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CHAPTER I 

INTRODUCTION 

High blood pressure is a silent killer in a significant portion 

of our society. An estimated prevalence of 25% of the adult popula

tion, or about 60 million Americans, have hypertension. Much of the 

interest shown today stems from the Veterans Administration Cooperative 

Study Groups in 196 7 and 1970 showing the value of antihypertensive 

drugs in treating both severe and moderate hypertension, respectively. 

The contribution of high blood pressure to the incidence of 

heart failure, renal failure, and stroke is well established. The 

control of high blood pressure, however, can become complicated due 

to the many contributing factors to blood pressure levels. Different 

factors that have been implicated include sodium, potassium, chloride, 

magnesium, protein, free fatty acids, alcohol, calcium, locality, 

socioeconomic status, race, water hardness, elevated heart rate, 

positive family history, overweight, gain of weight, psychogenic 

factors, and age. Some of these factors, with an emphasis on calcium, 

will be addressed. 

Although prevalent means of blood pressure control including 

antihypertensive drugs, dietary sodium restriction, and weight loss, 

seem well-established, scrutiny of these methods is becoming more and 

more intense. Reasons for this include the side-effects of drug 

therapy which are becoming more well-known, and the questionable 

value of sodium restriction for the population as a whole. Because of 

these findings, the establishment of safe, effective, and relatively 

inexpensive methods of treatment is being sought. A discussion of 

calcium as an essential nutrient and as a possible factor in blood 

pressure control is presented for consideration. 



CHAPTER II 

REVIEW OF LITERATURE 

Calcium Overview 

An understanding of the role of calcium in man is needed before 

the magnitude of the implications of the relationship to blood 

pressure control becomes apparent. A review of its functions, 

sources, absorption, excretion, homeostatic controls, and requirements 

will be presented. 

Functions of Calcium 

Calcium is ranked fifth in occurrence of all the elements in the 

human body. A 70 kg man contains approximately 1200 g of calcium, 

which would be 1.5 to 2.0% of his total body weight. 

Calcium performs a variety of functions in the human body. The 

maintenance and structural component of skeletal tissue requires 

approximately 99% of the body's total calcium. The major inorganic 

bone substance is crystals of hydroxyapatite or Ca (PO,) (OH) , which 
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provides the strength and hardness of bone mineral. Other ions such 

as CO , OH , Na , F , and citrate may become part of the structure 

also. The organic matrix composed of softer protein material provides 

the framework into which the crystals are imbedded. Calcium is also 

a vital mineral in tooth formation, although here mineralization is 

not as subject to the influence of calcium homeostasis as bone tissue. 

Calcium is necessary for blood clotting. Calcium ions both 

enhance stability of the fibrin threads and increase bonding of fibrin 

molecules with each other. Calcium is required for prothrombin 

activation. Extremely small amounts of calcium are required for the 

latter, since it proceeds even during hypocalcemic tetany. 



The activation of certain enzymes requires calcium ions. These 

enzymes include pancreatic lipase, plasma lipoprotein lipase, adenosine 

triphosphatase, phospholipase A, and phosphorylase kinase. 

Ionized calcium influences the integrity of intercellular 

cement substance, thereby affecting the permeability of cell walls. 

A specific example occurs in the nervous system. Calcium ions are 

needed for proper nerve impulse transmission from the nerve branch 

tips to the adjacent muscle fiber. The neurotransmitters involved in 

this action include norepinephrine, serotonin, and acetylcholine. 

Another very important action of calcium is its role in muscle. 

The release of calcium ions is required to catalyze the reaction 

between action filaments and myosin which results in contraction as 

energy is released from ATP. Magnesium and potassium are also 

involved in this process. 

Sources of Calcium 

Albanese ̂  £!.• » (1978) referred to the National Food Review 

conducted by Economic Research Service (1978) which reported food 

patterns as they related to calcium intake. Dairy products, excluding 

butter, provided 74.6% of total calcium consumption. The dairy products 

were further delineated into various categories and their contribution: 

fluid whole milk 29.0%; fluid lowfat milk 15.1%; dried, evaporated, 

and condensed milk 10.4%; cheese 15%; frozen desserts and ice cream 

4.3%; and other dairy products 0.8%. Additional food sources and 

their calcium contributions include: fruits and vegetables 12.5%; 

flour and cereal products 3.4%; meat, poultry, and fish 4.0%; eggs 

2.2%; and other foods 3.4%. An estimated 943 mg of calcium were 

available per capita in 1977. 

Other forms of calcium are available for calcium supplementation. 

Calcium carbonate contains 40% elemental calcium, calcium lactate 

contains 13%, calcium gluconate contains 9%, and dibasic calcium 

phosphate provides 23.3% as elemental calcium (Riggs, 1983). 



Calcium Absorption 

The absorption of calcium depends first on its solubility, which 

requires an acid medium. Most of the calcium is absorbed in the 

duodenum and proximal jejunum where acidity is greater. 

Calcium is absorbed by passive diffusion and by active transport. 

A calcium-binding protein (CaBP) induced by vitamin D is required in 

active transport while passive diffusion is concentration-dependent. 

The need for vitamin D for passive diffusion to occur has been 

proposed (Johnson _et̂  aj^., 1970). 

Wide variations exist in the estimates of the percentage of 

calcium actually absorbed from the gut. Ranges of 10-30% (Williams, 

1977), 20 to 30% (Food and Nutrition Board, 1980) and 10 to 15% 

(Albanese je_t a]^. , 1978) have been stated. This large variation is 

more completely understood when the many factors influencing calcium 

absorption are examined. 

Factors Which Increase Absorption 

The quantity of serum 1,25-dihydroxyvitamin D [1,25(OH)2D] is 

clearly the major determining factor of the rate of calcium absorption. 

Calcium absorption increases with the rise of serum 1,25(0H)2D. 

For example, with low calcium intake, the rate of 1,25(0H)2D 

production increases which increases calcium absorption. "Body need" 

is often stated as an influence in the rate of absorption. Pregnancy, 

lactation and growth place calcium requirements above normal mainte

nance requirements, and would effect a higher rate of calcium absorp

tion. For example, calcium absorption during pregnancy has been shown 

by Heaney and Skillman (1971) to be twice that of nonpregnant women. 

Calcium requirements will be discussed separately in a later section. 

Lactose has been suggested to increase calcium absorption two 

ways. The intestinal cell wall permeability to calcium ions may be 



enhanced, and/or lactose may influence lactic acid production through 

lactobacilli, which would lower luminal pH and increase calcium 

absorption. 

In the presence of milkfat compared to hydrogenated vegetable 

fats, calcium is absorbed at a higher rate. This is probably due to 

the increased formation of calcium salts with the vegetable fats, 

which would inhibit absorption. 

Certain amino acids including lysine, arginine, and serine may 

increase calcium absorption by their effect upon intestinal pH 

and by the formation of soluble complexes of calcium and amino acids. 

Factors Which Decrease Absorption 

The number of factors which inhibit or interfere with calcium 

absorption seem to outnumber those which promote it. As mentioned 

earlier, body need influences the rate of 1,25(OH)2D production 

which helps control calcium absorption. When calcium availability 

in the small intestine is increased, as with ample calcium intake, 

the percentage of absorbed calcium is reduced, even though the net 

amount absorbed may be greater. 

The ratio of dietary calcium to phosphorus (Ca:P) has often 

been cited as decreasing the calcium balance as the ratio of phosphorus 

increases. A ratio of 2:1 to 1:2 was recommended. This belief is in 

part supported by animal studies. Although bone loss was produced in 

rats with a high phosphorus intake (Draper ̂  £l_. , 1972), intestinal 

calcium absorption was not affected. Bone loss occurred in dogs 

(Laflamme and Jowsey, 1972) with very high levels of phosphorus intake, 

but calcium absorption was not measured. A human study showed a 

temporary decrease in serum calcium and ionized calcium following 

an oral phosphate load of one gram, which resulted in increased 

parathyroid hormone (PTH) secretion of 60 to 125% to return serum 

calcium to normal levels (Reiss £l £1-• 1970). In another human study, 

calcium absorption was not reported to be significantly affected 

with variable intakes in adults (Spencer et al., 1975). These results 



indicate that high phosphorus intakes decrease calcium balance but 

do not affect intestinal calcium absorption. 

Vitamin D deficiency decreases intestinal calcium absorption 

because the presence of vitamin D is required in this process. Due 

to the fact that an acid medium is needed for calcium solubility, 

an alkaline medium will inhibit absorption. 

The effect of age on calcium absorption continues to be 

researched. Spencer _e_t £]^. , reported in 1982 that fecal calcium excre

tion was 78% of intake for the 51-year-old group, but only 56% for the 

21 year old group. Calcium utilization was 16% and 40% for each age 

group, respectively. This decline with age may partly be explained by 

inadequate quantities of 1,25(0H)2D according to a study (Gallagher 

^ j_l̂ . , 1979) showing both lower serum 1,25(OH) 2D and fractional 

calcium absorption in subjects above 65 years old compared with a 

younger group. The authors propose that proper adaption to lower 

calcium intakes was not occurring. 

The loss of estrogen in post-menopausal women may aggravate the 

decrease in serum 1,25(0H)2D. Two theories attempt to explain 

this etiology. The decrease could either be caused by a decreased 

production due to estrogen withdrawal, or to a greater sensitivity 

of the skeleton to PTH (Marcus, 1982). The latter interpretation is 

favored by some since an increased level of PTH is not usually 

found in most post-menopausal individuals with osteoporosis (Riggs 

et al., 1973). Estrogen replacement seems to be indicated in either 

case. Fractional calcium absorption and serum 1,25(0H)2D levels 

are both increased in this type of therapy (Gallagher jt^ al., 1980), 

Calcium absorption may be decreased by certain emotional states. 

Stress, including tension and anxiety, boredom, and grief have all 

been implicated (Albanese ̂  a^., 1978). 

Two other often quoted factors which depress calcium absorption 

are phytic and oxalic acid. Phytic acid is found in the outer hulls 

of wheat and other cereal grains, and forms an insoluble salt in the 

presence of calcium called calcium phytate. Oxalic acid behaves 



similarly, forming calcium oxalate. Oxalic acid is commonly found 

in certain greens, including spinach, beet, and chard; rhubarb and 

other fruits; several nuts; cocoa; and tea (Williams, 1977). However, 

the significance of these two acids in the normal U.S. diet is consid

ered to be of little importance, provided the level of calcium intake 

is adequate. 

The effect of dietary fiber on calcium absorption has been 

studied. Reinhold jet̂  a_]̂ . , in 1973 reported that the addition of 

1.850 g of purified phytate to a controlled diet containing 0.679 g 

of phytate in a group of three subjects resulted in no change in the 

calcium balance in one subject, but significantly reduced the calcium 

balance in two subjects. This decrease was attributed to decreased 

intestinal calcium absorption, as urinary calcium excretion was 

significantly increased in all three subjects. Even though the 

complex, calcium phytate, is not absorbed in the upper intestines, 

phytate is digested in different amounts in the human, resulting in 

the availability of calcium for absorption. Hylander _e_t ̂ . (1980) 

have shown that colonic absorption of calcium occurs and is a signifi

cant factor in individuals with small intestine resections. Another 

study by Cummings ̂  jj^. (1979) reported that the use of whole wheat 

and bran products to increase fiber intake from 22 to 53 g per day 

resulted in a reduction of calcium balance from +32 to -77 mg per day 

on a high calcium diet containing 1302 mg calcium per day. 

In a review article by Allen (1982) on calcium bioavailability, 

it was suggested that the phytate content of the whole wheat and 

bran products was previously believed to be the cause of reduced 

calcium absorption. However, later research has examined other 

constituents of fiber for their effects on calcium absorption. Uronic 

acids constitute approximately 40% of the noncellulosic portion of 

fruits and vegetables, and 10% of this fraction in cereals (Southgate, 

1978), A significant positive correlation between uronic acid level 

and calcium-binding capacity has been demonstrated (James et_ al_. , 1978) 

However, the same authors could not show a correlation with cellulose. 

Kelsay_et jl, (1979) studied the effect of a high and low fiber diet 



8 

on calcium balance using fruits and vegetables to provide the addi

tional fiber. The low fiber diet contained 4.6 g of neutral detergent 

fiber and 1.070 g of calcium, while the high fiber diet contained 

23.8 g of neutral detergent fiber and 1.166 g of calcium. The authors 

reported a calcium balance of +72 and -122 mg per day on the low and 

high fiber diets, respectively. 

The effect of dietary protein on calcium balance has been 

studied in detail through a series of four metabolic studies (Johnson 

ejt aĴ , , 1970; Walker and Linkswiler, 1972; Anand and Linkswiler, 1974; 

and Linkswiler _e_t aĴ , , 1974), and summarized by Linkswiler (1976), 

Thirty-three 18 to 23-year-old men were participants. Protein 

intakes of 47 g, 95 g, and 142 g were used and calcium levels were 

500, 800, and 1400 mg. Results showed that increasing the protein 

intake from 47 to 142 g per day produced approximately a two-fold 

increase in urinary calcium. Also, no matter which calcium level 

was employed, a significantly lower amount of calcium was excreted 

on the 47 g protein level than on the 95 g level for all subjects. 

More calcium was excreted when 142 g of protein was consumed 

compared to the 95 g level in all subjects except two. 

As far as calcium balance was concerned, varying results were 

seen. A positive calcium balance was achieved with the 47 g protein 

level for all three calcium amounts studied. In fact, the additional 

calcium found in the 800 and 1400 mg levels did not result in any 

increased calcium retention. Conversely, a positive calcium balance 

was not achieved with a protein intake of 142 g at any calcium level 

except for three subjects (9%) consuming 1400 mg calcium. A negative 

calcium balance was much more pronounced at the lowest calcium intake, 

averaging 120 mg. Calcium equilibrium was observed when both intakes 

of 95 g protein and 800 mg calcium were used concurrently. 

Regarding calcium absorption per se, increasing the protein 

intake from 47 g to 95 g did improve the amount of calcium absorbed, 

but the additional increase to 142 g protein produced no additional 

absorption. These four studies seem to point out the limited effect 



protein has on calcium absorption, the direct relationship between 

increasingly higher levels of urinary calcium produced by higher 

protein intakes, and the greater difficulty of achieving a positive 

calcium balance with a high protein intake. The effect of protein 

on calcium balance will be further discussed under "Calcium Excretion." 

The effect of dietary fat on calcium absorption has been studied. 

Calcium absorption is known to decrease in conditions of fat malabsorp

tion or steatorrhea (Agnew and Holdsworth, 1971), probably because 

of the intestinal presence of free fatty acids which causes saponifica

tion. Contradictory data is reported concerning the relationship 

between fecal calcium and fecal fat in human infants, Shaw (1976) 

reported no relationship, Hanna ̂  al̂ . , (1970) demonstrated a positive 

correlation between fecal calcium and fecal fat in the infant consum

ing cow's milk which was not present in the breast fed babies. 

Although the cow's milk provided a higher calcium intake the resulting 

amount of calcium absorbed from the intestine was similar. The level 

of dietary fat in the healthy adult does not affect the absorption of 

calcium (Allen, 1982). 

Calcium Excretion 

Calcium is excreted externally through urine, stool, and 

sweat and internally via digestive secretion. Normally, the ratio 

of calcium lost through the urine and stool is approximately 1:1. 

Urinary calcium levels vary between 100 and 250 mg daily, while fecal 

calcium losses vary between 140 and 180 mg. Losses through sweat 

account for 15 to 20 mg daily. Calcium found in digestive secretions 

are principally via bile. It accounts for about 500 mg calcium, 

although this calcium is subject to intestinal reabsorption. 

Many factors affect calcium excretion, several of these have 

been previously mentioned. Those factors which increase or decrease 

intestinal calcium absorption would, by nature, have the opposite 

effect on fecal calcium excretion. In addition, those factors which 

increase sweat production, such as strenuous physical activity, 

increase calcium excretion through this route. 
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Levels of calcium found in the urine are influenced by phosphorus, 

protein intake, specific types of amino acids, and certain drugs. 

Phosphorus will decrease urinary excretion of calcium (Spencer et al,, 

1975; Bell e^£l^. , 1977; Spencer £t̂  al̂ . , 1978), although its relationship 

to calcium absorption is less well-established. The resulting 

"nutritional hyperparathyroidism" produced by high phosphate loads in 

animals may similarly affect man, but has not been conclusively shown 

in the literature. However, the increasing consumption of phosphate-

containing items such as certain food additives and soft drinks, and 

the decreasing consumption of dairy products (and consequently calcium) 

have caused some researchers to postulate that this trend may be 

contributing to age-related bone loss (Bell^al., 1977). 

The influence of protein on urinary calcium was introduced in 

the previous section. Increased urinary calcium excretion with high 

protein intakes has been reported in other studies (Margen ̂ _t̂  a^, , 

1974; Allen _e_t £l̂ . , 1979). However, these studies used purified 

proteins to help achieve the high protein levels, as did the work of 

Johnson _et̂  aĵ . (1970), Walker and Linkswiler (1972), Anand and 

Linskwiler (1974), and Linkswiler ^ jl̂ . (1974). Since purified 

proteins contain more of the sulfur amino acids which decrease the 

resorption of calcium in the renal tubules, the increased urinary 

calcium is theorized by Whiting and Draper (1981) to be influenced 

by this factor. Spencer _e_t al_. in 1978 reported that the use of 

larger quantities of meat to produce a high protein intake did not 

significantly affect urinary calcium excretion, possibly due to the 

high phosphorus content of the high meat diet. However, another study 

(Robertson _e_t aj^, , 1979) using 34 g protein as tuna fish to achieve 

a high protein (84 g) intake showed an increase in urinary calcium by 

23%. Tuna fish has a phosphorus content similar to meat. Therefore, 

this area seems to require further research before definite conclusions 

can be made. 
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Several drugs have been shown to affect urinary calcium, including 

glucocorticoids, aluminum-containing antacids and tetracycline. A 

negative effect on calcium balance and bone mass has been seen with 

pharmacological doses of glucocorticoids for extended periods 

(Wajchenberg _e_t £l̂ . , 1969; Hahn j_t ail̂. , 1974), These drugs have been 

shown to reduce intestinal absorption of calcium (Wajchenberg et al., 

1969), possibly due to interference of vitamin D metabolism (Klein 

j_t̂  al_, , 1977). Aluminum-containing antacids in large doses, besides 

causing increased phosphorus excretion will also raise the level 

of urinary calcium. Long-term tetracycline treatment will show a 

similar effect (Spencer ̂  aĴ , , 1982), 

Homeostatic Controls 

The homeostatic control mechanisms associated with calcium, 

parathyroid hormone (PTH), vitamin D and metabolites, and calcitonin 

seem to be fairly well established. 

Normal levels of serum calcium range between 8,5 and 10.5 mg/dl. 

Approximately 40% is bound to albumin and other plasma proteins; 5 

to 15% is complexed with organic anions including bicarbonate, citrate, 

phosphate, and sulphate; 50% is ionized. The ionized portion comprises 

the physiologically active form which is affected by the complex 

homeostatic regulations. 

Vitamin D either comes from that which is absorbed from the 

small intestine, or is synthesized in the skin by sunlight stimulation. 

After transport to the liver, 25(0H)D is formed by enzymatic hydroxyla-

tion. The liver may further metabolize this compound to inactive 

forms or transport it to the kidney. The conversion in the kidney 

to 1,25(0H)2D is stimulated by PTH and low serum phosphate levels. 

Although 25(0H)D may have similar actions to 1,25(0H)2D in some 

situations, much larger amounts are needed showing that the latter 

compound is the most physiologically active form (Agus _et̂  al̂ , , 1982). 
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When serum ionized calcium levels are increased due to increased 

bone resorption or dietary calcium absorption, PTH secretion decreases 

and calcitonin secretion rises. Since PTH affects the renal tubules, 

a drop in PTH will also decrease renal tubular resorption of calcium 

which consequently increases urinary excretion. The PTH decrease also 

causes a decreased production of 1,25(0H)2D which reduces intestinal 

calcium absorption. These mechanisms should re-establish calcium 

balance. 

Conversely, when dietary calcium is low, PTH secretion is enhanced, 

which improves the rate of calcium absorption, reduces the amount of 

bone resorption, and reduces urinary calcium excretion. Again, 

calcium balance should be re-established. 

Under normal conditions, about 98% of the calcium load presented 

to the kidney tubules is reabsorbed, primarily in the proximal part 

of the nephron. In this area, calcium reabsorption is linked to the 

transport of sodium, whereas in the distal portion no relationship 

exists, PTH and metabolic alkalosis both stimulate calcium reabsorp

tion in the distal nephron, while metabolic acidosis and hypophospha

temia depress it. Therefore, PTH and the extracellular fluid volume 

(which affects sodium transport) control the reabsorption of approxi

mately 2 to 4% of the filtered load presented to the distal nephron 

(Sutton and Dirks, 1981), 

The normal homeostatic controls associated with calcium can be 

altered by various disease states which affect calcium, PTH, vitamin 

D, etc. Hyperparathyroidism involves an excessive secretion of PTH, 

Primary causes may include adenoma (90% frequency), hyperplasia (8%), 

or carcinoma (2%), and secondary causes point to conditions which 

lower serum calcium, such as renal insufficiency, vitamin D deficiency, 

or calcium malabsorption. Hyperparathyroidism usually causes 

hypercalcemia, whereas secondary hyperparathyroidism may produce 

normal or decreased serum calcium levels. 
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Disorders of Calcium Balance 

Disorders of calcium balance can be manifested in a variety of 

ways. Inadequate intakes of calcium and/or other nutrients can 

result in rickets, osteomalacia, and osteoporosis. Kidney stones 

may be formed from a high urinary calcium level. Hypercalcemia and 

hypocalcemia occur when the body's homeostatic mechanisms are 

disturbed . 

Rickets is a disease occurring in children, primarily as a 

result of vitamin D deficiency, which is usually caused by lack of 

sunlight exposure. Intestinal absorption of calcium and phosphorus 

is consequently depressed. While serum calcium levels are maintained 

by PTH-stimulated bone resorption, urinary phosphate excretion 

increases. Although calcium needs are high during bone growth in 

children, continued bone resorption and lack of sufficient calcium 

for proper bone formation result in weak, uncalcified osteoid, which 

gradually replaces other bone as it is resorbed. As a result, weight-

bearing bones are deformed as are bones of the head, ribs, and spine. 

Effective treatment involves prophylactic doses of calcium, 

phosphorous, and vitamin D (Guyton, 1981b), 

Osteomalacia has been previously described as "adult rickets," 

As in rickets, vitamin D deficiency is the major underlying disorder. 

However, the cause of vitamin D deficiency in adults is usually 

steatorrhea which produces both vitamin D and calcium malabsorption. 

Chronic kidney disease may also lead to osteomalacia due to the 

kidney's inability to convert vitamin D to its active form (Guyton, 

1981b; Allen, 1982). 

Osteoporosis is the most common bone disease found in adults, 

characterized by bone loss, increased bone porosity, decreased 

skeletal strength, and fractures, A reduction in the amount of 

mineralized tissue per unit volume of bone occurs even though the 

bone maintains its normal chemical composition. It is most prevalent 

in older people and women with the incidence in postmenopausal 
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women at 25%, Manifestations may include dowager's hump, shortened 

height, and fractures. Causes of osteoporosis include inadequate 

calcium absorption, inactivity, insufficient formation of protein 

matrix, inadequate intake of vitamin C, lack of estrogen. Gushing's 

disease, and acromegaly. Treatment often involves supplemental 

calcium, vitamin D, fluoride, and estrogen (Albanese £t̂  al̂ . , 1978; 

Guyton, 1981b). 

Kidney stones can be extremely painful to an individual, both 

during their "travel" or due to the dilation of the ureter. Approxi

mately 80% are composed of calcium and other compounds which have 

precipitated from the urine. For reasons not completely understood, 

about 50% of the stone-formers have very high levels of urinary 

calcium and this is found more often in men than in women. This 

condition is termed idiopathic hypercalcemia and tends to be 

familial. Other causes include parathyroid gland tumor, increased 

absorption of dietary oxalate, and dehydration. Magnesium, phosphate, 

uric acid, ammonium, cystine, and oxalate may also be found in 

kidney stones. Treatment involves pain medication, an increased 

fluid intake, and antibiotics for infection during the acute phase. 

Longer-term therapy may include a high fluid intake, thiazide 

diuretics to decrease the level of urinary calcium, and dietary 

modifications that includes avoiding a high meat and vitamin C 

intake. No recent evidence exists to support the claim that kidney 

stone formation is promoted by a high intake of dairy products, A 

reduced calcium diet may actually increase oxalate absorption. 

Therefore, restricting both calcium and oxalate may be indicated 

in some situations. If uric acid or cystine stones are present, 

the drugs allopurinol or penicillamine, respectively, may be 

prescribed and the maintenance of a relatively alkaline urine pH 

may be advised (Johnson, 1983). 

As reviewed earlier in this chapter, the homeostatic mechanisms 

which control ionized serum calcium involve PTH, calcitonin, the 

kidneys, vitamin D, the small intestine, and bone. Therefore, 
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conditions of hyper- or hypocalcemia exist when these mechanisms are 

not functioning properly. 

Hypercalcemia causes a depressed nervous system, slow reflexes, 

nausea and vomiting, anorexia, constipation, confusion, and renal 

insufficiency, among other conditions. Serum calcium levels above 

12 mg/dl will produce symptoms, while levels above 15 mg/dl will 

produce more severe problems. A precipitation of calcium phosphate 

will occur in body tissues with serum calcium levels above approxi

mately 17 mg/dl (Guyton, 1981b). 

The most common cause of hypercalcemia in asymptomatic young 

individuals is hyperparathyroidism, while malignancies are the 

primary cause in the elderly. Other causes include familial disease, 

renal disease, other endocrine disorders, intoxication by vitamin A 

or D, drugs, immobilization, granulomatous disease, and parental 

calcium administration (Sturtridge and Wilson, 1982). Treatment 

may involve a single or combination use of oral phosphates, forced 

diuresis, glucocorticoid steroids, calcitonin, or hydration. 

Parathyroidectomy, chemotherapy, or surgical removal of the malignancy 

may be indicated depending on the underlying cause of the hyper

calcemia (Elliott and McKenzie, 1983), 

Hypocalcemia produces characteristic symptoms due to the 

increased permeability of the nerve cell membranes when serum 

calcium levels fall below normal. Consequently, the excitability of 

the central and peripheral nervous system increases, leading to 

neuromuscular disorders. Psychiatric, cardiac, ectodermal, and 

gastrointestinal symptoms may also occur. Tetany usually occurs when 

the level of serum calcium falls from a normal of 8.5 to 10,5 mg/dl 

to approximately 6 mg/dl, while levels of approximately 4 mg/dl 

are normally fatal. With tetany, spontaneous discharge of the 

nerve fibers occurs, which may produce spasms in the hands, feet, and 

larynx, and/or convulsive seizures (Rastogi and Arruda, 1983; Guyton, 

1981b). 

The causes of hypocalcemia may include hypoalburainemia; inade

quate availability of calcium, vitamin D, or vitamin D metabolites; 
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hypomagnesemia; hypoparathyroidism; or hyperphosphatemia, among 

others. Obviously, therapy will be dictated by the underlying 

cause. An intravenous solution of calcium gluconate is administered 

during the acute phase (Agus £t̂  al. , 1982). 

Calcium Requirements 

The Recommended Dietary Allowances (RDA) established in 1980 by 

the Food and Nutrition Board for the various ages in both sexes are 

as follows: 

Infants 

Children 

Males 

Females 

Age (years) 

0.0-0.5 
0.5-1.0 

1-3 
4-6 
7-10 

11-14 
15-18 
19-22 
23-50 
51+ 

11-14 
15-18 
19-22 
23-50 
51+ 

Calcium (mg) 

360 
540 

800 
800 
800 

1200 
1200 
800 
800 
800 

1200 
1200 
800 
800 
800 

+400 

+400 

Pregnant Women 

Lactating Women 

Problems exist with the current methods used to establish the 

above guidelines ",,,to meet the known nutritional needs of 

practically all healthy persons" (Food and Nutrition Board, 1980, 

pg 1), Controversy involving the calcium allowances exists for 

several reasons. Although balance studies have their own inherent 

inaccuracies, these were the bases of many of the recommended 

levels. A blanket recommendation in the various age/sex categories 

disregards many of the other nutrients and factors which affect 

calcium balance, good examples of which are protein and phosphorus. 
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The greatest controversy seems to be in establishing the require

ments for individuals predisposed to osteoporosis and for peri-

menopausal women. 

The RDA for infants is based on human milk calcium levels, A 

breast-fed infant consumes approximately 60 mg of calcium per 

kilogram of body weight in comparison to 170 mg provided in the 

normal cow's milk formula containing added carbohydrate. While about 

two-thirds of the calcium from human milk is retained by the infant 

only 25 to 30% of the calcium from the formula is retained. There

fore, since 60 mg per kilogram of body weight is the RDA for infants, 

it applies only to those being breast-fed (Food and Nutrition Board, 

1980), The use of a specially-designed formula for very low 

birth weight infants, containing medium-chain triglycerides, vitamin 

D, and providing a calcium intake of 239 mg per kilogram per day, 

resulted in a calcium absorption rate of 73% (Shenai _e_t̂  ̂ al̂ . , 1980). 

For growing children and adolescents, calcium requirements are 

between one and one-half to four times that for an adult per unit of 

weight, explaining the relatively higher recommended amounts for 

these age groups. While children aged four to five deposit about 

20 g of calcium per year, adolescents between the ages of 14 and 

15 deposit approximately 90 g per year. Improved calcium retention 

is observed at various ages when adequate calcium is consumed. 

Unfortunately, girls between 9 and 14 years of age consume an 

average of 25% less calcium than the recommended level (Albanese 

e_t aj^, , 1978). 

Calcium requirements during adulthood primarily reflect main

tenance levels rather than the increased needs during growth. 

However, the 800 mg recommendation is subject to considerable debate, 

primarily due to conflicting data available. One of the more well-

known balance studies (Hegsted £t^ £!•, 1952) reported that calcium 

equilibrium was achieved with an intake of 100 to 200 mg per day 

in a group of ten male Peruvian prisoners between 30 and 56 years of 

age. A more recent review was conducted by Nordin _e_t al̂ . (1979). The 
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authors analyzed results of 212 balance studies and estimated that a 

mean calcium intake of 5 78 mg per day should achieve calcium equili

brium. To achieve equilibrium in 95% of the subjects, 900 mg of 

calcium would be needed. A similar review (Marshall £t aĴ . , 1976) 

revealed that calcium balance was negative in most individuals 

with intakes below 600 mg per day. 

Some criticism of the interpretation of the above data exists. 

The conditions under which the balance studies were performed vary 

considerably. For example, the dietary intake of the subjects in the 

study by Hegsted et^ a]^. (1952) is not typical of the U. S. diet. The 

primary differences were the reduced intakes of protein and phosphorus 

in the diets of the subjects. Marcus (1982) suggests that the 

extrapolation of the suggested calcium levels are not appropriate 

for all adults. Two studies that have specifically researched calcium 

requirements in adult women provide data which imply that their needs 

are probably much higher. Heaney _e_t al_. in 1977 demonstrated that 

women, aged 30 to 45, achieved a negative calcium balance of -24 mg 

per day on an average calcium intake of 661 mg per day. An estimated 

1241 mg of calcium per day would be required to produce a zero balance 

Comparisons between calcium requirements of pre- and postmenopausal 

women reveal substantial differences. Results by Heaney et_ al̂ . in 

1978 demonstrated that with a calcium intake at 650 mg per day, the 

calcium balance in 42-year-old premenopausal women (N=207) was -20 

mg per day compared to -43 mg per day in 47-year-old postmenopausal 

women (N=41). Also, a smaller group of women (N=15) were studied 

both before and following menses cessation who were not receiving 

estrogen replacement. Calcium balance in this group become more 

negative by 29 mg per day following menses cessation. The cause 

for the increased negative calcium balance was attributed to both 

an increase in urinary calcium and a reduced intestinal absorption. 

Calcium requirements for postmenopausal women who were not receiving 

estrogen replacement were calculated to be 1270 to 1730 mg per day. 

In summary, although studies have suggested that calcium requirements 
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in adults as a whole can be met by calcium levels below the RDA, the 

recent studies which have focused on women during their middle and 

later years have shown that their calcium requirements are substan

tially increased and may not be met by 800 mg per day. 

Calcium requirements during pregnancy and lactation are signifi

cantly higher than in the nonpregnant and nonlactating state. 

The full term infant has accumulated approximately 25 to 30 g of 

calcium, most of which is deposited during the last trimester. 

Between weeks 20 and 30, an average of 120 mg of calcium per day is 

deposited, compared to a rate of 260 mg of calcium per day from 

week 30 until term (Forbes, 1976). These needs are partially met 

by an increased rate of absorption and decreased level of excretion 

of calcium during pregnancy. The addition of 400 mg per day to 

the diet, recommended by the RDA for pregnancy and lactation, also 

helps to meet the increased need. Human breast milk provides 

approximately 300 mg calcium per day to the nursing infant. 

Assuming the above pregnancy and lactation calcium requirements 

are accurate, an absorption rate of 30% is needed during week 20 

to 30, 40% during week 30 to term, and 50% during lactation 

(Allen, 1982). 

Increased urinary calcium levels during pregnancy may complicate 

the above estimates. One report demonstrated increased urinary 

calcium excretion and an increased creatinine clearance during 

pregnancy, possibly due to an increase in glomerular filtration 

rate (Howard et^ £l̂ . , 1977) . Another study which demonstrated an 

increased urinary calcium output also reported that a calculated 

level of 2 g of daily calcium would be necessary to meet both 

maternal and fetal requirements (Duggin ̂  £]^, , 1974), 

Causes and Treatment of Elevated 
and High Blood Pressure 

A review of blood pressure will be discussed, similar to that for 

calcium in the preceding section. This section should acquaint 
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the reader with definitions, factors involved, treatment methods, 

and population studies. 

Definitions 

Blood pressure is denoted as a composite of two different 

numbers separated by a slash. The first number is the systolic level, 

which reveals the pressure of each heart beat when the most force 
• r 

is exerted, which is during ventricular contraction. The diastolic ^ .̂̂  ̂  

level is the pressure which the heart exerts during its filling . / 

phase. "Normal" blood pressure for adults is commonly accepted as 

120/80 mm Hg, meaning enough pressure would be exerted to raise 

a column of mercury 120 and 80 mm for each respective measurement. 

High blood pressure and hypertension are synonymous. Levels 

of elevated blood pressure are generally classified in three 

separate categories. Mild or borderline hypertension would reveal 

average diastolic readings of 90 to 104 mm Hg, while moderate 

hypertension would be 105 to 114 mm Hg diastolic, and severe 

hypertension would be 115 mm Hg or greater (Stranz, 1983). Adjust

ments may be made upward for these guidelines according to 

increasing age (over 60), or downward for children and adolescents. 

Although normal definitions for hypertension are based on diastolic 

levels, increased systolic levels (greater than 160 mm Hg) with 

normal diastolic levels is termed systolic hypertension. This 

type of hypertension is less common and is not a separate entity 

(Berkow, 1982). 

Factors Involved 

( A variety of factors has been identified in the prevalence and 

severity of hypertension and the number continues to grow as 

knowledge of causes and interactions expands. Age and race are 

probably two of the most commonly implicated factors. Studies 

have shown that with increasing age, many physiological processes 

that assist in blood pressure control decline or are otherwise 
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impaired. The peripheral arteries and aorta become increasingly 

rigid, the precapillary arterioles are altered, renal function 

declines, and the sympathetic nervous system changes (Duthie, 1982). 

In the elderly, an estimated 50% of blacks and 40% of whites are 

hypertensive (the National High Blood Pressure Education Program 

Coordinating Committee, 1980) as reported by Duthie (1982), These 

levels are compared to an estimated 25% of adults in general and 

1-2% of children and adolescents (Stranz, 1983), 

Epidemiological studies have reported that the prevalence of 

hypertension is higher in blacks than whites, Akinkube (1972) has 

identified groups of blacks in portions of Africa who do not have 

high blood pressure, as reported by Cruickshank and Beevers (1982). 

Factors other than genetics may influence blood pressure levels. 

It has-been shown tha^normotensive blacks have a decreased ability 

to excrete a high sodium load (Luft ̂  aĴ ., 1979). Also, the 

potassium/sodium transport at the cellular level is significantly 

reduced in both normotensive and hypertensive blacks compared to 

normotensive whites, pointing to a decreased capacity to eliminate 

sodium at the cellular level (Woods ̂  £!.• • 1981). 

The relationship between sodium and blood pressure levels 

has produced controversy among researchers in the medical field. An 

early study reviewed by Porter (1983), reported the inducement of 

pulmonary and peripheral edema in dogs after sodium chloride injec

tions (Carrion and Hallion, 1899). The use of a low salt diet was 

reported by Allen and Sherrill in 1922 to treat hypertension. Accord

ing to Porter (1983), numerous epidemiological studies in non-

industrialized societies inversely correlated the incidence of 

hypertension and the level of dietary salt intake. However, contra

dictory results have been demonstrated within societies. No relation

ship between normotensive and hypertensive persons and their sodium 

intake was seen in the HANES I Study (McCarron £t al̂ . , 1983), Although 
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both negative and positive results have been reported, the negative 

results are predominant, according to Laragh and Pecker (1983), One 

probable reason for this discrepancy is the existence of a group of 

"salt-sensitive" and "salt-resistant" individuals (Kawasaki, et al., 

1978). Only about 30% of a group of mild hypertensives benefited 

from a low-salt diet to the extent that hypertensive drug therapy 

was discontinued (Beard _et̂  al̂ . , 1982). The action of sodium in 

salt-sensitive individuals seems to be the initial accumulation of 

sodium in the body, which leads to an increased body fluid volume, 

which in turn increases arterial pressure, which finally increases 

total peripheral resistance (Guyton, 1981a). 

The concept that dietary potassium influences blood pressure 

has been gaining wider attention in recent years. The HANES I 

(197 7) data revealed that male hypertensive individuals both 

white and non-white, between theajges of 35 and 54, consumed sign

ificantly less potassium than their normotensive counterparts 

(McCarron je_t ̂ 1^. , 1983). In fact, substantial evidence exists to 

show that blood pressure differences between whites and blacks 

can often be explained by differences in urinary potassium levels, 

although the principal factor in blood pressure control may be the 

ratio of dietary sodium to potassium (Langford, 1983). The 

mechanism in potassium's effect on blood pressure includes sodium 

depletion due to natriuresis, a depressed renin activity in the 

plasma, changes in some neurogenic regulators of blood pressure, 

and the vasodilatory effect it exerts on resistance vessels 

(Tannen, 1983). 

Another mineral which has been shown to affect blood pressure 

levels is calcium. The effect of calcium will be discussed in a 

later section, entitled "The Effect of Calcium on Blood Pressure." 

The relationship between blood pressure and body weight or 

increased weight has been well documented. A positive correlation 
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has been shown as early as infancy and early childhood (Schacter _e_t 

al, , 1982), which increases during the ensuing years through adoles

cence (Killeen e_t £1̂ . , 1978). Gain of weight, above the baseline level 

established for the individual while in high school, was the best 

predictor of increased blood pressure values demonstrated 17 years 

later (Kuller _e£ aĵ . , 1980), Body weight was positively correlated 

with blood pressure in the Framingham offspring study, even after 

correction for other factors, including smoking and alcohol (Havlik 

£_t ̂ , , 1979). The mechanisms associated with this relationship are 

not fully understood, but increased sodium retention, increased 

cardiac output, and abnormalities in the neuroendocrine system have 

been implicated (Dustan, 1983). 

Exercise per se has been shown to affect blood pressure. While 

isometric exercise actually increases systolic and diastolic levels 

in individuals with normal or elevated blood pressures, the use of 

isotonic exercise during physical training has been shown to 

decrease blood pressures in hypertensives (Bier and Young, 1983). 

This decrease has also been reported to be independent of changes 

in body weight (Krotkiewski _et al, , 1979). 

Population studies and studies on limited numbers of persons 

in a variety of settings have all correlated the consumption of 

alcohol with an increase in blood pressure (Friedman £t^ al̂ , , 1983), 

In a large study of 84,000 subjects, this positive correlation was 

shown to be independent of cigarette smoking, coffee drinking, body 

fat, age, sex, race, or education level (Klatsky _e_t al̂ , , 1977), Alcohol 

may affect the cardiovascular system by structural and chemical 

injury to membranes, the disturbance of calcium accumulation in 

the cells, and ion transport abnormalities (Knochel, 1983), 

Caffeine and nicotine seem to have a positive correlation with 

blood pressure, both effecting an immediate increase. Blood 

pressure rose an average of 10/8 mm Hg for 15 minutes after mild 

hypertensives smoked only two cigarettes. Also, the consumption 

of two to three cups of coffee tended to raise blood pressure an 
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average of 14/10 mm Hg for up to*three hours. Alternately, the 

abstinence of coffee and cigarettes overnight in hypertensives 

produced an average blood pressure decrease of 17/13 mm Hg (Bennett, 

1983). Even though the effects of these two stimulants may be 

transitory, their chronic consumption may substantially affect an 

individual on a long-term basis. 

The effect of environmental stress on blood pressure has been 

studied with varying results. Lower blood pressures were demonstrated 

in rural African tribesmen compared to their urban counterpart (Sever 

et al., 1980). However, these differences were accounted for by other 

factors, including differences in body weight. Harburg _et̂  ̂ . , (1973) 

divided subjects by sex, race, and stress level classifications, and 

adjusted for seven covariants. The authors reported that the Black 

High-Stress Male demonstrated significantly higher mean systolic 

and diastolic blood pressure than the Black Low-Stress Male. A 

similar result was demonstrated between White High- and Low-Stress 

Females for systolic blood pressures. No significant differences 

were reported for the White Males or Black Females in the High 

and Low stress categories. A correlation between blood pressure 

and "stressed" personalities, i.e.. Type A personalities, has 

not been consistently shown. One study reported no relationship 

(Mann, 1977), while a review reported mixed results (Monk, 1980). 

These results show that many factors affect blood pressure 

levels. An understanding of their influence assists in the choice 

of effective treatment. 

Treatment of Hypertension 

Stepped-care therapy is commonly advocated for the successful 

treatment of hypertension. The least toxic measures are attempted 

first (non-drug therapy), which are followed by progressively 

stronger drug regimens until a target blood pressure level is 

achieved. 
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Measures which may be used in Step One of hypertensive therapy 

include sodium restriction, weight loss, exercise, and relaxation 

techniques. A moderate^ sodium restriction of 1700 to 2300 mg per 

day is common (Kaplan, 1983b), While some practitioners routinely 

advocate some form of salt restriction (Julius, 1980; Kaplan, 1983b) 

for all patients, others have opposing views (Laragh and Pecker, 

1983). Sodium restriction is employed by other physicians in those 

patients who show, by clinical trial, its value. The use of a renin-

sodium profile is a recent biochemical test which has assisted in 

the determination of individuals who are salt-sensitive and salt-

resistant. Salt restriction may also be beneficial in patients 

with fluid retention secondary to certain drugs (Laragh and Pecker, 

1983). 

Although the unsuccessful result of most weight reduction diets 

is well-known, a blood pressure-lowering effect may be achieved 

through weight loss even though ideal weight is not reached. In fact, 

losing approximately half of the excess weight may be sufficient for 

lowering blood pressure (Bennett, 1983). The exercise recommended 

to reduce blood pressure levels should provide at least a 30-minute 

period of moderately intense activity, and occur no less than three to 

four times per week (Bennett, 1983). Relaxation techniques shown to 

be most effective are those which produce mental and physical relaxa

tion by use of systematic exercise. As many as two out of three 

hypertensives can realize benefit from this method, with the greatest 

results observed in the more severe hypertensives (Bennett, 1983). 

Although the relationship between potassium and blood pressure 

is gaining wider attention, a high potassium intake for all hyper

tensives is not recommended at this time (Tannen, 1983). Reasons 

include the limited data available from human studies and a 

contraindication of high potassium intakes for persons who have 

compromised renal functions. Recommendations related to the use of 

alcohol, caffeine, and nicotine are not widespread. 
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Step Two in the stepped-care therapy involves the use of mild 

antihypertensive drugs, including diuretics. The major action of 

diuretics is to increase sodium excretion. They have been shown 

to be effective alone in approximately 52% of hypertensives with 

diastolic blood pressures between 95 and 110 mm Hg, and in 35% with 

a diastolic pressure above 110 mm Hg. Furthermore, with the addi

tion of a diuretic to a second antihypertensive drug, approximately 

90% of hypertensives show an additional decrease in blood pressure. 

Diuretics have side effects, however, which may include hypokalemic 

alkalosis, elevated serum uric acid which may lead to gout, impaired 

carbohydrate metabolism, increased serum lipids, and magnesium 

depletion. Diuretics are still considered the first drug of 

choice, based on safety and expense (Morgan and Myers, 1982). 

Even though the use of a diuretic for initial drug therapy is 

widely held, opposition seems to be mounting as new research results 

emerge. Data gathered from some of the large epidemiological studies, 

several of which will be reviewed later, point to the possibility 

that drug therapy using beta-blockers may improve one's cardiovascular 

risk status, while diuretics may have the opposite effect (Drayer 

and Weber, 1983). 

Step Three in the stepped-care regimen includes various 

adrenergic inhibiting agents, also called sympathetic blocking drugs, 

which may act at peripheral, central, beta-receptor (beta-blockers), 

or alpha-receptor sites (Kaplan, 1983a). Beta-blockers act by 

reducing cardiac workload, platelet aggregation, blood viscosity, 

and the action of norepinephrine and plasma renin (Drayer and Weber, 

1983). Side effects include an elevation of serum triglycerides, 

a decrease in the plasma HDL-cholesterol, and an increase in the 

peripheral resistance, among others (Kaplan, 1983a). The peripheral 

alpha-adrenergic antagonists may have the advantage of increasing 

plasma HDL levels while decreasing plasma cholesterol and triglyceride 

levels. Centrally acting sympathetic agents do not affect glucose 
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metabolism to a significant extent (Dryer and Weber, 1983). Individu

alization of therapy is necessary to provide effective results with 

the least serious side effects. 

Step Four in the stepped-care regimen is the use of vasodilators. 

These are less likely to cause the side effects of weakness, fatigue, 

and postural faintness produced by sympathetic agents in the older 

patient (Freis, 1979). Vasodilators cause dilation and decrease 

peripheral resistance by their action on the precapillary arterioles. 

They can also increase cardiac output and heart rate when used alone, 

and are usually used in combination with other drugs (Wiener, 1976). 

The final step. Step Five, in the stepped-care therapy prescribes 

inclusion of calcium channel blockers, or an additional adrenergic 

inhibiting agent in the existing drug therapy. The action of calcium 

channel blockers is not completely understood, but they appear to 

act in part by increasing the supply of oxygen or decreasing its 

demand in the myocardium (Dipalma, 1983). Possible disadvantages 

include a short duration of effect, tachycardia, and poor bioavaila

bility of the drug (Gross, 1983). 

While antihypertensive drug therapy can successfully control 

high blood pressure, it is most effective when Step One measures 

(diet, weight loss, exercise, etc.) are used concurrently (Drayer 

and Weber, 1983). An awareness of possible side effects caused by 

various antihypertensive drugs makes non-drug measures more appealing. 

Decreased libido, fatigue, depression, syncope, peptic ulcers, 

diarrhea, postural hypotension, tachycardia, nausea, constipation, 

heart failure, sleep disturbances, increased serum triglycerides, 

and myocardial ischemia have been reported (Stranz, 1983), 

Results of Population Studies 

Population studies conducted around the world have increased 

the knowledge of complications associated with the high blood 

pressure, and the risks associated with the treatments. While 
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conflicting results have been reported, general agreement exists 

for the need to treat persons with diastolic blood pressure above 

100 mm Hg. A more conservative approach seems to be recommended as 

evidence accumulates in the treatment of persons with diastolic 

blood pressure between 90 and 100 mm Hg (Kaplan, 1983b). 

Much of the current interest in the effects of hypertension 

stems from a well-known study published in 196 7 by the Veterans 

Administration Study Group on Antihypertensive Agents. It found 

striking differences between the 143 male patients with diastolic 

blood pressures averaging 115 to 129 mm Hg who were placed on active 

or placebo therapy (VA Cooperative Study, 1967). The study indicated 

the development of 27 severe complications in the placebo treated 

group, compared to two in the active therapy group. The complications 

in the placebo group included four deaths, 17 events requiring 

active treatment and permanent removal from the placebo group, 

and six events requiring short-term (up to six months) active 

therapy before continuing in the placebo group. The only two 

c(Dmplicating events found in the actively-treated group were one 

cerebrovascular thrombosis and one multiple drug toxicity. The 

duration of the study averaged 15,7 to 20.7 months for the placebo 

and active groups, respectively, 

A continuation of the above study (VA Cooperative Study, 1970) 

by the VA Group concurrently examined 380 males with diastolic 

blood pressures between 90 and 114 mm Hg who were randomly assigned 

to a placebo or active group. The duration of this study averaged 

approximately 39 months. Results showed a total of 76 complicating 

events in the placebo group as compared to 22 in the active group. 

Complications requiring no or short-term suspension of assigned 

therapy occurred in 21 of the placebo group and 13 of the active 

group. Termination of the assigned therapy due to excessively 

elevated blood pressure occurred in 20 of the placebo group but 

none in the active group. 
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When the above data were examined for diastolic blood pressures 

which were divided into groups of 90 through 104 mm Hg and 105 

through 114 mm Hg, a different perspective was seen. Subjects 

having the higher initial diastolic blood pressures showed a 75% 

risk reduction, compared to only 35% in the lower levels. Also, 

when separating the mild hypertensives into two groups having 

pre-existing cardiovascular or renal abnormalities and those having 

neither abnormality, the first group experienced a significant 

(52%) risk reduction with therapy, while the second group showed 

a 21% risk reduction which was not a significant amount. Therefore, 

mild hypertensives who have cardiovascular or renal problems may 

benefit more from antihypertensive therapy than those who do not. 

Criticism has arisen concerning the VA studies. Participants 

were not representative of the U. S. population as a whole by age, sex, 

disease state, and high compliance rate of 85%. They were recruited 

while under hospitalization which normally effects a lowered blood 

pressure. Despite these limitations, the value of antihypertensive 

drug therapy for individuals with diastolic blood pressures between 

105 to 114 mm Hg and above was fairly well established. 

Another study published in 1974 was conducted by the Hyperten

sion Stroke Cooperative Study Group to examine the effects of blood 

pressure control on stroke recurrence. A group of 452 subjects 

who had experienced a stroke or at least one transient ischemic 

attack (TIA) within the previous year received active treatment for 

six weeks. Then subjects were randomly assigned to a placebo 

or active treatment group. The duration of participation in the study 

averaged three years. No statistically significant differences 

between the two treatment groups were seen in stroke recurrence. 

However, a small number of incidents of congestive heart failure were 

prevented with treatment in women and in all subjects with a 

diastolic blood pressure of 100 to 115 mm Hg, Although the value 
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of antihypertensive drugs for the prevention of stroke recurrence 

was not indicated in this study, a nonrepresentative sample might 

be a possible explanation for this result even though the sample 

size was fairly large. 

The Public Health Service Hospitals Cooperative Study Group 

(1977) studied 389 subjects, including women, with initial diastolic 

blood pressures between 90 and 114 mm Hg, for an average period of 

seven years. Subjects were randomly assigned to placebo or active 

therapy. Results showed a 15% complication rate in the active 

group, while the placebo group revealed a 33% rate. However, these 

were primarily intermediate end points, such as ECG changes. No 

differences were seen between groups with regard to mortality or 

morbidity. Although the length of the study seemed adequate and 

the sample size was reasonably representative of the general 

population, the dropout rate was high (29 to 34%). The resultant 

modest sample size makes interpretation of the negative results 

difficult. 

A large study published in 1979 employed different methods 

than the conventional placebo/active treatment groups. The Hyper

tension Detection and Follow-up Program (HDFP) studied 10,940 

subjects with diastolic blood pressures of 90 mm Hg or above for an 

average of five years. Rather than using a control group receiving 

no treatment, subjects were randomly assigned to either the stepped-

care or referred-care group. The stepped-care subjects were treated 

by the members of the HDFP staff, free of charge, with every effort 

made to increase compliance and ensure convenience. The referred-

care subjects were sent back to their usual medical care sources 

in the community with no financial assistance. 

Results demonstrated a 26% decline in cardiovascular mortality 

in the stepped-care group compared to the referred-care group. 

Results showed a 30% decrease in stroke incidence in all white 

women and a 27% decrease in persons aged 30 to 49 years of both 
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sexes although no difference in mortality was seen in these two 

groups. The evidence of a 14% decrease in noncardiovascular 

mortality in the stepped-care group points to other benefits which 

this group received besides high blood pressure treatment. Due 

to the lack of a control group and the lack of mortality rate 

reduction in certain important subgroups, strict interpretation of 

these results is difficult but do not seem to warrant the use of 

antihypertensive drug therapy for all hypertensives. 

The Australian Therapeutic Trial in Mild Hypertension monitored 

3427 subjects with diastolic blood pressures between 95 and 200 mm 

Hg for a period of 4 years (Reader J^ ^ . , 1980). Participants were 

randomly placed on either placebo or active treatment. Results 

indicated that the active group experienced less morbidity and 

mortality than the placebo group, except that a reduced mortality 

was not seen in individuals less than 50 years of age. As in the 

VA study, the most value from treatment was found in the upper 

blood pressure ranges. In this study, mild hypertension was set at 

95 mm Hg rather than 90 mm Hg. 

One of the more recent population studies conducted was the 

Multiple Risk Factor Intervention Trial (1982) or MRFIT. Its 

design was similar to the HDFP in that no "control group" was 

utilized, but rather one group was referred to the usual care 

within the community (UC group). The study involved 12,866 men who 

were in the upper 10 to 15% of a coronary heart disease (CHD) 

risk categorization which was based on blood pressure, cigarette 

smoking, and serum cholesterol. The "special intervention" group, 

or SI, received intensive, individualized attention to lower the 

three risks factors by specified activity as needed, a prudent diet, 

counseling on smoking, and drug therapy for hypertension. The UC 

group returned annually for a history and physical and laboratory 

studies. Subjects participated in the study for an average of seven 

years with a minimum of six years. 
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Results from MRFIT were less defined than anticipated. 

Participants in the SI group did experience more of a reduction in 

blood pressure, incidence of cigarette smoking, and serum cholesterol 

than the UC group. However, mortality from CHD in the SI group was 

7.1% lower than in the UC group, but this level was not significant. 

Individuals in the SI group \d.th diastolic blood pressures between 

90 and 94 mm Hg had a significantly higher total mortality than those 

in the UC group. Also, those in the SI group who exhibited resting 

ECG abnormalities (nearly 19%) had a higher mortality from CHD compared 

to the UC group. These results contraindicate the establishment of 

recommendations regarding the routine use of antihypertensive drug 

therapy for all hypertensive individuals. Factors which may have 

diminished the results of the MRFIT study include the lack of a true 

control group, the annual history and physical reports given to 

physicians of the UC group which might have influenced their treatment, 

and the increasing health-consciousness among Americans during the 

1970's. 

More research is needed to further clarify which types of 

patients and disease states will be the most benefited by antihyper

tensive drug therapy. A review of dietary calcium in relation to 

blood pressure values follows. 

The Effect of Calcium 
on Blood Pressure 

Early Studies 

One of the first indications that calcium may affect blood 

pressure arose from reports that blood pressure and cardiovascular 

mortality were both lower in population groups consuming hard 

water. A very close association (p<0.0001) between deaths related 

to cardiovascular causes and the calcium content of the drinking 
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water has been reported (Crawford £t̂  al., 1968) in the United Kingdom. 

The r value comparing total water hardness and the incidence of cardio

vascular disease was -.65 for males and -.63 for females. A 50% higher 

mortality rate from cardiovascular causes was noted in towns relying 

on very soft water, Stitt ̂  aĵ , (1973) classified 489 male Civil 

Servants as consuming either hard or soft water, and found that 

those subjects using the soft water demonstrated a significant 

increase in mean blood pressure, plasma cholesterol, and heart rate. 

The authors offer their results as a possible explanation for the 

differences seen in cardiovascular mortality between hard and soft 

water localities. 

Pregnancy 

The relationship of calcium to blood pressure was first suggest

ed between 1930 and 1960 when calcium intake was inversely correlated 

with the incidence of edema-, proteinuria-, and hypertension-gestosis 

(EPH-gestosis), also referred to as pre-eclampsia. Due to the lack 

of convincing evidence of a definite relationship, however, interest 

then declined. Later, more credibility was given to this theory as 

the incidence of eclampsia was compared to dietary calcium among 

different countries (Belizan and Villar, 1980), Those countries 

whose populations consumed the least amount of calcium (240 to 368 

mg daily) exhibited the highest rate of eclampsia (1,59 to 12%), 

Conversely, the populations which consumed the most calcium (884 to 

1100 mg daily) had the lowest rate of eclampsia (0.4 to 0.9%), 

A controlled study (Osofsky, 1975) compared two groups of 

pregnant women who either received a protein-mineral supplement 

(n=122), or no supplementation (n=18). The daily mean calcium 

intake consumed by the supplemented group was 1028 mg, while 

that of the nonsupplemented group was 673 mg, A significant 

decrease was observed in the systolic and diastolic blood pressure, 

and in the incidence of albuminuria and edema in the supplemented 

group, 
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Animal Studies 

Research on animals has contributed more specific knowledge of 

the effect of calcium on blood pressure. One study (Barry, 1977) 

reported that rats treated with deoxycorticosterone (DOCA) and sodium 

chloride were prevented from acquiring hypertension by increased levels 

of dietary calcium, 

Ayachi (1979) compared 20 spontaneously hypertensive (SH) rats 

with 14 Wistar-Kyoto (WK) rats. Four-week-old male rats were used in 

both cases. Each group received either Purina Lab Chow containing 

1.2% calcium (rCa) or 2.5% calcium (hCa), making a total of four groups, 

with the rCa group acting as the control, Deionized water and the 

food were available for ad libitum consumption. Each week, at least 

five successive systolic blood pressures were obtained using a tail 

cuff and averaged. Also, at 7, 11, 15, and 19 weeks-of-age, 24-hour 

urines were collected and measured for sodium, calcium, and potassium 

levels, and urinary osmolality. Following sacrifice at 19 weeks-

of-age, blood was drawn to analyze plasma sodium, calcium, and 

potassium. Results indicated that the systolic blood pressures in 

the SH rats averaged 10 mm Hg higher in the rCa after 3 weeks of 

the study, which progressed to a difference of 17 mm Hg above the 

hCa group by the 19th week. Both levels were significant (p<0.05). 

Although the WK rats on the rCa experienced higher systolic blood 

pressures than the hCa group, these were not significant. The SH rats 

in the hCa group excreted significantly more sodium, calcium, and 

potassium than the rCa group at each analysis. The WK rats had similar 

results, except the sodium and potassium levels at week seven were 

not significantly higher. Also, urinary calcium excretion by the SH 

rats was significantly higher than the WK rats during the final three 

of the four collections. Plasma electrolyte determinations revealed 

no significant differences except for higher potassium levels in 

SH rats consuming the rCa diet. 
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The author partially ascribed the blood pressure-lowering effect 

of calcium to an induced osmotic diuresis which seemed to occur in 

the rats consuming additional calcium. However, since plasma 

osmolality was not significantly different between the groups, free 

water reabsorption by the kidneys continued normally. The extra 

calcium excreted by the SH rats could not fully be explained with

out blood PTH and calcitonin levels, but the author postulates a 

larger inhibition of PTH secretion in this strain of rats as a 

contributing mechanism. 

Following his report of a possible association between calcium 

consumption and the incidence of eclampsia across populations, 

Belizan performed an animal study to test the effect of calcium on 

blood pressure during pregnancy (Belizan _et̂  al̂ . , 1981). Thirty-four 

female Wistar rats were chosen which were 142 days old. The control 

group consumed a casein-based diet containing 592 mg calcium per 

100 g of food, while the calcium-free group consumed a similar 

diet which contained no detectable calcium. Using a tail cuff, 

systolic blood pressures were taken weekly beginning one week prior 

to the study, and continuing through nine consecutive weeks. At that 

time, the rats were allowed to mate. Five of the 18 rats in the 

control group and six of the 16 rats in the calcium-free group became 

pregnant. Systolic blood pressures were obtained on six different 

occasions during the 20 days following mating, at which time all 

rats were sacrificed and blood samples were drawn. 

Results indicated a significantly elevated blood pressure 

in the calcium-free group beginning in the fourth week. By the 

sixth week, the increase was highly significant (p<0.001). After 

mating was attempted, both the pregnant and nonpregnant rats showed 

a similar significant difference in blood pressure levels on the 

control groups compared to the calcium-free groups. I^en serum 

was analyzed, a significant, negative correlation was seen between 

blood pressure and the Ca:Mg ratio. A significant, positive correla-



36 

tion was observed with magnesium and inorganic phosphate. Also, 

the rats on the calcium-free diet had significantly lower bone 

calcium concentrations than the rats on the control diet. The 

author theorizes that one mechanism influencing the blood pressure 

differences could be the decrease in the vascular smooth muscle 

response with increased calcium concentrations. Parathyroid 

hormone and renin levels may also be involved. 

To further investigate the effect of calcium on blood pressure, 

McCarron (1982) studied 36 Wistar-Kyoto (WKY) rats which were eight 

to 10 weeks old. Random assignment was made to one of three groups: 

a rat chow with a low-normal calcium content 0.25%, a standard chow 

of 0.50%, and a calcium supplemented chow with 4.0% calcium. At four-

to six-week intervals between 12 and 34 weeks-of-age, systolic blood 

pressure, body weights, serum ionized calcium and creatinine, and 

urinary sodium and calcium levels were obtained. 

Blood pressure results showed a definite inverse correlation 

with the level of calcium consumed. The rats consuming the 4,0% 

calcium diet demonstrated a significant decrease in blood pressure 

(p<.001) from week 16 and on, declining from 116 to 110 mm Hg by 

the end of the study. Although the 0,25% calcium group revealed 

the highest blood pressure levels, they were not significantly 

above the 0.50% calcium group. 

Body weights and serum creatinine levels were not significantly 

different between the three groups. However, serum ionized calcium 

concentrations were significantly higher in the 4.0% calcium group 

(p<,001), although no difference was recorded between the other 

two groups. Urinary sodium excretion was similar between the three 

groups, but urinary calcium excretion was significantly higher 

(p <.001) in the 4.0% calcium group. The author attributes blood 

pressure differences observed in this study to both intracellular and 

extracellular mechanisms, including the effect of calcium on membrane 

stabilization, differences in serum ionized calcium concentrations, 

parathyroid function variations, and the effect of extracellular 

calcium on vascular sensitivity,. 
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Human Studies 

Several human studies exist in the literature in which a 

relationship was found between calcium and blood pressure quite by 

accident. The study by Crawford (1968), which reported a negative 

association between hard water and cardiovascular mortality, was 

discussed previously. Another example is found in a study which 

monitored electrolytes and environmental influences on blood pressure 

in black and white students (Langford and Watson, 1973), Among other 

findings, no correlation was demonstrated between sodium excretion 

alone and blood pressure. It was reported that while rural students 

had higher blood pressures than urban students, rural females also 

had higher urinary Na:Ca ratios than urban females (p<0.05). In 

addition, dietary calcium intake among black female siblings (mean 

age 20) was higher in those with systolic blood pressures below 105 

mm Hg and lower in those with pressures above 125 mm Hg (p<0,05). 

However, compared to a group of 198 older black females, ages 

34 to 44, the same authors found no correlation between either 

systolic or diastolic blood pressure and Na:Ca excretion. 

A study performed in Central America was specifically designed 

to test the effect of calcium supplementation on blood pressure 

in humans (Belizan _et̂  al̂ . , 1983). Fifty-seven adults, ages 18 to 35, 

were randomly assigned in a double-blind method to either a 

placebo group or a calcium-supplemented group. The latter 

received one gram of elemental calcium as a mixture of calcium 

carbonate (0-8g) and calcium lactate gluconate (5.23g), while 

the placebo was of a similar size and appearance. Baseline data 

were recorded before the treatment began for two menstrual cycles 

for women and for eight weeks for men. Blood was taken at the 

beginning, the eighth week, and the twenty-second week (termination) 

of the study. Blood pressure measurements were performed every two 
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weeks. Five readings were taken in each of three positions, the 

left lateral, dorsal, and seated, and averaged for each position. 

Twenty-four hour food records were completed the day before each 

blood pressure check. 

Results from multiple regression analysis showed statistically 

significant decreases in both diastolic (p<.01) and systolic 

(p< .04) blood pressure in women in the calcium-supplemented group 

when compared to the placebo group. This decrease was significant 

by the ninth week of supplementation. The percentage decrease in 

diastolic blood pressures was 5,64%, 4.19%, and 2.85% in the dorsal, 

lateral, and seated positions, respectively. In men, the decrease 

in diastolic blood pressure was evident by the sixth week of 

supplementation, although it occurred earlier in younger men 

than in the older men. The percentage decrease in diastolic 

blood pressures was 9.05%, 9.00%, and 1.79% in the dorsal, lateral, 

and seated positions, respectively, which was statistically 

significant (p< 0.002). Systolic blood pressure did not decrease 

significantly in men. 

The blood test results showed no significant differences 

in the values studied, which include albumin, proteins, inorganic 

phosphate, total calcium, magnesium, and the Ca:Mg ratio. No 

significant differences were observed in the dietary intake of 

calcium, iron, calories, protein, or fat between or within the 

two groups with one exception. Men in the calcium group consumed 

less calcium between the 13th and 23rd weeks compared to their 

baseline level and to the placebo group. The dropout rate during 

the study was 25% (14 participants). Treatment compliance, or 

number of tablets consumed was high, ranging between 95.1% for men 

during calcium supplementation and 98% for men during placebo treat

ment. No significant changes in body weight for the women were record

ed during the study. However, men in the calcium group gained an 

average of 1.45 kg, which was significantly higher than for men in the 

placebo group (p<0.05). This study did not include urinary calcium 
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or sodium levels that would have allowed comparison with previous 

studies (Langford and Watson, 1973), 

A second human study (McCarron _e_t ̂ l̂ . , 1982) which measured 

blood pressure and current dietary calcium intake, rather than 

blood pressure during calcium supplementation, found results similar 

to those of Langford and Watson. In McCarron's study, 46 subjects 

with average diastolic blood pressure greater than 95 mm Hg (HTN 

group) were age and sex matched with 44 normotensive individuals 

(NL group). Mean ages were 42 and 39, respectively, A 24-hour 

recall was obtained from each individual and assessed for calcium, 

sodium, potassium, carbohydrate, protein, fat and total calories. 

Body weights were also recorded. Results revealed a significantly 

higher calcium intake in the NL group compared to the HTN group 

(886 mg compared to 668 mg). Also, the source of the dietary 

calcium differed considerably between groups. While calcium 

obtained from fluid milk and nondairy sources was similar, the 

amount of calcium from dairy products other than milk (cheese, 

ice cream, etc) was significantly higher (p<0.01) in the NL 

group compared to the HTN group (400 mg compared to 148 mg). 

No significant differences were seen between the other components 

measured. As in Belizan's study (1983), no urinary calcium or 

sodium levels were measured. The author compared his results 

with those obtained from the Health and Nutrition Examination 

Survey (HANES I) published in 1977. A more detailed discussion of 

the comparison (McCarron, 1983) indicates that for individuals 

between the ages of 20 and 34, calcium intake was similar between the 

normal and hypertensive groups. However, in the age group 35 to 74, 

h5T)ertensive individuals consumed 18% less calcium than normotensive 

individuals. The differences were more pronounced in men. Total 

calories, sodium, and potassium intakes were similar to McCarron's 

subjects (McCarron et̂  £l̂ ,, 1982), 
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Another survey (Ackley £t̂  al̂ , , 1983) was designed to test the 

significance of various sources of dietary calcium and blood pressure 

and the variables of obesity, age, and alcohol consumption. In a 

group of 541 men divided into normotensives, borderline hypertensives, 

untreated hypertensives, and treated hypertensives, results indicated 

that untreated hypertensives consumed significantly less total calcium 

and less calcium from fluid milk than normotensives, while calcium 

intake from other dairy sources was lower but not to a significant 

degree. Treated hypertensives did consume significantly less 

calcium from other dairy sources compared to normotensives, but 

total calcium intake was not significantly lower. After adjusting 

for obesity, age, and alcohol consumption, diastolic blood pressures 

were significantly and inversely associated with total calcium 

intake. Systolic blood pressures, however, were inversely associated 

with the calcium intake obtained from whole milk only. No significant 

trends were observed between whole milk consumption and blood 

pressure in women in this study after adjusting for age and obesity, 

but further analysis of other calcium sources and blood pressure was 

not done. No blood urinary values were obtained. 

To summarize the results of the above four studies, all 

reported a significant association between dietary calcium intake 

and blood pressure levels, but conflicting results were obtained 

with different sexes, ages, and sources of the calcium. While 

Langford and Watson (1973) observed a negative correlation in 

young black females, Ackley and coworkers (1983) only analyzed blood 

pressure and whole milk calcium, from which no correlation was seen. 

Although the HANES I report reported a negative association in the 

age group 35 to 74, none was seen in the age group 20 to 34. 

McCarron et al^. (1982) did not differentiate between ages. After 

adjusting for age alone, Ackley and associates (1983) did observe 

a negative correlation between total calcium intake and diastolic 

blood pressure. 
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Whether the food source of the calcium has an impact on the 

blood pressure is unclear. Although Ackley ^ £ 1 . . (1983) and 

McCarron e^ aj^. (1982) both found a significant difference in 

calcium sources between hypertensives and normotensives, conflicting 

data were reported in the two studies. McCarron ̂  al. (1982) noted 

the major differences between dairy sources excluding fluid milk 

intake, while Ackley ^ al̂ . (1983) found significant differences 

between fluid milk intake in untreated hypertensives and 

normotensives. 

Additional research is indicated to further define the role 

of dietary calcium in relation to blood pressure levels. The 

review of literature presented in this section was conducted to 

establish a possible influence of calcium to other factors and specifi

cally to blood pressure. 



CHAPTER III 

STUDY DESIGN 

Selection Procedure 

This study was undertaken to evaluate a possible relationship 

between blood pressure values and calcium supplementation in subjects 

who demonstrated blood pressure readings between 140 mm Hg systolic 

level and/or a 90 mm Hg diastolic level. A single-blind, crossover 

study was conducted for a period of 24 weeks. The 15 subjects were 

selected in the following manner. Blood pressure values were obtained 

on all patients attending the Family Medicine Clinic at the Texas 

Tech University Health Science Center in Lubbock, Texas and were 

evaluated the day following their visit to screen for prospective 

candidates. Medical records for patients who demonstrated at least 

a 140 mm Hg systolic level and/or a 90 mm Hg diastolic level were 

obtained. If the medical record revealed that the patient was not 

currently receiving any type of antihypertensive drug, was 18 years 

of age or older, and was non-pregnant, the patient's name, address, 

phone number, and previous blood pressure levels were extracted. The 

patient's attending physician was contacted to obtain permission for 

the patient to participate in the study. If permission was granted, 

a letter describing the purpose of the study and pertinent information 

was mailed to the patient (Appendix A) , For the patients who did not 

have a listed telephone number, a postcard was included with the 

letter which requested that this information be mailed to the 

researcher. A total of 61 letters were sent. A follow-up telephone 

call was attempted several days later to obtain the candidate's 

response. 

Fourteen of the 15 participants in the study were obtained in 

this manner. One other participant who met the criteria was recruited 

from a nearby hospital after she expressed interest in the study. 

42 
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Study Protocol 

Patients who agreed to participate in the study were scheduled 

to return to the clinic for further blood pressure determinations, 

A total of three readings were obtained on separate days to establish 

"baseline" blood pressure data. If participants had measurements 

which had been recorded in their medical record within the previous 

two months, these values were included as part of the three required 

baseline blood pressures. The details of the study were explained, 

questions were answered, and an informed consent was signed 

(Appendix B), A copy of the consent form was given to the partici

pant, one was placed in the medical record, and one was kept by the 

researcher. During the visit at which the third baseline blood 

pressure reading was taken, the first four-week supply of pills 

with instructions for use was given to the participant according 

to a pre-arranged randomization schedule. Arrangements for the 

next appointment were made at each visit. 

Subjects were randomized into either Group A or B, Group A 

received 12 weeks of calcium supplementation followed by 12 weeks 

of placebo therapy. Group B received 12 weeks of placebo followed 

by 12 weeks of calcium supplementation. The participants were 

uninformed as to the treatment sequence. The calcium supplements 

were aromatic calcium carbonate tablets. Each tablet provided 

10 gr or 650 mg of calcium carbonate, which supplied approximately 

260 mg or 13 meq of elemental calcium. A day's intake of four 

tablets equaled approximately 1,04 g of elemental calcium, here

after referred to as one gram. The placebo therapy was originally 

designed to be identical to the calcium therapy- However, due to 

the commercial non-availability of identical forms for each type 

of treatment, a placebo capsule was formulated. Empty gelatin 

^USP, manufactured and donated by Eli Lilly and Co., Indianapolis, 
Indiana 
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2 3 

capsules were purchased and hand-filled with lactose hydrous. 

Participants were instructed to take four capsules per day during 

placebo therapy. Identical amber-colored snap cap vials were 

used for the tablets and capsules. These were filled with a four-

week supply (112 pills) of tablets or capsules. 

After baseline blood pressure values were established, an 

appointment for a follow-up visit was made every four weeks. The 

appointment was scheduled between 7:45 and 9:00 a,m. At each visit, 

a blood pressure reading and body weight were obtained, and therapy 

compliance was determined. Three seated-position blood pressure 

readings were taken by clinic nursing staff after the participant 

had been seated for five minutes. Body weights were obtained in 

street clothes on a Detecto-Medic beam balance scale, which had a 

capacity of 350 lb. Therapy compliance was determined by questioning 

the participants concerning the number of the remaining pills in 

the container. Phone calls were made to the participants before 

each visit as a reminder. Due to a participant's conflicting work 

schedule, the site of his appointment was moved to a nearby hospital 

on four occasions. The same protocol was followed as with a 

normal clinic visit. An especially-designed form was inserted in 

the participant's chart for the recording of date, time, blood 

pressure values, and body weight at each visit (Appendix C). 

To establish information regarding dietary intake, two 24-hour 

recalls were obtained following the second and sixth month of the 

Size No. 1, manufactured by Eli Lilly and Co., Indianapolis, Indiana 

USP, packed by Humco Laboratory, Texarkana, Texas 

Size 40 dram, manufactured by Owens-Illinois Prescription Products, 

Toronto, Ohio 

Detecto Scales Inc., Brooklyn, New York 
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study by a Registered Dietitian. Household food containers were 

utilized to aid in determining the size of serving. The same dietitian 

completed a food frequency with each participant, following the 

fourth month of the study, which was designed to determine the 

frequency of consumption of foods high in calcium and sodium 

(Appendix D). The data obtained from the food frequencies and 24-

hour recalls were entered into a computer which utilized a Computri-

tion software package. The program was designed to calculate, sum, 

and print a list of 20 nutrients for each food item entered. 

Statistical Analysis 

Blood pressure results were statistically analyzed by the 

analysis of variance method. Dietary intakes of sodium, potassium, 

calcium, fiber, and calories were compared by the Wilcoxon-Mann-Whitney 

rank sum test to detect differences between groups. The Wilcoxon-

Mann-Whitney rank sum test was used to compare age and body weights. 

The unpaired Student's t test was used to compare the sodium, 

potassium, and calcium data with that reported by McCarron et_ al. 

(1983) and the HANES I Study. The sample variances obtained from 

the current study data were used for analysis. 

Computrition, Inc., Chatsworth, California 



CHAPTER IV 

RESULTS AND DISCUSSION 

Population 

The purpose of this study was to determine the effects of 

calcium supplementation on blood pressure values in a group of 15 

participants who demonstrated elevated blood pressure levels upon 

screening, but who were otherwise healthy. Upon attending physician 

approval, fourteen participants from the Family Medicine Clinic and 

one participant from a nearby hospital agreed to participate in the 

study. Demographic data regarding the participants are as follows: 

TABLE 1 

Sex, Race and Age of Participants 

SEX 

Black 

Male 0 

Female 1 

Totals 1 

RACE 

White 

7 

2 

9 

Mexican 

2 

3 

5 

18-25 

0 

1 

1 

26-35 

2 

1 

3 

36-45 

4 

3 

7 

AGE 

46-55 

3 

0 

3 

56+ 

0 

1 

1 

Mean age 

39.7 

38,0 

39,0 

Table 1 reveals that nine participants (60%) were male and 

six (40%) were female. The majority, (60%) or nine of the 15 subjects 

were white, while only one was black. The mean age of the participants 

was 39 years, with a range of 22 to 56 years. 

Plan 

Following the three baseline blood pressure determinations, 

participants were scheduled for monthly blood pressure readings for 

a period of six months. Subjects were randomly assigned to Group A, 

who received three months of calcium therapy followed by three months 

of placebo therapy, or to Group B, who received three months of placebo 

therapy followed by calcium supplementation. Subjects entered 

46 
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the study from June through July, 1983 and completed the study from 

December, 1983 through January, 1984. 

Results and Discussion 

Group A 

Figure 1 illustrates the mean blood pressures values for the 

baseline and monthly readings for Group A. Both systolic and diastolic 

levels are shown. The diastolic values remain relatively constant 

at 85 mm Hg during the three months of calcium supplementation, but 

show a drop to 76 mm Hg at the second month of placebo intake, which 

was the fifth month of the study. This decrease was not statistically 

significant. The systolic blood pressures were the lowest during 

calcium therapy, with a mean of 122 mm Hg. The mean during placebo 

intake was 128 mm Hg. The difference in systolic blood pressure means 

during the two types of treatment was not statistically significant. 

A 95% confidence interval was calculated for the baseline period 

and the two treatment phases and demonstrates the wide variability 

of the data. 

Group B 

Figure 2 illustrates the mean blood pressure values for Group B. 

For the diastolic levels, the mean blood pressure during placebo 

treatment was 81 mm Hg, and during the calcium supplementation the 

mean was 84 mm Hg. This difference was statistically significant 

at (p < ,01). The 95% confidence intervals for these means are 

narrowed compared to the confidence intervals shown in Figure 1 for 

Group A's systolic and diastolic levels, and compared to the confi

dence intervals shown in Figure 2 for Group B's systolic levels. 

The mean systolic blood pressure level of 130 mm Hg for Group B 

was higher during the calcium supplementation period when compared 
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to 123 mm Hg during placebo intake. This difference was not statis

tically significant. This relationship was similar to that demon

strated by Group A. 

Combined Groups 

Figure 3 shows the combined blood pressure readings for both 

treatment groups. In this graph, the time sequence for Group B was 

reversed so that the blood pressure readings for the calcium and 

placebo periods would coincide. The mean combined diastolic level 

during calcium supplementation was 84 mm Hg and during placebo use 

it was 81 mm Hg. The decrease was statistically significant 

(p < .001), The greater significance found in the combined diastolic 

levels may be explained by a larger sample size, where N=99 for the 

combined data and N=54 for the data for Group B's diastolic levels. 

The combined systolic data do not seem to demonstrate a recognizable 

pattern. This is probably due to the contrasting trends of Group A 

and B (see Figures 1 and 2) during calcium and placebo therapy. No 

statistically significant difference was demonstrated in the 

combined systolic data. Large confidence intervals reveal the wide 

variability of the data obtained. 

Because of the differences in significance seen in the diastolic 

levels in Figures 1 and 2, the dietary intakes of the participants 

was analyzed to determine possible contributing factors. The intake 

of calories, fiber, sodium, potassium, and calcium was compared 

between Groups A and B. No statistically significant differences 

were demonstrated. Similarly, no significant differences were 

detected between groups regarding age or body weight. Due to the 

similarities demonstrated in the nutrient intake, age, and body 

weight between Groups A and B, these factors were not shown to 

significantly contribute to the difference in diastolic blood 

pressure levels obtained during the study. 
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Placebo Effect 

The significant decrease in diastolic blood pressure values 

during the placebo phase is difficult to explain. The decrease 

may have been a chance effect which happened to produce a significant 

result. The influence of placebo therapy has been studied by Vogel 

e_t al̂ , (1980). The authors report that approximately 30 to 40% 

of recipients having various signs and symptoms including anxiety, 

depression, headache, nausea, angina, and cough will benefit from 

placebo therapy. Although influence from placebo therapy is 

known to exist. Group A demonstrated this decrease during the last 

three months of the study. The crossover design was planned to 

eliminate the usual influences associated with timing and/or sequenc

ing. During this study, these variations included the warmer summer 

months when some individuals tend to be more active, the beginning 

of a new school year in August, a prolonged cold spell which occurred 

in December, and the Christmas season when financial and emotional 

stress may be increased. Therefore, this significant decrease in 

the combined diastolic levels was thought to be a chance effect. 

Comparison with Other Studies 

The results obtained in this study contradict the findings of 

other research reviewed earlier (Osofsky, 1975; Belizan ejt̂  a_l̂ ., 1981; 

McCarron, 1982; Ayachi, 1979; and Belizan £^ aĴ ., 1983). Neither a 

progressive decline in blood pressure values during calcium 

supplementation nor lower blood pressure means during calcium therapy 

compared to placebo therapy was demonstrated. As illustrated in 

Figures 1 and 2, progressive decline in systolic or diastolic blood 

pressure values was not observed during calcium supplementation 

except for the diastolic level of Group A. This decrease was very 

slight, dropping from a high of 85.7 to a low of 84.7 mm Hg during 

the three-month calcium supplementation period. Similarly, during 

the calcium supplementation phase, the mean blood pressure values 
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(Figures 1 and 2) were higher when compared to the values occurring 

during the placebo intake period except for the Group A systolic 

levels. The difference in the mean of 122 mm Hg during calcium 

therapy was not significantly lower than the mean of 128 mm Hg during 

placebo intake. 

Individual Blood Pressure Data 

Appendix E shows the individual participant blood pressure 

values for the study period. Data for the subjects who did not 

complete at least three months of the study were excluded from 

statistical analysis. For the 12 subjects who completed the study, 

the table illustrates the wide fluctuations in blood pressures 

values. 

Baseline Blood Pressures 

A phenomenon which occurred in this study was the progressive 

decline in blood pressure levels during the baseline data collection 

period. Figures 1, 2, and 3 demonstrate this decline. This decrease 

averaged 13.4 mm Hg or 6.0% for the systolic levels and 6.5 mm Hg or 

7.2% for the diastolic levels. When comparing the first baseline 

blood pressure to the third in each of the four graphs, also shown in 

Figures 1 and 2, the only decrease which was statistically significant 

(p < .05) was for Group B systolic levels which dropped from 148 mm Hg 

to 129 mm Hg. The observed decreases are similar to data reported in 

the Hypertension Detection and Follow-up Program (1979) which 

indicated that 14.5% of the subjects demonstrated a diastolic level 

of 95 mm Hg or above, while subsequent blood pressure determinations 

revealed that approximately one-third of those participants had later 

readings of less than 90 mm Hg. The HDFP emphasizes the necessity of 

obtaining more than one blood pressure reading before making a 

diagnosis of "hypertension." 
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Dietary Intake 

Intakes of calcium, sodium, and potassium of the participants 

were compared to the data reported by McCarron £t̂  al. (1982) and 

HANES I (1977). Table 2 illustrates the findings. 

TABLE 2 

Dietary Intake of Calcium, Sodium, and Potassium # 

Sample Calcium (mg) Sodium (mg) Potassium (mg) 

Current 6 76 ± 120 * 
McCarron's HTN 668 ± 55 
McCarron's NL 886 ± 89 * 
HANES I 857 * 

2672 ± 429 
2564 ± 178 
2508 ± 222 
2229 

2415 ± 488 
1977 ± 134 
2001 ± 122 
2210 

# Values represent the mean and standard error (±) 
of the mean 

* Data from current study were significantly lower 
(p< .05) when compared to data from McCarron's 
NL group and HANES I study 

No statistically significant difference was observed in either the 

potassium or sodium levels. The mean calcium intake in this study 

was significantly lower (p < .05) than McCarron's NL group and the 

HANES I data, but similar to the HTN group. The decreased calcium 

intake did not appear to cause elevation as described by McCarron et_ 

al. As noted in Figure 2, the mean blood pressure readings during this 

study approached the level considered to be "borderline hypertensive" 

only during the first baseline blood pressure determination. The 

participants were essentially "normotensive" as a group, but consumed 

calcium similar to McCarron's hypertensive (HTN) group. 

The mean dietary intake of calcium in this study was 676 mg per 

day, which is less than the RDA of 800 mg per day for healthy adults. 

Calcium intake data for each participant is listed in Appendix E, 

including total, supplemental, and usual calcium intake. These 

figures show that nine of the 12 participants (75%) consumed less 

calcium than the RDA of 800 mg. The mean calcium intake for these 



55 

nine individuals was 540 mg. The need for a daily calcium supplement 

for these participants may be indicated. 

Compliance 

The mean compliance rate for calcium supplement consumption was 

92.5%. The average calcium intake via supplements was 962.3 ± 64.8 

mg. The mean compliance rate during placebo was 92.6%. These 

percentages are slightly lower than those reported by Belizan et^ al. 

(1983), which ranged from a low of 95.1% for men during calcium 

supplementation to a high of 98% for men during placebo therapy. 

Completion Rate 

Six of 15 participants, or 40%, did not complete the six-month 

study. These patients were compared with the initial study population 

and are described in Table 3: 

TABLE 3 

Sex, Race, and Age Comparisons of 
Non-Completing and Initial Study Participants 

SEX RACE AGE 

Black White Mexican 18-25 26-35 36-45 46-55 56+ 

Male Nc/In* 0/0 

Female Nc/In 0/1 

3/7 

0/2 

1/2 

2/3 

0/0 

1/1 

2/2 

0/1 

1/4 

0/3 

1/3 

0/0 

0/0 

1/1 

Total Nc/In 0/1 3/9 3/5 1/1 2/3 1/7 1/3 1/1 

* Non-completing participants ccmipared to initial participants 

Table 3 illustrates that the White and Black subjects, between 

the age of 36 and 55, had the highest completion rate. A total 

of 44% of the males and 33% of the females discontinued participation 
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in the study. Belizan and coworkers (1983) reported a dropout rate 

of 25%, which reflects 18% of the males and 31% of the females. 

No information on age or race of the participants was reported. 

Reported dropout rates in human research studies vary tremendously, 

as demonstrated in the previously reviewed studies. The Multiple 

Risk Factor Intervention Trial (1982) reported a dropout rate of 

9%, and the VA Cooperative Study (1970) reported a 15% dropout rate. 

Contrastingly, the Public Health Service Hosptials Cooperative Study 

Group (1977) reported a 29 to 34% dropout rate, and the HDFP study 

(1979), cited a dropout rate of one-third for the Stepped-Care (SC) 

group and one-half for the Usual Care (UC) group. The dropout 

rate of 40% in this study falls within this latter range of 33 to 

50%. 

Limitations 

The small sample size in this study limited statistical analysis 

of the blood pressure data with regard to the variables of age, sex, 

or race. The high dropout rate further reduced the sample size 

during the study. No data was collected regarding the incidence 

of smoking, exercise, stress levels, or alcoholic intake, which 

have been shown to affect blood pressure. No blood or urine samples 

were taken, which prevented laboratory analysis of serum or urinary 

levels of calcium, sodium, or potassium. The lack of a reward for 

completion of the study may have reduced the participation during 

the study. 



CHAPTER V 

SUMMARY, IMPLICATIONS, AND RECOMMENDATIONS 

Summary 

This study was undertaken to determine, in human subjects with 

elevated blood pressure values on screening, if a calcium supplemen

tation would have an effect on lowering blood pressure values. 

Review of Literature 

High blood pressure, or hypertension, is a known risk factor 

in some disease states, and is estimated to affect 60 million 

Americans, Its treatment and prevention is becoming more complex 

as contributing factors and the side effects of drug therapy are 

becoming better understood. Non-drug treatment regimens are being 

sought which are efficacious yet safe for blood pressure control. 

The effect of dietary calcium on blood pressure values is currently 

receiving research emphasis. 

Calcium 

Calcium is an essential nutrient for both humans and animals. 

It is necessary as a component of skeletal tissue, for blood clotting, 

for the activation of certain enzymes, for the control of cell wall 

permeability, for muscle contraction, and for nerve impulse trans

mission. 

Calcium is absorbed primarily in the duodenum and proximal 

jejunum. Absorption is facilitated by increased body need, lactose, 

milkfat, and certain amino acids. Decreased absorption occurs with 

lesser body need, vitamin D deficiency, increased age, lack of estrogen, 

certain emotional states, phytic, oxalic, and uronic acids, high 

levels of dietary protein, fat malabsorption, and possibly a high 

57 
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ratio of dietary phosphorous to calcium. Calcium excretion occurs 

through urine, stool, and sweat. 

Calcium homeostasis is controlled by parathyroid hormone, 

calcitonin, 1,25(0H)2D, the kidneys, the small intestine, and bone. 

Disorders in these control mechanisms may lead to rickets, osteo

malacia, osteoporosis, kidney stones, hypercalcemia, or hypocalcemia. 

Recommended dietary allowances have been established for calcium 

for both age and sex classifications. Although controversy exists 

regarding their accuracy much of the criticism is focused on the 

needs of adult women during their middle and later years. For most 

people, the major source of dietary calcium is dairy products. 

Blood Pressure 

Hypertension is classified as mild, moderate, or severe, differen

tiated by diastolic levels of 90 to 104 mm Hg, 105 to 114 mm Hg, and 

115 mm Hg or greater, respectively. A variety of factors influence 

blood pressure values. These include age, race, dietary sodium, 

dietary potassium, body weight, exercise, alcohol, caffeine, smoking, 

and environmental stress. 

The treatment of hypertension usually follows Stepped-Care 

therapy. Step One involves non-drug therapy, such as dietary sodium 

restriction, weight loss, exercise, and relaxation techniques. Step 

Two initiates mild antihypertensive drugs, including diuretics. Step 

Three introduces the use of adrenergic inhibiting agents, while 

Step Four includes the use of vasodilators. Calcium channel blockers 

or an additional adrenergic inhibiting agent are used in Step Five, 

Progression advances through these steps until adequate control is 

achieved. 

Population studies have been conducted to test the effects of 

various types of antihypertensive treatment. Two studies, the 

Veterans Administration Study Group on Antihypertensive Agents in 

1967 and 1970, are well-known, and were among the first to receive 
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wide-spread attention. Others which followed include the Hyperten

sion-Stroke Cooperative Study Group (1974), the Public Health Service 

Hospitals Cooperative Study Group (1977), the Hypertension Detection 

and Follow-up Program (1979), the Australian Therapeutic Trial in 

Mild Hypertension (1980), and the Multiple Risk Factor Intervention 

Trial (1982). These studies, as a group, establish the recommenda

tion for the use of antihypertensive drug therapy for diastolic 

blood pressure values of 105 mm Hg or above, but suggest more 

conservative treatment for lower values. 

The Effect of Calcium on Blood Pressure 

Interest in the effect of dietary calcium on blood pressure levels 

received impetus in the 1960's when it was discovered that people 

living in hard-water areas had lower blood pressure than those 

living in soft-water areas. Additionally, between 1930 and 1960, 

dietary calcium intakes were thought to be inversely correlated 

with blood pressure values in pre-eclampsic women. Animal studies 

with rats have further established this inverse relationship. 

Human studies have also shown a negative correlation between 

dietary calcium and blood pressure levels. The HANES I study in 

197 7 and the Langford and Watson Study in 1973 are examples. 

Another human study by Belizan and coworkers in 1983 tested the 

effect of a one gram calcium supplement on blood pressure values 

compared to a placebo. Statistically significant decreases in 

blood pressure were demonstrated in both men and women during the 

period of calcium supplementation. McCarron and coworkers in 1982 

reported the finding that persons with hypertension consumed less 

dietary calcium than their normotensive counterparts. 

Design of Study 

Due to the reported relationship between dietary calcium intakes 
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and blood pressure values, the current study was conducted. Fifteen 

subjects were selected, based on pre-established criteria, from an 

ambulatory clinic and a nearby hospital. Three baseline blood 

pressures were obtained. Subjects were randomized into one of two 

treatment groups. Group A received a daily supplement containing 

one gram of elemental calcium for three months, followed by a three-

month period of placebo therapy. Group B consumed a placebo for 

three months, followed by three months of calcium supplementation. 

Seated blood pressure values, body weight, and therapy compliance 

for all participants were determined and recorded monthly. Dietary 

habits were established by a food frequency and two 24-hour recalls. 

Results 

A summary of the r e su l t s i s as follows: 

1. No s ignif icant reduction in e i ther sys to l ic or d ias to l i c 

blood pressure was demonstrated, e i the r in the combined or separate 

groups during calcium supplementation, 

2. A s t a t i s t i c a l l y s igni f icant reduction in d ias to l i c blood 

pressure was observed during placebo therapy for group B (p< ,01) and 

for the combined groups (p< ,001), 

3 . A s ignif icant decrease (p< .05 ) in sys to l ic blood pressure 

was demonstrated for group B between the f i r s t and third baseline 

blood pressure l eve l s , 

4 . No signif icant differences between groups occurred in 

r e l a t i o n to age or weight, or with respect to ca lo r i c , f iber , sodium, 

potassium, or calcium intake. 

5. Dietary intake of sodium and potassium was similar to data 

reported by other inves t iga tors . The intake of calcium was s i g n i f i 

cant ly lower (p < .05) than the levels shown in HANES I pa r t i c ipan t s 

and McCarron's normotensive subjects (McCarron £t^ a l . , 1982). 
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6. Approximately 93% of the placebo and calcium tablets were 

consumed. A non-completion rate of 40% occurred. 

Conclusion 

In conclusion, the results of this study do not support the 

hypothesis that calcium supplementation will decrease blood pressure 

values. This conclusion contrasts with other reported human and 

animal research which has demonstrated a positive correlation. These 

results should be interpreted cautiously, however, because of the 

small sample size and the high dropout rate. The need for additional 

research is indicated to further define the role of calcium in the 

treatment and prevention of hypertension. 

Implications 

The effect of dietary calcium on blood pressure, as reviewed in 

Chapter II, described findings of both human and animal research 

which demonstrated an inverse relationship between dietary calcium 

intake and blood pressure values. Studies using supplemental 

calcium (Belizan £t_ aĵ , , 1983) and calcium from food sources (McCarron 

et al,, 1983) were discussed. Because of the known side effects 

which may result from antihypertensive drug therapy, the need for non-

drug measures in the treatment of hypertension is desirable. If 

dietary calcium is established as a factor in blood pressure control, 

further research would be indicated to determine its safety, effective

ness, therapeutic level, and target population. 

Recommendations 

It is recommended that additional research be conducted as a 

follow-up of the present study. A larger sample size of at least 
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50 healthy adults should be evaluated. The duration of the study 

should not be longer than 10 to 12 weeks. Blood and urine samples 

are needed for the analysis of calcium, sodium, and potassium values. 

Information regarding the participant's nutrient intake, alcohol 

consumption, exercise, smoking, and stress level should be obtained. 

A reward or other incentive may be considered to encourage study 

completion. Research which includes these recommendations would 

advance the understanding of the relationship between dietary calcium 

intake and blood pressure values. 
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APPENDIX A, Information letter sent to prospective subjects 

/Jf^M Texas Tech University Health Sciences Center 
Department of Family Medicine 

Lubbock, Texas 79430/(806) 743-2770 

After your recent clinic visit, your blood pressure reaciings were considered 
elevated. The Family Medicine Clinic is concerned about your blood pressure 
and would like to invite you to be part of a special study. 

This study uses calcium, the same amount contained in three or four glasses of 
milk. The calcium may be able to lower your blood pressure and to find out, we 
would check your blood pressure every four weeks at no charge. The study would 
last for 24 weeks. During twelve weeks, you would be taking the calcium, and 
during the other twelve weeks, you would be receiving a medicine without calcium. 

Because calcium is a normal part of our food, we would also be asking about the 
food you have been eating. This would be done by Mrs. Louise Clement, a Registered 
Dietition, again at no charge to you. 

This study would provide therapy different from the normal blood pressure medication. 
However, it uses an essential nutrient needed for various body functions, and may be 
easier and with less risk than the normal medical treatment for high blood pressure. 

The study is being done by the Family Medicine Department and a member of the study 
group will be contacting you to ask you to volunteer for the study. You will be 
given time to think and to ask questions about the study. Whether you join or not 
will not affect your care or your visits to the clinic for medical help. 

Sincerely. 

Charles E. Shields, M.D. 
Di rector 
Family Medicine Center 

CES:ecj 
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APPENDIX B. Consent form. 

CONSENT FOtCI FOR P.XRTtCIPATION IN R£SEARCH STCTY 

iCopii -Co be rzov-cde.d to oeAAon n.aiujia\ 

RESEARCH Tir..s: ^ £ EFFECT OF CALCIUM SUPPLEMENTATION ON ELEVATED 

BLOOD PRESSURE 

PRINCTP.U nnfESTTCATOR r e s p o n s i b l e for t h i s research projecc l i MrS . L o u i s e C l e m e n t . R .D . . 
Phone / ^ i - ^ b Z 7 _ - TTCHSC = . d l c a i doccor (:;.D.) who . U l a U o ca>.e respon .xb l i i cv i f che 
p r i n c i p a l i n v e s c i , a c o r i s noc an M.D. i s C h a r l P^ ^h ip -^Hc . Phone 7 4 3 - 2 7 7 0 

PURPOSES OF THE RESEARCH ARE ( i n simple terms) 

To find out if a calcium pill taken by mouth will lower my blood pressure. 

PROCEDURES which involve ne in exact order are: (in simple terns) 

Have my blood pressure checked three (3) times at the clinic. 
Answer questions about what I eat. 
Take one to four (1-A) pills a day for 24 weeks. 
Come back to the clinic every four (4) weeks to be weighed and to have my 
blood pressure checked. 

RESEARCH OR EXPERI>!£yrAL PARTfs) o f e h i » r e s e a r c h a r e : 

Part of the pills will contain calcium, and some will riot. 

RISKS A.ND DISCOMFORTS: 

The amount of calcium I may receive daily will not amount to more than 
the amount of calcium in three to four (3-4) glasses of milk. 

BEHEFITS: (If any) which I oay reasonably expect from this research are: 

My blood pressure may be lowered. 

OPTTOMAI. PROCEDURES or courses of treacaanc (If any) which aighc be acre advantageous Co na are: 

None, t h i s i s not a treatment. 

m MEDICAL RECORDS for purposes of this research will be made available to: 

Your doctor and the main person working on the research. 

(CONTTTIUED ON BACK) 
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APPENDIX B. Cont inued 

COSFIDENTIALITT of records i d e n t i f y i n g ae w i l l be naintalnea in the following rvanner: 

Medical records will be kept by number only; not my own name. 

My ADDITIONAI. COST due to p a r t i c i p a t i n g in th i s study (over and aoove nor^jl treacnent cost ) 
v i i i be: 

None 

DURATION - the time which it will take for ay participation in this studv snould be: 

24 weeks or about six (6) months. 

VOLP.TARY P.\KTICIPATIO:i: I do not have to be Involved in t h i s study. If I s ign t h i s fona. tc 
aeans I do u i sn to vo lunteer . If I change my mind l a t e r . I can discontinue civ par t i c ipa t ion 
in t h i s study at any t i a e I choose and my withdrawal w i l l not a f f e c t av ruture treatment at 
t h i s i n s t i t u t i o n . The i n v e s t i g a t o r ( s ) may a l s o t e m i n a t e siy par t i c ipat ion in t h i s studv at 
any t l o e . 

NONCO>g'EMSATION CLAUSE: I understand that in the event ot phvsical Injurv resu l t ing fron the 
researcn proceaures descr ibed to a e , that Texas Tech Universitv Healc.l Sciences Center. 
Lubbock General H o s o i t a l . , and the ir a t f l l i a t e s are not able to o f fer 
f i n a n c i a l compensation nor to aosoro the cost of medical treacaenc. .However, necessarv 
f a c i l i t i e s , energency t r e a t a e n t , and protess iona l s erv ices w i l l be ava i lab le to researcn 
s u b j e c t s , j u s t as chev are to the community genera l ly . Further inforaation about anv ot the 
above a a t t e r s aay be obtained from the Director , Cl inic Administration (806) 743-2S38, Texas 
Tech Univers i ty Health Sc iences Center, Lubbock, Texas 79630. 

(Signature of Subject) (date> 

(Signature of Parent/Guardian or Authorized 
Representative, if necessary) 

(Additional signature ot Parent/Guaraian, 
if necessary) 

(Signature of Project Director or 
Authorized Representative) 

(Signature of Witness to Oral Presentation 
and Signature) 

NOT VALID WITHOUT THE TTCHSC IRB 
ST.^'-tP OF APPROVAL 

VOID AFTER:\^-T- . 'c.^A 

I 
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APPENDIX C. Chart record for blood pressure and weight data. 

HEALTH SCIENCES CENTER HOSPITAL & CLINICS 
LUBBOCK. TEXAS 

CALCIUM / BLOOD PRESSURE STUDY 

DATE & TIME 

(Imprint Plate or Write Name St Number) 

BLOOD PRESSURE WEI GET 

INITIAL INTERVIEW 

SECOND MONTH 

THIRD MONTH 

FOURTH MONTH 

FIFTH MONTH 

SIXTH MONTH 

FINAL CHECK 
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DAYS ? E A ::IZ:: 

FOOD ITZM 

FLUID MILK (INCL. COCOA ^ CHOCOL. 
CHEESE (INCLUDED IN COOKING) 
ICE CRE.-LM/ICE MILK 
COTTAGE CHEESE 
YOGURT 
PUDDING/CUSTARD 
NFDM IN COOKING 
CANNED MILK IN COOKING 

.TZ) 

DARK GREEN LEAFY VEG.: 
KALE 
COLLARD 
MUSTARD 
SPINACH 
BEET 
TURNI? 
BROCCOLI 

RHUBARB 
CREAM OF UliEAT (FARINA) 
SARDINES 
BLACK STRAP MOLASSES 
CREAM SOUPS 
OYSTERS 

CATSUP, MUSTARD, STEAK SAUCES 
CAiNNED SOUPS 
PREPARED FROZEN FOODS 
SAUSAGE OR FRANKS 
PRETZELS, CHIPS, SALTED PEANUTS 
OLIVZS, PICKLES, RELISH 
SMOKED OR CANNED FISH 
HAM; OTHER CANNED MEAT 
SOFTENED WATER 

i ̂  1 1 2 1 -̂  
1 

! 1 i i 1 
5 6 

1 
1 1 ! : 1 

i 1 1 1 : 

i 1 ' i 1 
1 
I 

1 
1 

1 1 

7 1 
1 

1 
1 
1 
1 
; 

1 

1 1 I 1 1 
1 1 
1 1 

1 

, ! 1 
T/ ///!// / M; /; /;; ///!/// , J I ! I f 11 i\i i ! J 

I I 

I I I l \ l I I /!/ / / /I/ / / l \ l i / /I/ / / ,/l/ / / /I/ / / / 

f I ir' I' I't 11 "Jllij(ii\iii'nil\llli\ 

I > 

////••/in^/i i ' i " ^•ii"^/ ^ ' : , . : i \ i n i 

* DO YOU"USE SALT AT THE TABLE? IN COOKING? 

DO YOU SALT YOUR FOOD BEFORE TASING IT? 

DO YOU "CRAVE" SALT OR SALTY FOOD? 

DO YOU COOK WITH CONDIMENTS CONTAINING SALT? 

^ Heavv, Moderate, Lighc, or None 

A??-'''^L:C D- Food frequency to deterziine calciun 2r.d s 
" ^ ' • ^ , ^ ^ 

-n ^ -̂  T "̂  ' Q 
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