DTSR using ordinary least 
square regression (uncorrected for autocorrelation).  MLE R2 = the proportion of variance explained in the item by the 
polynomial DTSR using maximum likelihood estimation that corrects for autocorrelation (if needed).  RMSE (root-
mean-square-error) = the standard deviation of both the residuals from the ordinary least squares DTSR model and 
residualized variables that are used in subsequent daily process analyses.   

 

bItem was dropped from analyses due to unacceptable skewness, kurtosis, and/or fewer than 80% of observations differed from 
floor, ceiling, or plateau.   

 

cItem was not residualized on trend or autocorrelation as fewer than 40 observations deviated from floor, ceiling, or plateau.   
 

dItem was dropped  from daily process analyses as undimensional CDFA yielded an R2  less than .16.   
 

eItem was dropped from phase-state analyses as unidimensional CPTFA yielded an R2  less than .16.  
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Table 5.  Participant 1:  Bidimensional Comparison of Anxiety and Depression (p = 11, N = 83) 
_____________________________________________________________________________________________________ 
 

      Target 
  Target    Models 
Model         Model     χ2   df RMS NFI NNFI CFI  Compared    ∆ χ2 ∆df p-value 
1 F2 L1 ACE WNFS 311.55 153 .112 .64  .74 .77 1 vs. 2  4.08 9 .906 
2 F2 L1 ACE DAFSa 315.63  162  .107  .64 .76 .78  
3 F2 L1 IE WNFS 339.78  164  .114 .61 .73 .75   
4 F2 L1 IE DAFS 348.71  173  .111 .60 .74 .75 2 vs. 4 33.07 11 .001  
5 F2 L0 ACE 332.16  164  .111 .62 .74 .76 2 vs. 5 16.53 2 <.001  
6 F2 L0 IE    369.29  175  .116 .58 .72 .72   
         
7 F1 L1 ACE WNFS 357.96  154  .126 .59 .66 .71  
8 F1 L1 ACE DAFS 379.92  164  .126 .56 .67 .69 2 vs. 8  64.28 2 <.001 
9 F1 L1 IE WNFS 434.01  165  .140 .50 .59 .61  
10 F1 L1 IE DAFS 426.93  175  .132 .51 .64 .64  
11 F1 L0 ACE FEREC 384.76  165  .127 .74 .76 .83  
12 F1 L0 IE FEREC 437.57  176  .134 .71 .73 .79  
  Independence Null 870.16  176 .218     
_____________________________________________________________________________________________________ 
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Table 5.  Continued.  
_____________________________________________________________________________________________________ 
Note:  Optimal model is in BOLD.  RMS = root-mean-square error of approximation; NFI = Normed Fit Index; NNFI = Non-

Normed Fit Index; CFI = Comparative Fit Index.  ∆ χ2 = Chi-Square difference amongst compared nested target 
models; ∆df = degree of freedom differences amongst compared nested target models; p-value = calculated probability 
of Chi-Square difference test being statistically significant, given the difference in degree of freedom amongst a set of 
nested target models.  L1 = Lag1, L0 = Lag0, ACE = auto correlated error, IE = independent error, WNFS = Lag1 
white noise factor score model, DAFS = Lag1 direct autoregressive factor score model, FEREC = freely estimated 
redundant error covariance.  Wherever possible, FEREC models were specified to partial out redundant portions of the 
Block-Toeplitz Matrix (BTM).  However, if estimation problems occurred after FEREC was parameterized, then 
redundant covariances of the BTM were removed via a SAS PROC IML program developed by Mumma (2002b, 
2004).  AR = autoregressive parameter for DAFS model.    

 

aFor the F2 L1 ACE DAFS model (where F1 = Anxiety, F2 = Depression):  rF1, F2 = .77, SE = .05, p < .001; standardized 
ARF1,F3 = .48, SE = .17,  p <.050; standardized ARF2,F4 =  1.00, SE = .35,  p <.050. This latter AR parameter indicates 
probable problems with serial dependency in the constituent items (despite producing no error messages in SAS).  
However, all constituent depression items had been detrended prior to inclusion in CDFA.  Also, the optimal 
unidimensional CDFA for Depression (i.e., F1 L1 ACE DAFS FEREC) produced an acceptable AR parameter (i.e., 
standardized ARF1,F2 = .39, SE = .17,  p < .050). 
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Table 6.  Participant 1:  Bidimensional Comparison of Anxiety (p = 5) and Irritability (p = 6) 
_____________________________________________________________________________________________________ 
 

           Target 
  Target         Models 
Model         Model     χ2   df RMS NFI NNFI CFI  Compared    ∆ χ2 ∆df p-value  
1   F2 L1 ACE WNFS 278.05 153 .099 .65  .77 .80 1 vs. 2  9.12 9 .427 
2   F2 L1 ACE DAFS 287.16  162  .096  .64 .78 .80  
3   F2 L1 IE WNFS 352.07  164  .114 .56 .68 .70   
4   F2 L1 IE DAFS 355.93  173  .113 .56 .70 .71 2 vs. 4 68.77 11 <.001  
5   F2 L0 ACEa 292.20  164  .097 .64 .78 .80 2 vs. 5 5.04 2 .081  
6   F2 L0 IE    361.85  175  .113 .55 .70 .70   
          
7   F1 L1 ACE WNFS 396.59  154  .138 .51 .56 .61  
8   F1 L1 ACE DAFS FEREC 421.50  164  .138 .70 .69 .78  
9   F1 L1 IE WNFS 515.16  165  .160 .36 .40 .44  
10   F1 L1 IE DAFS FEREC 472.10  175  .143 .66 .66 .75     
11   F1 L0 ACE FEREC 432.03  165  .140 .69 .68 .77 5 vs. 11 139.83 1 <.001 
12   F1 L0 IE FEREC 484.32  176  .145 .65 .65 .74  
     Independence Null 801.15  176 .207     
_____________________________________________________________________________________________________ 
Note:  N = 83.  Optimal model is in BOLD.  See Table 5 for key to abbreviations.      
 
aFor the F2 L0 ACE model (where F1 = Anxiety, F2 = Irritability):  rF1,F2 = .43, SE = .07, p < .001. 
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Table 7.  Participant 1:  Bidimensional Comparison of Depression (p = 6) and Irritability (p = 6) 
_____________________________________________________________________________________________________ 

           Target 
  Target         Models 
Model         Model     χ2   df RMS NFI NNFI CFI  Compared    ∆ χ2 ∆df p-value  
1 F2 L1 ACE WNFS  Problems with estimation      
2 F2 L1 ACE DAFSa  448.10  195  .125   .50  .60  .63   
3 F2 L1 IE WNFS  524.22  197  .141 .41 .49  .52    
4 F2 L1 IE DAFS  511.13  207  .133  .43 .55  .56  2 vs. 4  63.03 12 .000  
5 F2 L0 ACE  456.84  197  .126  .49 .59  .62  2 vs. 5  8.74 3 .013  
6 F2 L0 IE     522.33  209  .134  .42 .54  .54    
                
7 F1 L1 ACE WNFS  531.47  186  .150  .40 .43  .49    
8 F1 L1 ACE DAFS  576.41  197  .152 .36 .41  .44  2 vs. 8  128.31 2 <.001 
9 F1 L1 IE WNFS  677.40  198  .171  .24 .26  .30   
10 F1 L1 IE DAFS FEREC 622.08  209  .154 .59 .56  .67     
11 F1 L0 ACE FEREC  572.88  198  .151  .63 .58  .70    
12 F1 L0 IE FEREC  637.31  210  .157 .58 .55  .66   
  Independence Null   892.96  210 .198      
_____________________________________________________________________________________________________ 
Note:  N = 83. Optimal model is in BOLD.  See Table 5 for key to abbreviations.     
 
aFor the F2 L1 ACE DAFS model (where F1 = Depression, F2 = Irritability):  rF1,F2 = .25, SE = .09, p = .004; standardized ARF1,F3 = .39, SE = .17,  p < .050; 

standardized ARF2,F4 = .13 , SE = .13 ,  p > .050.  

 

 

 



 

 

 

83

Table 8.  Participant 1:  Multidimensional Comparison of Anxiety (p = 5), Depression (p = 6), and Irritability (p = 6)  
_____________________________________________________________________________________________________ 

           Target 
  Target         Models 
Model         Model     χ2   df RMS NFI NNFI CFI  Compared    ∆ χ2 ∆df p-value  
1 F3 L1 ACE WNFS 866.78 388 .122 .48 .58  .62  1 vs. 2  20.23  14  .123 
2 F3 L1 ACE DAFSa 887.01 402 .121 .47 .59  .61   
3 F3 L1 IE WNFS  1001.86 405 .133 .40 .50  .52     
4 F3 L1 IE DAFS  970.36 419 .126 .42 .55  .56  2 vs. 4  83.35 17 <.001  
5 F3 L0 ACE  900.32 405 .121 .46 .58  .60  2 vs. 5  13.32 3 .004 
6 F3 L0 IE     989.19 422 .127 .41 .54  .54    
                 
7 F1 L1 ACE WNFS 1040.81 391 .142 .38 .43  .48    
8 F1 L1 ACE DAFS 1090.89 407 .142 .35 .43  .45  2 vs. 8  203.88 5 <.001 
9 F1 L1 IE WNFS  1224.69 408 .155 .26 .32  .34   
10 F1 L1 IE DAFS  1161.98 424 .145 .30 .41  .41   
11 F1 L0 ACE FEREC 1100.03 408 .143 .61 .57  .69   
12 F1 L0 IE FEREC 1174.95 425 .146 .58 .56  .66     
        Independence Null  1667.95 425 .188     
_____________________________________________________________________________________________________ 
Note:  N = 83.  Optimal model is in BOLD.  See Table 5 for key to abbreviations. 
 
aFor the F3 ACE DAFS model (where F1 = Anxiety, F2 = Depression, and F3 = Irritability):  rF1,F2 =   .73, SE = .05, p < .001;  

rF1,F3 = -.40, SE = .07, p < .001; rF2,F3 = -.23, SE = .09, p = .012; standardized ARF1,F4 =  .22, SE = .12, p > .050; standardized ARF2,F5 = .59, SE 
= .20, p < .050; standardized ARF3,F6 =  .11, SE = .12,  p > .050. 
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Table 9.  Participant 1:  Unidimensional CDFAs of Anxiety, Depression, and Irritability  
_____________________________________________________________________________________________________ 

           Target 
  Target         Models 
Model         Model     χ2   df RMS NFI NNFI CFI  Compared    ∆ χ2 ∆df p-value  
Anxiety (p = 5, N = 83):    
1   F1 L1 ACE WNFS FEREC  30.63  25  .052  .95 .98  .99  1 vs. 2  5.21 4 .266 
2   F1 L1 ACE DAFS FERECa  35.84  29  .053  .94 .98  .99   
3   F1 L1 IE WNFS FEREC  47.13  30  .083  .92 .95  .97    
4   F1 L1 IE DAFS FEREC  51.10  34  .078  .91 .96  .97  2 vs. 4  15.27 5 .009   
5   F1 L0 ACE FEREC  44.71  30  .077  .93 .96  .97  2 vs. 5  8.87 1 .003   
6    F1 L0 IE FEREC  59.66  35  .092  .90 .94  .96 
     Independence Null   320.83 35 .314 
 
Depression (p = 6, N = 83) 
1   F1 L1 ACE WNFS   75.59  39  .106  .77 .82  .87  1 vs. 2  14.16 5 .015 
2   F1 L1 ACE DAFS FEREC 89.74  44  .112  .84 .86  .91   
3   F1 L1 IE WNFS FEREC  94.09  45  .115  .83 .85  .90  1 vs. 3  18.50 6 .005  
4   F1 L1 IE DAFS FEREC  106.32 50  .117  .81 .85  .88    
5   F1 L0 ACE FEREC   101.94 45  .124  .82 .83  .88  1 vs. 5  26.35  6 <.001   
6    F1 L0 IE FEREC   120.90 51  .129  .78 .81  .86 
     Independence Null     322.17 51 .253   
 
Irritability (p = 6, N = 83) 
1   F1 L1 ACE WNFS FEREC 64.97  39  .090  .87 .90  .94  1 vs. 2  1.90 5 .863 
2   F1 L1 ACE DAFS FEREC 66.87  44  .079  .86 .92  .95   
3   F1 L1 IE WNFS FEREC  106.95 45  .179  .78 .79  .85     
4   F1 L1 IE DAFS FEREC  108.73 50  .119  .78 .82  .86  2 vs. 4  41.87  6 <.001 
5   F1 L0 ACE FEREC  67.72  45  .078  .86 .92  .95  2 vs. 5  .85 1 .356   
6    F1 L0 IE FEREC   110.03 51  .118  .78 .82  .87 
     Independence Null     275.33 51 .230   
_____________________________________________________________________________________________________ 
Note:  Optimal models are in BOLD.  See Table 5 for key to abbreviations. 
 
aFor the F1 L1 ACE DAFS FEREC model:  standardized ARF1,F2 = .39, SE = .17,  p < .050.  
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Table 10.  Participant 1:  Standardized Estimates, R2, and Average R2 for Final CDFA Models for Anxiety, Depression, and 
Irritability   
_____________________________________________________________________________________________________ 
 Standardized Estimates 
     Lag0    Lag1 
Outcomes (Final Model) Zλ t-test Zλ t-test R2  
Anxiety (F1 L1 ACE DAFS FEREC) 
1. I feel tense or ‘wound up’. .68 8.91 .28 2.53 .54 
2. I get a sort of frightened feeling as if  

  something awful is about to happen. .68 8.79 .28 2.54 .54 
3. Worrying thoughts go through my mind. .83 11.77 .34 2.61 .81 
4. I get a sort of frightened feeling like   

  ‘butterflies’ in the stomach. .79 11.19 .33 2.60 .74 
5. I get sudden feelings of panic.  .75 10.26 .31 2.56 .66 
 Average Zλ = .75  .31  Average R2= .66 
   
Depressed Mood (F1 L1 ACE WNFS) 
1. Sad. .73 10.81 .38 4.42 .68 
2. Blue. .86 11.02 .04   .41 .74 
3. Unhappy. .53 7.43 .42 5.12 .46 
4. Cheerless. .44 5.86 .18 2.10 .23 
5. Low. .68 10.40 .57 7.12 .78 
6. Gloomy. .47 6.46 .52 6.63 .49 
 Average Zλ = .74        .42  Average R2= .56 
 
Irritability (F1 L0 ACE FEREC) 
1. Angry. .60 6.98 --- --- .36  
2. Grouchy. .61 7.83 --- --- .38 
3. Annoyed. .87 12.09 --- --- .75 
4. Resentful. .59 6.54 --- --- .34 
5. Furious.  .51 5.93 --- --- .26  
6. Bad tempered. .79 10.36 --- --- .62 
 Average Zλ = .66          Average R2= .45                      
Note:  A t-test value ≥ |1.96| is considered statistically significant at the p-value ≤ .05 level.      
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Table 11.  Participant 2:  Bidimensional Comparison of Anxiety (p = 2) and Fatigue (p = 3) 
_____________________________________________________________________________________________________ 
 
 

           Target 
  Target         Models 
Model         Model     χ2   df RMS NFI NNFI CFI  Compared    ∆ χ2 ∆df p-value  
1   F2 L1 ACE WNFS a  34.63 25 .066 .86 .94 .95 1 vs. 2  29.50 3 <.001  
2   F2 L1 ACE DAFS  64.13 28 .120 .74 .78 .83   
3   F2 L1 IE WNFS  47.15 30 .080 .81 .90 .92 1 vs. 3 12.52 5 .028  
4   F2 L1 IE DAFS  68.56 33 .110 .72 .82 .83   
5   F2 L0 ACE  73.50 30 .128 .70 .76 .79 1 vs. 5 38.87 5  <.001  
6   F2 L0 IE     80.80 35 .131 .67 .78 .78    
          
7   F1 L1 ACE WNFS  48.08 26 .098 .89 .90 .94 1 vs. 7 13.45 1 <.001 
8   F1 L1 ACE DAFS FEREC  71.43 30 .125 .71 .77 .80  
9   F1 L1 IE WNFS  66.66 31 .114 .88 .87 .91  
10   F1 L1 IE DAFS FEREC  84.39 35 .126 .65 .76 .76   
11   F1 L0 ACE    75.76 31 .127 .69 .76 .78   
12   F1 L0 IE    80.80 36 .118 .67 .79 .78  
     Independence Null  241.77 35 .258  
_____________________________________________________________________________________________________ 
Note:  N = 89. Optimal model is in BOLD.  See Table 5 for key to other abbreviations. 
 

aFor the F2 L1 ACE WNFS model (where F1 = Anxiety, F2 = Fatigue):  rF1,F2 = .74, SE = .06, p < .001.    
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Table 12.  Participant 2:  Bidimensional Comparison of Depression (p = 2) and Fatigue (p = 3) 
_____________________________________________________________________________________________________ 
 
 

           Target 
  Target         Models 
Model         Model     χ2   df RMS NFI NNFI CFI  Compared    ∆ χ2 ∆df p-value  
1   F2 L1 ACE WNFS FERECa 55.11  26 .112 .88 .88 .93 1 vs. 2  1.04 2 .60    
2   F2 L1 ACE DAFSb 54.07 28 .102 .83 .88 .91   
3   F2 L1 IE WNFS FEREC 110.72 30 .174 .77 .72 .81     
4   F2 L1 IE DAFS FEREC 136.21 33 .188 .71 .67 .76 2 vs. 4  82.12 5  <.001 
5   F2 L0 ACE FEREC 84.36 30 .143 .82 .81 .87 2 vs. 5 30.28 2 <.001   
6   F2 L0 IE FEREC    158.52 35 .199 .67  .63 .71    
          
7   F1 L1 ACE WNFS FEREC 75.31 26 .146 .84 .80 .89    
8   F1 L1 ACE DAFS FEREC 83.63 30 .142 .82 .81 .88 2 vs. 8 29.56 2 <.001   
9   F1 L1 IE WNFS 173.32 31 .227 .44 .42 .48  
10   F1 L1 IE DAFS FEREC 178.53 35 .215 .62 .57 .67     
11   F1 L0 ACE FEREC 90.68 31 .147 .81 .80 .86     
12   F1 L0 IE FEREC 185.64 36 .216 .61 .56 .65     
    Independence Null 310.37 35 .297  
_____________________________________________________________________________________________________ 
Note:  N = 89.  Optimal model is in BOLD.  See Table 5 for key to abbreviations.      
 

aEstimation problems due to error covariance of 1 and 6 greater than 1, when constrained to .95, the FEREC model ran without 
error.    

 

bFor the F2 L1 ACE DAFS model (where F1 = Depression, F2 = Fatigue):  rF1,F2 = .33, SE = .09, p < .001; standardized ARF1,F3 
= .89, SE = .59,  p > .050; standardized ARF2,F4 = .33, SE = .15,  p < .050. 
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Table 13.  Participant 2:  Bidimensional Comparison of Depression (p = 2) and Irritability (p = 2) 
_____________________________________________________________________________________________________ 
 

           Target 
  Target         Models 
Model         Model     χ2   df RMS NFI NNFI CFI  Compared    ∆ χ2 ∆df p-value  
1   F2 L1 ACE WNFS a --- --- --- --- --- ---       
2   F2 L1 ACE DAFSb 37.30 17 .116 .86 .86 .92   
3   F2 L1 IE WNFS a --- --- --- --- --- ---         
4   F2 L1 IE DAFS 113.42 21 .222 .58 .49 .62 2 vs. 4 76.13 4 <.001    
5   F2 L0 ACE 62.90 19 .161 .77 .73 .82 2 vs. 5 25.61 2  <.001  
6   F2 L0 IE    135.89 23 .234 .50 .43 .53   
         
7   F1 L1 ACE WNFS 43.54 16 .139 .79 .79 .85   
8   F1 L1 ACE DAFS   64.15 19 .163 .76 .73 .81 2 vs. 8 26.85 2 <.001 
9   F1 L1 IE WNFS 125.44 20 .243 .54 .39 .53     
10   F1 L1 IE DAFS   143.52 23 .243 .47 .39 .50     
11   F1 L0 ACE   63.85 20 .157 .76 .75 .82     
12   F1 L0 IE   165.15 24 .257 .39 .32 .42     
    Independence Null 202.51 22 .304  
_____________________________________________________________________________________________________ 
Note:  N = 89.  Optimal model is in BOLD.  See Table 5 for key to abbreviations.  

     
aModel estimation problems due to Heywood cases for 2 of 4 items.  
 
bFor the F2 L1 ACE DAFS model (where F1 = Depression, F2 = Irritability):  rF1,F2 = .10 , SE = .13 , p > .050; standardized ARF1,F3 = .95, SE = 2.9,  p > 

.050; standardized ARF2,F4 = .26, SE = .19,  p > .050.  Note that 2 item parcels were used for Depression (formed from 3 constituent CMDI 
items) to circumvent problems with model estimation due to hey wood cases.  The high AR parameter for Depression indicates that there may 
be a problem with serial dependency in the constituent items (despite producing no error messages in SAS).  Note that all three constituent 
depression items were not detrended as fewer than 40 observations of 90 differed from “0” (basically poor items).  The optimal unidimensional 
CDFA for Depression (i.e., F1 L1 ACE DAFS FEREC) also produced an unacceptable AR parameter (i.e., standardized ARF1,F2 = 1.00, SE = 
.02,  p  < .050) which is likely a result of forcing a model testing approach using poor items.  
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Table 14.  Participant 2:  Bidimensional Comparison of Fatigue (p = 3) and Irritability (p = 2) 
_____________________________________________________________________________________________________ 
 

           Target 
  Target         Models 
Model         Model     χ2   df RMS NFI NNFI CFI  Compared    ∆ χ2 ∆df p-value  
1   F2 L1 ACE WNFS  38.12 25 .077 .82 .90 .93 1 vs. 2  10.73 3 .013  
2   F2 L1 ACE DAFS 48.85 28 .092 .87 .90 .94 
3   F2 L1 IE WNFS a 47.45 30 .081 .78 .89 .90 1 vs. 3 9.33  5 .097 
4   F2 L1 IE DAFS 54.65 33 .086 .86 .91 .94  
5   F2 L0 ACE 59.24 30 .105 .84 .87 .91  
6   F2 L0 IE    63.86 35 .096 .83 .89 .91 3 vs. 6 16.41 5 .006  
          
7   F1 L1 ACE WNFS 54.43 26 .111 .86 .85 .91  
8   F1 L1 ACE DAFS   78.32 30 .135 .64 .69 .73  
9   F1 L1 IE WNFS 60.75 31 .104 .84 .87 .91 3 vs. 9 13.30  1 <.001 
10   F1 L1 IE DAFS   82.94 35 .124 .78 .81 .86   
11   F1 L0 ACE   83.96 31 .138 .61 .67 .71  
12   F1 L0 IE   88.15 36 .128 .77 .80 .84  
    Independence Null 214.63 35 .240  
_____________________________________________________________________________________________________ 
Note:  N = 89.  Optimal models are in BOLD.  See Table 5 for key to other abbreviations.   
    
aFor the F2 L1 IE WNFS model (where F1 = Fatigue, F2 = Irritability):  rF1,F2 = -.40, SE = .09, p < .001. 
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Table 15.  Participant 2:  Multidimensional Comparison of Anxiety (p = 2), Depression (p = 2), Fatigue (p = 3), and Irritability 
(p = 2)  

_____________________________________________________________________________________________________ 
 

   Target    
 For  F4 L1 ACE WNFS: 

  Target   Models 
Model         Model   χ2   df RMS NFI NNFI CFI  Compared    ∆ χ2 ∆df p-value F1 = Anxiety 
1 F4 L1 ACE WNFS  171.11 96 .094 .69 .79 .83 1 vs. 2 23.80  5 <.001 F2 = Depression 
2 F4 L1 ACE DAFS  197.91 101 .104 .64 .74 .78      F3 = Fatigue 
3 F4 L1 IE WNFS  236.39 105 .119 .57 .67 .70 1 vs. 3 65.27 9 <.001 F4 = Irritability 
4 F4 L1 IE DAFS  280.47 110 .132 .50 .59 .61     
5 F4 L0 ACE  224.95 105 .113 .60 .70 .73 1 vs. 5 53.84 9 <.001 For: r SE p-value 
6 F4 L0 IE     316.65 114 .141 .43 .53 .54      F1,F2 =  .17 .10 .077  
             F1,F3 =  .73 .06 <.001 
7 F3 L1 ACE WNFS  183.24 99 .098 .67 .77 .81 7 vs. 8 117.00 6 <.001 F1,F4 =  .32 .09 <.001  
8 F3 L1 ACE DAFS  300.24 105 .110 .61 .71 .74      F2,F3 =  .39 .09 <.001  
9 F3 L1 IE WNFS  218.61 108 .141 .46 .53 .56 7 vs. 9  35.37 9 <.001 F2,F4 = .28 .10 .008  
10 F3 L1 IE DAFS  326.93 114 .145 .41 .50 .51       F3,F4 = .41 .08 <.001 
11 F3 L0 ACE  232.59 108 .114 .58 .69 .72 7 vs. 11 49.34 9 <.001 
12 F3 L0 IE     344.42 117 .148 .38 .48 .48  
             For  F3L1 ACE WNFS:  
13 F1 L1 ACE WNFS  210.88 103 .109 .62 .72 .75 1 vs. 13 39.77 6 <.001    
14 F1 L1 ACE DAFS  253.42 110 .121 .54 .65 .67 7 vs. 13 27.638 3 <.001 F1 = Anxiety 
15 F1 L1 IE WNFS  358.19 111 .158 .36 .41 .44 1 vs. 7 12.13 3 .007  F2 = Depression/Fatigue 
16 F1 L1 IE DAFS  373.06 119 .155 .33 .43 .42        F3 = Irritability 
17 F1 L0 ACE FEREC  257.83 111 .122 .54 .65 .67      
18  F1 L0 IE FEREC  378.23 120 .155 .32 .43 .41       For:  r SE p-value  
  Independence Null   555.25 117 .205           F1,F2 =  .74 .06 <.001   
                         F1,F3 =  -.34 .09 <.001  
                  F2,F3 =  -.43 .08 <.001  
              
_____________________________________________________________________________________________________ 
Note:  N = 89.  Optimal model is in BOLD.  See Table 5 for key to abbreviations. 
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Table 16.  Participant 2:  Unidimensional CDFAs of Anxiety, Depression, Fatigue and Irritability  
_____________________________________________________________________________________________________ 
 

           Target 
  Target         Models 
Model         Model     χ2   df RMS NFI NNFI CFI  Compared    ∆ χ2 ∆df p-value  
Anxiety (p = 2, N = 89) 
1   F1 L1 ACE WNFS FEREC  .00   2   .000  1.00 1.00  1.00  1 vs. 3  .64 2 .73  
2   F1 L1 ACE DAFSa  ---    ---  ---   --- ---  ---   
3   F1 L1 IE WNFS FEREC   .64  4  .000  1.00 1.00  1.00    
4   F1 L1 IE DAFSa   ---  ---  ---  --- ---  ---      
5   F1 L0 ACEa   ---  ---  ---  --- ---  ---       
6    F1 L0 IEa   ---  ---  ---  --- ---  ---   
    Independence Null   35.26  5 .261   
  
Depression (p = 2, N = 89) 
1   F1 L1 ACE WNFSb   ---  ---  ---  --- ---  ---   
2   F1 L1 ACE DAFS FERECc 17.89  3  .236  .90 .83  .91     
3   F1 L1 IE WNFS FEREC  75.72  4  .449  .57 .37  .58    
4   F1 L1 IE DAFS FEREC  88.52  5  .433  .50 .42  .51  2 vs. 4  70.64 2 <.001 
5   F1 L0 ACE FEREC   46.03  4  .344  .74 .63  .76  2 vs. 5  28.14 1 <.001   
6    F1 L0 IE FEREC   110.02 6  .441  .38 .40  .40 
    Independence Null  143.48 5  .559 
 
Fatigue (p = 3, N = 89) 
1   F1 L1 ACE WNFS FEREC  9.11  6  .076  .96 .97  .99  1 vs. 2  .73 2 .695  
2   F1 L1 ACE DAFS FEREC  9.83  8  .051  .96 .99  .99   
3   F1 L1 IE WNFS FEREC   11.61  9  .057  .95 .98  .99     
4   F1 L1 IE DAFS FERECd  12.00  11  .032  .95 .99  1.00   2 vs. 4  2.17 3 .539    
5   F1 L0 ACE FEREC  15.54  9  .090  .94 .95  .97          
6    F1 L0 IE FEREC  17.61  12  .073  .93 .97  .98  4 vs. 6  5.61 1 .018 
     Independence Null   131.02 12 .334 
 
_____________________________________________________________________________________________________ 
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Table 16. continued. 
_____________________________________________________________________________________________________ 
 

            Target 
  Target         Models 
Model         Model     χ2   df RMS NFI NNFI CFI  Compared    ∆ χ2 ∆df p-value  
Irritability (p = 2, N = 89) 
1   F1 L1 ACE WNFS FERECb ---   ---  ---  --- ---  ---    
2   F1 L1 ACE DAFS FEREC 8.88   3  .148  .88 .82  .91    
3   F1 L1 IE WNFS FEREC  7.83   4  .104  .89 .91  .94       
4   F1 L1 IE DAFS FEREC  9.93   5  .104  .86 .91  .93  2 vs. 4    .95 2 .622 
5   F1 L0 ACE FEREC  10.51   4  .135  .85 .85  .90         
6    F1 L0 IE FEREC   10.81   6  .095  .85 .93  .93  4 vs. 6   .98 1 .320 
    Independence Null     41.34  5 .286    
_____________________________________________________________________________________________________ 
Note:  Optimal models are in BOLD.  See Table 5 for key to abbreviations. 
 

aModel lead to estimation problems due to Heywood case (Item# 2).  
 

bModel initially lead to estimation problems due to error covariance for E1 and E3  >1.0 (PH1).  
 

cFor the F1 L1 ACE DAFS FEREC model:  standardized ARF1,F2 = 1.00, SE = .02,  p < .050.  Note that 2 item parcels were 
used for Depression (formed from 3 constituent CMDI items) to circumvent problems with model estimation due to 
Heywood cases.  The high standardized AR parameter for Depression indicates that there is a problem with serial 
dependency in the constituent items (despite producing no error messages in SAS).  Note that all three constituent 
depression items were not detrended as fewer than 40 observations of 90 differed from “0” (i.e., basically they are poor 
items).   

 

dFor the F1 L1 IE DAFS FEREC model:  standardized ARF1,F2 = .30, SE = .14,  p < .050. 
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Table 17.  Participant 2:  Standardized Estimates, R2, and Average R2 for Final CDFA Models for Anxiety, Depression, 
Fatigue, and Irritability   

_____________________________________________________________________________________________________ 
 Standardized Estimates 
     Lag0    Lag1 
Outcomes (Final Model) Zλ t-test Zλ t-test   R2  
Anxiety (F1 L1 IE WNFS FEREC)a 
1. I get a sort of frightened feeling as if  

  something awful is about to happen. .13 1.76 .56  3.01   .33  
2. Worrying thoughts go through my  

  mind. .25 1.76 .90 2.94   .87  
 Average Zλ = .19    .73    Average R2=   .60   
 
Depression (F1 L1 ACE DAFS FEREC)b,c 
1. Unhappy/Cheerless .42 11.69 .42 9.76  .36 
2. Sorrowful .57 11.69 .57 9.76  .65 
 Average Zλ = .50   .50  Average R2=    .51  
 
Fatigue (F1 L1 IE DAFS FEREC)b 
1. My motivation is lower when I am  

  fatigued/Fatigue interferes with my  
  physical functioning. -.89 -11.43 -.27 -2.19  .86        

2. I am easily fatigued./My fatigue prevents  
  sustained physical functioning. -.59 -7.10 -.18 -2.10  .37      

3. Fatigue interferes with carrying out certain 
  duties and responsibilities./Fatigue  
  interferes with my work, family, or  
  social life. -.78 -10.46 -.24 -2.14  .67        

 Average Zλ = -.75  -.23   Average R2=    .63 
 
Irritability (F1 L0 IE FEREC) 
1. Peeved .83 11.09   .70  
2. Annoyed .65 11.09   .42 
 Average Zλ = .74       Average R2=  .56   
_____________________________________________________________________________________________________ 
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Table 17. Continued.    
_____________________________________________________________________________________________________ 
Note:  A t-test value ≥ |1.96| is considered statistically significant at the p-value ≤.05 level.   
 

aFor Anxiety, the high Lag1 vis-à-vis Lag0 loadings implicate serial dependency amongst constituent items.  Note that the Anxiety item#1 
was detrended (8th order), but item#2 was not.  Inspection of Anxiety item#2 indicated that fewer than 35 out of 90 observations 
differed from "7" (i.e., basically, it is a poor item).  These estimates, therefore, are likely the result of forcing a model testing 
approach using poor items.  

 

bThe Depression and Fatigue factors were formed using item parcels (as was used in the multidimensional CDFA’s) to circumvent 
estimation problems due to Heywood cases and to maintain relative parity amongst the number of constituent items per outcome 
variable.  These estimates, therefore, are likely the result of forcing a model testing approach using poor items.  

 

cAs noted previously, there is likely a problem with serial dependency in the constituent items (despite producing no error messages in 
SAS).  Note that all three constituent depression items were not detrended as fewer than 40 observations of 90 differed from “0” 
(i.e., basically poor items).   
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Table 18. Summary of Dissertation Results by Hypothesis 
________________________________________________________________________ 
          Participant 

        1               2  
Study Objective 1:  Testing the Intraindividual Dimensional Structure  
of Anxiety, Depression, Fatigue, and Irritability Using Daily Ratings   

• Hypothesis 1.1:  General Distress Model…………………………………. Reject Reject   
• Hypothesis 1.2:  3-Factor Model………………………………………….  Accept Reject  
• Hypothesis 1.3:  4-Factor Model…………………………………………. Untested Accept  

 
Study Objective 2:  Testing the Intraindividual Dimensional Structure  
of Anxiety, Depression, Fatigue, and Irritability Phase-States Trajectories   

• Hypothesis 2.1:  General Distress Model…………………………………. Reject   Reject  
• Hypothesis 2.2:  3-Factor Model………………………………………….. Reject Accept   
• Hypothesis 2.3:  4-Factor Model………………………………………….. Accept   Untested 

      
Study Objective 3:  Congruence Between Dynamic Daily Structure and  
Phase-State Trajectories as Corroborating Evidence for Construct  
Validation   

• Hypothesis 3.1:  Intraindividual Convergent  
Daily and Phase-State Dimensional Structure……………………………. Mixed Mixed    

 
Study Objective 4:  Cognitions as Predictors of Anxiety, Depression,  
Fatigue, and Irritability.   

• Hypothesis 4.1:  Cognitive Content Specificity and Anxiety,  
Depressive, and Irritability……………………………………………….. Reject        Questionable  

o Hypothesis 4.1.1:  Vulnerability to Harm predicts  
anxiety and irritability, but not depression or fatigue…………… Untested Mixed 

o Hypothesis 4.1.2:  Failure predicts depression and  
irritability, but not anxiety or fatigue……………………………. Untested Mixed  

o Hypothesis 4.1.3:  Abandonment and Hopelessness  
predicts depression but not anxiety, fatigue, or irritability……… Reject Reject  

• Hypothesis 4.2:  Incremental Predictive Validity of Idiographic  
Cognitions……………………………………………………………….. Mixed Mixed   
 

Study Objective 5:  Cognitions as Mediators Between Stressful Life  
Events and Measures of Anxiety, Depression, Fatigue, and Irritability.    

• Hypothesis 5.1:  Intraindividual Cognitive Content Specificity  
in Mediation……………………………………………………………… Provisional Untested   

o Hypothesis 5.1.1:  Vulnerability to Harm partially mediates,  
intraindividually, the relationship between severity of  
stressful life events and anxiety and irritability, but not  
depression or fatigue…………………………………………….. Untested   Untested   

o Hypothesis 5.1.2:  Failure partially mediates the relationship  
between the severity of stressful life events and measures  
of depression and irritability, but not anxiety or fatigue,  
intraindividually…………………………………………………. Untested   Untested 

o Hypothesis 5.1.3:  Abandonment and Hopelessness would  
partially mediate the relationship between severity of  
stressful life events and measures of depression, but  
not anxiety, fatigue, or irritability symptoms within the  

  level of the individual…………………………………………… Accept Untested  
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Table 19.  Participant 1:  Bidimensional Comparisons of Anxiety, Depression, and Irritability Phase-States 
______________________________________________________________________________________________________ 
 

Target 
 Target    Models 
Model         Modela  χ2    df RMS NFI NNFI CFI  Compared    ∆ χ2 ∆df p-value rF1,F2 SE p-Value 
 Anxiety vs. Depression (p = 6, N = 84) 
1 2-Factorb   134.57 8 .434 .77 .57 .77 1 vs. 2 133.78 1 <.001 .21 .11 .066 
2  1-Factor   268.34 9 .586 .53 .22 .53    
        Independence Null  571.95 15  
 
 Anxiety vs. Irritability (p = 6, N = 84) 
1 2- Factorc 10.94 4 .144 .96 .93 .97 1 vs. 2 50.35 1 <.001 .34 .11 .002 
2  1-Factor 61.29 5 .366 .77 .56 .78   
        Independence Null 268.13 10    
 
 Depression vs. Irritability (p = 6, N = 84) 
1 2- Factord 92.51 8 .353 .84 .72 .85 1 vs. 2 121.20 1 <.001 .47 .09 <.001 
2  1-Factor 213.72 9 .520 .63 .39 .64    
        Independence Null 575.29 15    
______________________________________________________________________________________________________ 
Note:  Optimal models are in BOLD.  See Table 5 for key to abbreviations.   
 

aNo redundancy correction is needed as item parcels imported directly into Calis Proc.  
 

bFor the 2-Factor model (where F1 = Anxiety, F2 = Depression):  rF1,F2 = .21, SE = .11, p = .066. 
 

cFor the 2-Factor model (where F1 = Anxiety, F2 = Irritability):  rF1,F2 = .34, SE = .11, p = .002. 
 

dFor the 2-Factor model (where F1 = Depression, F2 = Irritability):  rF1,F2 = .47, SE = .09, p < .001. 
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Table 20.  Participant 1:  Multidimensional Comparison of Anxiety, Depression, and Irritability Phase-States (p = 6, N = 84) 
______________________________________________________________________________________________________ 
 

Target 
 Target    Models 
Model         Modela  χ2    df RMS NFI NNFI CFI  Compared    ∆ χ2 ∆df p-value  
1 3-Factorb    397.33 17 .516 .59 .34 .60 1 vs. 2  198.06 3 <.001 
2  1-Factor   595.40 20 .585 .39 .15 .39    
        Independence Null   977.37 28  
______________________________________________________________________________________________________ 
Note:  Optimal model is in BOLD.  See Table 5 for key to abbreviations.   
 

aNo redundancy correction to needed as item parcels imported directly into Calis Proc.  
 

bFor the 3-Factor model (where F1 = Anxiety, F2 = Depression, and F3 = Irritability): rF1,F2 = .17, SE = .11, p = .134;  
rF1,F3 = .36, SE = .10, p < .001; rF2,F3 = .65, SE = .07, p < .001. 
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Table 21.  Participant 2:  Bidimensional Comparisons of Anxiety and Irritability Phase-States (p = 4, N = 89) 
______________________________________________________________________________________________________ 

Target 
 Target    Models 
Model         Modela  χ2    df RMS NFI NNFI CFI  Compared    ∆ χ2 ∆df p-value  
 Anxiety vs. Irritability   
1 2-Factorb  89.98 3  .554  .83  .66  .83  1 vs. 2 7.72  1  .005    
2  1-Factor  97.704  4  .513  .80  .71  .81    
        Independence Null  487.69 6    
______________________________________________________________________________________________________ 
Note:  Optimal model is in BOLD.  See Table 5 for key to abbreviations.   
 

aNo redundancy correction to needed as item parcels imported directly into Calis Proc.  
 

bFor the 2-Factor model (where F1 = Anxiety, F2 = Irritability):  rF1,F2 = -.93, SE = .02, p < .001. 
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Table 22.  Daily Dimensional and Phase-State Interfactor Correlations 
______________________________________________________________________________________________________ 
 
 Inter-outcome Correlations 
 
Outcome  Depression  Fatigue Irritability   
Anxiety .73*** .17 ---  --- -.41*** .36*** 
 .17 --- .73*** --- .32*** -.93***  
 
Depression   --- --- -.23* .65*** 
   .39*** --- .28** --- 
 
Fatigue     ---  ---   
     .41*** --- 
______________________________________________________________________________________________________ 
Note:  Correlations are tabled such that Participant 1’s correlations are presented in regular font, whereas Participant 2’s 

correlations are displayed underneath Participant 1’s in Italics.  In both cases, the first number refers to the daily-
dimensional inter-factor correlations and the second number in BOLD refers to the phase-state inter-factor correlations.  
“---” = no data.   *p < .05, **p< .01, ***p < .001.   
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Table 23.  Participant 1’s Descriptive Statistics, Internal Reliabilities, and Correlations for Daily Dynamic Predictors and 
Outcomes 

_________________________________________________________________________________________________ 
 
                   Inter- Predictor/Outcome Correlations   
     
                 Predictor  Outcome 
 
Predictora  p Mean SD α     2 3 4         5   6 7 8  
1.  Abandonment 3 .00 1.10 .51c -.39*** .49*** .42*** .23* .17 .09  .06 
2.  Hopelessness 3 -.03 1.90 .85   -.42*** -.41** -.30** -.07 -.35**  -.21  
3.  Idiographic Inadequacy 3 -.00 1.43 .98    .57***  .12 .34** .41*** .04 
4.  Idiographic Unlovable 4 .00 1.20 .84     .31** .43*** .46*** .23* 
5.  Stressor 1 .33  18.84 ---b     .49*** .41*** .46***  
 
Outcomea 
6.  Anxiety  6 .45 22.00 .91       .73*** -.41***  
7.  Depression 6 1.27 23.69 .85         -.23*  
8.  Irritability  5 3.32 20.34 .82             
_________________________________________________________________________________________________ 
Note:  p = number of items per scale. ‘Idiographic CT1’ and ‘Anxiety’ required subsequent detrending and the appropriate descriptives are 

shown here.  The inter-outcome correlations were derived from the multidimensional CDFA analyses.  SD = standard deviation, α 
= approximate intraindividual internal consistency reliability.  *p = <.05, **p = <.01, ***p = <.001.   

 
 aAll predictors and outcomes variables were detrended with an 8th order polynomial regression to screen for any trend and/or 

autocorrelation after each variable/factor was formed.   
 

bNo internal consistency reliability reported as the Stressor predictor was comprised of only one item.   
 

cWhen the p = 2, the approximate intraindividual internal consistency reliability drops from .51 to .49.  
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Table 24.  Participant 2’s Descriptive Statistics, Internal Reliabilities, and Correlations for Daily Dynamic Predictors and 
Outcomes 

______________________________________________________________________________________________________ 
 
                   Inter- Predictor/Outcome Correlations   
     
               Predictor                          Outcome 
 
Predictora   p Mean SD  α      2  3  4          5  6  7          8 9 10 11____ 
1. Emotional Deprivation 5 .00 .74 .79 .20 .15 .14 .20 .23* .07 .12 .02 -.12 -.05 
2. Nomothetic Failure 4 .00 .50 .77  .51*** .67*** .80*** .74*** .33** .23* -.20 -.41*** .18 
3. Hopelessness  3 .01 .77 .69   .61*** .48*** .55*** .51*** .20 .00 -.67*** .30** 
4. Idiographic Inadequacy 4 .00 .53 .67    .75*** .84*** .47*** .23* -.10 -.56*** .33*** 
5. Idiographic Failure 4 .00  .50   .70     .79*** .27* .16 -.17 -.46*** .35*** 
6. Idiographic Worthlessness 4 .00 .60 .74      .41*** .25* -.15 -.45*** .36*** 
7. Vulnerability to Harm  3 .01 .75 .56b       .10 -.02 -.61*** .08 
 
Outcomea 
8. Anxiety  2 5.56 1.40 .70         .17 .73*** .32*** 
9. Depression  2 .02 1.21 .72          .39*** .28** 
10. Fatigue  3 .00 .42 .82           .41*** 
11.  Irritability  2 .00  4.02  .70            
______________________________________________________________________________________________________ 
Note:  Depression and Fatigue variables were formed using item parcels (as was used in the unidimensional CDFA’s) to 

maintain relative parity amongst the number of constituent items per outcome variable.  SD = standard deviation, α = 
approximate intraindividual internal consistency reliability.  *p = <.05, **p = <.01, ***p = <.001.   

 

aAll predictors and outcomes variables were detrended with an 8th order polynomial regression equation to screen for any trend 
and/or autocorrelation after each variable was formed.  The Hopelessness, Depression, Fatigue, and Irritability 
variables required further detrending and the descriptive statistics are shown here.   

 

bWhen the p = 2, the approximate intraindividual internal consistency reliability drops from .56 to .40 and all bivariate 
correlations the amongst of predictor and outcome variables diminish in magnitude. 
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Table 25.  Daily Variability in Vulnerability to Harm predicts Anxiety and Irritability, but not Depression or Fatigue  
______________________________________________________________________________________________________ 
 
 
                     Standard DTSR           
 
                   MLE           ARCHa      
Back                                                 Shrunken 
Stepb Model                                AR R2 df R2 df  F-test      p   R2       
Participant 2: 
Anxiety: 
1.  VH VHL1    8 .58  85      
2.    VHL1     8 .58 86   117.79 <.001 .57 
 
Depression: 
1.  VH VHL1    1, 2, 3, 4 .01  85      
2.    VHL1     1, 2, 3, 4 .01 83 .0 82 0 1.000 0 
 
Fatigue: 
1.  VH VHL1    1 .42  85 .42 84 29.80 <.001 .40   
 
Irritability: 
1.  VH VHL1     .01 86    
1.  VH       .01  88  .01  86  .52  .473  0 
______________________________________________________________________________________________________ 
Note:  ‘AR’ = modeled autoregressive parameter. ‘p’ = p-Value. ‘VH’ = Nomothetic Vulnerability to Harm Lag0 predictor, ‘VHL1’ = Nomothetic 

Vulnerability to Harm Lag1 predictor. 
 
 aARCH parameters (Depression = ARCH#2, Fatigue = ARCH#1, Irritability = ARCH#1 and 4) were included in the final MLE model to appropriately 

model an auto-regressive-conditional heteroscedastic process.  The ARCH R2 refers to the amount of variance in the outcome variable that the 
set of predictors accounts for, within the context of ARCH.   

 
bA Back step approach was used in that non-significant Lag0 predictors were first added and then sequentially removed until only the significant Lag0 

predictors were retained.  A second set of Lag1 predictors were then similarly added and removed until only significant Lag1 predictors 
remained.  The final model is highlighted in BOLD.   
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Table 26.  Daily Variability in Failure Predicts Depression and Irritability, but not Anxiety or Fatigue   
______________________________________________________________________________________________________ 
 
                     Standard DTSR           
 
                   MLE           ARCHa      
Back                                                  Shrunken 
Stepb Model                                AR R2 df R2 df  F-test      p   R2       
Participant 2: 
Anxiety: 
1. FA IFA   2, 4 .04 84 
2. FA     2, 4 .03 85 
3.    FAL1  IFAL1 1, 2 .17 84 
4.       IFAL1 1, 2 .16 85 .15 84 16.55 <.001 .15       
  
Depression: 
1. FA IFA   1, 2, 3, 4 .01 82 
2.   IFA   1, 2, 3, 4 .00 83 
3.     FAL1  IFAL1 1, 2, 3, 4 .04 82        
4.     FAL1    1, 2, 3, 4 .02 83 .05 81 4.35 .040 .04   
    
Fatigue: 
1. FA IFA   1, 2, 4 .34 83 
2.   IFA   1, 2, 4 .33 84 
3.   IFA FAL1  IFAL1 1, 2, 4 .34 82 
4.   IFA    IFAL1 1, 2, 4 .34 83  
5. IFA    1, 2, 4 .33 84 .33 83 24.24 <.001 .22   
       
Irritability: 
1. FA IFA     .15 87 
2.   IFA   2 .16 87 
3.   IFA FAL1  IFAL1 2 .17 84  
4.   IFA FAL1   2 .16 85   
5.   IFA   2 .16 87   16.33 <.001 .15     
______________________________________________________________________________________________________ 
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Table 26.  Continued. 
______________________________________________________________________________________________________ 
Note:  ‘AR’ = modeled autoregressive parameter. ‘p’ = p-Value. ‘FA’ = Nomothetic Failure Lag0 predictor, ‘FAL1’ = 

Nomothetic Failure Lag1 predictor, ‘IFA’= Participant 2’s Idiographic Failure Lag0 predictor, ‘IFAL1’ = Participant 
2’s Idiographic Failure Lag1 predictor. 

 
aARCH parameters (Participant 2:  Anxiety = ARCH#6, Depression = ARCH#1 and 2, Fatigue = ARCH#4) were included in 

the final MLE model to appropriately model an auto-regressive-conditional heteroscedastic process.  The ARCH R2 
refers to the amount of variance in the outcome variable that the set of predictors accounts for, within the context of 
ARCH.  

 

bA Back step approach was used in that non-significant Lag0 predictors were first added and then sequentially removed until 
only the significant Lag0 predictors were retained.  A second set of Lag1 predictors were then similarly added and 
removed until only significant Lag1 predictors remained.  The final model is highlighted in BOLD.   
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Table 27.  Daily Variability in Abandonment and Hopelessness Predicts Increased Depression, but not Anxiety, Fatigue, or 
Irritability    
______________________________________________________________________________________________________ 
 
                     Standard DTSR           
                   MLE            ARCHa      
Back                                Shrunken 
Stepb Model                                AR R2 df R2 df  F-test      p   R2       
Participant 1: 
Anxiety: 
1. AB HO   1, 2, 5 .04 73    
2.   HO    1, 2, 5, 7 .04 74    
3.   ABL1 HOL1 1, 2, 3, 5, 6, 8 .02 71 
4.   ABL1   1, 2, 3, 5, 6, 8 .01 74 0 73 0 1.000 0   
 
Depression: 
1. AB HO   1, 2, 4, 8 .10 73 
2.   HO    1, 2, 4, 8 .08 74 
3.   HO ABL1 HOL1 1, 2 .16 71 
4.   HO   HOL1 1, 2, 4 .12 72 .05 59 1.42 .259 .02  
    
Irritability: 
1. AB HO   1, 2 .06 79 
2.   HO   1, 2 .06 80 
3. HO  ABL1 HOL1 1, 2  .11 75  
4. HO  ABL1   1, 2  .10 76 
5.   HO   1, 2 .06 80 .05 67 3.53 .065 .04 
 
Participant 2: 
Anxiety: 
1. HO HOL1   1 .43 85 .37 84 24.25 <.001 .35    
    
______________________________________________________________________________________________________ 
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Table 27. Continued.  
______________________________________________________________________________________________________ 
 
                     Standard DTSR           
                   MLE            ARCHa      
Back                                Shrunken 
Stepb Model                                AR R2 df R2 df  F-test      p   R2       
Depression: 
1. HO HOL1   1, 2, 3, 4 .01 82  
2.   HOL1   1, 2, 3, 4 .01 83 0 82 0 1.000 0   
    
Fatigue: 
1. HO HOL1     .47 86   
2. HO      3 .43 86 .36 85 48.02 <.001 .35 
       
Irritability: 
1. HO HOL1       .11 86      
1. HO         .09 88 .08 85  7.09 .009  .07   
______________________________________________________________________________________________________ 
Note:  ‘AR’ = modeled autoregressive parameter. ‘p’ = p-Value.  ‘AB’ = Nomothetic Abandonment Lag0 predictor, ‘ABL1’ = Nomothetic 

Abandonment Lag1 predictor, ‘HO’ = Nomothetic Hopelessness Lag0 predictor, ‘HOL1’ = Nomothetic Hopelessness Lag1 
predictor. 

 

aARCH parameters (Participant 1:  Anxiety = ARCH#2, Depression = GARCH#1 and ARCH#’s 1-12, Irritability = GARCH#1 and 
ARCH#’s 1-12; Participant 2:  Anxiety = ARCH#3, Depression = ARCH#2, Fatigue = ARCH#2, Irritability = ARCH#1, 4, and 6) 
were included in the final MLE model to appropriately model an auto-regressive-conditional heteroscedastic process.  The ARCH 
R2 refers to the amount of variance in the outcome variable that the set of predictors accounts for, within the context of ARCH 

 

 bA Back step approach was used in that non-significant Lag0 predictors were first added and then sequentially removed until 
only the significant Lag0 predictors were retained.  A second set of Lag1 predictors were then similarly added and 
removed until only significant Lag1 predictors remained.  The final model is highlighted in BOLD.   
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Table 28. Incremental Predictive Validity of Idiographic Cognitions   
________________________________________________________________________________________________ 
 
                     Standard DTSR                    Hierarchical DTSR 
                           MLE                    ARCHa       
Back                                                                 Shrunken 
Stepb Model                                AR R2 df R2 df  F-test      p   R2        R2

Inc  F-testInc  p  
Participant 1: 
Anxiety: 
1. AB HO   1, 2, 5 .04 73    
2.   HO    1, 2, 5, 7 .04 74    
3.   ABL1 HOL1 1, 2, 3, 5, 6, 8 .02 71 
4.   ABL1   1, 2, 3, 5, 6, 8 .01 74   
5.  ABL1 ICT1 ICT2 1, 2, 3, 5, 6, 8 .13 70 
6.  ABL1   ICT2 1, 2, 3, 5, 6, 8 .13 71 
7.  ABL1 ICT1L1 ICT2L1 1, 2, 3, 5, 6, 8 .20 69 
8.  ABL1   ICT2L1 1, 2, 3, 5, 6, 8 .20 70 0 69 0 1.000 0 0 0 1.000 
9. ABL1    1, 2, 3, 5, 6, 8 .01 74 0 73 0 1.000 0 
 
Depression: 
1. AB HO   1, 2, 4, 8 .10 73 
2.   HO    1, 2, 4, 8 .08 74 
3.   HO ABL1 HOL1 1, 2 .16 71 
4.   HO   HOL1 1, 2, 4 .12 72   
5. HO HOL1 ICT1 ICT2 1, 2, 4 .13 76 
6. HO HOL1   ICT2 1, 2, 4 .13 73 
7. HO HOL1 ICT1L1 ICT2L1  1, 2, 4 .10 72 
8. HO HOL1   ICT2L1 1, 2, 4 .10 73 .04 60 .88 .458 0 0 0 1.000   
9. HO HOL1   1, 2, 4 .12 72 .04 59 1.42 .249 .02 
    
______________________________________________________________________________________________________ 
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Table 28. Continued.  
________________________________________________________________________________________________ 
                     Standard DTSR                    Hierarchical DTSR 
                           MLE                    ARCHa       
Back                                                                 Shrunken 
Stepb Model                                AR R2 df R2 df  F-test      p   R2        R2

Inc  F-testInc  p  
Participant 1: 
Irritability: 
1. AB HO   1, 2 .06 79 
2.   HO   1, 2 .06 80 
3. HO  ABL1 HOL1 1, 2 .11 75  
4. HO  ABL1   1, 2 .10 76 
5.   HO   1, 2 .06 80   
5. HO ICT1 ICT2  1, 2 .11 78 
5. HO   ICT2  1, 2 .11 79 
5. HO ICT1L1 ICT2L1  1, 2 .19 75 
5. HO   ICT2L1  1, 2 .17 76 .15 63 5.47 .006 .13 .10 7.25 .009  
5. HO    1, 2 .06 80 .05 67 3.53 .065 .04   
                               Standard DTSR          Hierarchical  DTSR 
                    MLE                   ARCHa       
Back                                                     Shrunken 
Stepb Model                                  AR R2 df R2 df  F-test      p   R2        R2

Inc  F-testInc     p  
Participant 2: 
Anxiety: 
1.ED FA HO VH   2, 4 .05 82   
2.ED FA HO     2, 4 .05 83 
3.  FA HO      2, 4 .05 84  
4.    HO      2, 4 .04 85 
5. EDL1  FAL1 HOL1 VHL1   1 .62 83 
6.    FAL1 HOL1 VHL1   1 .62 84 
7.      HOL1 VHL1   1 .62 85 
8. HOL1 VHL1 ICT1 ICT2 ICT3  1 .64 82  
9. HOL1 VHL1  ICT2 ICT3  1 .64 83 
10. HOL1  VHL1   ICT3   1 .63 84 
11. HOL1  VHL1 ICT1L1 ICT2L1 ICT3L1  1 .63 82 
12. HOL1  VHL1    ICT2L1 ICT3L1  1 .63 83 
13. HOL1 VHL1      ICT3L1  1 .63 84 .58 83 38.84 <.001 .57 .01 1.60 .209  
14. HOL1 VHL1    1 .62 85 .58 84 57.06 <.001 .57   
________________________________________________________________________________________________ 



 

 

 

109

Table 28. Continued.  
________________________________________________________________________________________________ 
 
                               Standard DTSR                              Hierarchical  DTSR 
 
                                    MLE           ARCHa       
Back                                                                   Shrunken 
Stepb Model                                   AR R2 df R2 df  F-test      p   R2        R2

Inc  F-testInc     p  
Participant 2: 
Depression: 
1.ED FA HO VH    1, 2 .02 82 
2.ED FA   VH    1, 2, 3, 4 .02 81 
3.ED     VH    1, 2, 3, 4 .02 82 
4.ED          1, 2, 3, 4 .01 83 
5. EDL1  FAL1 HOL1 VHL1    1, 2, 5  .05 81 
6. EDL1  FAL1 HOL1      1, 2, 3, 4 .01 81 
7. EDL1  FAL1       1, 2, 3, 4 .07 82 
8. EDL1  FAL1 ICT1 ICT2 ICT3   1, 2, 3, 4 .10 79  
9. EDL1  FAL1 ICT1 ICT2     1, 2, 3, 4 .10 80  
10. EDL1  FAL1   ICT2    1, 2, 3, 4 .08 81 
11. EDL1  FAL1 ICT1L1 ICT2L1 ICT3L1   1, 2, 3, 4 .10 79   
12. EDL1  FAL1   ICT2L1 ICT3L1   1, 2, 3, 4 .10 80    
13. EDL1  FAL1   ICT2L1     1, 2, 3, 4 .10 81 .05 80 1.49 .223 .02 0 .34  .562  
14. EDL1  FAL1       1, 2, 3, 4 .07 82 .05 81 2.09 .131 .02   
 
Fatigue: 
1.ED FA HO VH      .55 84  
2.  FA HO VH       .55 85  
3.    HO VH       .54 86   
4. HO VH EDL1  FAL1 HOL1 VHL1   1 .59 81    
5. HO VH    FAL1 HOL1 VHL1    .58 83     
6. HO VH    FAL1 HOL1      .57 84      
7. HO VH      HOL1      .56 85      
8. HO VH  HOL1 ICT1 ICT2 ICT3    .60 82      
9. HO VH  HOL1   ICT2 ICT3    .60 83      
10. HO VH  HOL1   ICT2      .59 84      
11. HO VH  HOL1 ICT2  ICT1L1 ICT2L1 ICT3L1  .65 81      
12. HO VH  HOL1 ICT2  ICT1L1 ICT3L1    .65 82 .57 80 17.67 <.001  .54  .02  .99  .400  
13. HO VH  HOL1        .56 85 .55 83 34.37 <.001  .54  
 
________________________________________________________________________________________________ 
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Table 28. Continued. 
________________________________________________________________________________________________ 
 
                               Standard DTSR                              Hierarchical  DTSR 
 
                                    MLE           ARCHa       
Back                                                                   Shrunken 
Stepb Model                                    AR R2 df R2 df  F-test      p   R2        R2

Inc  F-testInc     p  
 
 
Irritability: 
1.ED FA HO VH        3 .14 84    
2.ED   HO VH        3 .14 85     
3.ED   HO          3 .12 86      
4.  HO                .09 88     
5.HO EDL1  FAL1 HOL1 VHL1          .22 83       
6.HO EDL1    HOL1 VHL1          .22 84        
7.HO EDL1  HOL1 VHL1  ICT1 ICT2 ICT3        .28 81          
8.HO EDL1  HOL1 VHL1     ICT2 ICT3        .28 82        
9.HO EDL1  HOL1 VHL1  ICT2           .27 83         
10.HO EDL1  HOL1 VHL1  ICT2 ICT1L1 ICT2L1 ICT3L1    .35 80        
11.HO EDL1  HOL1 VHL1  ICT2 ICT1L1    ICT3L1    .34 81          
12.HO EDL1  HOL1 VHL1  ICT2 ICT1L1         .32 82 .29 81  5.38  <.001 .23  .11 6.06 .004  
13.HO EDL1  HOL1 VHL1                .22 84 .18 83  4.49  .002  .13   
________________________________________________________________________________________________ 
Note:  ‘AR’ = modeled autoregressive parameter. ‘p’ = p-Value.  ‘AB’ = Nomothetic Abandonment Lag0 predictor, ‘ABL1’ = 

Nomothetic Abandonment Lag1 predictor, ‘ED’ = Nomothetic Emotional Deprivation Lag0 predictor, ‘EDL1’ = 
Nomothetic Emotional Deprivation Lag1 predictor, ‘FA’ = Nomothetic Emotional Deprivation Lag0 predictor, ‘FAL1’ 
= Nomothetic Emotional Deprivation Lag1 predictor, ‘HO’ = Nomothetic Hopelessness Lag0 predictor, ‘HOL1’ = 
Nomothetic Hopelessness Lag1 predictor, ‘VH’ = Nomothetic Vulnerability to Harm Lag0 predictor, ‘VHL1’ = 
Nomothetic Vulnerability to Harm Lag1 predictor.  For Participant 1, ‘ICT1’ = Idiographic Cognition Theme 1:  
Inadequacy Lag0 predictor, ‘ICT1L1’ = Idiographic Cognition Theme 1:  Inadequacy Lag1 predictor, ‘ICT2’ = 
Idiographic Cognition Theme 2:  Unlovable Lag0 predictor, ‘ICT2L1’ = Idiographic Cognition Theme 2:  Unlovable 
Lag1 predictor.  For Participant 3, ‘ICT1’ = Idiographic Cognition Theme 1:  Inadequacy Lag0 predictor, ‘ICT1L1’ = 
Idiographic Cognition Theme 1:  Inadequacy Lag1 predictor, ‘ICT2’ = Idiographic Cognition Theme 2:  Failure Lag0 
predictor, ‘ICT2L1’ = Idiographic Cognition Theme 2:  Failure Lag1 predictor, ‘ICT3’ = Idiographic Cognition Theme 
2:  Worthlessness Lag0 predictor, ‘ICT3L1’ = Idiographic Cognition Theme 2:  Worthlessness Lag1 predictor.  
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Table 28. Continued. 
________________________________________________________________________________________________ 
aARCH parameters (Participant 1:  Anxiety = ARCH#2, Depression = GARCH#1 and ARCH#s 1-12, Irritability = GARCH#1 

and ARCH#s 1-12; Participant 2:  Anxiety = ARCH#3, Depression = ARCH#11, Fatigue = ARCH#1 and 4, Irritability 
= ARCH#1) were included in the final MLE model to appropriately model an auto-regressive-conditional 
heteroscedastic process.  The ARCH R2 refers to the amount of variance in the outcome variable that the set of 
predictors accounts for, within the context of ARCH.  

 
 bA back step approach was used in that non-significant Lag0 predictors were sequentially removed until only the significant 

Lag0 predictors were retained (hereafter termed the reduced model).  Each outcome variable (from the reduced model) 
was then regressed onto a second set of predictors (either all Lag0 and/or Lag1cognitions depending on the hypothesis) 
using hierarchical DTSR.  An incremental F-test was performed to test the final full model, in BOLD, over and above 
the predictors in the final reduced model, in ITALICS.   
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Table 29.  Hopelessness Cognitions Mediates the Relationship Between Stressful Life Events and Depression, but not Anxiety 
or Irritability     
________________________________________________________________________________________________ 
 
                      Standard DTSR       Hierarchical DTSR 
                           MLE                          
Back                                                  Shrunken 
Stepa Model                                AR R2 df F-test  p   R2        R2

Inc  F-testInc  p  
Anxiety: 
1. S  SL1     1, 2, 5, 7, 8    .25 71     
2. S  SL1 AB HO  1, 2, 5, 7, 8 .26 69    
3. S  SL1  HO 1, 2, 5, 7, 8 .25 70     
4. S  SL1 ABL1 HOL1 1, 2, 5, 7, 8 .27 69     
5. S  SL1 ABL1  1, 2, 5, 7, 8 .27 70  8.54  <.001 .24 .01 1.34 .251  
6. S  SL1      1, 2, 5, 7, 8 .25 71  12.09 <.001 .24  
 
         Full          Reduced 
        Model           Model 
 Predictor B p          B p              
 S  .40 <.001 .31 <.001 
 SL1  .26 .003 .31 <.001   
 ABL1 -1.87 .227  
 
Depression: 
1. S SL1     1, 2, 7   .09  74 
2. S       1, 3, 8   .07 75 
3. S AB HO  1, 3, 8   .14 73 
4. S    HO  1, 3, 8 .13 74 
5. S HO ABL1 HOL1 1, 3, 8 .20 72 
6. S HO   HOL1 1, 3, 8 .17 73 
7. S HO   1, 3, 8   .13  74 5.48  .006 .11 .05 4.93 .029  
8. S       1, 3, 8   .07  75 5.73  .019 .06  
 
______________________________________________________________________________________________________ 
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Table 29. Continued. 
________________________________________________________________________________________________  
 
        Full          Reduced 
        Model           Model 
 Predictor B p          B p            
 S  .18 .060 .22 .020 
 HO  -2.21 .038  
 
                      Standard DTSR       Hierarchical DTSR 
                           MLE                          
Back                                                  Shrunken 
Stepa Model                                AR R2 df F-test  p   R2        R2

Inc  F-testInc  p  
Irritability: 
1. S  SL1     2   .23 77    
2. S       2   .21 81    
3. S  AB HO  2   .22 79     
4. S    HO  2   .22 80 
5. S  ABL1 HOL1  2 .22 76 
6. S  ABL1   2   .22  77 10.80 <.001 .20 .01 .69 .409  
7. S       2   .21  81 21.79 <.001 .20  
 
         Full          Reduced 
        Model           Model 
 Predictor B p          B p             
 S  .44 <.001 .44 <.001 
 ABL1 -.35 .841  
 
________________________________________________________________________________________________ 
Note:  ‘AR’ = modeled autoregressive parameter. ‘p’ = p-Value.  ‘S’ = Stressor Lag0 predictor, ‘SL1’ = Stressor Lag1 predictor, ‘AB = Nomothetic Abandonment Lag0 predictor, ‘ABL1’ = 

Nomothetic Abandonment Lag1 predictor, ‘HO’ = Nomothetic Hopelessness Lag0 predictor, ‘HOL1’ = Nomothetic Hopelessness Lag1 predictor.  ‘B’ = the parameter estimate for 
each predictor in either the Full or Reduced model.  ‘p’ = the p-value associated with the significance test for each parameter. 

 
aA Back step approach was used in that non-significant Lag0 and Lag1 Stressor predictors were sequentially removed until only the significant Lag0 and or Lag1 predictors were retained 

(hereafter termed the reduced model).  Each outcome variable (from the reduced model) was then regressed onto a second set of predictors (either all Lag0 and/or 
Lag1Abandonment) using hierarchical DTSR.  An incremental F-test was performed to test the final full model, in BOLD, over and above the predictors in the final reduced 
model, in ITALICS.   
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Figure 1:  Plot of Participant 1’s Anxiety Daily Dynamic Dimensional Structure Overtime 
 

 
Figure 2:  Plot of Participant 1’s Depression Daily Dynamic Dimensional Structure Overtime 
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Figure 3:  Plot of Participant 1’s Irritability Daily Dynamic Dimensional Structure Overtime 
 

 
Figure 4:  Plot of Participant 2’s Anxiety Daily Dynamic Dimensional Structure Overtime 
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Figure 5:  Plot of Participant 2’s Depression Daily Dynamic Dimensional Structure Overtime 
 

 
Figure 6:  Plot of Participant 2’s Fatigue Daily Dynamic Dimensional Structure Overtime 
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Figure 7:  Plot of Participant 2’s Irritability Daily Dynamic Dimensional Structure Overtime 
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Figure 8:  Plotting Participant 1’s Anxiety, Depression, Fatigue, and Irritability Phase-State Trajectories Overtime. 
 
Note:  Value = with the exception of Fatigue, each phase-state value for each day which was calculated by taking the sum of each item parcel*its unstandardized loading 

from the 3-factor CPTFA within each symptom.  Fatigue was calculated by taking the averaging the daily values of the 6 fatigue symptoms items (10 is the 
maximum possible score for this composite value).  Date = day of the time series.  There were 87 total days in Participant 1’s time series.  ‘A’ = Anxiety phase-
state trajectory, ‘D’ = Depression phase-state trajectory, ‘F’ = plot of Fatigue daily variability, and ‘I’ = Irritability phase-state trajectory.  Anxiety and 
Depression were not significantly correlated (r = .17, SE = .11, p = .34), Anxiety and Irritability were weakly to moderately positively correlated (r = .36, SE = 
.10, p < .001), and Depression and Irritability were moderately positively correlated (r = .65, SE = .07, p < .001). 



 

 

 

119

 
 
Figure 9:  Plotting Participant 2’s Anxiety and Irritability Phase-State Trajectories Overtime. 
 
Note:  Value = calculated phase-state value for each day which was calculated by taking the sum of each item*its unstandardized loading from the 2-factor CPTFA 

within each symptom.  Date = day of the time series.  There were 90 total days in Participant 2’s time series.  ‘A’ = Anxiety phase-state trajectory and ‘I’ = 
Irritability phase-state trajectory.  Anxiety and Irritability were very strongly negatively correlated (r = -.93, SE = .02, p < .001).
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CHAPTER IV 
DISCUSSION 

 

Intraindividual Construct Validity of Anxiety, Depression, Fatigue, and Irritability in 

CHC Patients  

The present study employed several methods to explore the intraindividual 

construct validity of anxiety, depression, fatigue and irritability in two adult patients who 

were chronically infected with the hepatitis C virus and who reported clinically 

significant anxious or depressive symptoms.  First, CDFA and CPTFA were used to 

provide a test of the intraindividual daily process and phase-state dimensional structure 

and comparative fit of three models of Anxiety, Depression, Fatigue, and Irritability 

using items from several self-report questionnaires of symptom distress.  Second, anxiety, 

depression, fatigue, and irritability variables were regressed onto several theoretically 

relevant predictors (i.e., stress and cognitions) using DTSR as further evidence for 

construct validity.  Results are discussed next.   

Results across both participants suggest that a single distress factor does not 

account adequately for the daily covariation or phase-state trajectory synchrony in 

anxiety, depression, fatigue, and irritability symptoms over time within the individual.  

Instead, results from the daily process and phase-state trajectory dimensional structure 

analyses indicate that anxiety, depression, fatigue, and irritability were empirically 

distinct for both participants (see Table 18).  These results are consistent with Burns and 

Eidelson’s (1998) suggestion that anxiety and depression are empirically distinct 

constructs, at the aggregate level, but are in contrast to conclusions drawn by Feldman 

(1993) as they apply to anxiety and depression for aggregate research and also Dwight et 

al.  (2000) and Wessely and Pariante’s (2002) suggestion that depression and fatigue 

were not likely empirically distinguishable in CHC patients (at the aggregate level).  

However, there often was a marked difference in the magnitude and direction of 

association when comparing the daily process and phase-state trajectory dimensional 

structures.   
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With regard to the daily process dimensional structures, Anxiety and Depression 

were very weakly to strongly correlated in a positive direction, Anxiety was strongly 

correlated with Fatigue in a positive direction, and Anxiety and Irritability were weakly 

to moderately correlated.  Depression was weakly to moderately correlated in a positive 

direction with Fatigue, and Depression was weakly correlated with Irritability was 

moderately positively correlated with Irritability (see Table 22).  In contrast, the 

correlation between Anxiety and Depression phase-state trajectory dimensional structures 

was non-significant (for one participant only), Anxiety and Irritability phase-states were 

moderately to extremely highly correlated, and the Depression and Irritability phase-

states were moderately to strongly correlated in a positive direction (for one participant 

only).  Therefore, when considering the degree of convergence of covariation amongst 

daily process and phase-state dimensional structures, for Anxiety and Depression, only 

one of two obtained daily process correlations were consistent with the obtained phase-

state correlations.  A similar result was found for Anxiety and Irritability.  In contrast, for 

Depression and Irritability, none of the daily process correlations were consistent with the 

obtained phase-state correlations.  Notably, only 3 of 13 obtained correlations were 

consistent with results reported in two recent aggregate level studies investigating the 

relationships amongst these symptoms states in CHC patients (i.e., correlations between 

the Anxiety and Depression daily process, Anxiety and Fatigue daily process, and 

Depression and Irritability phase-states; cf.  McDonald et al., 2002 and Hilsabeck et al., 

2005).   

Results from the daily-process dimensional structure analyses indicate the 

importance of fitting dynamic models (incorporating at least lag 1 information) and then 

backing down to non-lagged DFA models if lagged models do not significantly improve 

fit.  Notably, 5 of 7 unidimensional models across both participants were dynamic (3/5 

used DAFS model specification), and only one model was adequately characterized by a 

classic PTFA model (i.e., F1L0IE).  These results are consistent with results obtained in 

other studies where dynamic factors have been found for some individuals when 
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examining depression, anxiety or related constructs (e.g., Ferrer & Nesselroade, 2003; 

Mumma & Green, 2001; Shifren et al., 1997). 

Results also indicated that several theoretically relevant predictors of 

psychological distress (i.e., cognitions) provided mixed support for the intraindividual 

construct validity of Anxiety, Depression, Fatigue, and Irritability in CHC patients (see 

Table 18).  While in most cases, nomothetic and idiographic cognitions accounted for a 

statistically significant proportion of the daily symptom variability they nevertheless 

displayed generally poor cognitive content-specificity, intraindividually.  For one study 

participant, however, cognitions involving a theme of vulnerability to harm explained a 

significant proportion of the variance in anxiety and fatigue, but not depression or 

irritability symptoms.  Failure cognitions also were significant predictors of all outcomes 

for one participant.  In contrast, abandonment and hopelessness cognitions failed to 

predict any of the outcomes for one participant, but hopelessness cognitions significantly 

predicted anxiety, fatigue, and irritability, but not depression in another participant.  As 

such, these findings are generally consistent with the mixed support reported for the 

cognitive-content specificity of anxiety in several aggregate- and intraindividual-level 

studies (Clark & Beck, 1999; Green & Mumma, 2000a; Wellburn et al., 2002).  However, 

these results also are incongruous with the aggregate- and intraindividual studies that 

have found empirical support for the cognitive-content specificity of depression 

(Abramson et al., 1997; Clark & Beck, 1999; Green & Mumma, 2000b; Nezu et al., 

2000; Wellburn et al., 2002).  This is the first study to date that has investigated the 

relationship between cognitive content-specificity in anxiety, depression, fatigue, and/or 

irritability in CHC patients. 

Results from both participants also provide mixed support for the incremental 

predictive validity of idiographic cognitions over and above nomothetic cognitions, alone 

(see Table 18).  For both participants, the incremental validity of idiographic cognitions 

was supported when predicting irritability, but not anxiety or depressive symptoms.  

These results are provisionally consistent with the few intraindividual studies that have 

examined this issue to date (e.g., Green & Mumma, 2000a; Mumma, 2004), and with the 
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potentially increased sensitivity and specificity provided by idiographic measures (see 

Haynes and O’Brien, 2000; Mumma, 2001a).   

Results from one participant provide provisional support for the validity of 

content-specific cognition’s as mediators between stressful life events and depression in 

CHC (see Table 18).  Although stressful life events predicted a statistically significant 

proportion of the variance in anxiety, depression, and irritability symptoms, only 

hopelessness cognitions partially mediated the impact of stressful life events on increases 

in depressive symptoms.   

Differences between the obtained results and other aggregate- and intraindividual-

level studies may be due to several factors.  First, although the daily dimensional 

structures of anxiety, depression, fatigue, and irritability in both participants often 

included Lag1 information in the estimation of concurrent relationships (and hence were 

dynamic), these models do not characterize the degree of synchrony of the overall trend 

of each outcome variable within the context of their time courses as the phase-state 

analyses did.  Haynes (1992) suggests that the concurrent estimation of covariance 

amongst outcome variables may be attenuated because they do not include potentially 

important information such as the rate and direction of change or cyclicity of each 

symptoms phase-state.  The implication of dysynchronous phase-state trajectory 

dimensional structures is that different predictive mechanisms, such as cognitions, are 

presumed to be potentially involved in the ontogeny and maintenance of these symptoms 

(Haynes, 1992).  Second, although the results from the McDonald et al.  (2002) and 

Hilsabeck et al (2005) studies are generalizable to the population of CHC patients, their 

results often did not correspond to the covariation amongst daily process or phase-state 

dimensional structures of the current study’s participants.  This may be due to the fact 

that group (or aggregate) level designs, by definition, average over the idiosyncratic 

characteristics of particular individuals (in this case, their symptom structures) to provide 

a summary estimate of the group (e.g., average correlation; Hayes et al., 1999; Hooker, 

1991).  In contrast, intraindividual-level (or “idiographic”) models uniquely capture only 

that particular person’s variability over time, which may be very different than the 
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nomothetic model.  As cogently noted by Molenaar and Valsiner (2005), results from 

aggregate-level (or “nomothetic”) studies may not be directly applicable to particular 

individuals within a population, except in (rare) instances where there is a extremely high 

degree of homogeneity between the individual and the population (on biopsychosocial 

characteristics/markers).  Third, confirmatory factor analytic procedures that were used in 

the present study are assumed to provide unbiased estimates of the interfactor correlations 

(Fabrigar et al., 1999; Hatcher, 1994).  In contrast, the correlations reported in the 

McDonald et al. (2002) and Hilsabeck et al. (2005) studies were derived from exploratory 

procedures between observed or measured variables which are likely biased by 

measurement error.  Fourth, tests of the content-specificity hypotheses have been 

conducted largely within the framework of cross-sectional, aggregate-level research 

where data may be collected on one or only a few occasions (Green & Mumma, 2000b).  

As noted previously, only two intraindividual-level studies have been conducted that 

have investigated the relationships between cognitive content-specificity and  depression 

or anxiety symptoms in patients diagnosed with comorbid major depression and anxiety 

disorders (i.e., Green & Mumma, 2000a; Mumma, 2004).  Green and Mumma (2000a) 

found partial support for cognitive content-specificity for anxiety, and Mumma (2004) 

reported provisional support for cognitive content-specificity for depression.  Results 

from the present study highlight the importance of investigating the applicability of 

aggregate-level findings to particular individuals.   

 

Clinical Implications 

As noted previously, anxiety, depression, fatigue, and irritability symptoms in 

CHC patients are associated with treatment noncompliance, dose reduction, or dose 

cessation that contributes to poorer ultimate clinical outcome when treated with antiviral 

therapies (Cotler et al., 2000; Fontana et al., 2001; Kraus et al., 2001, 2005a; Lee et al., 

1997; McDonald et al., 2002; Russo & Brown, 2001; Turner & Blackwell, 2005).  

Findings from the present study have several important implications for the clinical 

assessment and treatment of these symptoms in an effort to improve compliance with the 
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full doses of antiviral regimen that may, in turn, be associated with increased antiviral 

treatment efficacy and cost-efficiency in CHC patients (Kraus et al., 2005a; Schaefer et 

al., 2005).  Recommendations for prospective clinical assessment and treatment of these 

symptoms in CHC patients are discussed next.   

From an assessment perspective, it is recommend that a multivariate assessment 

measurement strategy whereby multiple empirically supported measures for multiple 

patient response modes (e.g., anxious/depressed/irritable affect, neurovegetative 

symptoms such as fatigue, cognitions) by multiple informants (i.e., clinician-rated or 

administered, self-report, and other-rated) who make ratings along multiple dimensions 

(e.g., frequency, duration and intensity) with repeated measurements over time taking 

context into account (e.g., frequency and severity of symptoms in home vs.  at work) be 

employed when assessing these symptoms over time in CHC patients.  This assessment 

strategy, based heavily upon the behavioral assessment model (see Haynes & O’Brien, 

2000), can provide clinicians with information regarding the longitudinal course or effect 

of treatment (e.g., IFN, psychological, psychiatric, or combination) on the development 

and maintenance of anxiety, depressive, fatigue, or irritability symptoms over time in 

CHC patients.  This information, assuming that enough assessments were performed to 

capture important phase-state relationships (i.e., time-course context; ≥ 3 assessments 

obtained at each pre-, during-, and post-treatment phase), may also increase the strength 

and validity of inferences regarding casual relationships that can both inform and 

evaluate the effects of treatment (Hayes et al., 1999; Haynes, 1992; Haynes & O’Brien, 

2000; Shadish, Cook, & Campbell, 2002), as suggested below.  CHC patients should be 

assessed (frequently) using several nomothetic outcome measures that have been 

validated in medical populations (e.g., Hospital Anxiety Depression Scale, Chicago 

Multi-scale Depression Inventory, Fatigue Severity Scale) so as to minimize the potential 

spurious inflation of summary scores due to inclusion of somatic items (Trask et al., 

2000).  Moreover, findings from the present study also highlight the importance of 

assessing clinically important predictors, such as stressful event severity and both 
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nomothetic and idiographic cognitions.  However, further validation of psychological 

distress measures, such as those used in the present study, is needed in CHC patients.   

Unfortunately, empirically validated treatment modalities (i.e., psychological, 

psychiatric, or both) for anxiety, depressive, fatigue, or irritability symptoms in CHC are 

presently non-existent (Gleason et al., 2002; Gleason & Yates, 1999; Trask et al., 2000; 

Valentine et al., 1998).  Given that a significant proportion of daily symptom variance 

was accounted for by cognitions, it would appear that several psychological treatment 

packages (e.g., cognitive-behavioral therapy, behavioral activation therapy) that have 

been shown in clinical trials to be effective for many clinically anxious and depressed 

patients in the general population (see review by Persons, Davidson, & Tompkins, 2001; 

DeRubeis et al., 2005; Foa, Franklin, & Moser, 2002; Westra & Stewart, 1998), may also 

be appropriate for CHC patients.  It is recommended that CHC patients who are 

exhibiting anxiety, depression, or irritability symptoms be referred for psychosocial 

treatments (e.g., individual or group therapy, support and/or educational groups) in a 

systematic manner (i.e., recording treatment modality type, duration, content) so that 

effectiveness data may be obtained (Hilsabeck et al., 2005; McDonald et al., 2002).  

Within this context, non-pharmacological interventions for fatigue, such as activity 

scheduling and exercise also could be included (see Table 30 for other suggestions).  

Preliminary data in a INF-α treatment study with multiple sclerosis patients by Mohr and 

colleagues (1997) have shown that both psychotherapy and psychiatric medication were 

equally effective in treating cytokine induced depressive symptoms (i.e., 88-89% of so 

treated patients were able to continue with interferon treatment).  Also, in a recent study, 

Scalori and colleagues (2005) reported that psychological counseling was 100% effective 

in treating CHC patients who suffering from clinically significant irritability, emotional 

lability, and/or insomnia.  In cases where cytokine neurotoxicity is clearly implicated, 

CHC patients may also benefit from psychiatric treatment either in combination with 

psychosocial treatments or alone.   

With regard to psychiatric treatment, no studies to this author’s knowledge have 

reported any data on pharmacological interventions specifically targeting fatigue 
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symptoms in CHC patients.  In contrast, a recent study reported data on three anxious 

CHC patients who achieved “good” management of their anxious symptoms after 

prescription of benzodiazepines (e.g., alprazolam (Xanax) and triazolam 

(Halcion)](Maddock et al., 2004).  There also is emerging evidence that selective-

serotonin reuptake inhibitor (SSRI) antidepressant medication is effective in treating or 

possibly even preventing the development of depression in CHC patients during antiviral 

treatment.  For example, two non-placebo controlled case reports suggest that two SSRI’s 

[i.e., citalopram (Celexa) and parexetine (Paxil)] are effective in ameliorating depressive 

symptoms in CHC patients in 87% and 79% of cases, respectively (Gleason et al., 2002; 

Kraus et al., 2002).  Another recent study showed that 100% CHC patients (n = 11) who 

exhibited clinically significant depressive symptoms were successfully treated with 

various combinations of sertraline (Zoloft), paroxetine, olanzapine (Zyprexa), and 

benzodiazepines (not specified)(Scalori et al., 2005).  Moreover, a recent non-placebo 

controlled study has shown the utility of prophylactically treating CHC patients with 

Celexa prior to beginning a trial of antiviral therapy (see Schaefer et al., 2005).  These 

researchers showed approximately a 45% reduction in the incidence of substance induced 

major depressive disorder in CHC patients who underwent antiviral therapy (Shaefer et 

al., 2005).  Parexetine also has been shown to reportedly improve irritability symptoms 

(Kraus et al., 2002), but thioridazine (Mellaril) was inefficacious in palliating irritability 

in one case study (Maddock et al., 2004).  Naltrexone, an opiod antagonist, may also be a 

useful as a stand alone treatment or adjunct to the aforementioned treatments (see review 

by Aspinall & Pockros, 2004; Valentine et al., 1998).  In a study conducted by Valentine 

and colleagues (1998), naltrexone was shown to improve neuropsychiatric symptoms 

secondary to cytokine neurotoxicity in 78% of cases in a small sample of chronic 

leukemia and essential thrombocythemia patients treated with interferon-α therapy.  

However, the true efficacy of any of these agents, as elucidated using a double blind 

placebo controlled design, has yet not been established in CHC patients (Turner & 

Blackwell, 2005).   
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In summary, Gleason and colleagues (1999) and others have suggested that with 

careful clinical attention, most depressed CHC patients are able to complete IFN-α 

treatment (e.g., Schaefer et al., 2005).  However, in cases where suicidal ideation is 

present, it is recommended that IFN treatment be stopped and that these CHC patients 

begin immediate psychological/psychiatric treatment (Gleason & Yates, 1999; Palmer, 

2000).   

 

Methodological Issues 

Methodological limitations of the present study include a small sample size of 

possibly highly selected adults, use of self-report ratings only, pretest battery test order 

and IDQ item presentation was not counterbalanced, poor predictor and outcome variable 

or constituent item characteristics, lack of clear decision criteria for addressing 

autoregressive-conditional heteroscedasticity and feedback in DTSR and fit indices in 

phase-state analyses, and no conservative adjustment of alpha level in light of number of 

statistical analyses and comparisons performed.  Each of these limitations is discussed 

next.   

First, while the present study used a patient sample, the ability to generalize the 

present results to the population of CHC patients who report clinically significant 

depression and anxiety symptoms is limited due to small sample size, limited information 

regarding liver disease severity, lack of racial diversity, potential participant selection 

bias, and a potential confound of including participants undergoing ongoing 

psychopharmacological therapy.  Recall that the utility of employing a MRSRM design 

(as in this study) is that it affords a fine grained picture of intraindividual patterns over 

time with the potential to replicate such patterns across different patients.  While the 

present results are based on a combined total of over 175 observations over time, the 

study involved only two participants (one Caucasian man and one Hispanic woman), and 

as such, the generalizability of the results to the CHC population is limited.  However, 

other published studies that have used this methodology have reported data on as few as 2 

patients (e.g., Ferrer & Nesselroade, 2003; for comprehensive review see Jones & 
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Nesselroade, 1990).  Replications across both Caucasian and other racial groups are 

needed to increase the confidence in the results, as well as to further explore 

intraindividual differences and similarities (Jones & Nesselroade, 1990).  Unfortunately, 

no liver biopsy information was available for both participants, and one participant could 

be considered a “healthy HCV carrier” as evidenced by normal liver transaminease 

levels.  Therefore, the generalizability of these results to patients with severe liver disease 

may be questionable.  As noted previously (see Green & Mumma, 2000), it is likely that 

some element of participant selection bias may be present in a study such as this.  It is 

unlikely that some or even many depressed and anxious patients would be willing to 

complete a measure everyday for at least three months!  In addition, both participants 

were also undergoing psychopharmacological treatment during ongoing data collection.  

A potential methodological confound is introduced, in that it is likely that medication 

management of psychological distress may have affected the data in a systematic fashion 

(cf.  Mumma & Green, 2001).  Of course clinically this is often desired as it reflects 

potential amelioration of symptoms.  However, systematic changes in slope or trajectory 

overtime were statistically removed when the data was prepared for CDFA (by removing 

trend and cyclicity in each item).  Thus, it is unclear what affect this may have had on the 

dimensional structure analysis.   

Second, only one multi-item self-report questionnaire for each the outcome 

variables was used in the present study, which may introduce mono-method bias (Shadish 

et al., 2002).  Mono-method bias, or using only one assessment strategy such as just self-

report questionnaires at home, also may impact the confidence of generalizability of these 

results.  For instance, it is difficult to rule out the possibility that patient’s responses may 

be somewhat different when different assessment methods are used (e.g., clinician vs.  

self-report) in different settings, such as at work or home (Shadish et al., 2002).    

Third, the order of questionnaires presented to each participant during the pretest 

assessment phase was not randomized.  Non-randomization of pretest assessments may 

potentially introduce intrasession item selection bias due to reactivity or fatigability that 

may have influenced which items were then selected for the daily questionnaire, possibly 



 

 

 

130

accounting for the relative invariance observed in responding on several items for each 

participants daily questionnaire (e.g., ceiling effects observed across fatigue items for 

Participant 1).  Also, while items selected from each of the pretest scales were put in a 

blocked sequence during initial daily measure construction, the order of item presentation 

was the same thereafter for each subsequent daily rating.  Although this may potentially 

introduce some kind of systematic bias in how patients respond to these questionnaires, 

this blocked sequence procedure is consistent with several other studies which have also 

used daily ratings to examine intraindividual dimensional structure (e.g., Hokansen et al., 

1991; Ferrer & Nesselroade, 2003;  Mumma, 2004;  Shifren et al., 1997).   

Fourth, several predictors and outcomes displayed problems with poor item 

response frequencies and/or internal consistency reliabilities.  Results from the present 

study indicated that vulnerability to harm and abandonment cognitions were adequate to 

poor predictors of variance in the outcome variables, overall.  These results are likely 

due, in part, to poor approximate intraindividual internal consistency reliability 

coefficients (i.e., approximate α’s = .51 to .56) related to both poor intra-scale 

correlations between items and low number of constituent items (i.e., 3; Nunnally & 

Bernstein, 1994).  With regard to outcome measures, the construct validity of fatigue in 

one participant was unexamined due to pronounced ceiling effects (thus, there was no 

daily variability to model).  Also, in another participant, Anxiety, Depression, and 

Irritability were comprised of two indicators that resulted in modest internal consistency 

reliabilities (i.e., ≥ .7) which may have attenuated the predictive power of the regression 

models (because of modest measurement error in the outcome variables)(Darlington, 

1990).  Unfortunately, as noted previously, the retained items for both anxiety and 

depression variables also displayed poor item response frequencies over time (< 50% 

deviated from floor or ceiling) that probably produced several aberrant factor loadings 

that were obtained for several dynamic models.   

Fifth, further research is needed on how to approach autoregressive conditional 

heteroscedasticity (ARCH) and feedback in DTSR and also phase-state analyses with 

CPTFA.  Unfortunately, there is presently limited guidance, that this author is aware of, 
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on how to appropriately model an ARCH processes in DTSR (see SAS ETS manual, 

2004).  While ARCH models have been developed and extensively used with modeling 

econometric data for over 20 years (Bollerslev, Chou, Kroner, 1992; Porto & Roman, 

2002), these models have received little application, at least that this author is aware of, 

in the study of psychological processes.  Bollerslev and colleagues (1992) note that in 

most instances of ARCH, models specifying long memory process are probably adequate, 

at least when modeling ARCH in financial data (e.g., The New York Stock Exchange).  

The approach used in the present study, whereby 2 of 3 indicators of ARCH (after 

Bonferonni correction) followed by a back-step procedure for removing non-significant 

indicators of long- and short-memory processes is broadly consistent with Bollerslev and 

colleagues recommendation (of using initially fitting a GARCH model with long memory 

process specified) and may serve as a provisional guideline for prospective research.  

Further exploration of the usefulness of this approach is warranted, though.  There is no 

research to this author’s knowledge which has elucidated how to address feedback 

between outcome and predictor variables within the context of DTSR.  Such research is 

desperately needed in an effort to develop models with improved explanatory power (by 

incorporating dynamic and feedback information).  Although feedback could, in part, be 

addressed using DTSR by regressing outcome variables on predictors, this procedure 

does not afford the opportunity to simultaneously estimate feedback relationships, such as 

in nonrecursive structural equation models (SEM) (Kline, 1998).  Methods for using 

intraindividual SEM using daily process ratings have only recently been developed and 

reported (see Mumma & Mooney, 2005a).  Additional research also is needed to establish 

goodness of fit criteria for when modeling deterministic trend, such as when using 

CPFTA in phase-state analyses.   

Sixth, an extensive number of statistical analyses were performed.  Arguably, a 

conservative adjustment to statistical significance levels to protect against spurious 

inflation of Type I error could have been made given the number of statistical analyses 

that were performed.  Instead, the conventional p <.050 was used to denote statistically 

significant results given that this was the first study to date that has investigated the 
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intraindividual construct validity of anxiety, depression, fatigue, and irritability 

symptoms and several theoretically relevant predictors in CHC patients.  Another critique 

relates to whether the amount of data collected (e.g., 55-57 daily ratings*about 90 

observations/participant) can support the extensive number of statistical analyses and 

comparisons that were performed.  Note that nearly every item from the daily 

questionnaire that displayed (daily) variability was used in some aspect of the analyses.  

However, the approach to statistical analyses were complementary and builded upon 

preliminary analyses.  For example, the DTSR analyses used information regarding 

appropriate dimensional structure of the outcome variables that had been elucidated 

previously during CDFA.  Ultimately, further cross-validation and replication of these 

results in additional patients are needed to address these methodological limitations.   

 

Future Directions 

Future studies should endeavor to extend the present results by including more 

CHC participants with greater racial diversity, include additional self-report and 

clinician-rated measures of anxiety, depression, fatigue, and irritability on an ongoing 

basis, and vary the order of item presentation to participants on a daily basis.  By 

including these suggestions, prospective research would afford the opportunity for 

continued replication of the present results in a methodologically sound manner.  The 

additional replications within the context of this single subject design are necessary to 

further bolster the confidence in the conclusions drawn in the present study.  

Additionally, some of the conclusions drawn in the present study, such as those regarding 

phase-state trajectories, could be formally tested within an aggregate-level study using 

multilevel models or latent curve modeling of longitudinal data (see Moskowitz and 

Hershberger, 2002 for more details).  Such studies, using several self- or other-report 

nomothetic and idiographic measures of outcomes and predictors (e.g., stressful event 

rating and cognitions) could provide a particularly powerful replication of the present 

results.  At the present time, there is a paucity of research which has examined the 

efficacy or effectiveness of psychosocial interventions in treating anxiety, depression, 
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fatigue, or irritability symptoms in CHC patients.  Thus, there is an urgent need to 

elucidate clinical effectiveness of psychosocial interventions in CHC patients.  Also, 

careful prospective double-blinded placebo-controlled studies are needed to investigate 

the efficacy of various agents in ameliorating anxiety, depression, fatigue, and irritability 

symptoms in CHC patients.  Careful documentation of treatment characteristics (e.g., 

type, dosage, content) is urged so that the impact of antiviral and/or 

psychiatric/psychological treatment on predictors of dynamic daily symptoms structures 

and phase-state trajectories can be characterized and a database regarding appropriate 

indications and delivery of these treatments/agents can be obtained.   
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Table 30.  Recommended Treatments for Anxiety, Depression, Fatigue, Irritability, and 
Sleep Difficulties Associated With These Symptoms in CHC Patients  
  
__________________________________________________________________________________________________________ 

 
Anxious Mood    

• Psychosocial interventions (e.g., psychological therapy, support groups). 
• Psychiatric medication (e.g., benzodiazapines’s such as Xanax, if  patient does not 

have substance abuse history). 
  
Dysphoric Mood  

• Psychosocial interventions (e.g., psychological therapy, support groups). 
• Psychiatric medication (e.g., SSRI’s such as Celexa, Paxil, or Zoloft). 

 
Fatigue  

• Activity scheduling to maintain some level of physical activity. 
• Afternoon nap of 15 to 20 minute duration. 
• Decrease use of stimulants (e.g., caffeine), drugs, and ethanol. 
• Drink 12 eight oz glasses of water per day. 
• Energy conservation. 
• Exercise to promote improved cardiovascular functioning. 
• Rule out possible ribavirin induced anemia. 
• Small, frequent meals that are well balanced, low in fat. 
• Supplement diet with acetyl L-Carnitine (amino acid). 
• Psychosocial interventions (e.g., support groups) 
• Psychiatric medication (e.g., stimulants such as methyphenidate or  

Monafidil if patient does not have substance abuse history). 
 
Irritable Mood  

• Psychosocial interventions (e.g., psychological therapy, support groups) 
• Psychiatric medication (e.g., SSRI’s such as Paxil)  

 
Sleeping Difficulties  (associated with anxiety, depression, or irritability) 

• Behavioral management (e.g., stimulus control of bed, minimize naps) 
• Exercise in the morning, as tolerated. 
• Medication (e.g., antidepressants such as trazadone) 
• No over counter sleep aids (e.g., alcohol) outside of melatonin supplementation 

(<2mg per night) 
 
__________________________________________________________________________________________________________ 

aReferences:   Aspinall & Pockros (2004), Glacken et al (2003), Hilsabeck et al.(2005), 
Loftis & Hauser (2004), Maddock et al. (2004), Neri et al. (2003), Palmer (2000), 
Worman (1999). 
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The Liver and Liver Disease 

The adult human liver is a 3 to 4 pound, wedge shaped, internal organ that is 

found just underneath the right side of the rib cage (Palmer, 2000; Worman, 1999).  

Structurally, the liver is comprised of hepatocytes (“liver cells”) that receive a rich blood 

supply from the portal vein (from intestines) and the hepatic artery (Worman, 1999).  The 

liver fulfills many important roles for the body, including metobolization of macro- and 

micronutrients (e.g., proteins, carbohydrates, lipids, vitamins), detoxification of 

metabolic byproducts (e.g., ammonia) and absorbed chemicals (e.g., drugs, poisons), 

storage of macro- and micronutrients (e.g., proteins, vitamins A, D, E, K, B12, Iron, 

Copper), production of cholesterol-based hormones (e.g., androgens, thyroid), formation 

of platelets (blood clotting factors), and destruction and recycling of “old” erythrocytes 

(red blood cells) (Palmer, 2000; Worman, 1999).  Damage or injury to liver in the form 

of hepatitis, fibrosis, or cirrhosis can result in liver disease (Palmer, 2000).   

“Hepatitis” refers to the inflammation ("itis") that produces swelling and/or 

irritation in the liver ("hepar") due to any number of etiologies (Palmer, 2000; Worman, 

1999).  Fibrosis is defined as the initial scaring of the liver due to ongoing hepatic 

inflammation or necrosis (hepatocyte death) (Palmer, 2000; Worman, 1999).  Cirrhosis 

occurs as a consequence of irreversible scaring of the liver from chronic 

inflammation/injury that distorts the “normal” liver architecture impairing liver 

functioning (Maling, 2000; Palmer, 2000; Worman, 1999).  Cirrhosis can be relatively 

asymptomatic, termed “compensated” cirrhosis, or it can be associated with a variety of 

medical complications due to a failing liver, termed “de-compensated cirrhosis or end-

stage liver disease (ESLD)” for which there is little recourse outside of liver-transplant 

(see Table 31)(Worman, 1999).  The Histopathological Activity Index, or “Knodell” 

score, is a common quantification method for staging and grading liver inflammation and 

fibrosis/cirrhosis (see Table 32) (Desmet, 1997; Goodman & Ishack, 1995).  Liver 

cirrhosis is also graded according to the Child-Pugh classification system (see Table 33).  

Both of these classification systems yield important information for monitoring the 

progression of liver disease severity, and the latter (i.e., Child-Pugh) is of prognostic 
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significance for expected long-term survival (Papatheodoridis et al., 2005).  Liver disease 

is described according to its etiology (e.g., viral) and its chronicity (acute versus chronic) 

(Palmer, 2000).   

 

The Hepatitis C Virus 

Viruses are very small microorganisms that are approximately 5-250 nanometers 

in length, with the largest of such viruses being minimally 30 times smaller than a single 

erythrocyte (Worman, 1999).  Viruses are parasitic in the sense that they are incapable of 

viral-multiplication or independent metabolism outside of a host cell (Worman, 1999).  

The hepatitis C virus (CHC) genome was first identified in 1989 (see Appendix L) and 

since then six genotypes have been classified (Costa & Schiff, 1999; Melian & Plosker, 

2001; Palmer, 2000; NIH, 2002; Worman, 1999).  Each genotype (e.g., 1 vs. 2) may 

differ genetically from one another by as much as 35 percent with each genotype having 

up to three sub-types (i.e., a, b, and possibly c) (NIH, 2002).  Genotype 1 (subtypes a and 

b) is the dominant form of HCV in the United States accounting for upwards of 80% of 

cases although genotypes 2 and 3 are (less) common as well (Costa & Schiff, 1999; NIH, 

2002; Schiff, 2000).  See Table 34 for the comparative dominance of CHC genotypes in 

other regions of the world.  CHC viral genotyping is an important predictor of treatment 

outcome.  For example, infection with genotype 1 is associated with increased duration of 

interferon/ribavirin treatment and poorer overall sustained response following treatment 

(Costa & Schiff, 1999; Laurer & Walker, 2001; NIH, 2002; Palmer, 2000; Worman, 

1999). Since 1990, a variety of blood tests have been developed that are widely available 

to help screen for the presence of CHC-antibodies and/or determine CHC genotype (e.g., 

ELISA3 and RT-PCR, respectively, see Table 35 for more details). 

CHC is classified as a single stranded ribonucleic acid virus that belongs to the 

Flaviviridae family, and it is genetically related to the hepatitis G, yellow fever, and 

dengue viruses (Douglas, 2005; Hoare & Forton, 2000; Laurer & Walker, 2001; Melian 

& Plosker, 2001; NIH, 2002; Van Theil et al., 1998).  CHC is 1 of 9 viruses that have 

been identified (hepatitis A to G, transfusion-transmitted virus, and SEN-V) which are 
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primarily hepatotropic (target the liver) (Palmer, 2000).  CHC has been called the “major 

player” among the various forms of viral hepatitis in the United States (Schiff, 2000).  In 

patients chronically infected, upwards of 50% or more of the liver’s hepatocytes may 

serve as hosts to the virus (Laurer & Walker, 2001).  CHC replication occurs at a high 

rate during both acute (i.e., < 6 months) and chronic (i.e., > 6 months) infection, with an 

estimated 10 trillion new virons being produced each day (Laurer & Walker, 2001).   

 

Prevalence of the CHC Infection 

   CHC infects an estimated 170 million people worldwide (Laurer & Walker, 2001; 

Worman, 1999).  In the U.S., approximately 3.9 million persons are infected, with 2.7 

million of these, or 1.8% of the general population, developing chronic infection (Alter et 

al., 1999; CDCP, 1999; Costa & Schiff, 1999).  CHC infection in the U.S. affects twice 

as many men as women, and the highest prevalence rates are in African Americans 

(6.1%; Alter et al., 1999; NIH, 2002).  Certain sub-populations (e.g., veterans, 

incarcerated, intravenous drug users) demonstrate higher seropositivity rates as compared 

to the general population (see Table 36)(Cheung & Ahmed, 2001; Falck-Ytter et al., 

2002; NIH, 2002).   

 

Acute and Chronic CHC Infection 

Approximately 35,000 new infections occur in America each year (NIH, 2002; 

Palmer, 2000), and the mode of CHC infection via intravenous drug use (IVDU) is 

presently the leading cause of new infections accounting for an estimated 65% of new 

cases (Palmer, 2000; see Table 37).  After introduction into the body, CHC has an 

incubation period averaging 6 to 8 weeks before symptoms may be observable, although 

this period of time may range anywhere from 2 to 20 weeks (Palmer, 2000).  

Approximately 65-75% of patients who are acutely infected with CHC is asymptomatic 

or exhibit only mild symptoms (e.g., fatigue, muscle, and joint pain) (Lauer & Walker, 

2001; Palmer, 2000).  However, acute CHC infection can be severe with patients 

exhibiting ascites (accumulation of fluid in abdomen), jaundice, and other symptoms seen 
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in ESLD (ESLD, see Table 31), although CHC has only rarely been associated with acute 

liver failure (Palmer, 2000).   

Chronic CHC infection (i.e., > 6 months) or “virema” occurs in approximately 

85% of acute cases (Daar et al., 2001; Lauer & Walker, 2001), with up to one-third of 

chronically infected patients experiencing no overt symptoms despite suffering 

significant hepatic inflammation and/or injury (Hassoun et al., 2002; Maling, 2000; 

Palmer, 2000).  Other patients chronically infected with CHC (CHC) experience a variety 

of symptoms of variable severity ranging from mild nonspecific complaints (e.g., fatigue) 

to severe symptoms associated with decompensated (or “symptomatic”) cirrhosis (see 

Table 31).  Common symptoms may include “influenza” [e.g., fever, fatigue, muscle pain 

(“myalgia”), joint pain (“arthralgia”), anorexia, nausea, rashes, headaches], pain in liver 

area due to enlargement of liver (“hepatomegaly”) termed “upper-quadrant pain”, itching 

(“pruitis”), muscle wasting (“cachexia”) and/or changes in mental status ranging from 

subtle alterations in attention/concentration and hand dexterity (i.e., minimal hepatic 

encephalopathy) to severe hepatic encephalopathy (e.g., coma)(Palmer, 2000; Russo & 

Brown, 2001; Ware et al., 1999; Worman, 1999).   

The persistence of the virus despite immune system activation and/or treatment is 

thought to be a function of CHC’s high replication and mutation rates (Costa & Schiff, 

1999; Laurer & Walker, 2001; Melian & Plosker, 2001; NIH, 2002; Worman, 1999).  

While CHC is not generally thought to be directly deleterious to hepatocytes, chronic 

hepatic inflammation and/or injury via a sustained immune response to viral persistence 

contributes to hepatocyte death (“apoptosis”) and it potentially contributes to the 

development of one or more “extrahepatic” conditions (e.g., hyper/hypothyroidism; see 

Table 38 for others)(Brown & Neuman, 2001; Lauer & Walker, 2001; Palmer, 2000).  

Prospective studies suggest that the formation of fibrotic collagen that may lead to 

cirrhosis, ESLD, and/or liver cancer (“Hepatoma”) in 7-16% of cases after 20 years or 

more of infection (Hoare & Forton, 2000; NIH, 2002; Obhrai et al., 2001; Worman, 

1999). 
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Morbidity of ESLD and Hepatoma, Liver Transplantation, and Mortality in CHC 

Costa et al. (1999) suggest that cirrhotic patients, who are relatively 

asymptomatic, termed “compensated”, can progress to ESLD or develop a hepatoma in 

4% and 1-4%, of cases, respectively.  ESLD is the most common reason for liver 

transplant in the U.S. (Costa & Schiff, 1999; Laurer & Walker, 2001; Palmer, 2000; 

Russo & Brown, 2001; Schiff, 2000; Yates & Gleason, 1998), with approximately 730 

procedures being performed annually (Palmer, 2000).  Up to 50% of CHC patients die 

within 5 years after their cirrhosis “decompensates” (Palmer, 2000).  In 2000, more 

persons died from complications from CHC than from Acquired Immune Deficiency 

Syndrome (Dieperink, Willenbring, & Ho, 2000).  ESLD accounts for an estimated 

10,000 to 12,000 deaths annually (Schiff, 2000; Russo & Brown, 2001; Dwight et al., 

2000), and this number is expected to rise to 38,000 in 2010 (Armstrong et al., 2000; 

Russo & Brown, 2001).  The development of malignant liver cancer (“hepatoma”) in 

CHC patients is associated with a rapid deterioration in functioning and is accompanied 

by symptoms similar to ESLD (e.g., ascites, hepatic encephalopathy) (Palmer, 2000).  

Less than 1 percent of CHC patients with a hepatoma greater than 5 centimeters in 

diameter survive beyond two years (Palmer, 2000).  Total deaths secondary to hepatoma 

are assumed to be less than ESLD (NIH, 2002).   

 

Prognosis 

A poorer prognosis in CHC is associated with continued alcohol consumption, co-

infection with human immunodeficiency virus (HIV) or hepatitis A and/or B viruses 

(HAV or HBV, respectively), male sex, and older age (Lauer & Walker, 2001).  Alcohol 

use has been shown to promote CHC viral replication and increases a patient’s risk for 

developing cirrhosis and its complications (Palmer, 2000; Yates & Gleason, 1998).  

Similarly, comorbid HIV infection in CHC patients seemingly hastens the progression to 

cirrhosis (Lauer & Walker, 2001; NIH, 2002).  Co-infection with HAV and HBV are 

associated with acute liver failure and an accelerated disease course, respectively 

(Palmer, 2000).  Men are estimated to have a four times greater risk than women of 
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developing hepatoma, and research suggests that CHC patients over the age of 55 are 

likely to have a more progressive course (Palmer, 2000).  In contrast, liver enzymes (e.g., 

aspartate aminotransferase, AST; alanine aminotransferase, ALT; see Table 39) that “leak 

out” from injured hepatocytes during CHC infection and CHC viral count show little 

correlation with a patient’s actual degree of liver disease severity (Choi et al., 1999; NIH, 

2002; Palmer, 2000; Worman, 1999).   

 

Antiviral Treatment of CHC 

It is recommended that CHC-infected patients with elevated liver transaminases 

(e.g., ALT), elevated CHC viral counts, and liver inflammation or scaring undergo 

antiviral treatment in order to suppress viral replication and decrease or prevent further 

inflammation and liver damage (Palmer, 2000; Worman, 1999).  The state of the art 

treatment for CHC infection is combination therapy of pegulated-interferon-alpha and 

ribavirin (see Table 40).  Interferon-alpha (IFN-α), or human lymphoblast interferon, is 

an immunomodulatory protein or cytokine that is produced naturally within the human 

body that has both antiviral and antiproliferative effects and can induce the production of 

other cytokines to aid in the immune response to antigens or viruses  (Bonaccorso et al., 

2001; Dusheiko, 1997; Loftis & Hauser, 2004; Malek-Ahmadi, 2001; Monji, Yoshida, 

Tashiro, Hayashi, & Tashiro, 1998; Palmer, 2000; Trask et al., 2000; Worman, 1999).   

Exogenous IFN -α in its natural or recombinant form (i.e., IFN-α-2a or IFN-α-2b) 

can be injected subcutaneously or intramuscularly to enhance natural IFN-α production in 

order to increase the immune response to foster improved viral clearance (Kronfol & 

Remick, 2000; Malek-Ahmadi, In Press; Dusheiko et al., 1997).  The Food and Drug 

Administration has approved a “pegulated” version of IFN-α, that has an improved half-

life that is between 3 to 6 times as long as natural or unpegulated recombinant varieties 

(i.e., between 45-96 hours versus 4-16 hours, respectively)(Shiffman, 2001).  Ribavirin is 

an antiviral agent that has been shown, when added to pegulated-IFN, to improve 

sustained (i.e., 6 month) viral clearance after completing 12 months of treatment in 

patients infected with genotype 1 in about 50% of cases (Douglas, 2005).  However, 
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treatment with Ribavirin alone does not promote sustained viral clearance (Bodenheimer 

et al., 1997).  Predictors of favorable response to the combined treatment include:   Low 

viral titers (< 2 million), CHC genotype other than 1, younger than age 40 or 45, duration 

of illness less than 5 years, absence of cirrhosis with only minimal fibrosis, low iron 

count in liver, low number of viral mutations (“quasi-species”), female gender, and 

alcohol consumption less than 50 grams per day (Brown & Neuman, 2001; Costa & 

Schiff, 1999; Maling, 2000). 

There is large intraindividual variability in the number, type, and severity of 

symptoms experienced while patients are undergoing treatment, with some patients 

experiencing minimal to no side effects (Palmer, 2000; Valentine et al.,1998).  

Discontinuation of antiviral treatment due to severe side effects is uncommon (between 

10-11%; Fried, 2002).  The variability of side effects appears to be related to dose and 

duration of treatment and the patient’s age and amount of liver damage with increased 

dosage/duration and older patients with greater liver damage reporting more side effects 

(Fontana, 2000; Trask et al., 2000).  Common side effects appear to be dose and duration 

dependent (see Table 41) and include flu-like symptoms (e.g., fatigue, fever, myalgia, 

headache), gastrointestinal or other (e.g., anorexia, nausea, pruitis and rash), laboratory 

(e.g., reduction in red or white blood cells/platelets), neurological (e.g., neuropathy, 

seizures, extrapyramidal symptoms), and psychiatric (e.g., depressed, mania, insomnia, 

delirium, and psychosis) (see Table 42; Coates, Walsh, & Logan, 2001; Dusheiko, 1997; 

Fontana, 2000).  Many of the flu-like symptoms appear within half an hour to 8 hours 

after the injection, and these typically abate after the first couple of weeks of treatment 

(Dusheiko et al., 1997; Kronfol & Remick, 2000).  Discontinuation of treatment is 

usually accompanied by the amelioration of side-effects within 2 to 3 weeks, although 

enduring side effects (e.g., mania) as long as 4 years have been reported (see Monji et al., 

1998). 
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Caveats of Antiviral Treatment 

Treatment may not be extended to CHC infected patients for several reasons.  

Absolute contraindications for IFN-α and ribavirin treatment include current psychosis, 

severe depression, low platelet count (“thrombocytopenia”), heart disease, ESLD, 

uncontrolled seizures, pregnancy, no contraception available, renal failure, and anemia 

(see Table 43; Fontana, 2000; Laurer & Walker, 2001, Palmer, 2000).  Other common 

contraindications include IVDU or intranasal drug use (INDU) or alcohol abuse within 

the past 6 months and autoimmune diseases (e.g., “autoimmune hepatitis”) (Kraus et al., 

2001).  Falk-Ytter et al. (2002) and Muir and Provenzale (2002) have noted that 66-72% 

of CHC-infected patients who present for treatment do not receive antiviral therapy.  

Falk-Ytter and colleagues indicated that this was due to non-adherence to medical 

appointments (e.g., failing to complete blood tests, liver biopsy) or education in 37% of 

cases, medical contraindications (see Table 42) in 34% of cases, concurrent ethanol or 

drug abuse in 13% of cases, patient preference in 11% of cases, and normal 

transaminases (i.e., ALT) in 5% of cases.  Thus, many patients who may potentially 

benefit from treatment are not participating in the therapy, and those that do may in fact 

represent a relatively select group (Falk-Ytter et al., 2002).  The consequence of this 

potential selection bias is that the generalizability of results from clinical trials to certain 

sub-populations (e.g., severe psychiatric disorders, active substance abusers, 

incarcerated) is probably limited (Falk-Ytter et al., 2002).   

 

Anxiety, Depression, Fatigue, and Irritability in CHC Patients 

Anxiety symptoms are commonly reported among CHC patients.  Approximately 

15% of CHC infected patients not undergoing antiviral treatment will report anxious 

symptoms (Kraus et al., 2000).  Prevalence of current Diagnostic and Statistical Manual 

for Mental Disorders (4th ed.; DSM-IV) anxiety disorders among CHC patients not on 

antiviral treatment ranges from 4-18%, with the Generalized Anxiety Disorder (GAD) 

diagnosis being the most common (Dwight et al., 2000; Fontana et al., 2002; Maddock, et 

al., 2004).  These percentages are between 2 to 9 times the rates found in the general 
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population (i.e., prevalence of GAD or panic disorder in the general population is 3% and 

2%, respectively; APA, 1994).  Furthermore, upwards of 44% and 10% of CHC patients 

will meet lifetime criteria for past GAD or panic disorder, respectively (Dwight et al., 

2000; Mulder et al., 2000).  However, the prevalence of anxiety disorders may be 

significantly higher in special populations.  For example, between 26-71% of male 

veterans chronically infected with CHC will meet DSM-IV criteria for an anxiety 

disorder (El-Serag et al., 2002; Yovtcheva et al., 2001).   

 Complaints of anxiety are also common among CHC patients undergoing antiviral 

treatment.  Briefly, this antiviral treatment is comprised of an immunomodulatory 

protein, or cytokine termed interferon-alpha (IFN-α or pegulated IFN-α) and an antiviral 

agent termed ribavirin, that when taken together, aids the immune system in response to 

antigens or viruses (Bonaccorso et al., 2001; Dusheiko, 1997; Loftis & Hauser, 2004; 

Malek-Ahmadi, 2001; Schiepers et al., 2005; Trask et al., 2000).  Between 3-34% of 

CHC-infected patients will report anxious symptoms during antiviral treatment (Fontana, 

2000; Fontana et al., 2002; Heathcote et al., 2000), and approximately 1.4% of CHC IFN-

α treated patients will develop substance induced GAD within 2.2 (±1.9) weeks of 

treatment initiation (Hosoda et al., 2000).  While complaints of anxiety may be common 

during treatment, exacerbations in anxious symptoms do not always occur during 

antiviral treatment (Mulder et al., 2000). 

Reports of depressive symptoms are common in CHC patients.  Depending on 

which studies are cited, depressive symptoms are likely to occur in approximately 7-60% 

of CHC patients not undergoing interferon treatment (Cordoba et al., 1998; Goulding et 

al., 2001; Hilsabeck et al., 2002, 2003; Hunt et al., 1997; Johnson et al., 1998; Lee et al., 

1997; Poynard et al., 2002).  Between 5-39% of CHC patients not undergoing antiviral 

treatment will meet criteria for current Major Depressive Disorder (MDD) or Dysthymia 

(Dwight et al., 2000; Maddock et al., 2004; Schaefer et al., 2005; Tavakoli-Tabasi et al., 

2005; Yovtcheva et al., 2001), and these rates are minimally about two times the general 

population (general population prevalence 2-9%; Fontana, 2000; APA, 1994).  

Furthermore, between 5-44% will meet criteria for a past major depressive episode or 
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dysthymia prior to seeking treatment for CHC symptoms (Dwight et al., 2000; Maddock 

et al., 2004).  As with anxiety, these prevalence rates are even higher in special 

populations, notably in male veterans infected with CHC where documented MDD 

prevalence rates range from 49-85% (El-Serag et al., 2002).   

Between 21-45% of CHC patients undergoing antiviral treatment will report 

depressive symptoms (Amodio et al., 2005; Aspinall & Pckros, 2004; Castera et al., 

2002; Fontana, 2000; Loftis & Hauser, 2004), although exacerbations in depressive 

symptoms do not always occur during treatment (see Mulder et al., 2000).  Upwards of 

20% of these CHC patients who report depressive symptoms will require psychiatric 

treatment (McDonald et al., 2002).  Fontana (2000) characterized the depressive 

symptoms during antiviral treatment as including fatigue, apathy, poor concentration, 

slowness, withdrawal, and reduced psychomotor and verbal activity, and suggested that 

these symptoms may be difficult to differentiate from “flu-like” symptoms.  The 

development of a substance (i.e., IFN-α) induced MDD in CHC patients undergoing 

treatment ranges from 0-59% (Amodio et al., 2005; Castera et al., 2002; Hosoda et al., 

2000; Kraus, Schafer, Faller, Csef, & Scheurlen, 2002; Scalori et al., 2005; Schaefer et 

al., 2005), and time to occurrence of these symptoms ranges from 1-22 weeks (mean = 

between 5.1 to 10.4 weeks; Hosoda et al., 2000; Kraus et al., 2002).  The variability in 

incidence rates may be due to the reporting of somatic symptoms as “depression” and 

lack of gold standard for the assessment of depression (Amodio et al., 2005), and whether 

or not depression was diagnosed by mental health professionals or others as part of the 

treatment team (Schaefer et al., 2005).  Identified risk factors for IFN-α induced MDD in 

CHC includes higher baseline depression (prior to starting IFN-α) and older age (> age 

50; Loftis & Hauser, 2004).  Note that less than 1% of patients undergoing antiviral 

treatment will complete suicide attempt (Fontana, 2000; Trask et al., 2000).  However, 

instances of completed suicide have been reported in CHC patients who have not had a 

history of depression and/or suicide (Fontana, 2000; Janssen, Brouwer, van der Mast, & 

Schalm, 1994). The above prevalence rates may be an underestimate, however, as most 
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clinical trials exclude patients with significant psychopathology (Cheung & Ahmed, 

2001; Van Theil et al., 1998).   

Fatigue is an ill-defined yet common symptom in both the general population and 

in general medical practice (Brunier & Graydon, 1996; Chalder et al., 1993; Glacken et 

al., 2003; Wessely & Pariante, 2002).  Fatigue has been variously defined as physical 

exhaustion or tiredness, muscle weakness, low physical energy, reduced psychological 

motivation and/or boredom, or diminished ability to carry out mental computation 

(Brunier & Graydon, 1996; Chalder et al., 1993; Chambers & Docktor, 1993; Lee et al., 

1991; Winstead-Fry, 1998).  The prevalence of fatigue in the general population in the 

United States is approximately 14-30%, and fatigue is more commonly reported by 

women than men (ratio about 3:2, respectively; Lee et al., 1991; Piche,  et al., 2002; 

Wessely & Pariante, 2002).  In general medical practice, fatigue is reported in 7-45% of 

patients (Smets, Garssen, Bonke, & De Haes, 1995).   

Subjective complaints of fatigue are common in CHC patients (Poynard et al., 

2002) with reported incidence rates of 40-97% regardless of their stage of liver disease 

(Barkhuizen et al., 1999; Goh et al., 1999; Lee et al., 1991; McDonald et al., 2002).  

Fatigue is the most common symptom accompanying liver disease (Neri et al., 2003; 

Palmer, 2000), and fatigue is more likely to reported in CHC patients who are older 

(Poynard et al., 2002) and female (Goh et al., 1999; Hilsabeck et al., 2005; Poynard et al., 

2002).  The wide range in prevalence likely reflects differences in operational definitions 

and measurement of fatigue (Smets et al., 1995).  The prevalence of fatigue in CHC 

seropositive and negative blood donors is reportedly 61% and 70%, respectively 

(Wessely & Pariante, 2002).  Complaints of fatigue of variable severity are reported in 

approximately 50-80% of CHC patients undergoing antiviral treatment (Aspinall & 

Pockros, 2004; Fontana, 2000), and fatigue is seemingly related to dose and duration with 

increased complaints occurring with higher dosages and longer treatment (Cotler et al., 

2000). 

Symptoms of irritability, or anger/hostility, also are commonly reported in CHC 

patients.  The prevalence of these complaints in CHC ranges between 20-52% (Fontana, 
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2000; Fontana et al., 2002; McDonald et al., 2002), and these symptoms are more 

frequently reported in men as compared to women (52% versus 41%, respectively; 

McDonald et al., 2002).  Furthermore, CHC patients will report that their irritability is of 

greater comparative severity than non-liver disease patients or healthy controls (Obhrai et 

al., 2001).  Complaints of increased irritability in CHC patients undergoing antiviral 

treatment are reported in approximately 24-35% of cases (Aspinall & Pockros, 2004).  

Moreover, approximately 7% of CHC patients undergoing antiviral treatment will 

develop what Renault and colleagues (1987) refer to as an “organic personality 

syndrome” that is characterized by a marked increase in irritability and a quick reactive 

temper.  These researchers noted that this substance induced personality syndrome 

typically occurs during the second or third months of treatment, and that it may have a 

deleterious impact upon interpersonal relationships.  As noted previously with regard to 

depression and anxious symptoms, as above, exacerbations in irritability do not always 

occur during antiviral treatment (Mulder et al., 2000).    

Anxiety, depression, fatigue, and irritability are poorly understood in terms of 

their etiology and relationship to the pathogenesis of CHC itself (Forton et al., 2002; 

Gershon et al., 2000; Glacken, et al., 2003; Goh et al., 1999; Neri et al., 2003).  

McDonald and colleagues (2002) have shown that anxiety symptoms in CHC patients are 

correlated with depressive symptoms (r = .79, p = .01), fatigue (r = .70, p = .01), and 

irritability (r = .65, p = .01), and depressive symptoms are significantly associated with 

reports of fatigue (r = .80, p = .01) and irritability (r = .73, p = .01).  These researchers 

also reported that fatigue is correlated with irritability (r = .61, p = .01) (McDonald et al., 

2002).  In a recent study, Hilsabeck and colleagues (2005) also showed that that fatigue 

was moderately to highly correlated with depression (r = .61, p <.001).  While these 

symptoms appear to be moderately to highly inter-correlated, anxiety, depression, and 

irritability symptoms are not correlated significantly with the severity of ongoing liver 

disease (LD) in CHC (e.g., amount of cirrhosis/inflammation, serum ALT levels, and/or 

Child-Pugh scores)(Barret et al., 2001; Dwight et al., 2002; Fontana et al., 2002; Hassoun 

et al., 2002; Hunt et al., 1997; Kraus et al., 2000; Malaguarnera et al., 1998; McDonald et 
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al., 2002; Singh et al., 1997; Tavakoli-Tabasi et al., 2005).  In a homogenous sample of 

Irish females infected with CHC via immunization, Barret and colleagues (2001) have 

reported that there are no significant differences in the prevalence of depressive 

symptoms in patients who were seropositive or seronegative (after clearing the hepatitis 

C virus either spontaneously or via IFN-α), suggesting that active CHC infection per se 

may not always be accompanied by depressive symptoms.  Fatigue appears to be weakly 

correlated with albumin (r = .11, p < .050; Tavakoli-Tabasi et al., 2005) and cirrhosis (r = 

-.08, p < .050; Kleinman et al., 2000).  However, most studies do not find support for this 

latter association (e.g., Barkhuizen et al., 1999; Barret et al., 2001; Gershon et al., 2000; 

Goh et al., 1999; Hassoun et al., 2002; Hilsabeck et al., 2005; McDonald et al., 2002; 

Piche et al., 2002), and a number of studies have also failed to find a significant 

correlation between serum ALT levels, viral count, or level of circulating serum cytokine 

levels and fatigue [see Wessely & Pariante (2002) for review;  Barret et al., 2001; 

Gershon et al., 2000; Hassoun et al., 2002; Hilsabeck et al., 2005; Piche et al., 2002; 

Poynard et al., 2002; Tavakoli-Tabasi et al., 2005] .   

Given that that there appears to be a relative lack of association between LD 

severity and these symptoms, several hypotheses have been offered in the literature to 

account for the etiology of these symptoms in CHC infected patients.  The proposed 

psychological mechanisms for anxiety, depression, fatigue, and/or irritability in CHC 

patients include:  1) history of alcohol/substance abuse and/or depression as predisposing 

factors, 2) reactive emotional distress, and 3) co-activation of depressotypic response 

modes, or some combination of the above.  The proposed physiological mechanisms for 

anxiety, depression, fatigue, and irritability in INF-α treated or untreated CHC patients 

include:   1) cytokine neurotoxicity, 2) direct CHC infection of the brain, and 3) acetyl L-

Carnitine deficits, or some combination of the above.  Each of these hypotheses will be 

described and recent empirical studies supporting and/or detracting from these 

hypotheses will be introduced and critiqued, as below. 
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Psychological Hypothesis #1:  History of Alcohol/Substance Abuse and/or Depression as 

Predisposing Risk Factors   

The first psychological hypothesis regarding anxiety, depression, fatigue and 

irritability in patients infected with CHC stipulates that having a past psychiatric history 

of substance abuse and/or depression serves as a major risk factor for prospective 

development of these highly intercorrelated psychiatric symptoms.  Epidemiological 

studies suggest that MDD is the most common comorbid psychiatric diagnosis in the 

general population accompanying substance abuse/dependence disorder.  MDD is 

diagnosed in 11-25% of substance abusers depending upon the nature of the substance 

abused (Turner & Hersen, 1997).  Having more than one major depressive episode of 

depression (MDE) is predictive of increased probability of MDD relapse (Turner & 

Hersen, 1997; APA, 1994).  For example, 50-60% of persons with one MDE will relapse 

and have a second episode (APA, 1994). Having a history of two MDEs is associated 

with a 70% probability of having a third episode, while having a three or more MDEs is 

accompanied by a 90% chance of relapsing (APA, 1994).   

The frequency of current substance abuse (alcohol or other) and MDD in CHC 

ranges from 4-31% and 23-28% of cases, respectively (Dieperink et al., 2000; Dwight et 

al., 2000; El-Serag et al., 2002; McDonald et al., 2002; Yates & Gleason, 1998; 

Yovtcheva et al., 2001).  The prevalence of lifetime history of substance abuse (alcohol 

and IVDU, respectively) or dependence (either alcohol or IVDU) and non-IFN-α induced 

MDD in CHC has been reported in 33-92%, 22-31%, and 42% of cases, respectively 

(Dwight et al., 2000; Fontana, 2000; Goulding et al., 2001; Yovtcheva et al., 2001).  As 

many as 50% of CHC patients will report that their alcohol/drug use preceded the 

development of their psychiatric symptoms (El-Serag et al., 2002), and approximately 

95% of patients who are later diagnosed as having CHC will have been diagnosed in the 

past with a psychiatric disorder (Yovtcheva et al., 2001).  Up to 78% of CHC patients 

currently exhibiting a current psychiatric disorder will report having a past diagnosis of 

substance abuse (ETOH/drug), but only 7% will have had  psychiatric disorder (past or 

present) without past/present drug/ETOH disorders (El-Serag et al., 2002).   
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Some researchers have suggested that past history of alcohol/drug use is 

predictive of depression and fatigue in CHC patients (Trask et al., 2000).  In support of 

this contention, McDonald and colleagues (2002) report that IVDU history is correlated 

with concurrent depressive and fatigue symptoms (i.e., r = .35 and .25, respectively). 

However, others have not found a significant relationship between a reported history of 

IVDU and the presence of concurrent anxiety, depressive, or fatigue symptoms (Forton et 

al., 2002; Hilsabeck et al., 2005; Kraus et al., 2000), and others have noted that being 

diagnosed with MDD in the past does not necessarily predispose one to experience 

disturbances in mood while undergoing antiviral treatment (Mulder et al., 2000). 

Review of the literature focused on 13 recent empirical studies.  Of these, only 

three studies (i.e., El-Serag et al., 2002; Johnson et al., 1998; McDonald et al., 2002) 

provided empirical support for the first psychological hypothesis in CHC (after 

inspecting their results or discussion section).  Each study will be introduced and a 

methodological critique will be offered. 

In a study using International Classification Disease identified codes in a database 

for over 1.9 million veterans, El-Serag and colleagues (2002) employed a cross-sectional 

study and conducted a variety of univariate and multivariate analyses to explore the 

prevalence of drug/alcohol use, psychiatric disorders, and CHC in 33,824 CHC 

seropositive Vietnam-era veterans and 134,322 randomly selected CHC seronegative 

controls.  Results from their study indicate that approximately 1.77% of 1.9 million 

veterans tested positive for CHC.  Of these, 85% of CHC seropositive patients had at 

least one past or present psychiatric, substance or alcohol use disorder.  31% of these 

patients had an active psychiatric or drug/Alcohol (“ETOH”) use disorder, and 78% of 

these also had a past drug/ETOH use disorder.  Only 6.5% of CHC seropositive patients 

had psychiatric disorder (past or present) without past/present drug/ETOH disorders.  

Depression was comorbid with drug/ETOH use in 85% of cases, anxiety (excluding Post 

Traumatic Stress Disorder, PTSD) was present in 71% of cases, PTSD in 43%, psychotic 

disorder in 42%, bipolar disorder in 30%, and dementia in 25%.  In 50% of CHC 

seropositive cases, drug/ETOH use preceded the development of psychiatric problems.  



 

 

 

171

Non-Caucasian ethnicity, younger age, and male sex were associated with a greater risk 

for CHC infection.  The authors concluded that drug and alcohol use is very common 

amongst hospitalized Vietnam-era veterans.  The methodological limitations that were 

evident in that study included no specification if structured clinical interviews were used 

to establish International Classification Disease codes in the patient’s Veterans 

Administration records (unreliable methods used to establish diagnosis), under 

representation of women (<1% = poor generalizability), no adjustments were made for 

multiple statistical comparisons (possible inflation of Type I error), and a potential 

confounding of patients knowledge of their viral status (reactive effects). 

In a study using the Risk Behavior Assessment (demographics, IVDU/ETOH), 

and Centers of Epidemiological Studies – Depressed scale (CESD), Johnson and 

colleagues (1998) employed a cross-sectional design and conducted various univariate 

and multivariate analyses to explore the prevalence of CHC and depression in a sample of 

309 IVDU patients not undergoing substance abuse or antiviral treatment.  Results from 

their analysis indicated that 53% of the IVDU sample was CHC seropositive.  58% of the 

CHC seropositive group and 47% of CHC seronegative-IV drug users, respectively, 

evidenced “casesness” on the CES-D.  The percentage of cases amongst the two groups 

was not statistically significant, however.  Results from an MANOVA would indicate 

that differences in CHC status were significantly different amongst the two groups on the 

CESD ‘High Positive Affect’ subscale.  The authors concluded that cases of depression 

found in previous research may be accounted for by substance abuse history alone.  The 

methodological problems that were evident in that study included monoperation (e.g., 

used self-report measures only) and method bias (used only one self-report measure of 

depression), no conservative adjustment for alpha level was made, and no liver biopsy 

information was presented (possibly affecting generalizability to the spectrum of liver 

disease).  

In a study using the Fatigue Impact Scale (FIS), Symptom Checklist-90-Revised 

(SCL-90-R), and various markers of CHC disease severity (i.e., ALT, biopsy score), 

McDonald and colleagues (2002) employed a cross-sectional design and conducted 



 

 

 

172

hierarchical linear regressions to explore the relationship between depression, fatigue, 

and markers of disease severity in 115 CHC patients.  Results from their analyses 

indicated that 83% of the sample reported fatigue as the predominant symptom, 47% of 

the sample indicated that fatigue was experienced ‘some of the time’, 37% said it was for 

‘much of the time’, 31% said it was ‘constant’, and 51% reported episodic fatigue.  In 

addition, clinically significant depression was reported in 53% of the sample (58% and 

49% of males and females, respectively).  Bivariately, fatigue was related to higher levels 

of psychopathology, past IVDU, and fibrosis score.  Multivariately, depression accounted 

in 62% of the variance in fatigue, whereas fibrosis score was non-significant. The only 

significant predictor of liver fibrosis was duration of binge drinking in past (R2 = .14).  

Patients with history of IVDU (79% of the sample) reported significantly higher levels of 

psychopathology. Anxiety symptoms were reported in 48% and 41% percent of men and 

women, respectively.  The authors concluded that depressive disorders were common 

amongst this sample and that depression is highly predictive of fatigue, but markers of 

severity of hepatic disease were not.  Furthermore, the authors suggested that treatment of 

depression, such as psychological therapy, may have important implications for 

fatigue/functional impairment for patients with CHC.  The methodological problems that 

were evident in that study included mono-method and mono-operation bias, removal of 

fatigue items from the SCL-90-R invalidates the clinical interpretive guidelines for the 

measure (although one can prorate), no comparison/control group, no semi-structured 

interviews used to establish clinical diagnosis, only 57% of the sample had biopsy 

information available, the authors used a tertiary care sample (severity of hepatic disease, 

potential problems with generalizability), liver biopsy was taken within 1 year prior to 

completion of questionnaire (although ALT was taken same day),  a very small 

proportion of sample had cirrhosis (i.e., 8% of sample who had liver biopsy done = 

limited generalizability across spectrum of disease severity), and 99% of sample was 

Caucasian (poor generalizability to other ethnicities).   

In contrast, 10 of 13 recent empirical studies reviewed (i.e., Fontana et al., 2002; 

Forton et al., 2002; Goulding et al., 2001; Hassoun et al., 2002; Hilsabeck et al., 2002, 
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2005; Kraus et al., 2000, 2002; Lee et al., 1997; Mulder et al., 2000) do not support this 

hypothesis in CHC (after inspecting their results or discussion section). Each of these 

studies will be introduced and methodologically critiqued next.   

In a study using the Brief Symptom Inventory (BSI) and Medical Outcomes 

Survey Short Form 36 (MOS-SF-36) and various markers of CHC disease severity (i.e., 

ALT, AST, biopsy), Fontana and colleagues (2002) employed a cross-sectional design 

and conducted various univariate analyses to explore the prevalence, type, and severity of 

psychiatric symptoms in 220 CHC patients.  Results from their study indicated that 

females were twice as likely to have psychiatric comorbidities than males (28% and 14% 

of patients, respectively).  Clinical diagnosis of depression and anxiety, via medical 

records, was reported in 15% and 4% of cases, respectively.  Clinically significant 

depressive and anxious symptoms (i.e., t-score >63 on BSI subscale) were reported in 

28% and 34% of cases, respectively.  The patient’s age, race, gender, and educational 

level were not associated with elevated symptom measure scores on the outcome 

measures, nor were serum ALT levels or the presence of cirrhosis.  These authors 

reported that patient’s who “expected to have a fatal outcome” from their CHC had the 

highest BSI scores.  A history of alcohol consumption was reported in 54% of cases, and 

approximately 22% of total sample considered themselves dependent.  No significant 

association between substance abuse history and the global severity scores was indicated.  

The authors concluded that an additional understanding of etiological factors in 

psychological distress is needed in order to promote the development of targeted 

interventions.  The methodological problems that were evident in that study included 

mono-method and mono-operation bias, no control/comparison group, diagnosis of 

depression or anxiety was not established nor assessed for via structured clinical 

interview, the authors used a tertiary medical care sample, and 81% of sample was 

Caucasian.   

In a study using the Beck Depression Inventory (BDI), Hospital Anxiety 

Depression Scale (HADS), MOS-SF-36, a brief neurocognitive battery [Cognitive Drug 

Research computer battery, Trial Making Test forms A and B (TMTA/B), and Digit 
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Symbol (DS), and North American Adult Reading Test], serum ALT, and magnetic 

resonance spectography (MRS) (in only17 patients), Forton and colleagues (2002) used a 

cross-sectional design and conducted a variety of univariate analyses to investigate the 

relationships between the degree of hepatitis, depression, fatigue, cognitive impairment, 

and cerebral metabolites in 27 patients infected with CHC and two comparison groups 

(16 CHC cleared patients and 362 “healthy” controls). Results from their study suggest 

that a history of IVDU was unrelated to performance on neurocognitive battery.  The 

CHC seropositive group scored significantly worse on the computer derived scores of 

“power of concentration” and “speed of memory process” than did the “healthy” or CHC-

cleared comparison groups, but no differences were found on the paper-based measures 

(TMTA/B or DS tasks).  A history of IVDU was not correlated with severity of mood 

disturbances.  No relationship was found between serum ALT concentrations and the 

brief neurocognitive battery.  Results from the MRS arm of the study suggested that the 

choline/creatine ratio was significantly elevated in the CHC-infected group compared to 

29 “healthy” controls in the basal ganglia and white matter.  No difference was found 

between CHC seropositive patients and controls on a neuronal marker (N-actyl-aspartate, 

NAA).  CHC-infected patients, who had two or more impaired neurocognitive indicators, 

were found to have higher choline/creatine ratios than the healthy volunteers. No 

association was found between the levels of metabolites and depression, fatigue, or MOS-

SF-36 scores.  The authors concluded that the pattern of neurocognitive deficits observed 

in the CHC-infected patients (i.e., >2 impaired performances on the battery) would seem 

to suggest involvement of the sub-cortical brain systems.  Forton et al. (2002) also 

reported that the increased choline/creatine levels was suggestive of a condition where 

there is “increase cellular proliferation” or “altered membrane fluidity” like that observed 

in infectious conditions like the Human Immunodeficiency Virus (HIV).  The 

methodological limitations that were evident in that study included biopsy scores were 

not employed in the analyses (difficult to ascertain generalizability of study to patients 

with variable degrees of inflammation/fibrosis), CHC-cleared patients did not undergo 

MRS procedure, the sample was drawn from tertiary medical center, and their patient 
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groups did not include patients with significant fibrosis or cirrhosis (that, in the author’s 

words, rules out minimal type hepatic encephalopathy or hepatic encephalopathy). 

In a study using the Fibromyalgia Impact Questionnaire, HADS, and CHC RNA 

screen, Goulding and colleagues (2001) employed a cross-sectional design and conducted 

t-tests and Mann-Whitney U tests to explore the relationship between the presence of 

CHC-RNA, anxiety, depression, fibromyalgia, rheumatoid symptoms, and mode of CHC 

acquisition in a sample of 77 patients infected or previously infected with CHC and 25 

sex- and age-matched controls.  Results from their study indicated that 33% of their CHC 

patients had a history of IVDU, and 5% met criteria for fibromyalgia (versus 2% in 

normal population).  Furthermore, 45% of CHC (seropositive or cleared) patients scored 

in the “possibly” or “probably” clinically depressed range compared to only 4% in 

control group.  The authors concluded that high levels of anxiety, depression, and 

reduced quality of life are common in CHC infected patients regardless of LD severity or 

mode of CHC acquisition.  The methodological limitations that were evident in that study 

included mono-method and mono-operation bias, unknown psychometric properties of 

Fibromyalgia Impact Questionnaire (which measures, in part, fatigue), and no 

conservative adjustment of alpha level in light of multiple statistical comparisons.  

In a study using the FIS, fatigue visual analogue scale, and various markers of 

CHC disease severity (i.e., CHC RNA, Knodell inflammation, fibrosis score), Hassoun 

and colleagues (2002) employed a cross-sectional design and conducted a variety of 

univariate and multivariate analyses to explore the relationship between fatigue and 

markers of liver disease severity in a sample of 92 CHC patients and two comparison 

groups (i.e., 116 patients with primary billiary cirrhosis and 213 “healthy” blood donors).  

Results from their study indicate that 33% of CHC-infected patients were asymptomatic, 

38% and 35% of the CHC patients listed IVDU and transfusion as primary mode of 

acquisition, respectively, and 67% of CHC-infected patients reported fatigue as the worst 

or one of the worst symptoms (noted in 49% of cases).  In 25% of these CHC patients, 

fatigue was present every day, and 12% of them suffered if for more than 12 hours per 

day.  There was no significant bivariate relationship between FIS scores in CHC patients 
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according to gender, “symptomatic” versus “non-symptomatic” subgroups, mode of CHC 

acquisition, alcohol consumption, ALT levels, or fibrosis scores.  CHC seropositive 

patients who were working had lower FIS scores than those who were not.  Multivariate 

analyses indicated that only “working status” was a significant predictor of fatigue, and 

that any clinical, biochemical, or pathological disease markers were not significant 

predictors. FIS scores were variable across the CHC infected group, with 26% of sample 

within “normal” control levels.  The authors concluded that limitations imposed by 

fatigue on the patients social activity has the greatest impact on their quality of life, 

patients who are working report significantly less fatigue, and the symptom of “fatigue” 

is not related to the activity of the liver disease.  The methodological problems that were 

evident in that study included mono-method bias, the authors used a tertiary care sample, 

no indication of conservative adjustments for multiple statistical comparisons, and only 

36 liver biopsy’s were recent (i.e., within 18 months, perhaps outdated). 

In a study using measures of neuropsychological functioning [i.e., Rey Complex 

Figure Test, Digit Cancellation (DC), TMTA/B, Symbol Digit Modalities Test (SDMT), 

Shipley Institute of Living Scale], MOS-SF-36, Fatigue Severity Scale (FSS), and 

fibrosis staging, Hilsabeck and colleagues (2002) employed a cross-sectional design and 

a number of univariate analyses to explore the relationships between LD severity, 

neuropsychological, quality of life, and fatigue in a sample of  44 CHC patients, 22 CHC 

plus other comorbid conditions, and 14 other patients with LD of other etiologies.  

Results from their study indicated that there was a significant association between stage 

of fibrosis and cognitive performance in 4 of 8 neuropsychological measures (DC, TMT 

A/B, and SDMT).  Level of fibrosis was significantly correlated with DC time (r = .31, p 

= .005), TMT-A (r = .43, p <.001), TMT-B (r =.27, p = .009), and SDMT (r = -.41, p 

<.001).  44% of the cirrhotics performed in the impaired range on SDMT task as 

compared to 20% of non-cirrhotics. In contrast, there was no significant difference 

between cirrhotics and non-cirrhotics on MOS-SF-36 and FSS scores, or on past 

psychiatric medication, history of drug abuse, or current alcohol use.  These authors 

reported that there was no significant differences on neuropsychological tests scores 
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between CHC infected patients only, CHC plus another comorbid condition, or other 

types of LD.  The authors concluded that a significant percentage of CHC patients exhibit 

cognitive impairment especially in the domains of attention, psychomotor speed and 

mental flexibility.  Visuoconstructive skills and ability to remember previously learned 

information following a delay was relatively intact.  A sub-cortical pattern of deficits, 

similar to those reported in other chronic medical condition like HIV was posited by the 

authors.  The effects of CHC on cognitive performance were not different from those 

associated with other causes of chronic liver disease. The results suggest that the longer 

one experiences chronic hepatic injury, the more one is likely to develop neurocognitive 

problems.  The methodological problems that were evident in that study included 23% of 

CHC group were undergoing antiviral treatment while completing measures (potential 

confound secondary to cytokine neurotoxicity), 52% of sample was cirrhotic, only one 

standard deviation below demographic corrected norms was considered clinically 

significant (perhaps to liberal), patients recruited from tertiary care sample, 

monomethod/operation bias, and small sample size for chronic LD comparison group (14 

patients). 

In a study using the Multidimensional Assessment of Fatigue (MAF), BDI-II, 

MOS-SF-36, and liver disease markers (i.e., ALT, AST, fibrosis), Hilsabeck and 

colleagues (2005), used a cross-sectional design and nonparametric and parametric 

statistics (including hierarchical linear regression) to elucidate potential biopsychosocial 

predictors of fatigue in 94 CHC patients.  Results from their study indicated that fatigue 

was significantly correlated with gender, history of psychiatric problems, self-reported 

depression, physical functioning, pain, and social functioning (|r’s| range from .25 to .73, 

all p ≤ .020).  In contrast, age, history of drug abuse, and fibrosis stage were not 

significantly associated with fatigue.  About 68% of the variance in fatigue was 

accounted for by social functioning, physical functioning, depression, and gender.  Social 

functioning, within the context of the latter predictors, made the strongest unique 

contribution to fatigue symptom prediction (i.e., accounting for 52% of fatigue’s 

variance). The authors concluded that social functioning was the strongest unique 
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predictor of predictor of fatigue.  They added that over two-thirds of the variance in 

fatigue was explained by perceptions of social and physical functioning, endorsement of 

depressive symptoms, and female gender. The methodological limitations that were 

evident in that study included monoperation/method bias, no conservative adjustment 

was made to significance level in light of multiple statistical comparisons, potential for 

spurious inflation of covariance amongst BDI-II and MAF because the former measure 

includes neurovegetative symptoms such as fatigue, and the authors used a tertiary 

medical center.   

In a study using the HADS, State Trait Anxiety Inventory (STAI), Freiburg 

Questionnaire on Coping with Illness, and various markers of CHC disease severity (i.e., 

ALT, AST, biopsy), Kraus and colleagues (2000) employed a cross-sectional design and 

conducted various univariate analyses to explore the relationships between depression, 

anxiety, various coping strategies, and CHC disease severity variables in 113 referred 

outpatients infected with CHC.  Results from their analysis indicated that 47% of CHC 

patients were infected via IVDU, 22% of patients had clinically elevated depression 

symptoms, and 15% of these patients had clinically elevated anxiety symptoms.  No 

relationship between history of IVDU and current levels of depression or anxiety was 

found and markers of disease severity (i.e., cirrhosis, fibrosis, hepatitis) were not related 

to levels of depression or anxiety.  Older patients (> age 50) also were significantly more 

depressed.  Furthermore, significantly lower levels of depression or anxious symptoms 

were reported in patients recently diagnosed with CHC as compared to patients with 

longer interval post CHC diagnosis.  Problem-solving behavior was the dominant coping 

mechanism next to distraction, self-revalorization, religiousness and search for meaning, 

cognitive avoidance and dissimulation, and depressive coping.  Sociodemographic 

variables (gender, family status, partnership background, employment status) had no 

influence on the order or extent of coping.  There was no statistically significant 

difference on preference of coping styles and the different modes of CHC acquisition, nor 

for the degree of cirrhosis or previous treatment with IFN-α.  Only older age (> age 50) in 

CHC patients was significantly related to ‘religiousness and search of meaning’ (r =.03, p 
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< .010).  Problem-solving coping was significantly more endorsed in patients recently 

diagnosed (i.e., > 4 weeks but < 6 months) than in patients with knowledge of their 

infection greater than 6 months.  Knowing of their infection for more than 5 years was 

significantly correlated with a higher level of depression and lower levels of problem-

solving coping.  The authors concluded that the latency of increased depression and 

anxious symptoms in those who have had a longer interval since CHC diagnosis may be 

due to the realization that problems CHC-related problems (e.g., hepatoma or liver 

failure) are typically a function of time.  The methodological problems that were evident 

in that study included mono-method and mono-operation bias, no control/comparison 

group, no conservative adjustments to alpha level for multiple comparisons was made, 

diagnosis was not established nor assessed for via structured clinical interview, and the 

authors used a tertiary care sample. 

In a study using a structured clinical interview to establish DSM-IV diagnoses 

(German equivalent, specific protocol not specified), the HADS, the SCL-90-R Anger-

Hostility subscale, and various markers of liver disease (i.e., blood count, ALT, CHC 

antibodies, CHC-RNA, liver biopsy), Kraus and colleagues (2002) employed a 

longitudinal design and conducted parametric and nonparametric statistical tests to 

explore the efficacy of parexetine (i.e., Paxil; 20 mg/day) in a sample of 14 CHC patients 

who developed substance induced major depressive disorder (SIMDD) at seven time 

points before, during and after antiviral treatment.  Results from their study indicated that 

14 of 121 (12% of sample treated with IFN-α) developed a substance induced MDD.  

There was no difference in pre-treatment clinical (age, sex, IVDU history or not), 

virological (CHC genotype), and histological data (staging/grading of liver damage) in 

those who developed SIMDD or not.  79% (11/14) of the SIMDD cases successfully 

responded to parexetine, with a significant reduction in severity noted after just 2 weeks 

and these patients were able to complete antiviral treatment.  Self-reported anger-hostility 

increased when the SIMDD occurred, however, the exacerbation in depression and anger-

hostility were only weakly to moderately correlated in a positive direction (r = .26).  

Similar to depression, improvements in the levels of anger-hostility were observed after 2 
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weeks of parexetine treatment.  The authors concluded that the efficacy of parexetine in 

this small sample is higher than the general population (which is reportedly between 58-

77%), perhaps due impart to the homogenous etiology in SIMDD and irritability (i.e., 

serotonin depletion) in the CHC patients.  The authors recommended that this agent 

should be employed for the treatment of these emotional disturbances when patients are 

undergoing antiviral treatment.  The methodological limitations that were evident in that 

study included small sample size (only 14), no control group, and no adjustment of alpha 

level in light of multiple statistical comparisons. 

Lee and colleagues (1997) used a cross-sectional design to investigate the 

relationships between source/time of exposure, symptoms of LD, alcohol use, liver 

biopsy, and coexisting illness in 500 consecutively referred CHC patients.  Results from 

their analysis indicated that the primary CHC risk factors included transfusion (54%) and 

IVDU (17%).  Cirrhosis was detected in 60% of cases who were chronically infected for 

more than 25 years.  15-24% of the sample evidenced symptoms associated with ESLD 

after only 6 years of exposure.  There was, however, no significant relationship between 

the duration of the LD and fatigue.  Depression symptoms were reported in 24% of the 

sample, which were “severe enough” to indicate psychiatric treatment.  Depression was 

not related to past IVDU history.  No relationship between alcohol consumption and 

biopsy findings was found.  The authors concluded that CHC infection is associated with 

significant psychological morbidity.  The methodological problems that were evident in 

that study included participants were all drawn from a tertiary medical care center, no 

comparison group was used, statistics that were used to investigate the “associations” 

between various variables were not explicated (study used primarily frequency counts to 

describe the data set).   

In a study using the Structured Clinical Interview for DSM-III-R, SCL-90-R, and 

CHC RNA screen, Mulder and colleagues (2000) employed a longitudinal design and 

conducted an repeated measures ANOVA to explore the relationship between the a thrice 

weekly injection of IFN-α, anxiety, depression, and anger in a sample of 49 patients 

infected with CHC.  Results from their study indicated that 74% of the sample had an 
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IVDU history, 18% and 10% met criteria for lifetime MDD and Panic Disorder, 

respectively, past alcoholism or poly-substance dependence was diagnosed in 55% and 

39%, respectively.  Over the course of 6 months of treatment, no significant change in 

baseline levels in depression, anxiety, or anger scales of the SCL-90-R were noted.  

Between 6-10 of the 63 (9.5-17%) of the participants reported depressive symptoms, with 

1-2/63 reporting symptoms severe enough to meet DSM-III-R criteria for probable major 

depression (< 3%).  In addition, those patients with a history of MDD had higher baseline 

depression scores, but these scores did not change over time during the course of 

treatment.  The authors concluded that exacerbations in anxiety, depression, or anger do 

not always occur during IFF-α treatment and also suggested that a lifetime history of 

MDD does not necessarily predispose participants to experience a disturbance in mood 

during INF-α treatment.  The methodological limitations that were evident in that study 

included only 49 out of 59 participants completed the SCL-90-R and the completers 

appeared to have less active psychopathology (problems with internal validity of study, 

as something may be systematically different amongst the groups), mono-method and 

operation biases, and no control group was used.   

 Summary.  Overall, the amount of evidence refuting this hypothesis is limited, 

however, this evidence is comparatively greater than data supporting this hypothesis.  

Therefore, evidence suggests that a history of substance abuse (alcohol or IVDU) or 

MDD does not carry an incremental risk, over and above those related to probability of 

relapse after having one or more MDE, for developing depressive symptoms (including 

fatigue) in CHC patients.  This conclusion must be tempered, however, as these studies 

suffer from potential problems with retrospective biases (e.g., reporting previous drug 

use).  Retrospective bias can occur when information is gathered about a participant’s 

past (e.g., self-report, criminal records).  This information may be erroneous due to 

problems with “selective, inaccurate, or biased recall”, and this potentially inaccurate 

information may impact concurrent variable associations under study (Kazdin, 2003).   
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Psychological Hypothesis #2:  Reactive Depression and/or Anxiety  

The second psychological hypothesis proposes that depression and/or anxiety in 

non- IFN-α treated CHC patients is secondary to psychosocial changes stemming from a 

diminished sense of well-being and the psychological impact of the CHC diagnosis on 

perception of illness and health (Dwight et al., 2000; Fontana et al., 2002; Forton et al., 

2002; McDonald et al., 2002; Mohr et al., 1997; Palmer, 2000; Wessely & Pariante, 

2002; Worman, 1999), and difficulties completing customary household and/or work 

duties due to cognitive dysfunction (Hilsabeck et al., 2002).  Trask and colleagues (2000) 

suggest that the development of psychiatric side-effects (e.g., sleep disturbances, 

anorexia, subjective cognitive complaints, dysphoric mood) in CHC patients treated with 

antiviral therapy parallels the reduction in physical activity and social withdrawal that 

may come about from the exacerbation of constitutional symptoms (e.g., influenza and/or 

fatigue), that may become self-reinforcing over time (Hassoun et al., 2002).  This latter 

assertion would seem to be consistent with the behavioral theory of depression (Trask et 

al., 2000; see Leahy & Holland, 2000; Martell, Addis & Jacobson, 2001).  In addition, 

Mohr and colleagues (1997) suggest that the development of depressive symptoms during 

antiviral treatment may be, in part, due to disappointment from obtained results from 

antiviral treatment, and reports of both anxiety and depression are more frequent among 

patients advised to abstain from antiviral treatment (Kraus et al., 2000).  A review of 

recent empirical evidence supporting or refuting this hypothesis as it relates to anxiety, 

depression, fatigue, and irritability in CHC follows. 

Examination of the literature focused on six recent empirical studies.  This review 

suggested that 5 of 6 studies (i.e., Fontana et al., 2002; Forton et al., 2002; Hilsabeck et 

al., 2005; Kraus et al., 2000; Singh et al., 1997) provide support for the second 

psychological hypothesis in CHC (after inspecting their results or discussion section). 

Studies not already introduced/critiqued, as above, will now be considered.   

In a study using the Profile of Mood States (POMS), BDI, Ways of Coping Scale 

(WOC), a non-standardized questionnaire of quality of life, liver disease markers (i.e., 

Child-Pugh scores, billirubin, albumin, prothrombin time), a stressful life events 
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inventory, Karnofsky score (a clinician-rated score of patient functional ability, 0 = dead, 

100 = perfectly normal), Singh and colleagues (1997) used a longitudinal design and 

conducted a variety of univariate analyses to investigate the relationships between ESLD, 

CHC, and psychological distress in 42 CHC patients and 40 other LD patients with 

different etiologies (i.e., Alcoholic, HBV, autoimmune) pre- and post-liver transplant.  

Results from their study indicated that pre-transplant CHC seropositive patients exhibited 

significantly higher emotional and psychological distress on the POMS (tension and 

anxiety, confusion and bewilderment, depression and dejection, and total mood 

disturbance scores) and on the BDI (including just “somatic” items”) as compared to 

other patients of different LD etiologies.  Six months after transplant, CHC patients 

continued to have higher levels of depressive symptoms.  The authors concluded that 

CHC patients evidence greater mood disturbances than other causes of ESLD, and that 

CHC-infected patient’s mood disturbance/depression was not related to their Child-Pugh 

scores or liver function tests.  Singh et al. (1997) suggested that this may have been due 

the CHC patients’ younger age as a group, and that these emotional disturbances may be 

due to a “psychological reaction” to potential lethality of disease.  The methodological 

limitations that were evident in that study included no conservative adjustment for 

number of statistical comparisons made, monomethod bias evident in depression 

measures, an unstandardized measure of quality of life was used (potential problems with 

unreliability/validity), reliability information was not disclosed for stressful life events 

scale (potential problems with unreliability/validity), under-representation of females 

(only 1 female patient = poor generalizability).  In contrast, only one study (Yovtcheva et 

al., 2001) does not support this second hypothesis in CHC (after inspecting their results 

or discussion section).   

In a study employing a medical chart review for demographic variables, CHC 

infection tests, and DSM-IV diagnoses, Yovtchieva and colleagues (2002) employed a 

cross-sectional study and tabulated frequencies of DSM-IV disorders in 306 randomly 

selected CHC seropositive Veterans.  Results from their study suggested that 

approximately 92% of CHC-infected patients report a history substance abuse, 86% of 
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which were identified as alcohol-use, and 28% were IVDU only.  60% of these cases 

were positive for poly-substance abuse.  23% of CHC positive patients met criteria for 

MDD, with another 5% meeting criteria for depression NOS or bipolar disorder.  

Furthermore, PTSD was present in 19% of cases and other “anxiety” disorders were 

morbid in 9% of cases.  95% of the CHC seropositive Veterans were diagnosed with their 

psychiatric disorders prior to receiving CHC diagnosis.  The authors concluded that 

substance abuse disorders and MDD were the most frequently occurring DSM-IV 

diagnoses occurring in this CHC sample.  The methodological limitations that were 

evident in that study included low proportion of women cases represented (3%), no 

comparison group was employed, a retrospective chart review was performed (potential 

retrospective biases, e.g., selective or inaccurate recall), potential selection bias (more 

severe patients being referred for services at a VA medical center), no differentiation of 

past versus present disorder specification (e.g., past MDE vs. current MDD), and a 

standardized clinical interviews to establish DSM-IV diagnosis were not used (e.g., 

SCID-IV; introducing potential problems with inter-rater reliability). 

 Summary.  Overall, the amount of data refuting this hypothesis is very limited, as 

compared to the number of studies supporting this hypothesis.  Therefore, it is suggested 

that the development of depressive and/or anxious symptoms (along with the highly 

comorbid irritability and fatigue) in CHC patients is likely to be, in part, due to 

psychosocial changes involving a diminished sense of well-being, psychological reaction 

to the seriousness and potential lethality of LD, and impoverished physical/social activity 

secondary to CHC diagnosis and IFN-α treatment.   

Psychological Hypothesis #3:  Co-Activation of Depressotypic Response Modes  

The third psychological hypothesis posits that activation of various characteristic 

mood, cognitive, or neurovegetative response modes in depression are likely to be 

associated with a co-activation of other response modes or facets at the syndrome-level 

(Haynes & O’Brien, 2000).  Fatigue is a common and important neurovegetative 

symptom of MDD (McDonald, et al., 2002; Smets et al., 1995), with nearly everyone 

with MDD experiencing fatigue (Wessely & Pariante, 2002).  The activation of other 



 

 

 

185

cognitive, mood, or neurovegetative symptoms associated with MDD (e.g., dysphoric 

mood, sleep problems, illness intrusiveness ruminations) may also contribute to the 

development of fatigue (Goh et al., 1999; Palmer, 2000; Scalori et al., 2000), and these 

symptoms together may adequately account for fatigue (Gershon, et al., 2000).  For 

example, between 34-68% of the variance in fatigue severity can be accounted for by 

common measures of depressive symptoms (i.e., BDI sans fatigue item, SCL-90-

R)(Dwight et al., 2000; McDonald et al., 2002).  In addition, 35-50% of cirrhotic patients 

will report sleep disturbances (e.g., initiation or maintenance problems, erratic sleep 

patterns) (Cordoba et al., 1998; Palmer, 2000), and this rate is between 7 to 10 times the 

prevalence in “healthy” controls (Cordoba et al., 1998).  In a study conducted by Cordoba 

and colleagues (1998), BDI scores were “significantly” elevated in cirrhotic patients 

complaining of sleep dysfunction, in contrast to cirrhotics who did not complain of sleep 

dysfunction whose BDI scores were not significantly different than “healthy” controls.  

The prevalence of sleep disturbance in cirrhotic patients is not correlated with LD 

severity (e.g., Child-Pugh classification, ascites)(Cordoba et al., 1998).  Furthermore, 

CHC patients who report greater subjective cognitive complaints (e.g., problems with 

attention/concentration, memory) are also more likely to report more significant 

depressive symptoms (including fatigue), despite there being no significant association 

between these subjective states and objective cognitive impairment (Hilsabeck et al., 

2003; Kraus et al., 2005c).  A review of recent empirical evidence supporting or refuting 

this hypothesis in CHC follows. 

A survey of the literature focused on eight recent empirical studies.  All of these 

studies (i.e., Barret et al., 2001; Cordoba et al., 1998; Dwight et al., 2000; Gershon et al., 

2000; Goh et al., 1999; Hilsabeck et al., 2003, 2005; McDonald et al., 2002) provided 

support for the third psychological hypothesis in CHC (after inspecting their results or 

discussion section). Studies not already introduced/critiqued, as above, are discussed 

below.   

In a study using viral measures (e.g., genotype, CHC RNA status), non-

standardized symptom review (i.e., fatigue, arthralgia, myalgia, weight loss, rashes, eye 
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problems, bruising), mental health/quality of life (i.e., General Health Questionnaire, 

HADS, MOS-SF-36), liver histology (i.e., HAI and fibrosis staging), extrahepatic 

manifestations (e.g., mixed cryoglobulinaemia), and the HADS, Barret and colleagues 

(2001) employed a longitudinal mixed-group design and conducted a number of 

univariate and multivariate analyses to explore the natural history of CHC in a 

homogenous cohort of 87 CHC and 68 CHC seronegative (cleared virus) female patients.  

Results from their analysis yielded no significant differences between reported levels of 

fatigue in CHC seropositive versus CHC seronegative (cleared) patients, and 23% and 

40% of the were significantly elevated on the depression and anxiety scales of the HADS, 

respectively.  However, no difference between the CHC seropositive and the CHC 

cleared group on levels of depression or anxiety was found.  Over a 5 year period, no 

change in mean HAI or fibrosis score was observed in the CHC seropositive patients.  

Mixed cryoglobulinaemia was reported in 13% of the CHC seropositive group, but not in 

any cases in the CHC cleared group.  47% of CHC cleared group still tested positive for 

the CHC antibody after 18 years of inoculation.  The authors concluded that a benign 

course of CHC infection, with a low degree of disease progression and prevalence of 

extrahepatic manifestations was observed in an Irish woman cohort after 22 years of 

chronic infection.  Spontaneous clearance was observed in 45% of cases in this cohort, 

and that “immune-host” factors may in part explain the higher prevalence of clearance. 

The authors concluded that the non-significant difference in prevalence of fatigue in the 

CHC seropositives versus CHC cleared and elevated anxiety/depression speaks to 

problems with psychological well-being in this patient population, whether they have 

cleared the virus or not.  The methodological problems that were evident in that study 

included liver biopsy information was not available for all CHC cleared comparison 

participants, monoperation bias in measurement of depression/anxiety, non-standardized 

measure used for “symptom review” (e.g., fatigue), potential generalizability problems 

due to the homogeneity of the cohort (all female), and no conservative adjustment made 

for making multiple statistical comparisons.   
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In a study using measures of neuropsychological functioning (i.e., TMT-A/B, 

Gordon Continuous Performance Test, and the Grooved Pegboard), a generic sleep 

questionnaire, chronotypology (are patients a “evening” or “morning” type of person) 

questionnaire, objective sleep parameters (wrist actigraphy), BDI, State Trait Anxiety 

Inventory (STAI), liver tests (e.g., bilirubin, albumin, prothrombin time), Cordoba and 

colleagues (1998) employed a cross-sectional design and a number of univariate analyses 

to explore the characteristics of sleep disturbance in a sample of  44 biopsy “proven” 

cirrhotic non-hepatic encephalopathy patients and two comparison groups (i.e., 44 with 

chronic renal failure and 44 “healthy” controls) and a second group of 20 cirrhotics and 

20 age/sex matched “healthy” controls.  Results from their study indicated that upwards 

of 48% of cirrhotic patients reported sleep disturbances in contrast to only 5% in healthy 

controls.  There were no significant difference between cirrhotic patients with satisfactory 

sleep versus those without (n = 21 and 23, respectively), in terms of age, gender, Child-

Pugh score, history of alcoholism, treatment with diuretics/propranolol, etiology of 

cirrhosis, history of ascites, bilirubin, albumin, prothrombin time, presence of subtle 

cognitive dysfunction (which was observed in 54% of cirrhotics), or differences in 

neuropsychological tests.  26% of cirrhotic patients reported moderate levels of 

depressive symptoms.  Both STAI and BDI scores were significantly elevated among 

cirrhotics complaining of unsatisfactory sleep, but the BDI and STAI scores for cirrhotics 

sleeping satisfactorily was not any different than the “healthy” control scores on these 

same measures.  These relationships did not change when these researchers removed 

somatic items from the measures.  The authors also indicated that cirrhotics complaining 

of unsatisfactory sleep exhibited greater fragmented sleep and nocturnal activity.  The 

authors concluded that approximately 50% of cirrhotics evidence abnormalities in sleep 

and that the mechanisms of these sleep disturbances are likely to be independent from 

those that elicit impaired neuropsychological performances.  The methodological 

limitations that were evident in that study included non standardized measure of sleep 

parameters, monomethod and monoperation bias in anxiety and depression measures, and 
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only 50% of the cirrhotic patients were infected with CHC, and a relatively small sample 

size for the “wrist atigraphy” portion of the study (n = 40 across both groups). 

In a study using the MAF, MOS-SF-36, BDI, National Institutes of Mental Health 

Diagnostic Interview Schedule, Duke Severity of Illness Scale (severity of comorbid 

medical illness) and various markers of CHC disease severity [i.e., ALT, AST, biopsy 

(Knodell score)], Dwight and colleagues (2000) employed a cross-sectional design and 

conducted hierarchical linear regression to explore the relationship between depression 

symptoms and fatigue after controlling for disease severity, medical comorbidity, and 

demographic variables (i.e., gender, race, marital status) in 50 CHC patients.  Results 

from their analysis indicated that 28% of their sample met criteria for current MDE, 4% 

for current alcohol abuse/dependence, 4% substance abuse/dependence, while 42% of 

sample met criteria for past MDE, and 56 and 46% met criteria for past alcohol or 

substance abuse/dependence, respectively.  Severity of depressive symptoms (sans 

fatigue item), as measured by the BDI, was a significant predictor of MAF scores 

accounting for 31% of variance in this measure, whereas no demographic variable or 

medical disease severity markers were significant predictors of fatigue. 18% of sample 

met criteria for current GAD with a lifetime rate approximately 44%.  A lifetime history 

of panic disorder with agoraphobia and panic disorder without agoraphobia was present 

in 6% and 4% of cases, respectively.  The authors concluded that depressive disorders 

were common amongst this sample and that depression is highly predictive of fatigue 

over and above severity of hepatic disease, demographic variables, or medical 

comorbidity.  Furthermore, the authors suggested that treatment of depression may have 

important implications for fatigue/functional impairment for patients with CHC.  The 

methodological problems that were evident in that study included mono-method and 

mono-operation bias, removal of the fatigue item from the BDI invalidates the clinical 

interpretive guidelines of this measure, no comparison/control group, the authors used a 

tertiary care sample, a relatively small sample size was recruited, and 96% of the sample 

was Caucasian.   
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In a study using the FSS, various markers of cytokine activity (e.g., IL-1, IL-6, 

TNF-α) and one measure of CHC disease activity (serum ALT), Gershon and colleagues 

(2000) employed a cross-sectional design and conducted Mann-Whitney U-tests to 

compare differences in CHC patients and healthy-non infected patients on measures of 

fatigue, cytokine activity, and degree of hepatitis in a sample of 78 CHC patients and 35 

healthy controls.  Results from their study indicated that 24-56% of CHC patients 

evidenced elevated cytokines, and 79-85% of these patients also evidenced elevations in 

ALT levels.  However, no correlation was found between participant’s age, gender, and 

serum cytokine levels, nor was there a relationship between serum cytokine levels and 

ALT scores.  In addition, there was no significant difference between patients with 

elevated FSS scores versus normal controls on serum cytokine levels.  The authors 

concluded that the neuroimmune model of psychological symptoms (fatigue) was either 

“incorrect” or “does not apply to patients infected with CHC”.  These researchers also 

suggested that many patients with CHC may suffer from abnormal sleep patterns and 

“clinical depression” that alone may provide a sufficient account of fatigue.  The 

methodological limitations that were evident in that study included mono-method and 

operation bias, no adjustment of alpha level in light of multiple statistical comparisons, 

cytokines are presumed to be dynamic in nature and evidence diurnal variation (this study 

assessed all patients and controls in the morning on one occasion), and no liver biopsy 

information was obtained (difficult to ascertain level of histopathological changes 

secondary to CHC infection, plausible rival hypothesis = relationships may have been 

different with different degrees of LD severity, e.g., mild fibrosis versus cirrhotics). 

In a study using the FIS, various markers of CHC disease severity (i.e., 

inflammation, fibrosis score) and detection of autoimmune diseases (i.e., mixed 

cryoglobulinaemia, sicca complex, autoimmune thyroid disorders) , Goh and colleagues 

(1999) employed a cross-sectional design and conducted correlational analyses, chi-

square, and t-tests to explore the relationship between fatigue and markers of LD severity 

and autoimmune conditions in a sample of 66 CHC patients and two comparison groups 

(i.e., 20 negative PCR-RNA and 50 “healthy” age-matched).  Results from their analysis 
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yielded fatigue and arthralgia (“joint pain”) was the most commonly reported symptom in 

CHC patients, being reported in 97% and 40% of cases, respectively.  Autoimmune 

diseases of mixed essential cryoglobulinaemia and sicca complex were detected in 15% 

and 9%, respectively, with no evidence of these abnormal biochemical problems being 

secondary to autoimmune thyroid problems.  No significant correlation between fatigue 

and Knodell score, autoimmune disorders (i.e., mixed cryoglobulinaemia, sicca complex, 

autoimmune thyroid disorders), or previous treatment with IFN-α was found.  The 

authors concluded that fatigue was overwhelmingly reported and that this complaint was 

not related to the underlying degree of hepatitis or presence of autoimmune related 

disorders.  Furthermore, the authors suggested that physicians should turn their attention 

to treating psychopathological factors such as poor sleep, depression, illness intrusiveness 

as probable major contributors to symptomatology of fatigue.  The methodological 

problems that were evident in that study included mono-method and mono-operation 

bias, no adjustment of alpha level in light of multiple statistical comparisons, none of the 

CHC patients had cirrhosis or hepatoma, and sample characteristics (100% of sample was 

Caucasian, female, Irish, middle-aged).   

In a study using measures of neuropsychological functioning [Brief Visuospatial 

Memory Test-R (BVMT-R), Symbol Search, TMTA/B, and SDMT, Shipley Institute of 

Living Scale], subjective cognitive dysfunction (i.e., Medical Outcomes Survey HIV 

Cognitive scale), BDI-II, Beck Anxiety Inventory (BAI), FSS, CHC genotype, liver 

disease markers (ALT, fibrosis staging), Hilsabeck and colleagues (2003) employed a 

cross-sectional design and a number of univariate analyses to explore the relationships 

between LD severity, neuropsychological, and psychiatric measures in a sample of  21 

CHC patients (33% were cirrhotic).  Results from their study indicated that 

approximately 52% of the sample performed within normal limits all neuropsychological 

measures, 14% of the sample was impaired on one measure, and 33% were impaired on 

two or more measures.  Hilsabeck et al. (2003) reported that the greatest frequency of 

impairment was noted on the SDMT (38%) test.  Impairment on this task is suggestive of 

problems with speeded complex attention involving visual scanning and tracking, 
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psychomotor speed, and working memory (Smith, 1982).  The frequency of impairments 

by neuropsychological measures was as follows:   TMT-A/Symbol search (24%), TMT-B 

(19%), and than the BVMT-R measures of percent recalled (16%), Learning (14%), and 

Copy and Recognition (both 10%).  Furthermore, greater fibrosis was significantly 

correlated with the Symbol Search task (r = -.52) and BVMT-R Recognition (r = -.48).  

Patients reporting greater subjective cognitive dysfunction reported more significant 

anxiety, fatigue, and depression.  However, objective cognitive impairment was not 

related to subjective cognitive complaints (MOS HIV Cognitive Scale) or psychiatric 

symptomatology in their sample.  The authors concluded that the present results were 

consistent with previous research (i.e., Hilsabeck et al., 2002), in that the severity of LD, 

as indexed by fibrosis, was associated with greater neuropsychological impairment. 

Given that subjective cognitive complaints in their CHC seropositive sample was 

strongly associated with other psychological measures, but not objective cognitive 

measures, the authors concluded that subjective complaints are more likely to be 

indicators of “emotional distress” and that these high levels of psychiatric symptoms do 

not seemingly impact neuropsychological test performance in CHC patients.  The 

methodological limitations that were evident in that study included 

monomethod/operation bias with depression, anxiety, fatigue measures, 5 participants 

were undergoing antiviral treatment at time of assessments (potential confound of 

cytokine neurotoxicity on outcome measures), small sample size, patients were recruited 

from tertiary medical care sample, no comparison group (with other LD patients or 

chronic medical condition, e.g., HIV), authors did not elucidate the proportion of 

cirrhotics impaired in the sample who evidenced cognitive impairment (basically, did all 

of them account for impaired performances on 2 or measures due to minimal type hepatic 

encephalopathy). 

 Summary.  Overall, while the amount of empirical studies supporting this 

hypothesis is limited, there is no evidence presently available that refutes this hypothesis.  

Therefore, the development of depressive symptoms in CHC patients is likely to include 

co-activation of multiple depressotypic response modes (e.g., dysphoric mood and 
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neurovegetative symptoms including fatigue/sleep/cognitive complaints).  It is also likely 

that the development of depressive symptoms in CHC patients is likely to also be 

associated with the presence of anxiety, fatigue, and/or irritability, given the high 

correlations amongst these symptoms.   

 

Physiological Hypothesis #1:  Cytokine Neurotoxicity  

The cytokine neurotoxicity hypothesis as it relates to depression and fatigue in 

CHC has recently received much empirical attention.  Endogenous cytokines are a 

diverse collection of proteins which function as both immunomodulators and 

neuromodulators (Kronfol & Remick, 2000), and are produced in response to infection or 

injury.  Primary cytokines (e.g., interferon-alpha, IFN-α) induce production of secondary 

proinflamatory cytokines (e.g., interluekin-1, IL-1; interleukin-6, IL-6; and tumor 

necrosis factor-α, TNF-α) that enhance the immune response at the site of injury or 

infection (Licinio, Kling, & Hauser, 1998).  IFN-α also has structural and functional 

similarities to adrenocorticotropin releasing factor and beta-endorphin and may stimulate 

the hypothalamic-pituitary-adrenal (HPA) axis (producing of adrenocorticotropin 

hormone, ACTH, and cortisol)(Kemeny & Gruenewald, 1999; Kronfol & Remick, 2000) 

and serve as a dopamine agonist (Malek-Ahmadi, 2001; Trask et al., 2000; Valentine et 

al., 1998; Valentine, Meyers, & Talpaz, 1995).  Long term facilitation of dopaminergic 

transmission may result in down regulation of dopamine receptors that may account for 

observed changes in psychomotor slowing and cognitive dysfunction (Parkinsonian in 

nature) especially in the prefrontal cortex and nucleus accumbens (Anisman, et al., 1996; 

Trask et al., 2000; Valentine et al., 1998).  In mice, injection of IFN-α into the brain is 

associated with a decrease in dopamine concentration and slowing of EEG (Malek-

Ahmadi, In Press; Valentine, et al., 1995).  In humans, IFN-α administration also has 

been recently shown to induce EEG changes (Amodio et al., 2005). Furthermore, INF-α 

may increase serotonin uptake and degradation of tryptophan possibly contributing to 

depressive symptoms (Anisman, et al., 1996; Bonaccorso et al., 2002; Hurlock, 2001; 

Loftis & Hauser, 2004; Trask et al., 2000). Elevations in IL-1 may induce fever, sleep 
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disturbance, anorexia, disruption of HPA, neurodegeneration (e.g., “apoptosis” and/or 

damage to myelin sheaths), and neuroendrocrine dysfunction (via pituitary gland = 

increase in growth hormone and prolactin, decrease in thyroxin and luetenizing 

hormone)(de Boer & Briemer, 1998; Licinio et al., 1998; Patarca-Montero, Antoni, 

Fletcher, & Klimas, 2001).  TNF-α may have neurodegenerative affects (e.g., damages 

myelin) (Patarca-Montero et al., 2001). 

Cytokines may interact with the central nervous system (CNS) via brain structures 

lacking a blood-brain barrier (BBB), the vagus nerve, or be produced within the CNS by 

neurons, astrocytes, or microglial cells (de Boer & Briemer, 1998; Licinio et al., 1998).  

Cytokines are large in size and are unlikely to passively transfer through an intact BBB 

(de Boer & Briemer, 1998; Kronfol & Remick, 2000; Licinio et al., 1998; Malek-

Ahmadi, 2001; Okada, 1995; Petitio, Repetto, & Hartemink, 2001; Trask et al., 2000; 

Valentine, et al., 1995 ), although in very high doses (e.g., IFN-α dose of 100-200 million 

unites/24 hours), an increased concentration of IFN-α is observed in cerebrospinal fluid 

(Malek-Ahmadi, In Press).  However, these cytokines may nevertheless interface directly 

with structures in the brain where a BBB is lacking (e.g., circumventricular regions) (de 

Boer & Briemer, 1998; Kronfol & Remick, 2000; Licinio et al., 1998; Malek-Ahmadi, 

2001; Okada, 1995; Valentine, et al., 1995).  These structures include organum 

vasculosum laminae terminalis, median eminence, area postrema, meniges, and arcuate 

nucleus of the hypothalamus, and receptors for these proinflamatory cytokines (i.e., IFN-

α, IL-1, TNF- α) have been found on hypothalamic structures (i.e., periventricular 

preoptic, paraventricular, ventromedial, dorsomedial, and suprachiasmic nucleus), 

pyramidal and dentate gyrus cells in the hippocampus, the pituitary gland, and frontal 

cortex for IL-1, and stria terminalis and ventral medulla for TNF-α (Anisman, et al., 

1996; de Boer & Breimer, 1998; Licinio et al., 1998).  Endogenous proinflamatory 

cytokines can be produced within the CNS by astrocytes and microglial cells in instances 

of inflammation or infection of the brain (de Boer & Breimer, 1998).  Receptors for IL-1 

have also been localized on the afferent hepatic vagus nerve (de Boer & Breimer, 1998).  

Through their interaction with temperature sensitive regions of the hypothalamus and/or 
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peripheral afferent projections of the vagus nerve to brain stem areas (nucleus tractus 

solaitaius), these proinflamatory cytokines have been shown to induce pyrogenesis 

(“fever”) (de Boer & Breimer, 1998; Petitio et al., 2001) and induce “sickness behavior” 

comprised of anhedonia, anorexia (“loss of appetite”), fatigue, diminished activity, 

weakness, problems with concentration, increased somnolence, and decreased libido 

(Kronfrol & Remick, 2000; Petito et al., 2001; Wessely & Pariante, 2000).  Peripherally 

produced IL-1 may also signal the hypothalamus indirectly via its interaction with 

cerebrovasculature that stimulates production of nitrous oxide (NO2)(de Boer & Briemer, 

1998; Kronfol & Remick, 2000; Licinio et al., 1998). 

The hypothesized pathophysiological mechanisms of cytokines on the brain 

accounting for the mood disturbances such as anxiety, depression, fatigue, or irritability 

include marked decreases in tryptophan availability (producing a serotonin 

deficit)(Capuron et al., 2002; Hurlock, 2001; Kronfol & Remick, 2000; Loftis & Hauser, 

2004; Malek-Ahmadi, 2001; Maddock et al., 2004; Schaefer et al., 2005; Schiepers et al., 

2005; Turner & Blackwell, 2005) and hyperactivation of the HPA following an increased 

production of ACTH and cortisol (de Boer & Briemer, 1998; Dieperink et al., 2000; 

Maddock et al., 2004; Wessely & Pariante, 2002), induction of pyrogenesis and “sickness 

behavior” secondary to hypothalamic and vagal induction, and down-regulation and 

sensitivity of dopamine receptors, respectively (Dieperink et al., 2000; Valentine et al., 

1998).  Introduction of exogenous IFN-α during antiviral treatment may further potentate 

these changes (Costa & Schiff, 1999; Maling, 2000; Lee et al., 1997).  A review of recent 

empirical evidence supporting or refuting this hypothesis as it relates to anxiety, 

depression, fatigue, and irritability in CHC follows.   

 Anxiety, Depression, and Irritability.  Review of the literature focused on 12 

recent empirical studies.  Of these, 11 studies (Bonaccorso et al., 2001, 2002; Castera et 

al., 2002; Hosoda et al., 2000; Kraus et al., 2002, 2005a,b; Maddock et al., 2004; 

Miyaoka et al., 1999; Neri et al., 2003; Scalori et al., 2005) provide empirical support for 

this first physiological hypothesis as it relates to anxiety, depressive, and/or irritability 

symptoms in CHC (after inspecting their results or discussion section).  In contrast, only 
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one of these studies (Mulder et al., 2000) does not support this hypothesis as it relates to 

depressive symptoms in CHC (after inspecting their results or discussion section).  

Studies not already introduced/critiqued, as above, will now be considered.  

In a study using the Montgomery-Asberg Depression Rating Scale (MADRS) and 

Hamilton Anxiety Rating Scale (HARS), and serum cytokines assays (i.e., IL-2, 6, 8, and 

10; interferon-gamma), Bonaccorso and colleagues (2001) employed a longitudinal 

design and conducted various parametric analyses to explore the overtime relationship 

between antiviral therapy (i.e., 3-6 million units/3-6 times a week/6months), anxiety, 

depression and cytokines in 14 CHC seropositive patients who underwent antiviral and 7 

controls during baseline, 2, 4, 6, and 24 weeks after starting antiviral therapy.  Results 

from their study indicated that 29% of the CHC sample evidenced depressive symptoms 

after initiating antiviral treatment.  Significant elevations in depression and anxiety were 

observed after 2-4 weeks and at 4-6 months after initiating antiviral treatment as 

compared to baseline measures.  Interleukin (IL) - 6, 8, and 10 concentrations were also 

observed to increase 2-4 weeks after treatment initiation, and only IL-10 showed this 

pattern again after 4-6 weeks.  Both the IFN-α -induced depression and anxiety 

symptoms were not significantly correlated with serum cytokines at the same time 

intervals, however, depression and anxiety scores at months 4-6 were correlated with IL-

6 elevations observed at 2-4 weeks (r = .54 and .53, respectively; both p <.050).  IL-8 at 

months 4-6 also was correlated with anxiety scores recorded during the 2-4 week (r = .51, 

p = .050).  In addition, higher IFN-α induction of IL-6 at weeks 2-4, was associated with 

greater increases in depression scores.  The authors concluded that IFN-α treatment 

induces change in specific elements in the cytokine network, notably IL-6, and these 

changes are associated temporally with increase in self-reported depression and clinician-

rated anxiety.  The methodological limitations that were evident in that study included 

monoperation/method bias, patients with previous psychiatric history were excluded 

(e.g., depression), the sample did not include any cirrhotics (potential limited 

generalizability to the spectrum of liver disease), small sample size for both the patient 
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and control group was used, and no statistical adjustment was made in light of multiple 

statistical comparisons.   

In a study using the MADRS and HARS, serum cytokines assays (i.e., 

Interleukins 2, 6, 8, and 10; Interferon-gamma), and serum tryptophan concentrations, 

Bonaccorso and colleagues (2002) employed a longitudinal design and conducted various 

parametric analyses (with conservative adjustments made to alpha levels) to explore the 

overtime relationship between IFN-α therapy (i.e., 3-6 million units/3-6 times a 

week/6months), anxiety, depression and cytokines in 14 CHC seropositive patients 

during baseline, 2, 4, 6, and 24 weeks after starting IFN-α therapy.  Results from their 

study indicate that IFN-α therapy was associated with increases in depressive symptoms 

by week 2-4 and both depressive and anxious symptoms by 4-6 months, in half the 

sample, as compared to baseline scores, and its administration in the IFN responders (i.e., 

the 7 patients evidencing “substance induced increases in depression”) also was 

associated with a reduction in serum (and presumably brain) serotonin concentrations at 

2-4 weeks, and both serotonin and tryptophan concentrations at 4-6 months in these 

“IFN-responders” as compared to their baseline measures.  The authors concluded that 

IFN-α treatment induces changes in depression and anxiety in approximately half of their 

sample, and that these changes for these patients may be explained by reductions in 

serotonin and tryptophan availability/concentrations.  The methodological limitations that 

were evident in that study included monoperation/method bias, excluded patients with 

previous psychiatric history (e.g., depression), sample did not include any cirrhotics, 

small sample size, no structured clinical interview was used to establish if the participants 

met criteria for MDD or an anxiety disorder, and they did not have a control group. 

In a study using the MADRS and Schedule for Affective Disorders and 

Schizophrenia Lifetime, Castera and colleagues (2002) employed a longitudinal design 

and conducted various parametric analyses to explore the prevalence and factors which 

are predictive of depression in 33 CHC patients who underwent IFN-α treatment (i.e., 3 

million unites/3 times/week).  Results from their study indicated that 8 of 33 (24%) 

patients developed dysphoric mood, with 4 of the 8 developing full-blown SIMDD (12% 
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of sample).  All of these latter patients evidenced “rapid and complete” symptom 

remission following administration of an antidepressant medication coupled with IFN-α 

therapy discontinuation in three of the four cases.  The authors concluded that many 

patients who develop substance-induced psychiatric problems are able to complete 

treatment when their symptoms are appropriately managed.  The methodological 

limitations that were evident in that study included monoperation/method bias, small 

sample size, and no control group was used.   

In a study using the HADS and SCL-90-R, Kraus and colleagues (2005a), used a 

longitudinal design to prospectively examine mood changes in 98 CHC patients who 

were undergoing antiviral therapy (pegulated or conventional IFN-α-2B + ribavirin).  

Depression and irritability symptoms were assessed at baseline and at months 1, 3 to 4, 6 

to 8 during antiviral treatment, and 4 to 6 weeks after termination of treatment.  Results 

from their study indicated that there was a significant increase in depressive and 

irritability symptoms during the course of antiviral treatment that abated after treatment 

was discontinued.  There were no significant differences in depression or irritability 

symptom severity or time course for conventional compared to pegulated interferon 

therapy regimens.  The authors concluded that the incidence of depression and irritably 

symptoms, irrespective of conventional or pegulated IFN-α, were common.  The 

methodological limitations that were evident in that study included examination of 

depression and irritability scores (data regarding anxiety was not reported) at each 

assessment occasion would reveal that while the overall symptom severity did increase 

overtime, the group averages were sub-clinical in severity, monoperation/method bias, 

and no conservative adjustment was made to significance level in light of multiple 

statistical comparisons, and the authors used a tertiary medical sample.  

In a study using the medical information gathered from a chart review (e.g., liver 

biopsy, type, dose, and method of IFN-α treatment, demographics, medical/family 

psychological and medical history) and an unstructured psychiatric interview (using 

criteria drawn from the DSM-IV), Hosoda and colleagues (2000) employed a cross-

sectional design and conducted various nonparametric (χ2) or univariate analyses 
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(ANOVA’s with Scheffé adjustments) to explore the relationships between IFN-α 

treatment and psychiatric symptoms and treatment discontinuation and prevalence of 

psychiatric symptoms in 943 CHC patients.  Results from their study indicated that only 

4% of their sample (40/943), required psychiatric consultation after IFN-α treatment 

started.  Psychiatric disturbances were deemed to be substance induced.  In terms of 

prevalence, these authors reported that approximately 1% (n = 13) of their sample 

exhibited substance-induced GAD, 2% (n = 21) developed SIMDD, and 1% (n = 6) 

evidenced substance-induced psychotic disorders.  These authors noted that there was no 

relationship between IFN-α subtype (e.g., 2a vs. 2b) and psychiatric symptoms, and that 

79% of psychiatric patients were able to complete their antiviral treatment.  The authors 

concluded that many patients who develop substance-induced psychiatric problems are 

able to complete treatment when their symptoms are appropriately managed.  The 

methodological limitations that were evident in that study included they did not use 

structured clinical interview to establish DSM-IV diagnosis, these are “referral rates” and 

not actual “incident rates” in the population (problem = likely to underestimate “true” 

prevalence rates), and patients with pre-existing psychiatric history were excluded from 

the study (poor generalizability). 

In a study using the HADS and computer-based Test for Attentional Performance, 

Kraus and colleagues (2005b), used a longitudinal design to prospectively examine the 

cognitive and mood changes in 70 CHC patients who were undergoing antiviral therapy 

(pegulated or conventional IFN-α-2B + ribavirin).  Mood and cognitive assessments were 

conducted at baseline and at months 1, 3 to 4, 6 to 8 during treatment, and 4 to 6 weeks 

after treatment completion. Results from their study indicated that antiviral treatment was 

associated with slowed reaction times on tasks requiring divided attention and sustained 

vigilance.  Antiviral therapy also was associated with statistically significant increases in 

depression and anxiety symptoms during the course of the first 6 to 8 months of antiviral 

treatment.  However, anxiety and depression symptom severity returned to baseline levels 

after discontinuation of antiviral therapy. No significant difference amongst pegulated 

and conventional IFN-α on subsequent mood changes were noted.  About 13% (9/70) 
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patients developed an IFN-α induced MDE and about 16% of the sample was treated with 

an antidepressant medication (SSRI).  However, treatment with an SSRI did not impact 

cognitive testing.  There was no association between depression or anxiety symptom 

severity and IFN-α induced cognitive change.  The authors concluded that antiviral 

therapy can impair speeded complex attention, alertness, divided attention, and sustained 

vigilance.  Antiviral therapy also was associated with increased depression and anxiety 

symptoms, but these latter symptoms did not account for the observed pattern of 

cognitive deficits. The methodological limitations that were evident in that study included 

16% of sample received antidepressant medications (20 mg of parexetine/day) which 

probably had a suppressive effect on HADS scores, examination of depression scores 

(anxiety was not plotted) at each assessment occasion would reveal that while the overall 

symptom severity did increase overtime, the group average was “sub-clinical” in severity 

(using “9” as the standard cut off score; see Kraus et al., 2002), monoperation/method 

bias at least for the depression and anxiety measure, and no conservative adjustment was 

made to significance level in light of multiple statistical comparisons, and tertiary 

medical sample.  

In a study using the structured clinical interview for DSM-III-R (Italian version), 

Hamilton Rating Scale for Depression (HRSD), BDI, STAI, and Clinical Global 

Impression Scale, Maddock and colleagues (2004), used a longitudinal design to 

prospectively examine mood changes in 60 patients with chronic hepatitis ( B, C, or both) 

who were undergoing antiviral therapy (conventional IFN-α-2B + ribavirin).  Psychiatric 

diagnosis and symptom severity were evaluated at baseline and every month thereafter 

for the duration of antiviral treatment spanning 12 months.  Results from their study 

indicated that 7 of 60 (12%) met criteria for major depression and 2/60 (3%) for an 

anxiety disorder at baseline.  Two of the clinically depressed patients began 

antidepressant medication prior to beginning antiviral treatment.  Another 10 patients 

(17%) developed an IFN-α induced “psychiatric event” including depressive disorder 

(not otherwise specified, n = 5), organic “irritability” personality syndrome (n = 2), 

anxiety (n = 2), and insomnia (n = 1), and 7 of these patients developed these syndromes 
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after 5 or months of antiviral therapy.  Of those patients diagnosed with clinical 

depression, 4 of 7 patients (57%) responded favorably to parexetine treatment and 

another 1 of 2 responded to amisulpride. Both patients exhibiting clinically significant 

irritability responded positively to thioridazine treatment.  Both patients who developed 

an IFN-α induced anxiety disorder also displayed good treatment response to two 

benzodiazepines (e.g., Xanax and Halcion).  Only 2 of 12 psychiatric CHC patients 

discontinued antiviral therapy due to psychiatric adverse events.  No changes in liver 

enzymes were noted during the course of psychopharmacotherapy.  The authors 

concluded that psychiatric symptoms can present a baseline and throughout the course of 

antiviral therapy.  They added that these psychiatric symptoms can be 

psychopharmacologically managed effectively with SSRI’s and/or short-acting 

benzodiazepines, such that most psychiatric patients were able to complete antiviral 

therapy.  The methodological limitations that were evident in that study included sample 

characteristics (18 patients had chronic hepatitis B only, 3 had comorbid hepatitis B and 

C), data from only one outcome measure was reported (i.e., Clinical global impression 

scale and not standardized measures such as the HDRS, BDI, or STAI) with unknown 

psychometric properties, and tertiary medical sample.  

In a study using the HRSD, Miyoaka and colleagues (1999) employed a 

longitudinal design and employed non-parametric Mann-Whitney U-tests in 66 CHC 

patients to explore the prevalence of depression during antiviral treatment.  Results from 

their study indicated that DSM-III-R MDD criteria was met in 5% of patients before 

starting treatment, 22% at 4 weeks, 38% by week 12, and 27% by week 24.  IFN-α 

therapy was discontinued in 6% of cases due to “severe” depression.  Furthermore, 29 of 

66 (44%) patients whom did not have any depression prior to starting IFN-α treatment 

met MDD criteria at some point during the treatment.  There was no difference in 

frequency of depression according to sex or age. The depressed patients were diagnosed 

as having substance induced mood disorder, organic mood disorder, or MDD, by research 

psychiatrists according to DSM-III-R criteria in an unstructured clinical interview, as it 

was unclear whether neurotoxicity from IFN-α exclusively caused the depression.  The 
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authors concluded that psychiatric monitoring of symptoms in CHC patients undergoing 

IFN-α treatment is necessary. The methodological problems that were evident in that 

study included   monomethod/operation bias, a structured clinical interview or the like 

not used to establish diagnosis, the patients were followed for only 6 months, and no 

comparison/control group was used, and patients were recruited from a tertiary medical 

center.   

In a study using the Minnesota Multiphasic Personality Inventory (MMPI), 

Scalori and colleagues (2005), used a longitudinal design to prospectively examine 

depressive symptoms in 185 CHC patients who were undergoing antiviral therapy.  

Depressive symptoms were screened at baseline and after 3 months of antiviral therapy. 

Results from their study indicated that 31 of 185 (17%) of their sample developed 

“clinically” significant irritability and/or depressive symptoms and 11 of these (6% of 

total sample) developed a “severe” depression that required antidepressant medication.  

The eleven patients who developed a severe mood disorder were all successfully treated 

with antidepressant medications (100% efficacy; 3 with sertraline, 7 with parexetine, and 

1 with parexetine + olazapine). The other 20 patients were successfully treated with 

benzodiazepines (n = 8), IFN dose reduction (n = 2), or psychological counseling (n = 

10).  The MMPI displayed 73% and 99% sensitivity and specificity in identifying which 

patients developed a “severe” mood disorder after starting antiviral treatment.  The 

authors concluded that the MMPI was a useful instrument in screening CHC patients who 

may be at risk for developing a severe mood disorder during antiviral therapy.  They also 

suggested that parexetine (20-50mg/day) appeared to be a suitable antidepressant 

medication for treating IFN-α induced psychiatric symptoms.  The methodological 

limitations that were evident in that study included monomethod bias, no structured 

clinical interview was used, and no objective stand-alone measure of irritability 

symptoms was used, and tertiary medical sample.  

In a study using the Montgomery Asberg Depression Scale (MADRS), Schaefer 

and colleagues (2005) employed a longitudinal mixed-design and conducted various 

parametric analyses to determine the benefit of prophylactic antidepressant treatment in 
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14 CHC depressed patients, 11 CHC non-depressed (but carrying psychiatric diagnosis) 

patients, and 11 CHC patients without history of psychiatric disorder prior to initiation of 

antiviral therapy. Major depression was diagnosed using DSM-IV criteria (non-structured 

interview) and data from the MADRS was reported during baseline and after 3 weeks of 

antiviral treatment.  Results from their study indicated that IFN-α therapy induced a 

major depressive episode (MDE) in 59% of CHC patients (i.e., 13/22) not 

prophylactically treated with an antidepressant medication (i.e., citalopram 20mg/day and 

sometimes mirtazapine 30-60mg/day).  In contrast, only 2 of 14 CHC patients (14%) who 

met criteria for current MDD at baseline and received concomitant antidepressant 

medications also developed a subsequent IFN-α induced MDE. A previous history of 

psychiatric diagnosis was not predictive of IFN-α induced MDE.  Subsequent 

antidepressant therapy in those patients who developed an IFN-α induced MDE resulted 

in a significant improvement in depressive symptoms.  For instance, after 3 weeks of 

treatment, 86% responded favorably to treatment (as defined as a “40% improvement 

compared to baseline MADRS scores”).  The authors concluded that the risk of 

developing IFN-α induced MDE can be reduced by as much as 45% when CHC patients 

are prophylactically treated with an antidepressant medication. Moreover, all CHC 

patients, regardless of whether they developed an MDE, were able to successfully 

complete a trial of antiviral therapy.  The methodological limitations that were evident in 

that study included monoperation/method bias, no structured clinical interview was used 

to establish if the participants met criteria for MDD, cannot unambiguously assume that 

2/14 depressed CHC patients developed a concomitant IFN-α induced MDE given that 

each had already been carrying a current DSM-IV affective disorder (effectively a 

“ceiling effect”), no information regarding degree of liver disease was reported, all 

patients were recruited from a tertiary medical center, and a conservative adjustment to 

significance level was made for some but not all statistical comparisons.  

 Fatigue.  Examination of the literature was focused on three recent empirical 

studies.  Two studies (Cotler et al., 2000; Neri et al., 2003) provided support for the first 

physiological hypothesis as it relates to fatigue in CHC (after inspecting their results or 
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discussion section).  In contrast, only one study (Gershon et al., 2000) does not support 

this hypothesis as it relates to fatigue in CHC (after inspecting their results or discussion 

section).  Studies not already introduced/critiqued, as above, will be now be considered.  

  Cotler and colleagues (2000) employed a multi-site, longitudinal multi-group 

design and conducted various univariate and multivariate analyses to identify factors that 

may predict IFN-α side effects during a 6 month trial of antiviral treatment (5 million 

units versus 3 million units of INF-α dose that was administered anywhere from 3 

times/week to daily treatment) in 222 CHC patients.  They did not use any standardized 

measures in their assessment of IFN-α side effects (no standardized measures of 

depression or fatigue).  Results from this study indicated that depressive symptoms were 

common amongst study participants at baseline (25%), and that the prevalence of 

depressive symptoms increases over a 6 month trial of treatment (increasing from 25% to 

38% after 6 months).  Fatigue was reported more frequently by women as compared to 

men.  Higher IFN-α dose was found to be associated with an increase in the prevalence of 

debilitating fatigue (50% = moderate to severe vs. 31% of controls).  Mild fatigue (25% 

of patients at baseline) predicted development of moderate or severe fatigue in 66% or 

80% at 6 months of treatment, respectively, based upon IFN-α dosage (i.e., 3 million 

units versus 5 million units/day, respectively).  The authors concluded that depressive 

symptoms do increase in prevalence and severity over the course of IFN-α treatment.  

The authors suggest that the higher incidence and severity of self-report fatigue in women 

may be due, in part, to their smaller body size.  The methodological limitations that were 

evident in that study included patients were informed of their viral status after 3 months 

of study participation (potential confound of “reactivity” to feedback effecting 

presence/severity of depressed symptoms), no control group, no standardized measures 

employed when determining the presence of side-effects including depressive symptoms 

and fatigue, different types of IFN-α and variable dosing schedules were used (e.g., U.K. 

versus U.S. = potential problem with non-equivalence of treatment).   

In a study using the FSS, Neri and colleagues (2003) employed a longitudinal 

multi-group design and employed various univariate analyses to determine if dietary 
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supplementation with an amino acid (2g of Acetyl L-Carnitine/day) would abate the 

severity of IFN-α induced fatigue during a during a 6 month trial of antiviral treatment (3 

million units of IFN-α 3 times/week) in 25 CHC patients compared to 25 CHC patients 

who received only IFN-α.  Results from their study indicated that fatigue severity 

significantly increases after the first 3 months of IFN-α treatment, as compared baseline 

values, for both groups.  However, the severity of fatigue was lower in the group of 

patients who ingested L-Carnitine as compared to those who did not.  Notably, regardless 

of treatment condition, fatigue severity returned to baseline levels after six months of 

treatment.  The authors concluded that IFN-α induces fatigue, especially over the first 3 

months of antiviral treatment, but contemporaneous consumption of L-Carnitine may 

serve to ameliorate the severity of fatigue symptoms during this time.  The 

methodological problems that were evident in that study included monomethod/operation 

bias, the patients were followed for only 6 months (no long term outcome data available), 

no statistical adjustment was made in light of multiple statistical comparisons, and 

sample characteristics (patients with severe liver disease were excluded).   

 Summary.  Overall, there is strong empirical evidence supporting the hypothesis 

that cytokine neurotoxicity contributes to the development of anxiety and depressive 

symptoms in CHC patients.  There also is provisional support for the role of cytokine 

neurotoxicity in the development of irritability, and limited support for fatigue symptoms 

in CHC.  

 

Physiological Hypothesis #2:  Direct CHC Infection of Brain  

The second physiological hypothesis stipulates that the development of mood 

disturbance (e.g., anxiety, depression, fatigue, irritability) associated with CHC is 

secondary to infection of the CNS by CHC itself (Forton et al., 2001, 2004; Forton, 

Taylor-Robinson, & Thomas, 2002; Weissenborn et al., 2004).  While CHC has been 

presumed to be primarily a hepatotropic virus, extrahepatic replication of CHC has been 

shown to occur at small rates in bone marrow and in circulating monocytes (Barkhuizen, 

et al., 1999; Forton et al., 2002).  Similar to what has been hypothesized in AIDS (see 
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Grant & Heaton, 1990), it is hypothesized that CHC-infected monocytes may infiltrate 

the brain and replace microglial cells as they expire (Forton et al., 2001, 2002).  Once in 

the brain, these infected monocytes may than release proinflamatory cytokines (e.g., IL-

1/IL-6, TNF- α; IFN-α) that may impact neuronal functioning (e.g., interfere with 

neuronal transmission or impact second messenger systems, as described in the cytokine 

neurotoxicity hypothesis, as above), contribute to cellular injury (e.g., IL-1 & TNF-α  = 

damage myelin; IL-1 = neuronal apoptosis), effect neuroendrocrine functioning, and 

initiate an inflammatory response in other astrocytes and/or microglia (de Boer & 

Breimer, 1998; Grant & Heaton, 1990; Hurlock, 2001; Licinio et al., 1998; Patarca-

Montero et al., 2001).  Data supporting this hypothesis has begun to emerge from several 

magnetic resonance studies indicating that brain metabolite abnormalities are present in 

CHC-infected patients (Forton et al., 2002; Weissenborn et al., 2004) that may be 

accompanied by EEG slowing (Weissenborn et al., 2004).  These metabolite changes 

have been attributed to increased cellular proliferation (e.g., astrocyte, microglial, or 

monocyte), and altered membrane fluidity that accompanies an inflammatory response 

(Chang, Ernst, Leonido-Yee, Walot, & Singer, 1999; Forton et al., 2001; 2002; 

Meyerhoff et al., 1999) or neuronal loss in the grey matter (Weissenborn et al., 2004).  

Moreover, a recent study conduced by Forton and colleagues (2004), using brain and 

peripheral tissue biopsies harvested from 3 cadavers who died from CHC-related 

complications, have reported evidence for direct CNS infection by HCV.   

Review of the literature focused on four recent empirical studies.  Only one recent 

study (Weissenborn et al., 2004) provided empirical support for the second physiological 

hypothesis as it related to anxiety , depression, and fatigue in CHC (after inspecting their 

results or discussion section).  In contrast, three studies (Goulding et al., 2001; Grassi et 

al., 2002; Obhrai et al., 2001) do not provide support for this second hypothesis.  Studies 

not already introduced/critiqued, as above, will be now be considered.   

In a study using the BSI, Social Provision Scale (a 24-item measure of social 

support), Rotter Forced-Choice Locus of Control Scale, Illness Behavior Questionnaire, 

and the Modified Mental Adjustment to Cancer scale (MAC), Grassi and colleagues 
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(2002) employed a cross-sectional design and conducted nonparametric and parametric 

tests in a sample of 62 CHC patients, 81 HIV, and 152 CHC and/or HIV seronegative 

controls.  Results from their analysis suggested that there were no significant differences 

between CHC-only and HIV-only patients in terms of their measure of external locus of 

control, affective inhibition and social support. Analysis of the coping measure, the 

MAC, indicated that CHC patients evidenced lower scores on fighting spirit, 

hopelessness, and anxious preoccupation than HIV infected patients. In CHC-only 

patients, emotional distress, as measured by the global severity index of the BSI, was 

significantly related to poorer overall coping (MAC, r = -.33, p <.050), external locus of 

control (r = .41, p < .050, and poorer social support (r  = -.35, p < .050). In the CHC-only 

patients, coping was significantly correlated to external locus of control (r = -.34, p < 

.050) and with total social support (r = .67, p < .050).  These patterns are similar in 

magnitude and direction as in HIV-only patients.  However, there were no statistically 

significant differences between the patient groups and the control group on the 

depression, anxiety, and hostility subscales of the BSI. The authors concluded that the 

assessment of coping and social support should be routinely assessed for given their low 

to moderate correlations with emotional distress in CHC or HIV patients.  The 

methodological problems that were evident in that study included mono-method bias, no 

adjustment of alpha level in light of multiple statistical comparisons, and all of the CHC 

patients had cirrhosis (Child A; limited generalizability across LD spectrum). 

In a study using the Fatigue Assessment Instrument, Sickness Impact Profile 

(SIP), liver function tests, Obhrai and colleagues (2001) used a cross-sectional design and 

conducted a variety of univariate analyses to investigate the relationships between 

various LD etiologies and past substance abuse and current fatigue in three LD groups 

(24 CHC seropositives, 32 CHC + alcohol, and 22 alcohol) and two control groups (31 

“healthy” and 40 with chronic systemic diseases).  Results from their study indicated that 

all of the patient groups were significantly higher on the measure of fatigue as compared 

to the healthy control group.  In addition, there was no significant difference in the LD 

patients overall fatigue scores as a group compared to patients with other chronic 
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systemic diseases. No significant differences were found on the depressive symptom 

subscale on the SIP as a function of LD etiology, and each of the LD groups scored 

significantly higher on this depressive symptom scale than both control groups.  The 

CHC-infected patients (i.e., CHC-only and CHC+ alcohol) reported more anger than 

other non-LD patients and healthy controls.  The authors concluded that psychological 

dysfunction may have a direct role in the pathogenesis of fatigue in CHC infection.  The 

methodological limitations that were evident in that study included no liver biopsy 

information provided (to ascertain generalizability of sample to LD), data was collected 

from Veterans (probable poor generalizability to women), unstandardized measure of 

fatigue was used, and monoperation and method bias.  

In a study using the Fatigue Impact Scale, HADS, several cognitive measures 

[e.g., Wechsler Adult Intelligence Scale-Revised, Tests for Attention Processing, Word-

Figure-Memory Test, Trail making test part B, (and others)], electroencephalography 

(EEG), magnetic resonance imaging (MRI) and spectroscopy (MRS), Weissenborn and 

colleagues (2004) used a cross-sectional design and employed a variety of univariate 

analyses (with conservative adjustments made to alpha levels) to examine the relationship 

of cerebral dysfunction and subjective complaints of mild (n =15) and moderate to severe 

(n = 15) fatigue in 30 CHC patients with mild liver disease as compared to healthy 

comparison sample (n = 15).  Note, that there were no significant differences amongst the 

CHC patients reporting mild versus moderate (or severe) fatigue with regard to the 

duration of CHC infection, viral load, or amount of liver fibrosis (all were considered to 

have minimal or mild liver disease).  Results from their study indicated that both CHC 

patient groups reported significantly more fatigue, depression, and anxiety than the 

healthy comparison group.  The moderately/severely fatigued CHC patients also 

endorsed the highest depression and anxious symptom severity as compared to the other 

two groups.  On cognitive measures, the CHC patient group reporting mild fatigue tended 

to have lower verbal IQ’s as compared to the healthy comparison group.  The moderately 

to severely fatigue CHC patient group exhibited significantly lower verbal, performance, 

and full scale IQ’s than the healthy comparison group. Moreover, both CHC patient 
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groups displayed selective deficits involving complex attention, recognition memory for 

objects, and speeded mental flexibility.  About 23 percent of the CHC patients displayed 

slowing on EEG.  MRI’s were interpreted as normal for the CHC and healthy comparison 

groups.  In contrast, both CHC patient groups displayed reduced NNA/creatine signal 

ratio in the gray matter as compared to controls.  No significant correlations were found 

between MRS signal ratios and cognitive or psychological symptom measures.  The 

authors concluded that their results, within the context of mild (or no) liver disease, 

implicates the direct infection of the central nervous system by CHC.  The 

methodological limitations that were evident in that study included:  

monoperation/method bias, small sample size for all patient and control groups (i.e., 15 

per group), and sample characteristics (e.g., only 9/30 CHC patients were male; no 

patients with significant fibrosis or cirrhosis were included; no data regarding ethnicity; 

sample drawn from a tertiary medical center). 

 Summary.  Overall, the amount of data supporting this hypothesis is very limited, 

as compared to the number of studies refuting this hypothesis.  Therefore, it is suggested 

that the development of depressive symptoms and fatigue is probably not due to direct 

infection of the brain.   

 

Physiological Hypothesis #3:  Acetyl L-Carnitine Deficits  

The third physiological hypothesis suggests that an acetyl L-Carnitine deficit in 

CHC produces muscle weakness and may be accompanied by CNS dysfunction 

(Kuratsune et al., 1998).  Acetyl L-Carnitine is a bound form of a long fatty acid which is 

able to cross the mitochondrial membrane, and reportedly plays an important role in 

energy metabolism (Kuratsune et al., 1998).  Deficits in its production have been 

associated with certain genetic factors and many clinical disorders, including liver 

cirrhosis (Kuratsune et al., 1998).  Serum concentrations of acetyl L-Carnitine are 

regulated by the liver, and have been shown to have several CNS effects including 

enhancing energy and spatial learning in rats (Kuratsune et al., 1998).  Kuratsune and 

colleagues (1998) have proposed that abnormal cellular acetyl L-Carnitine metabolism 
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and deficiencies in serum concentrations may be induced by abnormal cytokine 

production secondary to liver dysfunction following viral infection.  A review of recent 

empirical evidence supporting or refuting this hypothesis as it relates to anxiety, 

depression, fatigue and/or irritability follows.  This review of the literature was focused 

on two studies (i.e., Kuratsune et al., 1998; Neri et al., 2003), and together they provide 

provisional support for the third physiological hypothesis as it relates to fatigue in CHC 

(after inspecting these studies discussion sections).  Studies not already 

introduced/critiqued, as above, will be now be considered.   

In a study using markers of serum concentrations of acetyl L-Carnitine (ACR) and 

free creatine (FCR), Kuratsune and colleagues (1998) employed a cross-sectional design 

and conducted t-tests to explore the relationships between ACR and FCR in 146 patients 

with chronic fatigue syndrome (CFS), 20 patients with psychiatric disturbances, 56 CHC 

patients, and 308 “healthy” controls.  Results from their analysis indicated that ACR 

levels vary by race (Swedish vs. Japanese), both CFS and CHC patients were 

significantly lower on measures of ACR than were controls.  The authors concluded that 

CFS and CHC patients had a serum ACR deficiency, and that mammals have a regulatory 

system of serum ACR in the liver.  The serum ACR deficiencies were not related to 

hypertension, diabetes, or psychiatric diseases.  These authors suggested that liver 

dysfunction might not be associated with low serum ACR levels, and posit that cytokines 

may play a role in the pathogenesis of abnormal ACR metobolization in CHC patients.  

The methodological limitations that were evident in the present study included no 

information provided on how diagnosis of CHC was established or what markers were 

used to assess liver disease severity, no standardized/objective measures of 

fatigue/depression used, no diagnostic interview or the like was reported in establishment 

of psychiatric samples (“neurosis” and depression), differences in levels of ACR were 

observed across ethnicities, small sample size of CHC group (e.g., 20 females, 36 males), 

and no conservative adjustments to alpha level prior making multiple statistical 

comparisons was made. 
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 Summary.  Overall, there is no recent empirical evidence corroborating or 

refuting the relationship between acetyl L-Carnitine deficits and anxiety, depression or 

irritability.  At the present time, there is limited but positive evidence for the role of 

acetyl L-Carnitine deficits in the development of fatigue in CHC.   

 

Overall Summary and Methodological Limitations 

Recent empirical evidence supports the relationship between psychosocial 

changes (e.g., diminished sense of well-being, psychological reaction to lethality or 

presence of chronic disease,  impoverished physical and social activity), cytokine 

neurotoxicity in the pathogenesis of anxious and depressive symptoms (along with 

fatigue and irritability), and acetyl L-Carnitine deficits in the development of fatigue in 

CHC patients.  The development of these symptoms is likely to involve the co-activation 

of multiple depressotypic response modes (e.g., neurovegetative symptoms including 

fatigue/sleep/subjective cognitive complaints, evaluative beliefs about the self, and 

dysphoric mood) over time, that may become self-reinforcing over time in many, and in 

some, may be of sufficient severity to meet DSM-IV criteria for a mood or anxiety 

disorder.  In contrast, recent empirical evidence does not implicate a history of substance 

abuse (i.e., ethanol or drug) or direct CHC infection of the brain in CHC patients.  

Furthermore, there is presently little convincing evidence supporting the relationship 

between cytokine neurotoxicity secondary to antiviral treatment and the pathogenesis of 

fatigue. However, these conclusions must be tempered in that much of the recent 

empirical literature related to the three psychological and three physiological hypotheses 

of anxiety, depression, fatigue and irritability in CHC is plagued by a plethora of 

methodological problems.  These methodological problems include various combinations 

of:  under representation of either sex (all or very few females = problems with 

generalizability of results), mono-method (e.g., used only self- or clinician-report 

measures, not both) and mono-operation bias (used only one self- or clinician-report 

measure for constructs under study), structured clinical interviews to establish DSM-IV 

diagnosis or International Classification Disease codes were not used (measurement error 



 

 

 

211

problems = unreliability), no conservative adjustments were made for multiple statistical 

comparisons (possible inflation of Type I error, false positive), patients were not kept 

blind to viral status (potential “reactive effect”), removal of items from standardized 

psychiatric symptom questionnaires (invalidates the clinical interpretive guidelines for 

the measure), tertiary medical care samples used (probable increased severity of hepatic 

disease as compared to general population = problems with generalizability), liver biopsy 

information not always available for all participants (difficult to ascertain generalizability 

of study to patients with variable degrees of inflammation/fibrosis,  plausible rival 

hypothesis = relationships may have been different with different degrees of LD severity, 

e.g., mild fibrosis versus cirrhotics), problems with ethnic diversity amongst samples (all 

Caucasian), variable representation of the spectrum of LD severity (often times small or 

large proportion of patients having cirrhosis), no control/comparison group, small sample 

size (potential power issues & generalizability to population), using unstandardized 

questionnaires (problems with measurement error due to unknown reliability/validity), 

participant attrition (seeming related to systematic differences in patient psychopathology 

severity), and retrospective chart reviews (potential retrospective biases, e.g., selective or 

inaccurate recall).   

Additional factors that have been shown in the behavioral medicine and 

psychopathology literature to be involved in the ontogeny and/or maintenance of anxiety, 

depression, fatigue and/or irritability will now be considered.  These additional factors 

include the role of stress and cognitive content-specificity and severity, and each will be 

introduced below.   

 

Stress  

The predominant theoretical model of stress (and coping), the cognitive-

transactional theory posited by Folkman and Lazarus (1980,1985), suggests that the 

experience of stress by a person in his/her environment depends upon several 

interdependent cognitive and behavioral processes (DeLongis et al.,  1988).  Folkman and 

Lazarus (1980,1985) argue that when a person construes an encounter in the environment 
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as “relevant” to him/her, and if it is deemed relevant, he or she judges whether the stress 

is likely to have a favorable outcome or if it represents a possible threat (e.g., potential 

for harm or loss), harm (e.g., to self or others) or challenge (e.g., potential for 

improvement) to the self.  An encounter or life event is judged “stressful” when it 

represents a possible threat, harm, or challenge to the person’s ability or resources to 

effectively deal with it (Folkman & Lazarus, 1985; Roberts et al., 1994).   

 

Cognitive Content-Specificity in Depression and Anxiety 

A prominent theory in the conceptual understanding and clinical treatment of 

psychopathology, Beck’s cognitive model suggests that the onset and maintenance of 

affective and behavioral responses exhibited in emotional disorders will involve 

cognitions or cognitive filters that that demonstrate content-specificity (Beck et al., 1979; 

Clark et al, 1989; Clark & Beck, 1999; Schmidt et al., 1995).  Content-specificity refers 

to a particular or unique cognitive profile associated with each emotional disorder (Clark 

& Beck, 1999). Cognitions associated with this content-specificity can occur at many 

levels (e.g., latent schemas or early maladaptive schemas, biased interpretations, 

automatic thoughts, etc.), although the bulk of the research has been conducted on 

automatic thoughts (Ambrose & Rholes, 1993; Beck et al., 1987; Clark, et al., 1989).  

Automatic thoughts are believed to be the moment-to-moment cognitive products of 

schema driven information processing (Clark & Beck, 1999; Clark et al., 1989).  Young 

(1990) suggested that these latent schemas develop during childhood, termed early 

maladaptive schema (EMS), as byproducts of the person-environment/caretaker 

interactions within the environment.  These EMSs are maintained into adulthood through 

selective cognitive filtering of information garnered from person-environment 

interactions that serve to validate and reinforce the schema (Schmidt et al., 1995).  While 

it is believed EMSs are present in non-depressed/anxious persons, they become 

“hypervalent and prepotent” when activated by situations congruent with the particular 

schema (Clark & Beck, 1999, p. 66-67; Clark et al., 1989; Wellburn et al., 2002; Lee et 

al., 1999; Schmidt et al., 1995).  For example, the experience of failing an exam for a 
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student may serve to activate and strengthen negativistic beliefs (e.g., “I’m a failure”) 

about him/herself that may predispose him/her to experience depression.  These EMS are 

believed to be predictive of mood disturbances (Schmidt et al., 1995).  Glaser and 

colleagues (2002) noted that between 49-54% of the variance in depression scores 

[Symptom Check List-90-Revised (SCL-90-R)- Depression subscale and Beck 

Depression Inventory (BDI)] and 50% of the variance in anxiety symptoms (SCL-90-R 

Anxiety subscale) are accounted for when all 15 major EMSs proposed by Young (1990) 

are considered (Glaser et al., 2002).  

The cognitive content-specificity of depression is hypothesized to center around 

themes of abandonment, loss, deprivation, failure, or hopelessness (Ambrose & Rholes, 

1993; Beck et al., 1979; Clark & Beck, 1999; Clark et al., 1996; Wellburn et al., 2002).  

The EMS involving the theme of “abandonment” has been shown to account for a 

statistically significant unique proportion of variance in depressive symptoms (i.e., 13% 

of unique variance; Wellburn et al., 2002).  Nezu and colleagues (2000) have shown that 

increased reports of hopelessness predicted increased depressive symptoms in adults.  In 

contrast, cognitive content specificity of anxiety is hypothesized to involve perceptions of 

threat, harm, or danger (Beck et al., 1987; Clark & Beck, 1999; Wellburn et al., 2002).  

For example, the “vulnerability to harm” EMS accountants for 11% of the unique 

variance in anxiety symptoms (Wellburn et al., 2002).  Clark and Beck’s review suggests 

that there is strong empirical support for content-specificity of characteristic depressive 

thoughts (of loss or failure) and depression, but mixed support for cognitive content-

specificity of cognitive anxiety and mood-congruent anxiety. 

Tests of the content-specificity hypotheses have been conducted largely within the 

framework of cross-sectional, aggregate level research where data may be collected on 

one or only a few occasions (Green & Mumma, 2000b).  Only two studies, to this 

author’s knowledge, have investigated the relationship between the cognitive content-

specificity hypothesis in relation to depression and anxiety, intraindividually, in clinically 

depressed and anxious patients (i.e., Green & Mumma, 2000a; Mumma, 2004).  Both of 
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these studies provide mixed support for the cognitive content specificity of depression 

and anxiety.  

To date, there have been no published studies investigating the relationship 

between cognitive content-specificity in anxiety, depression, fatigue, and/or irritability in 

CHC.  Thus, there is a need to explore their applicability to CHC patients who are 

exhibiting depressive or anxious symptoms.  Difficulties in generalizing the findings of 

the aggregate-level research reviewed thus far to the level of the individual will be 

presented next.  

 

Aggregate versus Intraindividual Level of Analysis 

 Research investigating the construct validity of anxiety, depression, fatigue, 

irritability and coping in CHC has been conducted at the aggregate-level.  While this 

growing body of literature is generalizable to the population of CHC patients, these 

aggregate-level models do not necessarily correspond to the dimensional structure of 

these constructs over time within a particular CHC patient (Hooker, 1991; Jones & 

Nesselroade, 1990; Mumma, 2001a; Shifren et al., 1997).  Differences between aggregate 

and intraindividual models may be due to the very nature of group level designs where 

idiosyncrasies characteristic of a particular individual are washed out by averaging across 

participants (Hayes et al., 1999; Hooker, 1991).  From a treatment perspective, it is 

precisely these idiosyncratic relationships that may help to characterize a particular 

person’s functioning and change processes to aid in clinical decisions regarding 

appropriate treatment planning and intervention (Hayes et al., 1999; Mumma, 2001a; 

Mumma & Green, 2001; Nesselroade & Ghisletta, 2000).  Researchers and clinicians 

exploring the intraindividual, over-time dimensional structure of constructs have used P-

technique factor analysis (PTFA, Jones & Nesselroade, 1990) and dynamic factor 

analysis (DFA, Molenaar, 1985; Wood & Brown, 1994).  Each of these methods will be 

introduced below.  

P-Technique factor analysis (PTFA) identifies groups of variables that covary 

together across time within a single individual (Barton et al., 1972; Hershberger, 1998; 
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Hooker, 1991; Russell et al., 1996, Shifren et al., 1997; Voelkel & Mathier, 1995; Wood 

& Brown, 1994). This is in contrast to aggregate-level factor analytic procedures (e.g., R-

Technique factor analysis, RTFA) which identify groups of variables that covary across 

many individuals on a single measurement occasion (Corneal & Nesselroade, 1994, 

Hurlburt & Melancon, 1987; Nunnally & Burnstein, 1994; Tabachnick & Fidel, 2001). 

While computationally both forms of factor analysis are the same, the primary difference 

between PTFA vis-à-vis RTFA is the type of data used. The utility of PTFA is that it 

allows researchers to study nearly any set of constructs or dimensions that can vary over 

time within the individual.  PTFA has been used to study schizophrenia, anxiety, self-

concept, temperment, depression, cognitions, personality, reaction times, adult and child 

psychotherapy, and Parkinson’s disease (Jones & Nesselroade, 1990; Mumma, 2004; 

Nesselroade & Ghisletta, 2000).  As PTFA has tremendous potential for further 

elucidating the dimensional structure of constructs within particular individuals, a few 

methodological and statistical caveats need to be considered.  

 First, a minimum of 100 measurement occasions for a single subject are generally 

needed to obtain a correlation matrix that will yield reliable factor solutions (Catell & 

Birkett, 1980).  However, this number of measurement occasions can be shortened to 50 

observations if the ratio of occasions to variables is greater than 2:1 (Catell & Birkett, 

1980). Second, a basic statistical assumption of factor analysis is the independence of 

observations across occasions (Tabachnick & Fidel, 2001; Wood & Brown, 1994).  The 

problem of auto-correlation or cyclicity in longitudinal data has been ignored by some 

researchers (e.g., Luborsky, 1995).  Ignoring the presence of possible autocorrelation or 

trend and cyclicity may “diminish standardized factor loading estimates, producing 

values which may be lower than true estimates” (Wood & Brown, 1994; p. 167).  

Potential problems with trend and cyclicity can be removed by modeling the data using 

regression analysis and then using the residuals in subsequent analyses (Molenaar et al., 

1992; Shifren et al., 1997; Wood & Brown, 1994).  Third, PTFA identifies latent factors 

representing concurrent relationships amongst a set of variables within a particular 

individual and does not take into account possible lagged (e.g., yesterday) relationships in 
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the observed variables or latent factors (Ferrer & Nesselroade, 2003; Molenaar, 1985; 

Wood & Brown, 1994).  Therefore important sources of information regarding the 

intraindividual dynamic qualities of change as indicated by the lagged covariances of 

items are not modeled with PTFA.  However, dynamic factor analysis (DFA) is a recent 

elaboration of the PTFA model which incorporates lagged latent factors (e.g., Molenaar, 

1985; Wood & Brown, 1994).   

DFA is a relatively new statistical procedure which combines multivariate time 

series regression and PTFA (Hershberger, 1998). The utility of such a modeling approach 

is that it can elucidate both concurrent intraindividual dimensional structure and lagged 

relationships amongst latent and manifest variables (Hershberger, 1998; Shifren et al., 

1997). Given that PTFA can be viewed as a special case of DFA when lagged 

relationships for the latent factors are not modeled (e.g., yesterday’s factor scores 

contributing to today’s factor scores; Ferrer & Nesselraode, 2003), it is recommended 

that researchers begin by fitting dynamic models (incorporating at least Lag1 

information, or with Lag 2 if possible) first, and then back down to non-lagged DFA 

models if the lagged models do not significantly improve fit.  This recommendation is 

consistent with results with other studies where dynamic factors have been found for 

some but not all individuals when examining depression, anxiety or related constructs 

(see Lauderdale et al., 2002; Mooney & Mumma, 2002; Mumma & Green, 2001; Shifren 

et al., 1997).  DFA uses a Block-Toeplitz transformed variance covariance matrix (BTM; 

Hershberger, 1998), which captures both concurrent covariance and lagged auto- and 

cross-covariance information for manifest variables. Two types of model specification for 

DFA include the White-Noise Factor Score (WNFS) and Direct-Autoregressive Factor 

Score (DAFS) models (Ferrer & Nesselroade, 2003; Mumma, 2004).  The WNFS model 

allows different factor loading patterns amongst a set of concurrent and lagged variables 

for a given factor, calculation of oblique models, and specification of auto-correlated 

error covariances (Ferrer & Nesselroade, 2003).  The DAFS model is similar to the 

WNFS model in that oblique and autocorrelated errors can be specified, but differs from 

the WNFS model in that factor scores are created from only concurrent variable loadings 
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(Ferrer & Nesselroade, 2003).  However, the DAFS model also incorporates lagged 

information from yesterdays factor score to today’s factor score via an autoregressive 

parameter (Ferrer & Nesselroade, 2003; Mumma, 2004).  As used to date, DFA is 

basically an exploratory factor analytic method.  However, a common critique of EFA 

approaches is that they do not provide statistical tests for the adequacy of competing 

models (Burns & Eidelson, 1998; Russell et al., 1996). A discussion regarding the utility 

of complementing EFA with confirmatory factor analytic approaches follows.  

Confirmatory factor analytic (CFA) procedures have a number of important 

advantages over exploratory modeling techniques.  EFAs are data driven modeling 

techniques that identify latent dimensions according to mathematically derived 

constraints which may or may not have important research or clinical implications (Burns 

& Eidelson, 1993; Feldman, 1993; Lonigan et al., 1999; Nunnally & Burnstein, 1994; 

Tabachnick & Fidel, 2001).  In contrast, CFA is a theory driven model testing technique 

that specifies a priori which items should load on which factors, thereby reducing the 

probability of capitalizing on chance (Burns & Eidelson, 1998; Feldman, 1993; Lonigan 

et al., 1999; Nunnally & Bernstein, 1994).  Furthermore, CFA permits hypothesis testing 

regarding the adequacy of fit of various comparison models to an observed variance 

covariance matrix (Burns & Eidelson, 1998; Feldman, 1993; Lonigan et al., 1999; 

Nunnally & Bernstein, 1994).  CFA may be used to cross validate EFA derived factor 

structures using independent samples, while elucidating factor relationships 

uncontaminated by measurement error (Lonigan et al., 1999).  While confirmatory 

approaches have been applied to P-Technique data sets (e.g., Garfein & Smyer, 1991; 

Russel et al., 1996), such procedures similarly suffer from exploratory PTFA’s inability 

to take into account information regarding lagged relationships amongst manifest 

variables and latent factors.  Thus, there is a strong need to apply confirmatory 

procedures within a DFA framework.  Expanding upon the work of Molenaar (1985) and 

Wood and Brown (1994), Mumma (1999, 2002a, 2004) has outlined procedures to 

conduct confirmatory DFA using SAS PROC CALIS and IML.   
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Anxiety, Depression, Fatigue, and Irritability:  Consequences and Need for Improved 

Understanding 

Anxiety, depression, fatigue, and irritability in CHC patients with or without 

concomitant antiviral treatment has been associated with reduced ability to carry out 

work responsibilities, poorer quality of life; and these psychosocial variables also may 

have a deleterious impact on treatment compliance and may necessitate dose reduction or 

cessation of antiviral therapy contributing to poorer clinical outcome (Cotler et al., 2000; 

Fontana et al., 2001; Kraus et al., 2001, 2005; Lee et al., 1997; McDonald et al., 2002; 

Russo & Brown, 2001; Turner & Blackwell, 2005).  For example, upwards of 23% of 

CHC patients are non-compliant with IFN-α treatment (Kraus et al., 2001).  In a recent 

study conducted by Kraus and colleagues (2001), noncompliance with antivirial 

treatment was predicted best by psychosocial factors such as depression and irritability 

but not demographic characteristics (i.e., education level, work status, relationship status, 

mode of acquisition) or CHC medical variables (i.e., genotype or liver histology).  

Moreover, anxiety, depression, irritability, and fatigue are common psychiatric adverse 

events associated with dose reduction or cessation of IFN-α treatment (Kraus et al., 2005; 

Hilsabeck et al., 2005; Schaefer, et al., 2005; Turner & Blackwell, 2005).  For example, 

depressive symptoms often lead to dose reduction of antiviral therapies in 40% of cases 

and account for upwards of 15% of attrition cases (Turner & Blackwell, 2005).  Clearly 

with improved compliance with the full doses of antiviral regimen it may be possible to 

increase the treatment efficacy and cost-efficiency in CHC patients, particularly in 

genotype 1 CHC Infected patients (Kraus et al., 2002).  For example, McHutchison and 

colleagues (2002) showed that if CHC-genotype 1 Infected patients complete 80% or 

more of the combination antiviral therapy (pegulated-IFN-α and ribavirin) dosages for 

80% of the treatment duration, the overall sustained virologic response (i.e., no detectable 

CHC-RNA for 6 months after terminating IFN-α treatment) can be increased by 

approximately 12% over and above the average sustained virologic response rate of 51%.  

Therefore, closer examination of the functional relationships between these symptoms, 

antiviral therapy, and CHC disease progression are needed in order to improve the 
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potential benefits from treatment (Kraus et al., 2005; Schaefer et al., 2005).  Elucidation 

of these relationships would help to refine/inform appropriate use of psychological and/or 

medical treatments for these complaints while potentially fostering improved compliance 

with a trial of IFN-α therapy.   
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Table 31. Symptoms of End Stage Liver Diseasea 

___________________________________________________________________________________________________________ 
 

• Portal (vein) hypertension due to abnormal liver architecture secondary to 
cirrhosis that results in:  1) the accumulation of fluid in abdomen or lower 
legs/feet, termed “ascites” and “pedal edema”, respectively; and 2) enlargement of 
esophageal/stomach blood vessels, termed “varices” or less commonly “caput 
medusa”.  

• Development of “asterixis” characterized by flapping of hands at the wrist (“liver 
flap”) 

• Development of “fetor hepaticus” that is defined as the feces-like smell on the 
patient’s breath. 

• The progressive development of hepatic encephalopathy grades III or IV (altered 
consciousness or coma, see Table 8). 

• Delayed clotting time, termed “coagulopathy” secondary to low serum platelet 
count (“thrombocytopenia”) associated with enlargement of the spleen 
(“spleenomegaly”). 

• Icterus (“jaundice”) that is defined as the yellow discoloration of skin and whites 
of the eyes (“sclera”) which is likely accompanied by brown-colored urine and 
clay colored feces. 

• “Hepatorenal syndrome” that is the result of a progressive deterioration of kidney 
functioning, which manifests a problems with urination.   

___________________________________________________________________________________________________________ 
aReferences:  Palmer (2000), Worman (1999).  
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Table 32.  Histological Activity Index (“Knodell Score”) 
___________________________________________________________________________________________________________ 
 
Histological  
Feature Degree Definition Score  
Periportal and/or None  --- 0 
  bridging necrosis Mild piecemeal necrosis (PN) A few foci effected, not all areas  
     involved 1 
 Moderate PN  <50% circumference of most 
     portal areas 3 
 Marked PN  >50% circumference of most 
     portal areas 4 
 Moderate PN + bridging   As above, + confluent necrosis 
   Necrosis    And portal collapse 5 
 Marked PN + bridging    
   Necrosis   As above 6 
 Multiacinar necrosis  Recent necrosis and collapse of 
     entire acini 10 
 
Parenchymal Injury None  --- 0 
 Mild  1-5 injured cells seen per 10x  
     ocular field. 1 
 Moderate  6-20 injured cells per 10x field 3 
 Marked  >20 injured cells per 10x field 4 
 
Portal Inflammation None  --- 0 
 Mild  Sprinkling of inflammatory cells 1 
 Moderate  Numerous inflammatory cells 3 
 Marked  Dense packing of inflammatory  
     cells 4 
 
Fibrosis None  --- 0 
 Mild  Fibrous portal expansion 1 
 Bridging fibrosis  Portal-portal or portal central 
    fibrous linkage 3 
 Cirrhosis  Parenchymal nodules surrounded 
     by scar with loss of normal  
     architecture 4  
___________________________________________________________________________________________________________ 
Note:  Piecemeal necrosis = Destruction of hepatocytes in the liver parenchyma 

surrounding the peri-portal vasculature.  Bridging necrosis = Destruction of 
hepatocytes that spans an area between portal veins.  Multiacinar necrosis = 
Destruction of collections of hepatocytes that are functionally supplied by the 
same portal vein or hepatic artery, termed “acinus.”  Parenchyma = an organ 
comprised of functional elements (e.g., hepatocytes in the liver).  Bridging 
fibrosis = formation of fibrotic tissue that replaces damaged liver parenchyma  
that spans portal regions.   

 
References:   Dorland (2000), Goodman & Ishack (1995). 
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Table 33.  Grading of Cirrhosis:   The Child-Pugh Score  
___________________________________________________________________________________________________________ 
 
 
 
Point Value 1 2 3  __ 
Bilirubin mg/dL <2 2-3 >3 
Albumin g/dL >3.5 3.5-2.8 <2.8 
Protrombin Time 1-3 4-6 >6 
Ascites None Mild or Moderate Severe 
Hepatic Encephalopathy None/Grade0 Grades I or II Grades III or IV  
Total Score:    _____ _____ _____ 
 
 
Classification:   Score ranging from 5-6 = “A”; 7-9 = “B”; 10-15 = “C”  
 
 
Expected survival rates according to Child-Pugh Classificationa: 
“A” = approximately 5 years. 
“B” = approximately 3 years. 
“C” = approximately 6 months. 
___________________________________________________________________________________________________________ 
aReferences:  Dr. Altamimi (Personal Communication, 2003), Papatheodoridis et al. 

(2005). 
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Table 34.  Dominant Forms of CHC Genotypes by Geographic Regions  
___________________________________________________________________________________________________________ 
 
Dominant   
Genotype Region/Nation        
1  U.S.A., Europe, Taiwan, Japan      
2 
3 
4  Egypt, Central Africa       
5  South Africa 
6  South East Asia (e.g., Hong Kong, Maca, Vietnam) 
___________________________________________________________________________________________________________ 
References:   Laurer & Walker (2001), Melian et al. (2001).   
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Table 35.  Blood Tests and Other Techniques Used in the Assessment of the CHC Virus 
___________________________________________________________________________________________________________ 
 
        CHC 
Blood Date  Latency to     Quantity   
Test Available Sensitivity Detecta Detects  Detectable  
ELISA1 1990 95-99% 16weeks CHC antibodies 
ELISA2 1992  9-10 weeks CHC antibodies 
ELISA3 1996 99% 6-8 weeks CHC antibodies 
RIBA 2.0 1993    
RT-PCR 1995 98% 3days to 2 weeks  CHC RNA  >100 antigens/ml 
bDNA       >2*105 antigens/ml 
RIBA 3.0 N/a       
CHC Home 1999     
Test 
 

Technique  Used for          
Sonogram/ultrasound Detect presence or estimate size of masses (e.g., liver cancer) 
CT Scan   Evaluate masses found in liver 
MRI    Detect steateos (fatty) liver or hemaiangioma (blood tumor) 
Liver Biopsy  Assess degree of  liver inflammation (“grade”) and scarring (“staging”), according to  
     Histological Activity Index (HAI; scores range 0 – 22).  Refer to Table 2 for more  
     information on how the HAI is calculated. 
___________________________________________________________________________________________________________ 
Alatency between time of infection and ability to detect CHC antibodies or ribonucleic 

acid. 
 
Note:   Enzyme-linked immunoabsorbent assay (ELISA), recombinant immunoblot assay 

(RIBA), reverse-transcription-polymerase chain reaction (RT-PCR), branched-
chain DNA (bDNA). 

 
References:   NIH (2002), Palmer (2000), Worman (1999). 
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Table 36.  Epidemiology of CHC Infection 
___________________________________________________________________________________________________________ 
  
   

Percent 
General Population:  Infected  
World     1% 
Egypt    6-28% 
Cameroon   15% 
Japan    2% 
United States   1.8% 
Australia   .5-1% 
Germany   .8% 
 
    Percent 
Sub-Populations in U.S: Infected 
Incarcerated     31-50%  
Veterans   2-8% 
IVDU    70-90% 
 
Estimates of Infection in  Approximate 
the U.S. by Ethnicity:  Number Infected 
Non-Hispanic Whites  2,360,000  
Non-Hispanic Blacks  762,000 
Mexican Americans  261,000 
 
 
Ratio of CHC infections in Males to Females:   2:1 
___________________________________________________________________________________________________________ 
Note:  Intravenous Drug Use (IVDU)  
 
References:   Alter et al. (1999), Cheung and Ahmed (2001), El-Serag et al. (2002), 

Iwasaki et al. (2002), Kraus et al. (2000), Laurer and Walker (2001), Miller et al. 
(2004), NIH (2002), Palmer (2000). 
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Table 37.  Transmission Routes for Major forms of Viral Hepatitis 
___________________________________________________________________________________________________________ 
 
       
          Risk of 
          Chronic  
Type Route   Most Common Source   Infection  
A Enteric or fecal-oral  Contaminated food/water   0% 
B Parenteral   Contaminated blood (IVDU/INDU,   5% 
      needle stick, transfusions), sex, childbirth  
Ca Parenteral  Contaminated blood    85% 
D Parenteral  Co-infection with HBV   
E  Enteric or fecal-oral Contaminated food/water 
F Enteric or fecal-oral Contaminated food/water 
G Parenteral  Contaminated blood, similar to CHC. 
TT Parenteral  Transfusion only 
___________________________________________________________________________________________________________ 
Note:  Enteric/Fecal-Oral Route = virus introduced via digestive tract.  Parenteral = virus 

is introduced via any other way except digestive tract (e.g., needle stick).  
IVDU = intravenous drug use.  INDU = intranasal drug use. 

 

aCurrent risk factors for CHC infection include:   IVDU (>65% of new cases in U.S.), 
INDU or occupational exposure (<16%), sexual intercourse (<6%), child birth 
(<5%) , and blood transfusion in the U.S.A. after 1992. (<0.000001%)  

 
References:   Daar et al. (2001), Laurer and Walker (2001), Palmer (2000), Worman 

(1999), Wright (2000). 
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Table 38.  Extrahepatic Manifestions of CHC 
___________________________________________________________________________________________________________ 
 
Skin Diseases  

• “Vasculitis” is an inflammation of blood vessels.  
• “Purpura” is a purple discoloration typically seen in the legs that is secondary to 

blood leaking out of the capillaries under the epidermis (“skin”).  Patients thusly 
infected tend to bruise easily.      

• “Hirsuitis” is characterized as having decreased skin pigmentation accompanied 
by increased body hair growth.   

• “Lichen Planus” is an itchy skin rash occurring in the mouth, hair and nails.   
 
Hematological (blood) Disorders   

• “Mixed Essential Cryoglobulinemia” is a condition of increased circulating 
proteins in the blood, termed “cyroglobulines”, that are often accompanied by 
purpura and joint pain (“arthralgias”) and muscle weakness (“myalgia”).  Palmer 
(2000) suggests that this condition is present in upwards of 50% of patients, but 
only 50% of these cases are symptomatic.   

• Lymphoma is a tumor found in lymphoid tissue.   
 
Endocrine Disorders  

• Hypothyroidism or hyperthyroidism involving an under- or overactive thyroid 
gland.  Parmer (2000) suggest that either of these conditions is likely to occur in 
approximately 5% of patients infected with CHC.     

• “Gynomastica” refers to the budding/growth of breasts, particularly in men.  
 
Eye Disorders 

• “Sjorgren’s Syndrome” includes symptoms of dry eyes and dry mouth. 
 
Kidney Disorder 

• “Glomerulonephretis” refers to the inflammation of kidney.  
 
___________________________________________________________________________________________________________ 
Reference:   Palmer (2000). 



 

 

 

228

Table 39.  Liver Function Tests 
___________________________________________________________________________________________________________ 
Enzyme, Protein 
or Metabolic    Normal  Abnormal  Abnormal Value 
By-Product  Value  Value   Interpretation     
Albumin 3.5 to 5.5g/dL <3.5g/dL Condition of “Hypoalbuminemia” referring 

to a reduced production of albumin, a liver 
protein,  associated with advanced liver 
disease, poor health, and/or nutrition. 

 
Alanine Aminotransferase (ALT) 45IU/L >45IU/L ALT is a transamine enzyme.  70% of CHC 

patients will have ALT levels ranging from 
80 to 180IU/L, although can range from as 
low as 46IU/L to 450IU/L.  30% of CHC 
patients will have normal ALT levels, 
termed “healthy chronic carriers”.    

 
Alkaline Phosphatase (AP) 35 to 115IU/L >115IU/L AP is a cholestatic enzyme.  High serum 

levels of this enzyme is associated with 
inflammation or injury to bile ducts and/or 
hepatoma.  

 
Aspartate Aminotransferase (AST) 40IU/L >41IU/L AST is a transamine enzyme.  70% of CHC 

patients will AST levels ranging from 80 to 
180IU/L, although can range from as low as 
46IU/L to 450IU/L.  30% of CHC patients 
will have normal AST levels, termed 
“healthy chronic carriers”.    

 
Gamma-Glutamyl  
Transpeptidase (GGTP) 3 to 60IU/L >60IU/L GGTP is a cholestatic enzyme.  High serum 

levels of this enzyme is associated with 
inflammation or injury to bile ducts and/or 
hepatoma.    

 
Bilirubin  <1.2mg/dL >1.2mg/dL Yellow colored pigment produce by the liver 

during degradation of erythrocytes.  A 
condition of “hyperbilirubinemia” occurs 
when the bilirubin is not cleared effectively, 
that when elevated to 3mg/dL or more, 
produces jaundice. 
 

Platelets 150 to 450 x103/mL <150 x103/mL Platelets are proteins that are clotting 
factors.  A condition of “thrombocytopenia”, 
refers to a low platelet count which 
contributes to coagulopathy causing the 
person to bleed excessively. 

 
Prothrombin Time 9 to 11 seconds >11seconds Slow clotting time, associated with 

decompensated liver disease and/or vitamin 
K deficiency 

___________________________________________________________________________________________________________ 
References:   Maling (2000), Palmer (2000), Worman (1999). 
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Table 40.  Interferon and/or Ribavirin Treatment 
___________________________________________________________________________________________________________ 
    
 Brand FDA   Half       Genotype 
Product Name Approval Manufacturer Dose Life 1 (2/3) 
IFN-α-2b Intron A 1991 Schering Plough Co. 3-5MU, 3*/wk  4-16 hours  10
IFN-α-2a Roferon A 1996 Roche Pharmaceuticals 3-5MU, 3*/wk 4-16 hours  10
INF Alfacon-1 Infergen 1997  9mcg, 3*/wk   12.1
INF(any) + Ribavirin  1998  3-5MU, 3*/wk   35-40 
    + 1000 or 1200mga   (65)
PEG-IFN-α-2b PEG Intron 2001 Schering-Plough Corp 1.5mcg/kg body 45 hours  25-36 
    Per week. 
   
PEG-IFN-α-2a PEGASYS  2002 Hoffman-LaRoche Lt 180mcg/1 shot/wk 96 hours  28-36
PEG-INF (any) + Ribavirin   2002         42-50  

         (76-82) 
___________________________________________________________________________________________________________ 
Note:  Food and Drug Administration (FDA), Interferon (IFN),  Branched Chain 

Polyethylene glycol (PEG) added to the INF molecule promoting longer half-life, 
million units (MU), sustained viral response 6 months post treatment cessation 
(SVT%), recombinant refers to a non-naturally occurring protein. 

 
aDose = 1000mg if body weight < 165lbs, 1200mg if >165lbs. 
 
References:   Brown and Neuman (2001), Costa and Schiff (1999), Heathcote et al. 

(2000), Hoare and Forton (2000), Kraus et al. (2000), Malek-Ahmadi (In Press), 
Melian et al. (2001), NIH (2002), Palmer (2000), Shiffman (2001), Worman 
(1999), Zeuzem et al. (2000). 
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Table 41.  Frequency of Side Effects During Interferon Trials in CHC as a Function of 
Dosea 

___________________________________________________________________________________________________________ 
 
 
 Stopped  Decrease  Flu-like      
Dose Therapy Dose Symptoms Depression Alopecia TCP LP  
3 MU for 6 mo. 4% 9% 41% 7%  16% 8% 9% 
>5 MU for 6 mo. 5% 22% 76% 10%  19% 4% 13% 
___________________________________________________________________________________________________________ 
Note:  TCP = Thrombocytopenia.  LP = Leukopenia.  MU = Million Units.   
 

aThis table was adapted from Dusheiko (1997).   
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Table 42.  Common Side Effects of Interferon-alpha or Combination Treatment in CHCa 

___________________________________________________________________________________________________________ 
 
IFN Combo 
% %  

Flu-like 60-80 60-80 
Fatigue 70 70 
Headache 60 60 
Muscle pain (“Myalgia”) 60 60 
Fever 40 40 
 
Gastrointestinal/other 20-40 30-40 
Loss of appetite (“Anorexia”) 15 20 
Nausea 20 35 
Itching (“Pruritis”) 10 20 
Rash at injection site 10 <30 
Cardiotoxicity  <30 
Gout  <30 
Alopecia  <30 
 
Laboratory 10-20 30-40 
Low red blood cell count (“Hemolytic Anemia”) 5 40 
Low platelet count (“Thrombocytopenia”) 15 10 
Low white blood cell count (“Neutropenia”) 20 40 
Hyper/Hypothyroidism 10-20 10-20 
 

 Antiviral treatment (IFN or Combo) 
 %     

Neurological 40-50 (<5% symptomatic) 
Neuropathy/paraethesias 1-2 
Seizures <1.3 
Parkinson’s like symptoms (“Extrapyramidal ataxia”) <1 
Degeneration of Retina (“Retinopathy”) 50 (<3% symptomatic) 
 
Psychiatric 
Depression mood 30-40  
Severe depression/suicide  1-2 
Paranoia or suicidal ideation <1 
Loss of Libido <1 
Anxiety 10-20 
Insomnia 30-40 
Irritability 20-30 
Emotional lability 10 
Concentration difficulties 10-30 
Delirium <1 
Psychosis <1 
Substance abuse relapse <5 
___________________________________________________________________________________________________________ 
Note:  IFN-α = Interferon-alpha alone.  Combo = IFN-α +Ribavirin combination treatment. 
 

aThis table was adapted from Fontana (2000) and Laurer and Walker (2001).    



 

 

 

232

Table 43.  Contraindications for antiviral therapy in CHCa 
___________________________________________________________________________________________________________ 
 
Medical 

• Autoimmune disorders (e.g., autoimmune hepatitis) 
• Hyper/hypothyroidism 
• Diabetic or hypertensive degeneration of retina (“retinopathy”) 
• Major medical comorbidities (e.g., Chronic heart failure, renal failure) 
• Pregnancy 
• Decompensated cirrhosis 
• Medication noncompliance 

 
Neuropsychiatric 

• Severe depression/history of suicide attempt 
• Severe or poorly controlled psychiatric disorder 
• Active substance abuse 
• Seizure disorder requiring treatment 

 
Laboratory values 

• Anemia:   Hemoglobin <10gl/dl 
• Leukopenia:   White blood cell count <3.0*103/mm3 
• Thrombocytopenia:   platelets <100*103/mm3  

___________________________________________________________________________________________________________ 
aThis table was adapted from Fontana (2000).    
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APPENDIX B 

THE AUTOMATIC THOUGHTS QUESTIONNAIRE 



 

 

 

234

Directions:  Listed below are a variety of thoughts that pop into people’s heads.  Please 
read each though and indicate how frequently, if at all, the though occurred to you over 
the last week.  Please read each item carefully and fill in the blank with the appropriate 

number, using the following scale: 
 

1= Not at all 
2= Sometimes 
3= Moderately often 
4= Often 
5= All the time 

 
_____ 1.  I feel like I’m up against the world. 
_____ 2.  I’m no good. 
_____ 3.  Why can’t I ever succeed? 
_____ 4.  No one understands me. 
_____ 5.  I’ve let people down. 
_____ 6.  I don’t think I can go on. 
_____ 7.  I wish I were a better person. 
_____ 8.  I’m so weak. 
_____ 9.  My life’s not going the way I want it to. 
_____ 10.  I’m so disappointed in myself. 
_____ 11.  Nothing feels good anymore. 
_____ 12.  I can’t stand this anymore. 
_____ 13.  I can’t get started. 
_____ 14.  What’s wrong with me? 
_____ 15.  I wish I were somewhere else. 
_____ 16.  I can’t get things together. 
_____ 17.  I hate myself. 
_____ 18.  I’m worthless. 
_____ 19.  Wish I could just disappear. 
_____ 20.  What’s the matter with me? 
_____ 21.  I’m a loser. 
_____ 22.  My life is a mess. 
_____ 23.  I’m a failure. 
_____ 24.  I’ll never make it. 
_____ 25.  I feel so helpless. 
_____ 26.  Something has to change. 
_____ 27.  There must be something wrong with me. 
_____ 28.  My future is bleak. 
_____ 29.  It’s just not worth it. 
_____ 30.  I can’t finish anything. 



 

 

 

235

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 

THE CHICAGO MULTISCALE DEPRESSION  

INVENTORY 
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Directions:  The following items describe feelings or experiences people have.  Read 
each item carefully, then circle the number of the phrase that best describes you during 
the past week, including today.  Circle only one number for each word.  Try to answer 
every item. 
 
 
 
 
 
 
 
 
1.  Sad……………… 1   2   3   4   5 
2.  Joyful…………..  1   2   3   4   5 
3.  Unworthy……….  1   2   3   4   5 
4.  Easily awakened..   1   2   3   4   5 
5.  Inferior………….  1   2   3   4   5 
 
6.  Unable to pay  
     attention…………  1   2   3   4   5 
7.  Glum…………....  1   2   3   4   5 
8.  Exhausted……....   1   2   3   4   5 
9.  Woeful………….   1   2   3   4   5 
10.  Blue……………  1   2   3   4   5 
 
11.  Worthless……...  1   2   3   4   5 
12.  Unhappy……….  1   2   3   4   5 
13.  Punished……….  1   2   3   4   5 
14.  Tired…………. .  1   2   3   4   5 
15.  Sluggish……….  1   2   3   4   5 
 
16.  Cheerless………  1   2   3   4   5 
17.  Energetic……. ..  1   2   3   4   5 
18.  A failure……….  1   2   3   4   5 
19.  Low………….. .. 1   2   3   4   5 
20.  Loved………….  1   2   3   4   5 
 
21.  Unable to  
       concentrate……   1   2   3   4   5 
22.  Poor appetite….   1   2   3   4   5 
23.  Despised……. .  1   2   3   4   5 
24.  Hated………….   1   2   3   4   5 
25.  Fitful sleep……   1   2   3   4   5 
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26.  Criticized……… 1   2   3   4   5 
27.  Fatigued………. 1   2   3   4   5 
28.  Forgetful………. 1   2   3   4   5 
29.  Capable………... 1   2   3   4   5 
30.  Dreary…………. 1   2   3   4   5 
 
31.  Trouble falling 
       asleep………….. 1   2   3   4   5 
32.  Grim…………… 1   2   3   4   5 
33.  Rejected………. 1   2   3   4   5 
34.  Despairing…….. 1   2   3   4   5 
35.  Happy…………. 1   2   3   4   5 
  
36.  Weak………….. 1   2   3   4   5 
37.  Gloomy……….. 1   2   3   4   5 
38.  Forgotten………. 1   2   3   4   5 
39.  Active….……… 1   2   3   4   5 
40.  Sorrowful……… 1   2   3   4   5 
  
41.  Somber………… 1   2   3   4   5 
42.  Useless………… 1   2   3   4   5 
43.  Miserable……… 1   2   3   4   5 
44.  Alert…………… 1   2   3   4   5 
45.  Resented………. 1   2   3   4   5 
  
46.  Uninterested   
       in sex………….. 1   2   3   4   5 
47.  Unwanted…....... 1   2   3   4   5 
48.  Peaceful……….. 1   2   3   4   5 
49.  Restless………... 1   2   3   4   5 
50.  Deserted………. 1   2   3   4   5 

Extrem
ely 

Q
uite a bit 

M
oderately 

A
 little 

N
ot at all 



 

 

 

238

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX D 

THE FATIGUE SEVERITY SCALE 
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For each of the following questions, please mark the blank below the one answer that comes 
closest to describing the way you have been feeling during the past week.  
 

 Strongly    Strongly  
 Disagree     Agree 

1.  My motivation is lower when I am fatigued. ___   ___    ___    ___   ___   ___   ___ 
2.  Exercise brings on my fatigue.  ___   ___    ___    ___   ___   ___   ___ 
3.  I am easily fatigued.  ___   ___    ___    ___   ___   ___   ___ 
4.  Fatigue interferes with my physical functioning. ___   ___    ___    ___   ___   ___   ___ 
5.  Fatigue causes frequent problems for me.  ___   ___    ___    ___   ___   ___   ___ 
6.  My fatigue prevents sustained physical functioning.  ___   ___    ___    ___   ___   ___   ___ 
7.  Fatigue interferes with carrying out certain duties 
     and responsibilities. ___   ___    ___    ___   ___   ___   ___ 
8.  Fatigue is among my three most disabling 
     symptoms. ___   ___    ___    ___   ___   ___   ___ 
9.  Fatigue interferes with my work, family, or social life. ___   ___    ___    ___   ___   ___   ___ 
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Doctors are aware that emotions play an important part in most illnesses.  If your doctor 
knows about these feelings he/she will be able to help you more.  This questionnaire is 
designed to help your doctor to know how you feel.   
 
Directions:   Read each item and underline the reply which comes closest to how you 
have been feeling over the past week.   
 
Don’t take to long over your replies; your immediate reaction to each item will probably 
be more accurate than a long thought out response.  
 

1. I feel tense or ‘wound up’. 
0.  Not at all. 
1.  From time to time, occasionally. 
2.  A lot of the time. 
3.  Most of the time. 
 

2. I still enjoy the things I used to enjoy. 
0.  Definitely as much. 
1.  Not quite so much. 
2.  Only a little. 
3.  Hardly at all.  
 

3. I get a sort of frightened feeling as if something awful is about to happen. 
0.  Not at all.  
1.  A little, but it doesn’t worry me. 
2.  Yes, but not too badly. 
3.  Very definitely and quite badly. 
 

4. I can laugh and see the funny side of things. 
0.  As much as I always could. 
1.  Not quite so much now. 
2.  Definitely not so much now. 
3.  Not at all.   
 

5. Worrying thoughts go through my mind. 
0.  Only occasionally. 
1.  From time to time but not too often. 
2.  A lot of the time. 
3.  A great deal of the time. 
 

6. I feel cheerful. 
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0.  Most of the time.  
1.  Sometimes.  
2.  Not often. 
3.  Not at all. 
 

7. I can sit at ease and feel relaxed. 
0.  Definitely. 
1.  Usually. 
2.  Not often. 
3.  Not at all. 
 

8. I feel as if I am slowed down. 
0.  Not at all.   
1.  Sometimes. 
2.  Very often. 
3.  Nearly all the time. 
 

9. I get a sort of frightened feeling like ‘butterflies’ in the stomach. 
0.  Not at all. 
1.  Occasionally. 
2.  Quite often. 
3.  Very often. 
 

10. I have lost interest in my appearance. 
0.  I take just as much care as ever. 
1.  I may not take quite as much care. 
2.  I don’t take so much care as I should. 
3.  Definitely. 
 

11. I feel restless as if I have to be on the move. 
0.  Not at all. 
1.  Not very much. 
2.  Quite a lot. 
3.  Very much indeed. 
 

12. I look forward with enjoyment to things. 
0.  As much as I ever did. 
1.  Rather less than I used to. 
2.  Definitely less than I used to. 
3.  Hardly at all. 
 

13. I get sudden feelings of panic. 
0.  Not at all.   
1.  Not very often. 
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2.  Quite often. 
3.  Very often indeed. 
 

14. I can enjoy a good book or radio or TV programs. 
0.  Often. 
1.  Sometimes 
2.  Not often. 
3.  Very seldom. 
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Directions:  Please mark the blank below the one answer that best describes how you have 
been feeling during the past week including today.  

 

 Not at   Moder- Quite  
   All A little  ately a bit Extremely 

1.  Angry ____  ____  ____ ____    ____ 
2.  Peeved ____  ____  ____ ____    ____ 
3.  Grouchy ____  ____  ____ ____    ____ 
4.  Spiteful ____  ____  ____ ____    ____ 
5.  Annoyed ____  ____  ____ ____    ____ 
6.  Resentful ____  ____  ____ ____    ____ 
7.  Bitter ____  ____  ____ ____    ____ 
8.  Ready to fight ____  ____  ____ ____    ____ 
9.  Rebellious ____  ____  ____ ____    ____ 
10.  Deceived ____  ____  ____ ____    ____ 
11.  Furious ____  ____  ____ ____    ____ 
12.  Bad-tempered ____  ____  ____ ____    ____ 
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Instructions:  Listed below are statements that a person might use to describe himself or 
herself.  Please read each statement and decide how well it describes you.  When you are 
not sure, base your answer on what you emotionally feel, not on what you think to be 
true.  Choose the highest rating from 1 to 6 that describes you and write the number in the 
space before the statement.   

 
Rating Scale: 

1 = Completely untrue of me. 
2 = Mostly untrue of me. 
3 = Slightly more true than untrue. 
4 = Moderately true of me. 
5 = Mostly true of me. 
6 = Describes me perfectly. 

 
ED 
1.  _____ Most of the time, I haven’t had someone to nurture me, share him/herself 

with me, or care deeply about everything that happens to me. 
2.  _____ In general, people have not been there to give me warmth, holding, and 

affection. 
3.  _____ For much of my life, I haven’t felt that I am special to someone. 
4.  _____ For the most part, I have not had someone who really listens to me, 

understands me, or is tuned into my true needs and feelings. 
5.  _____ I have rarely had a strong person to give me sound advice or direction when 

I’m not sure what to do. 
 
AB 
6.  _____ I find myself cling to people I’m close to, because I’m afraid they’ll leave 

me. 
7.  _____ I need other people so much that I worry about losing them. 
8.  _____ I worry that people I feel close to will leave me or abandon me. 
9.  _____ When I feel someone I care for pulling away from me, I get desperate. 
10.  _____ Sometimes I am so worried about people leaving me that I drive them 

away. 
 
MA 
11.  _____ I feel that people will take advantage of me. 
12.  _____ I feel that I cannot let my guard down in the presence of other people, or 

else they will intentionally hurt me. 
13.  _____ It is only a matter of time before someone betrays me. 
14.  _____ I am quite suspicious of other people’s motives. 
15.  _____ I’m usually on the lookout for people’s ulterior motives. 
 
SI 
16.  _____ I don’t fit in. 
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17.  _____ I’m fundamentally different from other people. 
18.  _____ I don’t belong; I’m a loner. 
19.  _____ I feel alienated from other people. 
20.  _____ I always feel on the outside of groups. 
 
DS 
21.  _____ No man/woman I desire could love me once he/she saw my defects. 
22.  _____ No one I desire would want to stay close to me if he/she knew the real me. 
23.  _____ I’m unworthy of the love, attention, and respect of others.  
24.  _____ I feel that I’m not lovable. 
25.  _____ I am too unacceptable in very basic ways to reveal myself to other people. 
 
FA 
26.  _____ Almost nothing I do at work (or school) is as good as other people can do. 
27.  _____ I’m incompetent when it comes to achievement. 
28.  _____ Most other people are more capable than I am in areas of work and 

achievement. 
29.  _____ I’m not as talented as most people are at their work 
30.  _____ I’m not as intelligent as most people when it comes to work (or school). 
 
DI 
31.  _____ I do not feel capable of getting by on my own in everyday life. 
32.  _____ I think of myself as a dependent person, when it comes to everyday 

functioning. 
33.  _____ I lack common sense. 
34.  _____ My judgment cannot be relied upon in everyday situations. 
35.  _____ I don’t feel confident about my ability to solve everyday problems that 

come up. 
 
VH 
36.  _____ I can’t seem to escape the feeling that something bad is about to happen. 
37.  _____ I feel that a disaster (natural, criminal, financial, or medical) could strike 

at any moment. 
38.  _____ I worry about being attacked. 
39.  _____ I worry that I’ll lose all my money and become destitute. 
40.  _____ I worry that I’m developing a serious illness, even though nothing serious 

has been diagnosed by a physician. 
 
EM 
41.  _____ I have not been able to separate myself from my parent(s), the way other 

people my age seem to. 
42.  _____ My parent(s) and I tend to be over involved in each other’s lives and 

problems. 
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43.  _____ It is very difficult for my parent(s) and me to keep intimate details from 
each other, without feeling betrayed or guilty. 

44.  _____ I often feel as if my parent(s) are living through me – I don’t have a life of 
my own. 

45.  _____ I often feel that I do not have a separate identity from my parents(s) or 
partner. 

 
SB 
46.  _____ I think that if I do what I want, I’m only asking for trouble. 
47.  _____ I feel that I have no choice but to give in to other people’s wishes, or else 

they will retaliate or reject me in some way. 
48.  _____ In relationships, I let the other person have the upper hand. 
49.  _____ I’ve always let others make choices for me, so I don’t know what I want 

for myself. 
50.  _____ I have a lot of trouble demanding that my rights be respected and that my 

feelings be taken into account. 
 
SS 
51.  _____ I’m the one who usually ends up taking care of the people I’m close to. 
52.  _____ I am a good person because I think of others more than of myself. 
53.  _____ I’m so busy doing for the people that I care about, that I have little time 

for myself. 
54.  _____ I’ve always been the one who listens to everyone else’s problems. 
55.  _____ Other people see me as doing too much for others and not enough for 

myself. 
 
EI 
56.  _____ I am too self-conscious to show positive feelings to others (e.g., affection, 

showing care). 
57.  _____ I find it embarrassing to express my feelings to others. 
58.  _____ I find it hard to be warm and spontaneous. 
59.  _____ I control myself so much that people think I am unemotional. 
60.  _____ People see me as uptight emotionally. 
 
US 
61.  _____ I must be the best at most of what I do;  I can’t accept second best. 
62.  _____ I try to do my best; I can’t settle for “good enough.” 
63.  _____ I must meet all my responsibilities. 
64.  _____ I feel there is constant pressure for me to achieve and get things done. 
65.  _____ I can’t let myself off the hook easily or make excuses for my mistakes. 
 
ET 
66.  _____ I have a lot of trouble accepting “no” for an answer when I want 

something from other people. 
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67.  _____ I’m special and shouldn’t have to accept many of the restriction placed on 
other people. 

68.  _____ I hate to be constrained or kept from doing what I want. 
69.  _____ I feel that I shouldn’t have to follow the normal rules and conventions 

other people do. 
70.  _____ I feel that what I have to offer is of greater value than the contributions of 

others. 
 
IS 
71.  _____ I can’t seem to discipline myself to complete routine or boring tasks. 
72.  _____ If I can’t reach a goal, I become easily frustrated and give up. 
73.  _____ I have a very difficult time sacrificing immediate gratification to achieve a 

long-range goal. 
74.  _____ I can’t force myself to do things I don’t enjoy, even when I know it’s for 

my own good. 
75.  _____ I have rarely been able to stick to my resolutions. 
 
*Copyright 2003, Jeffery Young, Ph.D., and Gary Brown, Ph.D.  Unauthorized 
reproduction without written consent of the authors is prohibited. For more 
information, write:  Cognitive Therapy Center of New York, 36 West 44th Street, 
Suite 1007, New York, NY 10036. 



 251

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX H 

MODIFIED YOUNG SCHEMA QUESTIONNAIRE ITEMS 

FOR THE DAILY QUESTIONNAIRE 



 252

 Emotional Deprivation 
1.  _____ Most of the time, I haven’t had someone to nurture me, share him/herself 

with me, or care deeply about everything that happens to me today. 
2.  _____ In general, people have not been there to give me warmth, holding, and 

affection today. 
3.  _____ For much of my life, I haven’t felt that I am special to someone. 
4.  _____ For the most part, I have not had someone who really listens to me, 

understands me, or is tuned into my true needs and feelings. 
5.  _____ I have rarely had a strong person to give me sound advice or direction when 

I’m not sure what to do. 
 
Abandonment 
6.  _____ I find myself cling to people I’m close to, because I’m afraid they’ll leave 

me. 
7.  _____ I need other people so much that I worry about losing them. 
8.  _____ I worry that people I feel close to will leave me or abandon me. 
9.  _____ When I feel someone I care for pulling away from me, I get desperate. 
10.  _____ Sometimes I am so worried about people leaving me that I drive them 

away. 
 
Failure 
26.  _____ Almost nothing I do at work (or school) is as good as other people can do. 
27.  _____ I’m incompetent when it comes to achievement. 
28.  _____ Most other people are more capable than I am in areas of work and 

achievement. 
29.  _____ I’m not as talented as most people are at their work 
30.  _____ I’m not as intelligent as most people when it comes to work (or school). 

 
Vulnerbility to Harm 
36.  _____ I can’t seem to escape the feeling that something bad is about to happen. 
37.  _____ I feel that a disaster (natural, criminal, financial, or medical) could strike 

at any moment. 
38.  _____ I worry about being attacked. 
39.  _____ I worry that I’ll lose all my money and become destitute. 
40.  _____ I worry that I’m developing a serious illness, even though nothing serious 

has been diagnosed by a physician. 
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Participant 1:  
 

Theme 1:  Inadequacy.  
 

At my core, I’m not a real man. 
Deep down inside, I don’t measure up as a man. 
I’m not a real man because of what happened to me when I was a boy. 
If I think about my past, then I feel dirty, degraded, and less than human. 
A real man would never allow another man to violate him. 

 
Theme 2:  Unlovable. 
 

Deep down inside, I’m unlovable as a person. 
If someone asks for my help, then they’ll just use me like everyone else. 
People don’t care about me. 
I feel used. 
People just use me – they don’t really care about me. 

 
 
Participant 2:  
 

Theme 1:  Weak and Inadequate.  
 

Basically, I’m an inadequate as a person. 
If I can’t take care of myself, then I’m weak. 
It’s just terrible to rely on others for help. 
I must be the strong one.  

 
Theme 2:  Failure. 
 

I’m no longer a super mom. 
I’ve let important others down. 
I feel just awful when I let others down. 
At my core, I’m basically a failure. 
 

Theme 3:  Worthless. 
 

If I can’t deal with my problems, then I’m a worthless person. 
I’m falling apart. 
I must pull my own weight. 
Basically, I’m a worthless person.  
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Participant 1:  Date:______________  Day:___________________ Time:____________        Page 1 
 
Please describe (if applicable) the one most bothersome event or issue during the past 24 hours and rate 
how stressful this situation was for you.  In particular, report new or ongoing stressful events i.e., bill 
collectors calling, deadlines at work, serious illness or death in the family. 
 
Stressful Event:  ________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
 
On a scale of 1 to 100 (where 100 is the death of a friend or family member and 1 is a minor annoyance), 
how stressful would you rate this problem or situation?__________  
 
Please rate the following thoughts, feelings, and behaviors on the given severity scale. Be sure to rate these 
every day at approximately the same time. 
 
 

0 --------1 -------2 -------3 -------4 --------5 --------6 --------7 --------8 --------9 --------10 
  Not at     Very     Mild                          Moderate                           Severe     Very     Extreme 
  All          Mild                                                                                                Severe 

 
Rate how much you have had or experienced the following thoughts on the given severity scale.  Rate each 
item in terms of minimum and maximum frequency (how often) or duration (how long did you have these 
thoughts) during the past 24 hours:     
 
1.____I look forward to my future with hope and enthusiasm.   
2.____I find myself cling to people I’m close to, because I’m afraid they’ll leave me.   
3.____I can’t seem to escape the feeling that something bad is about to happen.   
4.____Almost nothing I do at work (or school) is as good as other people can do.   
5.____At my core, I’m not a real man.    
6.____Deep down inside, I’m unlovable as a person.   
7.____I have enough time to do the things I want to do.    
8.____I need other people so much that I worry about losing them.   
9.____I feel that a disaster (natural, criminal, financial, or medical) could strike at any moment.  
10.____I’m incompetent when it comes to achievement.   
11.____I happen to be particularly lucky, and I expect to get more of the good things in life than the 

average person.   
12.____A real man would never allow another man to violate him.   
13.____People just use me – they don’t really care about me.   
14.____I worry that people I feel close to will leave me or abandon me.   
15.____I worry about being attacked.   
16._____ I’m not as talented as most people are at their work.   
17.____Deep down inside, I don’t measure up as a man.   
18.____If someone asks for my help, then they’ll just use me like everyone else.   
19.____When I look ahead to my future, I expect to be happier than I am now.   
20.____When I feel someone I care for pulling away from me, I get desperate.   
21.____I worry that I’ll lose all my money and become destitute.   
22.____Most other people are more capable than I am in areas of work and achievement.   
23.____I’m not a real man because of what happened to me when I was a boy.    
24.____People don’t care about me.   
25.____I look forward to experiencing more good times than bad times.   
26.____Sometimes I am so worried about people leaving me that I drive them away.   
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Participant 1:  Date:______________ Day:___________________ Time:____________        Page 2 
 
0 --------1 -------2 -------3 -------4 --------5 --------6 --------7 --------8 --------9 --------10 

  Not at     Very     Mild                          Moderate                           Severe     Very     Extreme 
   All       Mild                                                                                                Severe 
 
27.____I worry that I’m developing a serious illness, even though nothing serious has been diagnosed by a 

physician.   
28.____I’m not as intelligent as most people when it comes to work (or school).   
29.____If I think about my past, then I feel dirty, degraded, and less than human.     
30.____I feel used.   

 
Please rate the following feelings and behaviors on the given severity scale. Please rate the severity of each 
item during the past 24 hours:    
 
1.____Sad.   
2.____My motivation is lower when I am fatigued.   
3.____I feel tense or ‘wound up’.   
4.____Angry.   
5.____Blue.   
6.____Exercise brings on my fatigue.    
7.____I get a sort of frightened feeling as if something awful is about to happen.   
8.____Grouchy.   
9.____Unhappy.   
10.____I am easily fatigued.   
11.____Worrying thoughts go through my mind.   
12.____Annoyed.   
13.____Cheerless.   
14.____My fatigue prevents sustained physical functioning.    
15.____I get a sort of frightened feeling like ‘butterflies’ in the stomach.   
16.____Resentful.   
17.____Low.   
18.____Fatigue interferes with carrying out certain duties and responsibilities.   
19._____  I feel restless as if I have to be on the move.   
20.____Furious.   
21.____Gloomy.   
22.____Fatigue interferes with my work, family, or social life.    
23.____I get sudden feelings of panic.  
24.____Bad-tempered.    
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Participant 2:  Date:______________ Day:___________________ Time:____________        Page 1 
 
Please describe (if applicable) the one most bothersome event or issue during the past 24 hours and rate 
how stressful this situation was for you.  In particular, report new or ongoing stressful events i.e., bill 
collectors calling, deadlines at work, serious illness or death in the family. 
 
Stressful Event:  ________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
 
On a scale of 1 to 100 (where 100 is the death of a friend or family member and 1 is a minor annoyance), 
how stressful would you rate this problem or situation?__________  
 
Please rate the following thoughts, feelings, and behaviors on the given severity scale. Be sure to rate these 
every day at approximately the same time. 
 

0 --------1 -------2 -------3 -------4 --------5 --------6 --------7 --------8 --------9 --------10 
  Not at     Very     Mild                          Moderate                           Severe     Very     Extreme 
  All          Mild                                                                                                Severe 

 
Rate how much you have had or experienced the following thoughts on the given severity scale.  Rate each 
item in terms of minimum and maximum frequency (how often) or duration (how long did you have these 
thoughts) during the past 24 hours:     
 
1.____ I look forward to my future with hope and enthusiasm. 
2.____ I haven’t had someone to nurture me, share him/herself with me, or care deeply about everything 

that happened to me today. 
3.____ Almost nothing I do at work (or home) is as good as other people can do. 
4.____ I can’t seem to escape the feeling that something bad is about to happen. 
5._____Basically, I’m inadequate as a person.  
6._____I’m no longer a super mom. 
7._____If I can’t deal with my problems, than I’m a worthless person. 
8.____ My future seems dark.   
9.____ In general, people have not been there to give me warmth, holding, or affection today. 
10.____ I’m incompetent when it comes to achievement. 
11.____ I think that a disaster (natural, criminal, financial, or medical) could strike at any moment. 
12._____If I can’t take care of myself, than I’m weak. 
13._____I’ve let important others down. 
14._____I’m falling apart. 
15.____ I have great faith about my future.  
16.____ I haven’t felt that I was special to someone. 
17.____ Most other people are more capable than I am in areas of work and achievement. 
18.____ I worried about being attacked. 
19._____It’s just terrible to rely on others for help.      
20._____I feel just awful when I let others down.  
21._____I must pull my own weight. 
22.____ I think that my future is vague and uncertain.  
23.____ I don’t believe that I had someone who really listened to me, understood me, or was tuned into my 

true needs and feelings.   
24.____ I’m not as talented as most people are at their work. 
25.____ I worried that I’ll lose all my money and become destitute.  
26._____I must be the strong one.  
27._____At my core, I’m basically a failure.   
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Participant 2:  Date:______________ Day:___________________ Time:____________        Page 2 
 
0 --------1 -------2 -------3 -------4 --------5 --------6 --------7 --------8 --------9 --------10 

  Not at     Very     Mild                          Moderate                           Severe     Very     Extreme 
  All          Mild                                                                                                Severe 

 
28._____Basically, I’m worthless as a person. 
29.____ My future is bleak. 
30.____ I didn’t have a strong person to give me sound advice or direction when I wasn’t sure what to do. 
31.____ I’m not as intelligent as most people when it comes to work (or home). 
32.____ I worried that I’m developing a serious illness, even though nothing serious has been diagnosed by 

a physician. 
Please rate the severity of each item during the past 24 hours:    
1._____ Sad 
2._____ My motivation is lower when I am fatigued. 
3._____ I get a sort of frightened feeling as if something awful is about to happen. 
4._____ Angry  
5._____ Blue  
6._____ I am easily fatigued. 
7._____ Worrying thoughts go through my mind. 
8._____ Peeved  
9._____ Unhappy  
10._____ Fatigue interferes with my physical functioning. 
11._____ I can sit at ease and feel relaxed. 
12._____ Grouchy  
13._____ Cheerless  
14._____ My fatigue prevents sustained physical functioning. 
15._____ I get a sort of frightened feeling like ‘butterflies’ in the stomach. 
16._____ Annoyed  
17._____ Low  
18._____ Fatigue interferes with carrying out certain duties and responsibilities.  
19._____ I feel restless as if I have to be on the move. 
20._____ Bitter  
21._____ Sorrowful  
22._____ Fatigue interferes with my work, family, or social life. 
23._____ I get sudden feelings of panic. 
24._____ Deceived 
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Viral hepatitis has been with us since ancient times (Palmer, 2000).  In the late 

1800’s, two forms of viral hepatitis were known and these were termed “infectious” and 

“serum” (blood) hepatitis (Palmer, 2000).  In 1963, Dr. Baruch Blumberg and colleagues 

localized a protein derivative of “serum” hepatitis in the blood of an Australian Aborigine 

(Palmer, 2000).  This protein, termed “the Aborigine Antigen”, was later renamed the 

hepatitis B virus (HBV).  A decade later, the “infectious” form of viral hepatitis was 

identified, and classified as hepatitis A (HAV).  In 1974, all other forms of viral hepatitis 

were categorized as “non-A, non-B” hepatitis (NIH, 2002; Palmer, 2000; Worman, 

1999).  In the late 1970’s, another viral strain was identified that only seemed to co-occur 

with HBV infection, and this new strain was classified as “hepatitis D”.  In 1989, two 

papers were published in the Journal of Science describing the isolation and cloning of 

genetic material for yet another kind of hepatitis virus by a biotechnology company 

(“Chiron”; Palmer, 2000).  This new strain was classified as “hepatitis C”, and it 

seemingly accounted for 90 percent of the non-A, non-B hepatitis infections (Palmer, 

2000; Worman, 1999).  In 1990, a virus similar to HAV was identified, classified as 

“hepatitis E”.  During the early 1990’s, there was also emerging evidence for the 

existence of the hepatitis F virus.  In 1995, hepatitis G was identified.  Two years later, 

the transfusion-transmitted virus was identified.  Most recently, in 1999, another viral 

strain was identified classified as “SEN-V” after its discoverer (Palmer, 2000). 
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