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ABSTRACT 

Normotensive (11) and medicated hypertensive (6) female 

subjects ages 23 to 58 participated in blood pressure measurements, 

blood sampling (2 days) following a 10-hour fast, for the determina­

tion of maximum ouabain binding, and dietary assessment using 7-day 

records and/or food frequency forms. Maximum ouabain binding, an 

index of Na+,K+-ATPase activity, was measured using a tritiated oua­

bain binding technique in which the number of ouabain binding sites 

per cell are determined. The number of enzyme units (Na+,K+-ATPase 

units) was calculated from the number of binding sites per cell 

because the two are directly proportional. 

Stepwise regression procedures in the Statistical Analysis 

System (SAS) (SAS Institute, 1982b) were used to analyze the 

relationships among mean systolic blood pressure taken prior to 

blood sampling (dependent variable, MBPlS), maximum ouabain binding 

(MBMAX), dietary intake, body mass index (BMI), and age. MBPlS and 

MBMAX were directly related when data from 15 of the 17 subjects 

were analyzed. Arthritis medications taken by two of the subjects 

may have an effect on the blood pressures of the subjects. For this 

reason, subsequent data analysis excluded these two subjects. Age 

and BMI were not related to either MBP1S or MBMAX. 
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Total Inhibition Scores and Total Vanadium Indices, indicators 

of the consumption of foods containing in vitro Na+,K+-ATPase inhib­

itors and/or vanadium, were calculated per subject (17) from food 

frequency data. No associations were found among MBPlS, MBMAX, and 

the consumption of foods containing in vitro Na+,K+-ATPase inhibitors 

and/or food containing vanadium (an inhibitor of Na+,K+-ATPase 

activity). The lack of associations may be due to the scarcity of 

published data on in vitro Na+,K+-ATPase inhibitors or vanadium con­

tents in foods, and/or the possible inabilities of subjects to deter­

mine the quantities and frequencies of consumption. Food frequency 

forms are not the best method to use when quantitative data are 

needed. 

Enery and nutrient intake means were calculated for the 15 

subjects who kept 7-day dietary records. Mean energy intakes ranged 

from 1002 to 2262 kcal/day, the principal source of calories for 

most subjects being carbohydrates. Calcium and iron intakes for 

several subjects were S 70% of the 800-mg RDA. All medicated hyper­

tensive subjects• calcium intakes were low($ 80% of the RDA). None 

of the subjects consumed� 70% of the RDA for vitamin C, thiamin, 

riboflavin, and niacin. One subject's mean vitamin A intake was 

< 70% of the RDA. 

Of the dietary variables analyzed using PROC STEPWISE (SAS 

Institute, 1982b) (energy, protein, carbohydrate, crude fiber, 

calcium, iron, vitamin A, vitamin C, thiamin, riboflavin, niacin, 

and cholesterol), only crude fiber was related to MBP1S. A negative 
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relationship was found between MBP1S and crude fiber intake only 

when MBMAX was included in the regression equation. MBMAX and crude 

fiber intake also were inversely related. Crude fiber may appear as 

a proxy for other variables that independently do not significantly 

alter blood pressure: including cholesterol, thiamin, niacin, and 

carbohydrate. Multiple vitamins taken by several subjects may have 

obscured the relationship between MBP1S and some of the dietary 

variables. This should be a consideration in future research studies 

conducted with a larger number of subjects. 
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CHAPTER I 

INTRODUCTION 

Essential hypertension has become a predominant health problem 

in the United States, with an estimated 60 million Americans suffer­

ing from the disease. Individuals classified as hypertensive have 

blood pressures exceeding 140/90 mm Hg (Garay and Meyer, 1979; Meyer, 

1980). By definition, the cause of elevated arterial blood pressure 

associated with essential hypertension is unknown, not attributable 

to any disease state (Garay and Meyer, 1979). Frohlich (1982) stated 

that "this disease [essential hypertension] of multifactorial origin 

must reflect an imbalance of a variety of mechanisms that normally 

serve to control arterial pressure. 11 The factors that affect 

arterial pressure are both genetic and environmental in nature 

(De Mendonca et al. , 1981; Frohlich, 1982; Hunt, 1983). 

Abnormalities have been found in Na+ and K+ transport systems 

of erythrocytes and leucocytes of essential hypertensive subjects 

(Fregly and Kare, 1982; Garay et al. , 1980a,b; Garay and Meyer, 1979; 

Poston et al. , 1981; Postnov et al. , 1977). Research indicates an 

association between Na+,K+-ATPase, a system that transports Na+ and 

K+ ions across cell membranes, and essential hypertension (Fregly and 

Kare, 1982; Hamlyn et al. , 1982; Morgan et al. , 1981; Poston et al. , 

1981; Stokes et al. , 1983; Woods et al. , 1981). + + Na ,K -ATPase 

inhibitors in the diet may be responsible for the irregular Na+ and 
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K+ transport activity, which has been observed (Poston et al., 1981). 

In vitro Na+,K+-ATPase inhibitors have been found in foods (Harlan 

and Mann, 1982; Sagnella and MacGregor, 1984). Also the consumption 

of foods that contain vanadium (Myron et al., 1977; Soremark, 1967), 

an inhibitor of Na+,K+-ATPase activity (Cantley and Aisen, 1979), 

may have a role in the etiology of hypertension (Hom et al . ,  1982; 

Steffen et al. , 1981). Other dietary factors that have been recog­

nized as possible hypertensive or hypotensive agents include sodium 

(Dahl, 1977), potassium (Morgan and Myers, 1982), calcium (Mccarron 

et al., 1984), and magnesium (Altura, 1983). 

No studies relating diet and the Na+,K+-ATPase activity of 

essential hypertensive subjects have been found in the literature. 

The objectives of this pilot study with normotensive and hypertensive 

female subjects were: 

1. To measure blood pressure and erythrocyte ouabain binding, 

a measure of Na+,K+-ATPase activity. 

2. To assess nutrient intakes and the consumption of vanadium 

and/or Na+,K+-ATPase inhibitors in foods. 

3. To determine if there is a relationship between erythrocyte 

Na+,K+-ATPase (ouabain binding) activity and blo�d pressure. 

4. To determine if associations exist among erythrocyte 

Na+,K+-ATPase activity and/or blood pressure and the dietary intake 

of calories and nutrients, (e.g., protein, fat, carbohydrate, Na+,K+, 

ca2+ , and vanadium). 
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5. To determine if there are relationships between the con­

sumption of foods containing in vitro Na+, K+-ATPase inhibitors 

(Harlan and Mann, 1982), erythrocyte Na+, K+-ATPase activity (ouabain 

binding) and/or blood pressure. 

It was hypothesized that the women with essential hypertension 

would have increased Na+, K+-ATPase activities (Stokes et al. , 1983; 

Woods et al., 1981) when compared to normotensive controls. It was 

predicted that the diets of the essential hypertensive women would 

be different from those of the normotensive control group. 



CHAPTER II 

REVIEW OF LITERATURE 

Na
+ 

and K
+ 

Transport in Essential Hypertension 

It has been postulated that essential hypertension is re1ated 

to abnormalities in Na
+ 

and K
+ 

transport systems that regulate 

physiological Na
+ 

and K
+ 

concentrations (De Mendonca et al. , 1981; 

Fregly and Kare , 1982; Garay et al. , 1980a ,b; Garay and Meyer , 1979; 

Hamlyn et al. , 1982; Morgan et al. , 1981; Poston et al. , 1981; Stokes 

et al. , 1983; Woods et al. , 1981). Potassium is more concentrated 

than Na
+ 

inside cells whereas the opposite is found in extracellular 

fluids. These concentration differences create an electrochemical 

gradient (Deluise et al. , 1980; Sweadner and Goldin, 1980). Many 

+ 
systems are responsible for maintaining proper physiological Na and 

+ 
t· K concentra ions: Na

+
,K

+ countertransport (Na
+

,K
+
-adenosine tri-

+ + + + 
phosphatase , Na ,K -ATPase, or the Na ,K - 1

1 pump11

) (Skou , 1965; 

Sweadner and Goldin, 1980) , Na
+

,K
+ 

cotransport (Fregly and Kare, 

1982; Garay et al. , 1980a) , Na
+

,Li
+ 

countertransport (Woods et al. , 

1982) , and Na
+

,ca2+ 
transport (Mccarron , 1983a). Of these transport 

+ + 
systems , only Na ,K -ATPase was measured in this study. 

Ion Transport in Human Erythrocytes and Leucocytes 

Differences in Na
+ 

and K
+ 

transport in human erythrocytes and 

leucocytes have been found between hypertensive and normotensive 

4 
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subjects. These differences in ion transport between hypertensive 

and normotensive subjects have been detected by studying the influx 

(inward movement of ions) and efflux (outward movement of ions) of 

N/ and K+ in red and white blood cells. Poston et al. (1981) took 

erythrocytes and leucocytes from normotensive subjects and incubated 

them in the blood and serum of hypertensive patients to determine if 

sodium transport would be altered. Sodium efflux from the white 

blood cells was decreased. Edmondson and co-workers (1975) studied 

sodium efflux from leucocytes of essential hypertensive and normo­

tensive patients. The sodium efflux was decreased for the hyper­

tensive subjects. Edmondson et al. (1975) concluded that irregu­

larities in cellular sodium transport were 11directly related to 

hypertension. 11 In addition, Na+ and water contents of the leucocytes 

from the hypertensive subjects were higher than those of the normo­

tensive controls (Edmondson et al. , 1975). 

Garay and Meyer (1979) studied the Na+ and K+ fluxes in the 

erythrocytes of essential hypertensive subjects. In the experiment, 

the erythrocytes were manipulated in order to induce higher intra­

cellular sodium concentrations and low potassium concentrations. 

When the net Na+/K+ flux ratio was calculated it was found to be 

11consistently low11 relative to the net flux ratio of the nonnotensive 

control group studied. The net Na+/K+ flux ratio is defined as the 

net Na+efflux/net K+ influx (De Mendonca et al., 1981). 

Garay et al. (1980b) used the same technique of determining 

net Na+/K+ flux ratios as Garay and Meyer (1979) in the development 
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of a procedure for identifying essential hypertension in a clinical 

setting. The essential hypertensive subjects had reduced Na+/K+ 

fluxes. The subjects in the study with secondary hypertension had 

normal net flux ratios. Thus with this technique, it may be pos­

sible to differentiate between essential and secondary hypertension 

(Garay et al. , 1980b). 

De Mendonca et al. (1981) placed the erythrocytes of normo­

tensive arrd hypertensive subjects in a medium high in Na+ and low 

in K+ to study net Na+/K+ fluxes. The relatives of hypertensives 

were studied to determine the possible genetic transmission of hyper­

tension (De Mendonca et al. , 1981). Net Na+/K+ fluxes were reduced 

in the hypertensive subjects. + + Net Na /K fluxes also were lower for 

children with two hypertensive parents, compared to those of chil-

dren with only one or no hypertensive parents. + + Decreased net Na /K 

fluxes also were noted in hypertensive parents of hypertensive sub­

jects in the study. Net Na+/K+ flux ratios may serve as an indi­

cator of someone's predisposition for developing hypertension, since 

consecutive generations with hypertension were found to have reduced 

net Na+/K+ fluxes (De Mendonca et al. , 1981). 

The work of Woods et al. (1981) and Stokes et al. (1983) also 

indicated abnormal ion transport in hypertensive subjects. Woods 

et al. (1981) and Stokes et al. (1983) used 86Rb as an indicator of 

potassium uptake in the erythrocytes of normotensive and hypertensive 

subjects. In both studies Woods et al. (1981) and Stokes et al. 

(1983) found 86Rb uptake to be greater in hypertensives than in the 



7 
normotensive controls. Morgan et a1. (1981) suggested that Na+ in-

take may have an effect on Na+ efflux in persons with high blood 

pressure. Morgan et al. (1981) used 22Na to monitor Na+ efflux and 

found that in hypertensive men, blood pressure increased and Na22 

efflux decreased as Na+ intake increased. These studies confirmed 

other findings of abnormal sodium and potassium fluxes in hypertensive 

individuals. 

Na+,K+-ATPase and Essential Hypertension 

Because Na+,K+-ATPase is one of the transport systems that 

regulates Na+ and K+ concentrations in cells, it is reasonable to 

speculate that Na+,K+-ATPase may have an involvement in the altered 

Na� and K+ fluxes, which have been found in hypertensive subjects. 

Na+,K+-ATPase functions by hydrolyzing ATP, which provides the energy 

necessar.v to transport Na+ and K+ ions across cell membranes (Dahl 

and Hokin, 1974; Gl.vnn, 1968; Skou, 1965; Sweadner and Goldin, 1980). 

ATP will serve as the substrate for the reaction on1.v when it is 

located inside the cell, and onl.v if Na\ K\ and Mg2+ are present 

(Dahl and Hokin, 1974; Glynn, 1968; Sweadner and Goldin, 1980) . 

For each ATP molecule hydrolyzed in the cell, three Na+ ions are 

exchanged for two K+ ions (Glynn, 1968; Sweadner and Goldin, 1980) . 

Cardiac glycosides such as ouabain, when located outside the cell, 

will inactivate Na+,K+-ATPase (Dahl and Hokin, 1974; Glynn, 1968; 

Sweadner and Goldin, 1980) , resulting in an increased extracellular 

sodium concentration (Blaustein, 1977) . 

Woods et al. (1981) and Stokes et al. (1983) concluded from 

their work with 86Rb influxes in the erythrocytes of hypertensive 
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subjects that Na+, K+-ATPase activity was elevated in the hypertensive 

subjects. The researchers based their conclusions on the results 

obtained when the 86Rb assay was conducted with and without the addi­

tion of ouabain. The ouabain-sensitive 86Rb uptake was greater in 

the hypertensive subjects, indicating increased K+ influx, and con­

sequently increased Na
+
, K+-ATPase activity. Garay et al. (1980a) 

+ + + + measured Na / K  fluxes of Na -loaded/K -depleted erythrocytes with 

the addition of ouabain. Because K+ influx was increased in hyper­

tensive subjects, the researchers inferred that Na+, K+-ATPase also 

was increased in hypertensive subjects. Garay et al. (1980a) 

attributed the elevated activity to a defect in the Na+, K+ co­

transport system. It was postulated that the Na+, K+-pump is attempt­

ing to compensate for the Na+, K+ co-transport defect (Garay et al. , 

1980a). 

Na+, K+-ATPase Inhibitors and Essential Hypertension 

After incubating leucocytes of normotensive subjects in the 

blood and serum of hypertensive subjects, and finding a decrease in 

sodium efflux, Poston et al. (1981) postulated that abnormalities in 

sodium efflux may be attributed to an increase in a Na+, K+-ATPase 

inhibitor. Other researchers also have indicated the possible in­

volvement of a Na+, K+-ATPase inhibitor in the etiology of hyperten­

sion (Hamlyn et al. , 1982; MacGregor and de Wardener, 1981; MacGregor 

et al. , 1981; Morgan et al. , 1981). Hamlyn et al. (l 982) investigated 

the presence of a Na+, K+-ATPase inhibitor in the plasma of hyperten­

sive subjects. The assay used by Hamlyn et al. (1982) involved 
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monitoring the effects of deproteinized plasma of hypertensive and 

normotensive subjects, on Na+,K+-ATPase derived from canine kidney. 

Inhibition of Na+,K+-ATPase was measured by 1

1 coupling 11 NADH absorp­

tion with the hydrolysis of ATP. If ATP hydrolysis decreased, in­

hibition of the enzyme (Na+,K+-ATPase) was assumed to increase. In 

the experiment there was no significant difference in ATPase activity 

between the plasma of normotensive and the saline control. However, 

14% inhibition of Na+,K+-ATPase was noted in tests on the plasma of 

the hypertensive subjects. Comparisons of inhibition were made for 

ouabin, vanadate ions, and the plasma of the hypertensives. The 11 on­

set11 of inhibitory activity exhibited from the plasma of hypertensives 

was faster than both ouabain and vanadate (Hamlyn et al. , 1982). 

MacGregor and de Wardener (1981) and MacGregor et al. (1981) 

postulated that a defect in the kidneys of hypertensive subjects may 

be responsible for an increase in a circulating Na+,K+-ATPase inhib­

itor. The inherited defect in the kidney results in the kidney's 

inability to excrete sodium as it should, causing extracellular 

volume to increase. Increased extracellular volume stimulates the 

excretion of a Na+,K+-ATPase inhibitor. The Na+,K+-ATPase inhibitor 

functions by increasing sodium excretion, but at the same time in­

hibits sodium transport within cells other than the kidney, resulting 

in intracellular volume increases . Based on the work of Blaustein 

(1977), MacGregor and de Wardener (1981) concluded that the increased 

intracellular volume is due to increased intracellular calcium con­

centration, which ultimately increases smooth muscle tone and causes 

increased peripheral resistance and high blood pressure. 
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Dietary intake is one of the environmental factors that has 

been studied as a cause of essential hypertension. The relationship 

between diet and hypertension remains a controversial issue. In 

evaluating the Coronary Prevention Evaluation Program (CPEP), Stamler 

et al. (1980) concluded that alterations in the diet (without medi­

cation) were effective in reducing and controlling the hypertension 

of "middle-aged coronary-prone obese men. 11 Dietary components thought 

to influence blood pressure include the essential nutrients Na+, K+, 
2+ 2+ Ca , and Mg . 

Sodium and Potassium 

Allen (1920) was one of the first investigators to suggest 

that a positive relationship existed between salt intake and hyper­

tension. A positive relationship between sodium intake and the 

prevalence of hypertension has been found in numerous epidemiological 

studies. In cultures where sodium consumption is low, hypertension 

is at a minimum (Dahl, 1977; Hunt, 1983). Freis (1976) advocated 

the necessity for reducing dietary sodium. It was his opinion that 

excessive salt intake is the cause of hypertension because increased 

salt intake results in increased extracellular fluid volume, 

accompanied by an increase in hypertension. An increase in potas­

sium has been advocated for treating hypertension (Dustan, 1983; 

Morgan and Myers, 1982; Skrabal et al. , 1981). This theory deserves 
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consideration because epidemiological studies indicate that in popu­

lations with a low sodium intake and where the incidence of hyperten­

sion is rare, the consumption of dietary potassium is high (Hunt, 

1983). 

In an early study by Dahl and Love (1957), a positive corre­

lation was found between salt usage and hypertension. It was con­

cluded that high salt users were at a greater risk for developing 

hypertension, and that overweight subjects were more likely to have 

hypertension than were non-overweight subjects. It must be noted 

however, that the method used by Dahl and Love (1957) to estimate 

salt usage was crude at best. Evaluation of salt usage was based on 

whether the subject salted food before or after tasting (Dahl and 

Love, 1957). Contrary to these findings, Mccarron et al. (1984) 

found when examining a subgroup from the Health and Nutrition Exam­

ination survey I (HANES I), that a negative correlation existed be­

tween sodium intake and hypertension. 

Morgan et al. (1978) also found a positive relationship be­

tween salt intake and hypertension. The researchers compared 31 

patients who had diastolic blood pressures between 95 and 100 mm Hg, 

and who were receiving various treatments for their hypertensive 

conditions. The subjects were either under no treatment, following 

a moderately salt restricted diet, or taking antihypertensive drugs. 

The patients on the salt-restricted diet (for a two-year period) 

showed the greatest decrease in diastolic blood pressure. Patients 

on the antihypertensive drug regime had blood pressure reductions 
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similar to those of the salt-restricted group, whereas the untreated 

patients experienced an increase in hypertension. Morgan et al. 

(1978) thought that an even greater reduction in blood pressure would 

have been produced if the salt-restricted diet had been followed 

with greater precision. They recommended that individuals with 

diastolic blood pressures between 90 and 105 mm Hg attempt a salt­

restricted diet before resorting to drug therapy. Morgan and Myers 

(1982) suggested that subjects with diastolic blood pressure between 

96 and 105 mm Hg try to regulate blood pressure by reducing salt in­

take, prior to the administration of blood pressure medications. 

The researchers also reported that diets low in sodium and high in 

potassium were successful treatments for reducing high blood pressure 

(Morgan and Myers, 1982). 

In opposition to Morgan et al. (1978) and Morgan and Myers 

(1982), Laragh and Pecker (1983) suggested that sodium restriction 

be administered as therapy only to patients 11 in whom its effective­

ness has been established, 11 since salt restriction is not effective 

in all subjects. Only 30%-50% of essential hypertensive subjects 

experience a response to sodium reduction (Laragh and Pecker, 1983). 

Dahl (1977) and co-workers were among the first researchers to postu­

late that genetic factors must exist relative to hypertension and 

salt ingestion, since not all hypertensive rats (or humans) are 

affected by salt intake. Kawasaki et al. (1978) illustrated the 

presence of genetic factors by classifying 19 essential hypertensives 

as salt-sensitive or non-salt sensitive according to their blood 
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pressure responses to diet regimes ranging from 9 to 240 meq of 

sodium per day. Differences in responses were noted between the 

subjects, and thus they were classified accordingly as salt-sensitive 

or non-salt sensitive. Sodium loading increased the blood pressures 

of the salt-sensitive subjects studied, but not the blood pressures 

of the non-salt sensitive subjects studied. In addition, the salt­

sensitive patients excreted less sodium than the non-salt sensitive 

subjects, during periods of sodium loading and sodium deprivation. 

Parfrey et al. (1981) studied the effects of different sodium 

and potassium intakes on the blood pressure of young men with and 

without hypertensive parents. The subjects were classified accord­

ing to whether one or both of their parents had hypertension (PHT 

group), or neither of their parents had hypertension (PNT group). 

Increased Na+ intake caused the blood pressure in both groups (PHT 

and PNT) to increase. Lowering Na+ intake and supplementing the 

subjects' diets with K+ caused the blood pressure of the PHT group 

to fall, whereas a decrease in the blood pressure of the PNT group 

was not noted. The researchers concluded that sodium caused an 

increase in blood pressure for both subjects predisposed and not 

predisposed to hypertension. It was hypothesized that genetic 

factors may influence one's response to change in intake because 

the subjects predisposed to hypertension were the only subjects 

who responded to increased K+ intake. Parfrey et al. (1981) 
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also concluded that persons predisposed to high blood pressure may 

be more inclined to develop hypertension if their intake of K+ is 

not sufficient. 

Myers et al. (1983) studied the effects of increased Na+ in­

take on erythrocyte Na+ concentration and blood pressure of normo­

tensive and hypertensive subjects. 11 The subjects were given reduced 

or high sodium intakes for 2 week periods using a randomized cross­

over desiqn. 11 The amounts of the sodium intakes were not indicated 

in the study. Normotensive subjects had no change in systolic or 

diastolic blood pressure with increased sodium intake, but the sodium 

concentration in the red blood cells did increase significantly. 

For hypertensives, systolic blood pressure rose as sodium intake was 

increased, and intracellular sodium concentration increased with in­

creasing sodium intake. These results support the theory that in­

creased sodium intake affects ion transport systems in the body 

(Myers et al. , 1983). 

Today, disagreement exists as to what advice should be given 

to the general public concerning sodium consumption. Kolata (1982) 

quoted Graham Ward, coordinator for the National Blood Pressure 

Evaluation Program of the National Institute of Health, as stating 

that not enough scientific evidence exists to warrant the establish­

ment of a maximum level of sodium intake for the general public. On 

the other hand, it was the opinion of Arthur Hull Hayes, Commissioner 

of the FDA, that there should be a national campaign for sodium re­

duction (Kolata, 1982). Mccarron et al. (1984) found no relationship 
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between the sodium intake of hypertensive and nonnotensives, but when 

the entire population was studied (10,372 individuals), a negative 

relationship existed between Na
+ 

intake and blood pressure. It is 

evident that research needs to continue until the role of sodium in 

hypertension is clarified. 

Ophir et al. (1983) studied the prevalence of high blood 

pressure among vegetarians and non-vegetarians living in the Tel Aviv 

area. Persons were considered hypertensive if their blood pressure 

exceeded 160/95 mm Hg. For a significant time period, the vegetarians 

had been following an established vegetarian diet, which included no 

meats and an abundance of fruits, vegetables, and nuts. Urinary 

sodium and potassium excretions were the bases for estimating sodium 

and potassium intakes. Sodium excretion was similar for all subjects, 

but the vegetarian group excreted 26% more potassium than the non­

vegetarian group. An inverse correlation was found for the vege­

tarian group between K
+ 

excretion and blood pressure. Two percent 

of the vegetarians were hypertensive, whereas 26% of the non­

vegetarian group were hypertensive. Ophir et al. (1983) concluded 

that the non-vegetarians and the vegetarians were at the same risk 

for developing hypertension, but that the vegetarians' high dietary 

intake of potassium produced a 1

1 protective 11 effect against developing 

high blood pressure. 

On the other hand, Gros et al . ( 1971 ) i ndi ca ted that potassium 

did not affect hypertension. The diets of seven untreated essential 

hypertensives were supplemented with 6 g of sodium per day for two 
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to nine weeks. In a subsequent experiment the subjects were given 

a mixture of 6 g sodium and 6 g potassium to consume for four weeks. 

In both cases the dietary supplements did not affect body weights or 

blood pressures of the subjects studied. Also the supplements had 

no effect on blood pressure even when the patients were taking anti­

hvoertensive druqs (Gros et al., 1971). It was noted in the study 

that the levels of sodium and potassium administered were almost un­

palatable. Possible explanations of the results include that: 

(1) the dosages of sodium and potassium used may have reached a satu­

ration level at which point the effects of sodium and potassium on 

high blood pressure are no longer noticeable; (2) the sample size 

used was small; (3) the subjects may not have been salt-sensitive; 

and (4) the experimental design did not include the administration 

of potassium without sodium. 

In reviewing the role of potassium in hypertension, Treasure 

and Plath (1983) attempted to explain the hypotensive activity of 

potassium. Potassium may function as a diuretic agent which causes 

blood pressure to decline, especially in the 11salt-dependent 11 fonns 

of hypertension (Treasure and Plath, 1983). Treasure and Plath 

(1983) suggested that potassium may act as a vasodilator in conjunc­

tion with Na+,K+-ATPase activity. Their hypothesis is based on the 

fact that ouabain inhibits both "potassium-induced vasodilation 11 and 

Na+,K+-ATPase activity (Chen et al., 1972). Based on the results of 

Blaustein (1977), Treasure and Plath (1983) speculated that increas­

ing potassium intake may initiate Na+,K+-ATPase activity, which 



17 

results in Na+ extrusion from cells with high intracellular Na+ con-

centrations. As a result, Na+ is able to passively enter cells and 

ca2+ will simultaneously leave cells, causing a decrease in peri­

pheral resistance (because of decreased intracellular calcium) and 

a reduction in blood pressure (Treasure and Ploth, 1983). 

Calcium 

Recent evidence indicates a possible association between 

calcium and hypertension (Mccarron, 1983a; Mccarron et al. , 1984). 

It is reasonable to speculate that calcium has an influence on blood 

pressure, since it can affect peripheral resistance and cardiac out­

put (Mccarron, 1983b). Mccarron (1982) noted that, in untreated 

essential hypertensive subjects, serum calcium levels were normal, 

but levels of serum ionized calcium were low. The low serum ionized 

calcium levels were attributed to increased protein binding of the 

extracellular calcium. In a letter to the New England Journal of 

Medicine, Schussler (1982) disagreed with the conclusions of Mccarron 

(1982). Schussler (1982) stated that a low concentration of serum 

ionized calcium and increased protein binding were not the causes of 

hypertension, since it has not been proven that hypertension may be 

caused by 11hypocalcemia due to malabsorption, renal tubular acidosis, 

or hypothyroidism. 11 In an epidemiological study evaluating dietary 

intake, Mccarron et al. (1982) reported that hypertensive subjects 

consumed less calcium in the form of non-fluid dairy products than 

did normotensive controls. 11 The data suggest that inadequate calcium 
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intake may be a previously unrecognized factor in the development of 

hypertension 1 1  (Mccarron et al., 1982). Mccarron et al. (1984) used 

data from the Health and Nutrition Examination Survey I (HANES I) to 

examine the relationship among nutrient intakes, blood pressure, and 

body mass index (BMI). When age, sex, and race were controlled for 

in the study population (10,372 subjects), the hypertensive subjects 

had lower nutrient intakes of ca2+ as well as vitamin A and vitamin C, 

than did the normotensives. Before age, sex, and race were controlled 

for in the analysis, and with hypertension being defined as a systolic 

blood pressure greater than or equal to 160 mm Hg, the intakes of 

linoleic acid and ca2+ were lower for hypertensive subjects than for 

normotensive subjects. Mccarron et al. (1984) also noted that as 

body mass index (BMI) increased, calcium consumption decreased. When 

the study-population data were divided into groups based on the sub-
2+ + + jects' daily intakes of Ca , K ,  and Na , the intake of each nutrient 

was negatively correlated with systolic blood pressure. Mccarron et 

al. (1984) concluded that 11the risk of being hypertensive increased 11 

. 2+ + + as the consumption of Ca , K ,  and Na decreased. 

Kesteloot and Geboers (1982) investigated the relationship 

between serum calcium and blood pressure among men (9321) and women 

(421) in the Belgian army. Blood samples were taken for the deter­

mination of serum calcium. Urinary calcium excretion was estimated 

from 24-hour urine collections for a sub-group of the original popu­

lation. A positive correlation was found between serum calcium and 

systolic and diastolic blood pressure only for the men in the study. 
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Urinary calcium excretion correlated positively with diastolic blood 

pressure. These results of positive relationships between calcium 

and blood pressure are in opposition to those of Mccarron et al. 

(1984). Serum ionized calcium was not measured (Kesteloot and 

Geboers, 1982). 

The work of Belizan et al. (1983) is an example of a con­

trolled double-blind study that illustrates the effects of calcium 

supplementation on blood pressure. A study population was made up 

of men and women who were given either calcium tablets (equivalent 

to 1 g of elemental calcium) or a placebo to take daily for a 22-

week period. Total calcium intake was assessed using a 1-day dietary 

record, and through interviews in which the examiner determined the 

consistency with which the subjects followed the prescribed treat­

ment. Belizan et al. (1983) found a decrease in diastolic blood 

pressure of the calcium-supplemented men and women studied. However, 

it would be inappropriate to extrapolate these results to hyper­

tensive subjects, because the study population included only normo­

tensive individuals. 

An inverse relationship between calcium consumption and blood 

pressure had been observed in a Lipid Research Clinic prevalence 

study conducted between 1972-1974. The study was originally designed 

to assess risk factors in heart disease. Ackley et al. (1983) re­

examined the data collected in 1972-1974 to determine if the results 

were independent of age, obesity, and alcohol consumption. The data 

collected for the study were divided into two parts. First the 
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entire population of 5050 adults was examined, referred to as Visit 

1. Secondly, a 15% randomized sample was chosen from the original 

population to participate in a more involved evaluation, designated 

as Visit 2. Ackley et al. (1983) used data collected from Visit 1 

on milk consumption and data from a 24-hour dietary recall taken in 

Visit 2 to assess calcium intake from dairy products. 

Following adjustments for age, obesity, and alcohol consump­

tion, a significant decrease in the diastolic blood pressure was 

noted for the men as their whole milk consumption increased. No 

significant relationships were observed between the blood pressures 

of the women and their milk consumption. When additional analyses 

were conducted, a significant negative correlation existed between 

the men's calcium intake from all dairy sources and diastolic blood 

pressure (Ackley et al., 1983). It was noted that the inclusion of 

non-dairy products would have affected the calcium intake, possibly 

producing different results. Also other components in the diet that 

may have affected blood pressure levels were not examined. 

Magnesium 

Altura and Altura (1981) have identified several modes of 

action by which a deficiency in magnesium may result in the elevation 

of blood pressure. A decreased level of serum Mg2+ 
may stimulate 

the activity of smooth muscle constrictors, such as angiotension and 

epinephrine. Since vascular resistance would be increased, an ele­

vation in blood pressure could result. Decreased concentrations of 
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serum and tissue magnesium could affect blood pressure by acting 

on neuro-humoral substances which normally function by initiating 

relaxation of peripheral blood vessels. Prostaglandins are examples 

of neuro-humoral substances. Another mode by which Mg2+ may function 

in preventing hypertension is through its competition with ca2+ at 

smooth muscle cellular membrane binding sites. By competing with 

ca2+ 
for the binding sites, Mg2+ would decrease the concentration of 

ca2+ in the cell membrane. The substitution of Mg2+ for ca2+ 
would 

be effective because increases in ca2+ instigate the contraction of 

vascular smooth muscle (Altura, 1983; Altura and Altura, 1981; Altura 

et a 1. , 1981) . 

Other Environmental Factors and Essential Hypertension 

Other factors that may influence hypertension are caloric 

intake (Young et al., 1978), sugar intake (Bunag et al., 1983; 

Rebello et al., 1983), fat intake (Iacono et al., 1983; Smith-Barbaro 

and Pucak, 1983), body weight (Reisin et al., 1978; Stamler et al., 

1978), and alcohol consumption (Arkwright et al., 1982). In vitro 

Na+,K+-ATPase inhibitors and enhancers found in food (Harlan and 

Mann, 1982) and dietary vanadium consumption also may affect essen­

tial hypertension (Steffen et al., 1981). 

Caloric Intake, Sucrose Intake, Fat Intake, Body Weight, Alcohol 

Consumption, and Essential Hypertension 

Caloric and sugar intakes. Young et al. (1978) illustrated 

using spontaneously hypertensive rats that a decrease in caloric 



22 

intake (with no sodium restriction) resulted in a reduction in blood 

pressure. Bunag et al. (1983) found that administering an 8% sucrose 

solution for 5 weeks to male weanling rats caused systolic pressure 

to become elevated. Rebello et al. (1983) demonstrated using 20 

normotensive males that the consumption of various sugar solutions 

caused elevation of systolic blood pressure. Sugar solutions (20% 

w/v) were prepared based on the subject's body weight (1 g sugar/kg 

body weight). The experiment lasted for 6 hours, beginning after a 

12-hour fast. The 6-hour period was divided into three 2-hour inter­

vals: the presugar period, the sugar period, and the postsugar 

period. Thus, the sugar solutions were administered 2 hours after 

the experiment began. Consumption of sucrose solutions and glucose 

solutions caused an elevation in blood pressure, but fructose, 

galactose, and lactose solutions had no significant effect on blood 

pressure (Rebel lo et al. , 1983). 

Fat intake. In a review article by Smith-Barbaro and Pucak 

(1983), it was suggested that the type of fat consumed influences 

blood pressure. The consumption of polyunsaturated fats, especially 

linoleic acid may aid in the reduction in blood pressure (Smith­

Barbaro and Pucak, 1983). Iacono et al. (1983) also studied fat in­

take in relation to blood pressure. Thirty normotensive Finnish 

couples in a dietary intervention study were instructed to decrease 

their fat consumption and increase their polyunsaturated/saturated fat 

ratio. The subjects' dietary fat modifications were accomplished by 

substituting foods similar to those found in their normal diet, but 
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with lower fat contents. For example, during the intervention period, 

whole milk was replaced by skim milk, and low fat cheeses, leaner 

meats, and margarine rather than butter were consumed. The study 

lasted a total of 13 weeks, which included one week of baseline 

evaluation, a 6-week intervention period, and a 6-week follow-up 

period in which the subjects resumed eating normally. Food consump­

tion records were kept, and proximate analyses of food composites 

were determined to assess dietary intakes. Both systolic and 

diastolic blood pressure decreased significantly during the low fat 

consumption period. Once the subjects began consuming their normal 

diet with increased fat intake and a decreased polyunsaturated/ 

saturated fat ratio, blood pressure was increased compared to the 

blood pressure measurements at the end of the intervention period. 

From these results it is possible to conclude that fat intake may 

alter blood pressure. However, other components of the diet were 

altered simultaneously with fat. Notably, as fat intake decreased, 

protein and carbohydrate intakes increased. 

Body weight . Stamler et al. (1978) noted an association be­

tween hypertension and body weight. The results of the screening 

of one million Americans by the Community Hypertension Evaluation 

Clinic showed that the incidence of high blood pressure was 50%-

300% greater in overweight subjects compared to nonnal and under­

weight subjects (Stamler et al. , 1978). Reisin et al. (1978) studied 

overweight hypertensive subjects and changes in blood pressure 



following weight loss. The subjects were categorized according to 

whether they were taking antihypertension drugs and/or whether they 

were participating in the weight reduction program. All subjects 

(medicated and unmedicated) in the weight reduction group lost at 

least 3 kg, and 75% of the non-medicated group and 61% of the medi­

cated group reduced their blood pressure to less than 140/90 mm Hg. 

An increase in blood pressure was noted for 27% of the group not 

participating in weight reduction. Thus, Reisin et al. (1978) con­

cluded that a positive relationship existed between weight loss and 

blood pressure. The results of Reisin et al. (1978) occurred with­

out any specified alterations in salt intake. 
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Alcohol consumption. The prevalence of hypertension is thought 

to increase in conjunction with alcohol consumption (Arkwright et 

al. , 1982). Arkwright et al. (1982), when studying a population of 

working men in Australia, found that the prevalance of elevated 

systolic blood pressure in heavy and moderate drinkers was four times 

that of non-dr i nkers. However, the investigators concluded that the 

effect of alcohol on blood pressure was reversible, since individuals 

who were once heavy drinkers had blood pressures comparable to the 

non-dri nkers (Arkwright et al. , 1982). 

Diet, Na+,K+-ATPase Inhibitors/Enhancers and Essential Hypertension 

Another means by which the diet may influence hypertensi on is 

through the inhibition of Na+,K+-ATPase because abnormalities in 

cation transport (Garay et al. , 1980a ; Stokes et al. , 1983; Woods 



et al. , 1981) or ouabain binding (Erdmann et al. , 1979) have been 

associated with essential hypertension . Harlan and Mann (1982) 

identified the presence of in vitro Na+,K+-ATPase inhibitors and 

enhancers in foods. Samples of foods were dried and extracted in 

acetone, methanol, and water . Different levels of inhibitors were 

detected in the food extracts, depending on the solvents used, in­

dicating the presence of "multiple inhibitory compounds 1 1 (Harlan 

and Mann, 1982). Extracts that contained potent inhibitors were 

obtained from tea, cocoa, Sanka, yellow squash, pineapple, and 

lettuce. Pepsi Cola and Coca Cola extracts were found to stimulate 

Na+,K+-ATPase activity . Harlan and Mann (1982) suggested that the 

inhibitors/enhancers in these foods were polyphenol-type compounds. 
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Sagnella and MacGregor (1984) studied the effects of tea 

extracts on: (1) human erythrocytes and Na+,K+-ATPase isolated from 

hog brain, (2) the ability of tritiated ouabain (3HO) to bind at red 

blood cell membrane Na+,K+-ATPase sites, and (3) the entry of radio­

active rubidium (86Rb) into red blood cells. The tea extracts had 

an in hibitory effect ( up to 1 00% inhibition ) on the Na+,K+-ATPase  

derived from hog brain. Erythrocyte ATPase activity also was i n­

hibited by the tea extracts, but the researchers concluded that the 

extracts must inhibit other ATPases, perhaps in addition to Na+,K+_ 

ATPase, since the percentage of inhibition was greater than that 

exhibited by ouabain, which is specific for Na+,K+-ATPase. The tea 

extracts did not affect the binding of tritiated ouabain to red 

blood cell membranes, indicating that the Na+,K+-ATPase inhibitors 
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i n  t h e  tea extracts were chem i ca l l y  d i ffe rent  from ouab a i n . 86Rb 

i n fl ux decreased 25% in  the p resence of  the tea extra cts , wh i ch l ed 
+ + 

Sagne l l a  and MacGrego r ( 1 984 )  to con c l u de that the  Na  , K  -ATPas e 

i n h i b i tors  i n  tea may i nte rfe re w i th Na
+

, K
+
-ATPas e at i n terna l  

ce l l u l a r s i te s , rathe r  tha n  externa l  cel l u l ar s i tes as i s  the cas e  

w i t h  ouaba i n .  

Va nada te , th e +5 o x i da t i on s ta te o f  van ad i um ( Cant l ey and 

A i sen , 1 9 79 ) i nh i b i ts N a
+

, K
+
- ATPase act i v i ty ( Cant l ey and  A i s en , 

1 979 ; Cant l ey et a l . ,  1 978 ; Can t l ey et  a l . ,  1 97 7 ; Q u i st a nd Ho k i n , 

1 978 ) . I t  has been pos t u l a ted , bas ed on the res u l ts of rat experi ­

men ts , that a n  as soci a t i o n  ex i s ts between vanad i um and the eti o l ogy 

of hype rten s i on ( Hom et a l . ,  1 982 ; S teffen et a l . ,  1 981 ) .  Steffen 

et a l . ( 1 981 ) conducted  a s tudy w i t h  a g roup of  2 7  rats i n  wh i c h one 

ki dney had been removed . The rats were d i v i ded i nto three g roups , 

based on the amount of  va nad i um s upp l emented  to the no rmal d i et . 

One g ro u p  a te reg u l ar  rat c how , anothe r g ro up a te rat chow conta i n­

ing 1 00 ppm of  vanadate , and the th i rd g roup cons umed rat c how 

s upp l emented w i th 200 ppm of vanadate . 

Systo l i c  b l ood  p res s ure of the rats i n  the h i g h  ( 200 ppm 

vanadate ) a nd  the l ow ( 1 00 ppm vanadate ) d i e t  g ro up s  we re h i gher  

than  those  of  the control  g roup ( Steffen et  a l . ,  1 981 ) .  Befo re the 

termi na t i o n  of the study ,  the sys to l i c  b l ood p res s ure of  the h i gh 

vanad i um rat g roup was h i gher than tha t  o f  the l ow vanad i um d i et 

group , i nd i cat i ng a dos e- dependent effect of  vanad i um on b l ood  

pres s u re . I n  add i t i o n  Steffen  et  a l . ( 1 981 ) noted that p l a sma 
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vanad i um l eve l s were h i gher i n  t h e  two va nad i um s upp l emented groups , 

tha n  i n  the con tro l  g roup . 

I n  anoth er rat s tudy ( Bogden et  a l . ,  1 982 ) , vari ous l eve l s of  

vanad i um i n  t h e  form of  sod i um metavanadate ( 0  ppm , 5 . 0  ppm , and 

25 . 0  ppm ) were added to the d i ets of  rats fo r a 2-wee k per i o d .  After 

the rats cons umed the d i et fo r 2 weeks , b l ood ,  p l asma , k i dney , b ra i n , 

and l i ve r  s amp l es were ana l yzed for vanad i um content .  I nc reas ed 

vanad i um i n ta ke res u l te d  i n  g reater reten t i on  of  va nad i um i n  the 

b l ood and t i s s ue s  of  the rats . Based on  the res u l ts o f  Ca nt l ey et  

a l . ( 1 9 77 ) , Bogden et a l . ( 1 982 ) conc l uded that  the  t i s s ue vanad i um 

con centrat i on s  were h i g h  enough to i n h i b i t mo re than 50% of Na
+

, K
+
­

ATPase act i v i ty i n  vi t ro .  Howeve r ,  a s  po i n ted out  by Bog den e t  a l . 

( 1 982 ) , i t  h as been s hown ( H i ga s h i no et a l . ,  1 982 ) th at vanad i um 

ti s s ue concen trat i ons , comparab l e to tho se fo und  by Bogden et a l . 

( 1 982 ) we re not effecti ve i n  i n h i b i t i ng Na
+

, K
+
-ATPas e act i v i ty .  I t  

i s  poss i b l e  that the vanad i um i n  the ti s s ue s  i s  not i n  the proper 

ox i dat i on s tate to i n h i b i t Na
+

, K
+
-ATPas e ( J ohnson et a l . ,  1 974 ) . 

Vanadi um i s  a n  ess ent i al m i c ro nutri en t i n  the g rowth  and  de­

ve l opment of ch i c ks and rats ( Ho p k i ns and Moh r ,  1 974 ) . D i etary 

sou rces h i gh i n  vanad i um conten t i nc l ude d i l l , l ettuce , pars l ey ,  

rad i s he s , an d l ob s te r  ( Myron  et a l . ,  1 977 ; So remark , 1 96 7 ) . Based  

on vanad i um ' s a b i l i ty to  i nh i b i t  Na
+

, K
+
- ATPas e  act i v i ty and  the 

res u l ts of Steffen et a l . ( 1 981 ) ,  i t  is reasonab l e to s pecu l ate that 

d i e ta ry sources of vanad i um may a ffect  hyperten s i on .  
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Dietary Survey Techniques 

Nutr iti onal assessment is a means for i nvestigating possible 

relationships between diet and disease . Examples of nutritional 

assessment methods include dietary survey techniques, cli ni cal eval­

uations, and biochemical assays (Krehl and Hodges, 1965). D i etary 

survey techniques or methods are 1
1 tools 11 used in the assessment of 

dietary intake data collected from individuals or populations (Burke, 

1947) and a id  in the identification of nutr ient deficiencies in the 

diet (Burke, 194 7 ; McHenry et al . ,  1945; Pekkarinen, 1970). 

Important in the selection of a di etary survey techni que are 

the valid ity and the reli ability of the method. Young (1981) defi ned 

validity as 11 the degree to which the method is a true measure of 

what the investigator wishes to describe"; reliability is  defined as 

1 1 the rep�atability or true reproduci bility or the error variation i n 

collect ing and processing di etary data. ' 1 Other factors that influence 

the choi ce of a di etary survey method include the objectives of the 

study (Linusson et al. , 19 74 ; Pekkarinen, 1970), e. g. ,  whether quali ­

tative or quantitati ve data are desired ; the level of accuracy that 

is needed ; available funding ; personnel requ i rements ; the sample size 

needed; subject characteristi cs such as l iteracy, memory and variabi l- ­

ity of the diet (Pekkarinen, 1970) ; and the enthusiasm of the partic­

ipants (Cellier and Hankin, 1963). Examples of dietary survey tech­

niques are (1) the diet or dietary hi story, sometimes referred to as 

a dietary interview, (2) the dietary questionnaire, (3) d iet, dietary , 

or food records, (4) 24-hour or 1-day dietary recalls, and lastly, 

(5) food frequencies. 



Diet History/Dietary Questionnaire 

The diet history is an interviewing technique in which a 

trained interviewer questions the subj ect about his/her present and 

past food habits . Typical questions that may be included in a diet 

history are (l) number and time of daily meals, (2) use of salt, 
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(3) use of diet products, (4) use of convenience foods, and (5) con­

sumption of alcoholic beverages (Sanj ur, 1982). The diet history is 

often used in epidemiological studies (Pekkarinen, 1970) and often 

includes a 24-hour recall (Young, 1981). It is not effective when 

quantitative data from individuals are needed (Pekkarinen, 1970). 

The dietary questionnaire is similar to the dietary history, but no 

interviewer is required. The subject completes and returns a dietary 

questionnaire form without any assistance (Pekkarinen, 1970). 

Huenemann and Turner (1942) did not support the use of diet 

histories when determining the nutrient intakes of a small number of 

subjects. Using diet histories and dietary records Huenemann and 

Turner (1942) studied the dietary intakes of 25 6- to 12-year-old 

children. Diet records were used to test the reliability of the 

diet histories. 11Average daily intakes11 of calories and nutrients 

(calcium, phosphorus, iron, vitamin A, vitamin D, thiamin, ascorbic 

acid, riboflavin, carbohydrates, protein, and fat) were the bases 

for comparing the two dietary survey techniques (Huenemann and 

Turner, 1942). The diet histories included a 24-hour recall, usually 

conducted in the presence of the child' s mother. In addition, the 

subjects were questioned about the frequencies and quantities of food 



consumption, in order that "average daily food intakes" could be 

computed (Huenemann and Turner, 1942) . Diet records were kept for 
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10 to 14 days, three or four times throughout the study . During 

record-keeping, foods were we ighed using gram scales; preparation 

methods and recipes were reported also . Compar isons of each child 1 s 

"average daily" intake calculated from diet history and diet record 

data, indicated lack of agreement between the two dietary survey 

methods . The lack of agreement was atrributed to the subjects' not 

being able to identify their usual food intakes (Huenemann and Turner, 

1942). 

In agreement wi th Huenemann and Turner (1942) , Burke (1947) 

stated that diet hi stories are not beneficial to the researcher if 

the subject cannot i dentify his normal food consumption patterns. 

Huenemann and Turner (1942) concluded that diet hi stories are of 

l ittle quantitative value; and that when small sample sizes are in­

volved in nutritional assessment studies, quantit ies of foods need 

to be reported in specific amounts. Blecha (1951), like Huenemann 

and Turner (1942 ), stated that dietary histories are not an appropri­

ate dietary method to use when quantitative data are desired. 

Blecha' s ( 1951 ) recommendation is based on the probl ems associated 

with remembering food intakes, seasonal variations in the diet , and 

the disruption of routine patterns due to snacking and/or eating 

meals away from home. However, diet history data may be beneficial 

in the clinical setting if the diet history is conducted prior to 

issuing dietary instruct ions (Blecha, 1951). 
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Trulson (1 954) suggested that diet histories be used in the 

clinical setting. Trulson (1 954) used dietary interviews, 7-day 

records, and 3 or more 24-hour recalls to determine the variability 

of the eating patterns of 1 0  to 1 2-year-old children. Even though 

differences in the mean consumption of nutrients and the food com­

modities studied (milk, eggs, and protein) were found when data from 

the three survey techniques were compared, the dietary interview 

and the 7-day record did produce similar results. Trulson (1 954) 

concluded that it is difficult to determine which dietary method is 

a correct estimation of food intake, especially if the subject does 

not have any recognizable food consumption patterns. It was the 

opinion of the researcher that the dietary interview (history) is 

the most desirable method for use in the clinical setting because 

present and past food habits are revealed. However, if an interview 

is not feasible, Trulson (1 9 54) recommended the substitution of a 

7-day record. 

Dietary Record 

The diet (dietary) record or food record involves the record­

ing of foods consumed for a specific time period. The most commonly 

used dietary records are 1 -day, 3-day, and 7-day records. Food 

consumption can either be recorded in portions, slices, glasses, 

recorded in household measures (i. e. , measuring cups and spoons), 

or it can be we ighed for more precise results. Longer recording 

periods are necessary when determining the intake of individuals 

as opposed to group surveys (Pekkarinen, 1 970). 
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Results of dietary survey techniques have revealed that the 

number of days included in a dietary record is of extreme importance. 

Enough days must be included to provide adequate data on a subject' s 

nutrient intakes, but the number of days must be limited in order to 

maintain a subject's interest (Cellier and Hankin, 1963; Chalmers et 

al. , 1952). According to Marr (1971), longer recording periods 

produce greater validity. However, Stuff et al. (1983) pointed out 

that there needs to be a balance between accuracy and burdens placed 

on subjects. Too much "interference" in a subject 1 s lifestyle such 

as a lengthy recording period, produces results that do not reflect 

usual dietary intakes (Stuff et al. , 1983). A longer recording 

period is necessary when determining the dietary intakes of indi­

viduals than when determining the dietary intakes of a group 

(Shapiro, 1979). Cellier and Hankin (1963) advocated the use of 

4-day records (3 weekdays and l weekend day) when groups of 100 or 

more are being studied. The use of 1-day records is not recommended 

for individuals or small groups (Garn et al . ,  1978; Garn et al. , 

1976 ; Todd et al. , 1 983). 

Todd et al. (1983) stated that 1 -day records are not accurate 

when evaluating food intakes. It would be erroneous to assess 

whether an individual is at a nutritional risk based on a 1-day 

record alone (Garn et al. , 1978). One-day records may be beneficial 

when conducting field studies, when the subject 1 s have a short memory 

span, or if the group under study is of substantial size (Garn et 

al. , 1976) . 
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To obtain representative dietary intakes of individuals the 

use of 7-day records has been proposed (Acheson et al., 1980; Chalmers 

et al., 1952; Krantzler et al., 1982; Stuff et al., 1983; Todd et al . ,  

1983; Young et al., 1952a) . Krantzler et al. (1982) in a study in­

volving college students, concluded that of the methods studied, 7-

day diet records were most accurate when determining the dietary in­

take of individuals . The next most accurate methods (in descending 

order of accuracy) were the 3-day record, 6-hour recall, and the 24-

hour recall. The criteria used to assess the validity of the dietary 

recall and records were based on the observation of student intakes 

of cafeteria food. At each meal, the students were provided with a 

form on which they indicated which foods were chosen and the number 

of servings of each . Once the students • trays with the attached fonns 

were returned to the kitchen, the investigators visually examined 

the forms to see if discrepancies existed between what was recorded 

and actual consumption. The validity of the dietary recalls and 

records were evaluated by determining 11a food item agreement score, 

expressed as the number of foods correctly identified/ number of foods 

reported x 100 1 1  (Krantzler et al., 1982). In this manner the valid­

ity of the observational and methods data were compared by meal, by 

food groups, and by individual. The results of Krantzler et al. 

(1982) indicated that if feasible, 7-day dietary records should be 

used when collecting dietary intake data from individuals, since it 

was found to be the most accurate method tested. 
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In a study by Stuff et al. (1983) comparisons were made among 

food frequency forms, 1-day records, 3-day records, and 7-day records. 

The study involved 40 lactating women, 3-6 weeks post-partum. 

All participants were interviewed at home by a trained nutritionist, 

at which time a medical history questionnaire was completed, and data 

were collected for the food frequency fonn. The subjects were asked 

to keep a 7-day dietary record, recording in household measures all 

foods consumed. From the 7-day record data, days were randomly chosen 

to represent a 1-day record and a 3-day record. The 1-day record was 

randomly selected from 1 of 5 weekdays, whereas the 3-day record con­

sisted of 2 weekdays and l weekend day randomly chosen. The validity 

of the 1-day records, 3-day records, and the food frequency fonns 

were compared to the results of the 7-day record. The 7-day record 

was used as a standard because it was thought to be "the best compro­

mise between obtaining accurate infonnation with 1 minimum' imposition 

on the subject' s lifestyle" (Stuff et al. , 1983). 

No differences in means for calories , protein, fat, carbo­

hydrate , calcium , phosphorus, and iron were found when results from 

the four dietary methods were compared (Stuff et al. , 1983). Sig­

nificant differences were noted among the dietary techniques used 

to collect the dietary intakes of the lactating women, when "the 

degree of agreement between the methods 1 1  was assessed using intra­

class correlation coefficients. All the methods differed from 

the 7-day records, but the best agreement was between the 3-day 

records and the 7-day records . The most disagreement resulted 



when the 7-day record and the food frequency data were compared . 

Stuff et al . (1983) concluded that the 3-day records can be 

used for the determination of population intakes; but 3-day records 

are only of qualitative value when used to assess the nutrient 

intake of individuals . However, the researchers stated that 3-day 

records could be used to assess the quality of the diet (Stuff et 

al . ,  1983) . Since none of the dietary techniques studied (1-day 

records, 3-day records, or food frequency forms) produced results 

comparable to those of the 7-day record, Stuff et al . (1983) recom­

mended that the 7-day record be used to estimate an individual ' s  

nutrient intakes. 
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Todd et al . (1983) altered the conventional methods of dietary 

intake record-keeping by asking subjects to tape-record weighed food 

intakes that were then compared to estimated food intakes (in 

household measures) recorded in a notebook (diary method), and 24-

hour recalls . The study included 30 days (six 5-consecutive day 

periods) and an average of two 24-hour recalls per subject. The 

diary record method, and the tape-recording and weighing method were 

both determined to be accurate means for recording energy and protein 

intakes, since no significant differences in means were found using 

Analysis of Variance . As determined from the analysis, the weighing 

of food intakes and measuring food intakes by volume produce similar 

results (Todd et al . ,  1983) . These results support the use of volume 

measurements in the determination of food intakes (Todd et al . ,  1983) . 

From the data collected for the group, the intakes of individuals 
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were e s t ima ted  us i ng one day of  recorded i nta ke on  tape . One- day 

records were fo und to be i nco rrect measures  o f  i n d i v i dua l s '  i n ta kes , 

based  on 1 1 percentage devi a ti ons of samp l e means from us ua l  ( 30 day ) 

mean  i n ta kes , 1 1 us i ng 95% confi dence i nterva l s ( Todd et  a l . , 1 983 ) . 

24- Hour  D i etary Reca l l s  

The 24- hour d i eta ry reca l l o r  1 - day reca l l ,  l i ke the d i et 

h i s to ry ,  i s  an  i nterv i ew techn i q ue ,  b ut spec i f i c t i me per i ods a re 

i n vo l ved .  An i nterv i ewer a s ks the s ubj ect to recal l foods c on s umed 

du r i n g  the prev i ous  day , somet ime s  beg i nn i ng wi th the mea l  he/ s he 

remembe rs best ( Pekka r i nen , 1 970 ) . The d i e ta ry reca l l can repre­

sent l onger  peri ods of t ime than one day , but l onger  per i ods of t i me 

tend  to p roduce erroneo us res u l ts because  i t  i s  more d i ff i c u l t for 

the s ubj ect to remember what h e/ s he has ea ten ( Pe kkari nen , 1 970 ) . 

The 24- ho u r  recal l i s  a pop u l a r  method becaus e i t  i s  not a s  t ime­

demandi ng a s  some o f  the  other  me thods , and i t  can  be  used when s ub­

ject cooperat i on  i s  m i n i ma l  ( Youn g et a l . ,  1 952b ) . 

Beaton e t  a l . ( 1 983 ) u sed da ta that had been col l ected  from 

a prev i o us expe ri ment  ( Beaton et  a l . ,  1 979 ) to determi ne the sources 

of vari ance i n  the  24- hou r  d i eta ry reca l l .  The sources of var i ance 

i n c l uded s ubj ect , s eq uen ce o f  i n tervi ews , i n tervi ewer , and  day o f  the 

wee k .  Th e s tudy i n vo l ved 3 0  ma l es a n d  3 0  fema l e s from 25  t o  44 

years o l d .  S i x  24- ho ur  reca l l s  were ta ken per s ubj ect w i th i n  a 

pe r i od of  1 8  to 9 9  days . 
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No day-of-the-week variations were found when the males ' 

dietary intakes were analyzed. Day- of-the-week variations were 

evident for females when energy, total carbohydrates, starch, other 

carbohydrates, thiamin, niacin, iron, and caffeine intakes were 

evaluated. When the nutrients were expressed as a percentage of 

total energy, the day-of-the-week variation was minimized. The in­

takes of the females increased on the weekend days compared to week­

days. Exceptions to this observation were for calcium intake, re­

flected by a decreased calcium/energy ratio, and caffeine. Intra­

indi vidual and interindividual variations in intake also occurred. 

Beaton et al. (1983) concluded, because of the intra indiv i dual vari­

ations which exist, that 1 1 one day data provide a very inadequate 

estimate of usual intake of individuals . 1 1  

Young et al . (1952b) compared results from dietary histories, 

7-day records, and 24-hour recalls . The i nvestigators were interested 

in the mean intakes of college students, grade-school students, and 

pregnant women. On an individual basis, the 24-hour recall did not 

produce the same results as the dietary history or the 7-day diet 

record, indicating that the 24-hour recall could not be substituted 

for the 7-day record (Young et al., 1952b ) .  I n  the study by Todd 

et al . (1983) 24-hour recalls also were found to be poor means for 

estimating an individual' s protein and energy intakes. 

Food Freguenc;y 

Food frequencies or food frequency questionnaires are another 

means for collecting dietary intake information . They are i nexpensive 
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as well as easy to process and distribute (Axelson and Csernus, 

1983). A food frequency is a form that includes a group of selected 

foods or food categories (Campbell et al. , 1982) and corresponding 

frequency categories. Subjects are asked to indicate the frequency 

in which the food item is consumed, for example : never, rarely, 

once a year, once a month, once a week (Sanjur, 1982). Food fre­

quencies provide qualitative information that reveals intake pat­

terns and the degree of diet diversity (Campbell et al. , 1982). 

When food frequencies are used, the investigator is assuming that 

serving sizes for individuals are similar (Marr, 1971), unless of 

course questions about the quantities of the foods consumed are 

asked (Campbell et al. , 1982). Mullen et al. (1984) found that 

many individuals 1 1 could accurately estimate their intake 1 1  using a 

food frequency questionnaire. Assessment of accuracy was based on 

comparisons with actual intakes. Mullen et al. (1984) noted that 

it was easier for subjects to predict their consumption of food 

items that are main dishes at meals, such as entrees and meats, 

rather than foods that are considered to be accompaniments. 



CHAPTER III 

METHODS 

General Plan 

Seventeen female subjects ages 2 3-58 were recruited through 

personal contacts, advertisements in The University of Tennessee 

newspaper, and flyers distributed throughout campus, to participate 

in blood pressure measurements, blood sampling (2  days), and dietary 

assessment using 7-day dietary records and/or food frequency forms. 

Procedures and experimental design were approved by The University 

of Tennessee Committee on Research Participation. The University 

of Tennessee, Knoxville, faculty, staff, and graduate students were 

included in the study population. Subjects were asked to refrain 

from eating or drinking (except water) for 1 0  hours prior to blood 

sampling. Testing was conducted in the Human Studies Facility of 

the Department of Nutrition and Food Sciences between 7 and 9 a . m. 

Su bjects were paid $10 for eac h blood sample ( $20 per sampling day ) . 

An outline of the project ' s  sequence of activities is given in 

Appendix A .  The memorandum describing the project to prospective 

subjects is shown in Appendix B. 

Screening Process and Description of Subjects 

The candidates were screened prior to acceptance. The 

screening process involved the completion of a Subject 

39 
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Questionnaire (Appendix C) that included various medical history 

questions . Persons not familiar with their normal blood pressure 

measurements, and/or who had diabetes, heart disease, kidney disease 

and/or thyroid disorders were automatically eliminated as prospective 

subjects . Secondary hypertensive subjects were not included in the 

study population. Consent forms (Appendix D) were obtained from the 

subjects before the beginning of the experiment, after the subjects 

had been informed of the project' s purposes and procedures. 

Six medicated hypertensive females and seven normotensive 

females with no history of hypertension were included in the study . 

The remaining subjects (4) were classified as normotensive, but one 

had previously been hypertensive and medicated (784). Three (633, 

869 and 92 1 )  had had elevated blood pressure on several occasions, 

but blood pressure reduction was accomplished through dietary modifica­

tions (633 and 92 1 ), or the discontinued use of oral contraceptives 

(869). Fifteen subjects were within the normal weight/height ranges; 

the other two subjects (839 and 41 4) were 1 7% and 35% above upper 

weight/height limits, respectively (NAS/NRC, 1 980) (Appendix E) . 

Subject characteristics including height, weight, age, body mass 

index (BMI), and family history are given in Appendix E. 

Blood Pressure Measurement 

Blood pressure was measured using a standard mercury 

sphygmomanometer with the identification and disappearance of 

Korotkoff sounds indicati ng systolic and diastolic blood pressure 
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levels, respectively. Upon arrival on the day of testing, the sub­

jects were weighed without shoes, and then were asked to rest in a 

semi-reclining position for 15 minutes before blood pressure measure­

ments were taken. Blood pressure was measured a second time in a 

semi-reclining position, 15 minutes following blood sampling. The 

phlebotomist who was responsible for the blood sampling also was re­

sponsible for making the blood pressure measurements. 

Blood Sampling and Red Blood Cell Counting 

An experienced phlebotomist was employed to take the blood 

samples. Two 1 0-ml fasting blood samples were obtained from the 

subjects on two separate occasions . The two sampling days were 

approximately one month apart, both within the first 8 to 1 0  days of 

the follicular phase of the menstrual cycle for the premenopausal 

women, in order to mi nimize variations in hormonal levels (Khaw and 

Barrett-Connor, 1 984; Morgan, 1 973). For the post-menopausal sub­

jects, and for the women who had had hysterectomies (1 55, 588, 727 

and 839) and ovariectomies (839), the two sampling days were scheduled 

approximately one month apart at the subject's convenience . Several 

of the subjects whose erythrocyte Na+, K+-ATPase activity data 

(maximum ouabain binding values) were not usuable due to unavoidable 

problems with the assay were asked to return for blood sampling a 

third time . Ten-ml heparinized Vacutainers (Becton-Dickinson and 

Co . ,  Rutherford, NJ) with 21-gauge needles were used to collect the 

two 1 0-ml blood samples . The second 1 0-ml blood sample was used as 



42 

a back-up in the event that the Na
+
,K

+
-ATPase assay needed to be 

repeated, due to technica l probl ems. The concentration of red bl ood 

cel l s  was determined by dil uting the red bl ood cel l suspension (0 . 5  

ml ) to a vol ume of 50 ml . Cel l s  were counted using a hemacytometer 

with two Neubauer counting chambers ( Bauer, 1982) . A total of four 

counts were made for each subject (2 dil utions x 2 chambers). The 

val ues obtained were equiva l ent to hal f  the 1

1 norma l 1 1  counts, due to 

the dil ution factor . 

Determination of Maximum Ouabain Binding : An I ndicator 

of Erythrocyte Na
+
,K

+
-ATPase Activity 

A measure of the Na
+
,K

+
-ATPase activity for intact red bl ood 

cel l s  was determined using a tritiated ouabain (3HO) binding 

technique (Akera and Cheng, 1977 ; Deluise et al . ,  1980), as modified 

by Kennedy et al . (1982) . The active number of enzyme units per 

cel l and enzyme activity are proportional to the number of ouabain 

binding sites per cel l (Gel bart and Gol dman, 1977 ; Schmal zing et al . ,  

1 98 1 ) .  Laboratory technicians familiar with the Na
+,K

+
-ATPase 

procedure were hired to perform the assays. 

Erythrocytes were separated from whole b l ood by centrifugation 

( 2000 g), resuspended in isotonic sal ine, washed three times with 

chol ine chl oride (140 mM), and fina l l y  suspended in red bl ood cel l 

buffer (150 mM NaC l , 30 mM Hepes, 10 mM gl ucose, pH  7. 4). Al iquots 

(500 µ l )  of red bl ood cel l suspension were incubated for 3 hours 

( 37°C) with one of six concentrations of 3Ho (1 to 100 nM), and 50 µ l  
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of either unlabeled ouabain (10 mM) or red blood cell buffer. The 

reaction was quenched and the cells were washed with aliquots of cold 

choline chloride (3 x 1 ml). Bound 3
Ho was resolubilized with 500 µl 

trichloroacetic acid (5%) . Ten ml of Biof1uor (New England 

Nuclear, Boston, MA) were added and radioactivity was counted in a 

Beckman LSlOOC Scintillation counter. Specific ouabain binding was 

calculated by taking the difference between binding measured in the 

presence (non-specific) and absence (total binding) of 10 mM ouabain. 

Maximum binding capacity (BMAX) was calculated from the double 

reciprocal plot of concentration versus specific binding (Akera and 

Cheng, 1977). 

Dietary Analysis 

The dietary survey techniques used in the study were a food 

frequency form and a 7 -day dietary record. During the initial 

screening process, subjects were asked to complete a food frequency 

form (Appendix F). The dietary records (Appendix G) were kept by 15 

of the 17 subj ects for a per i od of 7 consecuti ve days , begi n n i ng 

with the day of the first or second (subject 342) blood sampling. 

Food Frequency Form 

A variety of foods were listed on the food frequency form 

(Appendix F), including foods that have been found to contain 

in vitro Na+,K+-ATPase inhibitors (Harlan and Mann, 1982 ; Sagnella 

and MacGregor, 1984) and foods that contain various levels of 
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vanadium because vanadium also is an inhibitor of Na+, K+-ATPase 

activity (Cantley and Aisen, 1979 ; Cantley et al. , 1978 ; Cantley 

et al. , 1977 ; Quist and Hokin, 1978). A Total Na+, K+-ATPase Inhibition 

Score (Appendix H, I) and a Total Vanadium Index (Appendix H, II) 

were determined for each subject based on the frequency of foods 

consumed. Consumption was calculated by assigning numerical values 

(Frequency Factors) (Table 1) to categories representing frequency 

of consumption (Table 1 and Appendix F). Frequency Factors (Table 1) 

were adjusted to reflect the consumption of seasonal foods (as 

indicated by the subject ; see Appendix F), e. g. , cantaloupe consumed 

only in summer months. Also the consumption of raw and cooked/pro­

cessed foods was combined to yield one consumption figure (e. g . ,  

raw and canned tomatoes). This was necessary because Harlan and 

Mann (1982) did not specify the form in which foods containing 

in vitro Na+, K+-ATPase inhibitors were analyzed. The form in which 

some of the foods containing vanadium were analyzed is also unknown. 

Calculation of Total Na+, K+-ATPase Inhibition Score. The 

units of inhibition for each of the 26 foods showing in vitro 

inhibitory activity (Harlan and Mann, 1982) were calculated by first 

converting units of the ATPase inhibitor (s) of a food from units of 

inhibitor/g dry weight to units of inhibitor/g wet weight (Appendix 

H, I, step A) and Table 2.  The quantity of units/g wet weight 

multiplied by a food's serving size (Appendix I) represents the units 

of ATPase inhibitor found in the food consumed (Food Item Inhibition 
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TABLE 1 

SCALING FACTO RS REPRESENT ING THE FREQUENCY O F  FOOD CONSUMPT IONa,b 

Frequency of 
ConsumQtion Factor 

Never 0 

Rarely or occasionally 1 

Once a month 5 

Two or three times a month 10 

Once a week 20 

Several times a week 60 

Once a day 150 

Several times a day 450 

a Factors calculated relative to an arbitrary base of 1 1 once 
a month 1

1 = 5 ;  e. g., 1 1 once a day 1 1  = 5 x 30. 
b + + Factors used in the calculations of Na , K  -ATPase 

Inhibition Scores and Vanadium Indices. See Appendix H. 
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IN VITRO Na \ K+
-ATPase INHIBITOR LEVELS IN FOODS 
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Food Item 
Units of Inhibitora 

g wet wei g-ht 
Units of Inhibitorb 

g dry weight 

Cucumber 
Turnip Greensc 

Pear 
Banana 

Beef Liverc 

Pork Liverc 

Carrot 
Cabbagec 

Onion 
Peach 
Orange 
Apple 
Tomato 
Radish 
Cantaloupe 
Corne 

Po ta toe 

Garlic 

Pineapple 
Lettuce 
Sanka 

Eggplantc 

Yell ow Squashc 

Watermelon 
Coffee 
Sweet Potatoc 

3. 9 
3 . 9 
3. 5 
3. 2 
3. 1 
2. 6 
2. 4 
2. 0 
2. 0 
1. 3 
1. 1 
0. 8 
0. 8 
0. 7 
0. 6 
0. 5 
0. 5 
0. 4 
0. 4 
0. 3 
0. 2 
0. 2 
0. 2 
0. 2 
0 .  l 
0. 1 

60 
60 
21 
13 
7 
6 

20 
36 
18 
12 
8 
5 

12 
13 
7 
2 
2 
1 
3 
7 

16 
4 
4 
3 

1 0  
0. 4 

aConversion of dry to wet weights calcul ated by Gaskin 
(see Appendix H ,  I ,  Step A), using USDA Handbook No. 456 ( Adams 
1975); unless indic ated otherwise, the conversion was based on the 
water contents of raw foods. 

bHarlan and Mann, 1982. One inhibitor unit = activity to in­
hibit one unit of ATPase by 50%. 

cWater content of cooked food used in the conversion of dry to 
wet weights. 
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Rat i ng )  mu l ti p l i ed by the freq uency of cons ump t i on ( Freq uen cy Factor ,  

Ta b l e 1 )  equa l s the I n h i b i t i o n  Score for tha t  parti cu l a r food 

( Append i x  H ,  I ,  step C ) . The Tota l ATPa se  I nh i b i t i o n  Score for eac h 

s u bj ect wa s determi ned by summi ng the I n h i b i t i o n  Scores obta i ned for 

eac h  of the foods consumed by the s u bj ect . The ca l c u l a ti on of a n  

I nh i b i t i o n  Score for a n  a pp l e co ns umed once a wee k  i s  s hown i n  

Append i x  H .  U n i ts of Na + , K+-ATPa s e  i n  v i tro i nh i b i tors ( per ml ) i n  
+ + se l ected beverages a l so u sed i n  the ca l c u l a t i on of Tota l Na , K  -ATPa se  

I nh i b i ti on  Scores are s hown i n  Ta b l e 3 .  

Ca l c u l a t i o n  of Tota l Va nad i um I ndex . Foods that  conta i n  

va nadi um were c l a s s i fi ed i nto s i x  ca tegori es  ( very l ow ,  l ow ,  med i um ,  

med i um- h i gh ,  h i gh , an d very h i gh )  based o n  p ub l i s h ed va l ues for 

va nad i um l evel s i n  foods (Myron et a l . ,  1 977 ; Soremark , 1 967 ) . A 

numer i ca l  va l ue ( Vanadi um Content Score ) ( Ta b l e 4 )  was a s s i g ned to 

eac h ca tegory , rel ati ve to the vanad i um ra nge of 1 - 20  ppb = 3 ( e . g . ,  

the vanadi um ra nge of 20- 1 00 ppb = 1 5 ) ;  see Ta b l e 4 .  Va nad i um Con­

tent Scores were adj usted for foods wi th reported co ncentra t i ons  i n  

more than one catego ry ( e . g . , rad i s h = 9 ,  see Tab l e 4 ) . Catego ri es 

a nd Va nad i um Content Scores were u sed i nstead of t he reported va na d i um 

co ncentrat i ons  beca use  of the uncerta i nty i n  the degree of acc uracy 

for quanti ta ti ve data obta i ned from food frequency forms , a nd becau s e  

l i te rature va l ues for vanad i um are n o t  i n  agreement ( Myron e t  a l . ,  

1 9 77 ; So rema rk , 1 967 ) .  



TABLE 3 

IN VITRO Na
+ , K+-ATPase INHIBITOR LEVELS (UNITS/ML ) a 

IN SELECTED BEVERAGES b 

Beverage 

Tea (Li pton) 

Cocoa (Hershey) 

White wi ne (Itali an) 

Rose wi ne (Itali an) 

Red wi ne (Ameri can) 

Grape ju ice 
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u/ml 

1 3 . 6 

2 . 8 

0 . 0 

Trace 

4 .  1 

8 . 0  

aOne i nhi b i tor uni t = activi ty to i nhi b i t  one uni t  of ATPase 
by 50%. 

bHarlan and Mann (1982) .  



TABLE 4 

VANADIUM CONCENTRATIONS AND VANADIUM CONTENT SCORES O F  SELECTED FOODS 

Vanadium Vanadium 
Food Concentration Vanadium Contegt 
Categort ( eeb , wet wt. )a Categori Range, eeb

b Score 

Beverages 
Beer, Canned 1 1  low 1-20 3 
Coffee 1.6 low 1-20 3 
Tea 1 . 3  low 1-20 3 
Co 1 a, Canned 0. 7 very low <l 0. 5 

Cereals, Grains and Seeds 
Black Pepper 987 very high >600 150 
Dill Seed 431 high 300-600 90 
Oil 1 140 medium-high 100-300 45 
White Rice 21 medium 20-100 15 
Navy Beans 14 low 1-20 3 
Field Peas 7 low 1-20 3 
Oatmeal 6 low 1-20 3 
Corn Meal 2 lQY' 1-20 3 
Brown Rice <l very 1 ov1 <l 0. 5 

Fresh Fruits 
and Vegetables 

79rf Pa rsley very high >600 150 
Radish 5, 52. lc low/medium 1-20 & 20-100 9 
Lettuce 4, 21c low/medium 1-20 & 20-100 9 
Squash 4 low 1-20 3 ...p. 

\D 



Food 
Categor.z 

Fresh Fruits 
and Vegetables 

Apple 
Banana 
Cucumber 
Ca bbage 
Carrot 
Cau 1 ifl ower 

Meat and Dairy 
Products 

Chicken ( Light ) 
Egg Yolk 
Chicken ( Dark ) 
Bologna 

Beef Liver 
Bacon 
Calf Liver 
Ground Beef 
Pork Chop 
Skim Mil k , Dr i ed 
Whole Milk 

Seafood 
Codfish 
Scallops 

TABLE  4 ( Continued ) 

Vanadium 
Concentration 

(eeb , wet wt. ) a 

C 1 .  1 , 4 
3 2. 1 C 

2 
1 

a C <l, 0. 08 

22  
2 1  
1 2  
8 
6 

5 
2. 4c 

1 
1 

0. 2 1 , ce 25 
o . os , ce 3 

28 
22  

Category b 

low 
low 
low 
low 
low 

very low 

medium 
medium 
low 
low 
low 
low 
low 
low 
low 

very low/medium 
very low/low 

medium 
medium 

Vanadium 
Vanadium Content 

Range , EEb b Score b 

1 - 20 3 

1 - 20 3 

1 - 20 3 

1 - 20 3 

1 - 20 3 

< l  0. 5 

20- 1 00 1 5  
20- 1 00 1 5  

1 -20 3 

1 - 20 3 

1 - 20 3 

1 - 20 3 

1 - 20 3 

1 - 20 3 

1 - 20 3 

<l & 20- 1 00 3 

<l & 1 - 20 1 .  5 

20- 1 00 1 5  
20- 1 00 1 5  



Food 
Category 

Seafood 
Tuna , Canned 
Lobster 
Sardi nes 
Mackere l , Fresh 
Trout , Fresh 

Fats and Oi l s  
Margari ne 
Lard ( Commerc i a l )  
Butter 
Corn Oi l ( Supermarket) 
Soybean Oi 1 

Prepared Foods 
Breakfast Cereal , Natural 
Gel at i n  ( Sweden) 
Peanut Butter 
Mi l kshake , Choco late 
liJh i te Bread 
Di l l  P i c k l e 
Who l e Wheat Bread 

TABLE 4 (Conti nued) 

Vanadi um 
Concentrat i on 

( pp b , wet wt . )a Categoryb 

1 1  l ow 
5 ,  43c 

d l ow/medium 
9 .  5

C l ow 
2. 6 l ow 
0 .  4 

C l ow 

4 l ow 
2 l ow 
1 l ow 
1 l ow 
1 l ow 

93 medi um 
44c medi um 
44 medi um 
21 medi um 
20 medi um 
13 l ow 
1 1  l ow 

Vanadi um 
Range , eebb 

1-20 
1-20 & 20-100 

1-20 
1-20 
< l  

1-20 
1-20 
1-20 
1-20 
1-20 

20-100 
20-100 
20-100 
20-100 
20-100 
1-20 
1-20 

Vanadi um 
Content 
Scoreb 

3 
9 

3 
3 
0. 5 

3 

3 
3 
3 
3 

15 
15 
15 
15 
15 
3 
3 

<.J1 
__, 



TABLE 4 ( Continued) 

aParts per billion (ppb) ; unless indicated otherwise, vanadium concentrations are from 
Myron et al. (1977) ; for skim milk ppb, dry weight . 

bAssigned by Gaskin , based on vanadium concentration (ppb, wet wt . ) ; used in the calcula-
tion of vanadium indices (see Appendix H) . 

cSoremark (1967). 

dMean for varieties given (Soremark, 1967).  

eMean for USA varieties given (Soremark, 196 7) .  

u, 
N 
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A Vanadium Index (Appendi x  H, II) was determined for each food 

consumed by the individual subjects . The Vanadium Index (Appendi x  H, 

II) was computed by multiplying the Vanadium Content Score of a food 

(Table 4) by the Frequency Factor (Table 1, page 45) and the serving 

size (g) (Appendix I). Subsequently, a Total Vanadium Index for each 

subject was calculated by summing the Vanadium Indices for all foods 

consumed . An example of the calculation for a dill pickle consumed 

once a week is shown in Appendix H, II. 

7 -Day Dietary Record 

For the purposes of this study, the 7- day dietary record was 

chosen as the di etary survey techni que because the dietary intake 

of i ndividuals was bei ng assessed, the sample included a small number 

of subjects, and quanti tative rather than qualitative data were 

necessary . The use of 7 -day records has been recommended when deter­

min ing the nutrient intakes of individuals (Acheson, 1980 ; Chalmers 

et al. , 1952 ; Krantzler et al. , 1982 ;  Stuff et al . ,  1983, ; Todd et 

al . ,  1983 ; Young et al .,  1952a) . In addit ion the 7 -day record 

provi des accurate data without placing too many demands on the sub­

jects ( Stuff et al. , 1983), and is representative of 28 days of 

dietary intake ( Jeor et al . ,  1983) . 

Subjects were asked to keep a 7 -day dietary record beginning 

the day of the fi rst or second blood sampli ng .  Subjects recei ved 

explici t  instructions on the recording of their dietary intake . 

Brand-names of items and food preparati on methods were to be indicated 
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on the dietary record forms . Participants were asked to measure their 

dietary intakes in househol d measures rather than weighing their 

intakes, since no differences were found by Todd et al . (1 983) 

between intakes measured by volume and weighed intakes. Secondly, 

the weighing of food intakes is thought to al ter normal consumption 

patterns (Pekkarinen, 1 970). To aid in the recording of portion 

sizes, the participants were given measuring spoons, measuring cups, 

and a ruler. The subjects were instructed not to change their eating 

habits. A l ist of responsibilities and reminders were given to 

subjects to aid them in the recording of intakes (Appendix J). 

A reduced version of the dietary intake record form is shown in 

Appendix G .  

After the week of record-keeping was compl eted, each subject 

met with the investigator to discuss the dietary records. The in­

vestigator questioned the subject about information that was omitted 

from the records. Subjects were contacted during the coding process 

if more information was needed in order for the foods to be appro­

pr i ately coded and converted i nto gram amounts. 

Dietary records were processed as described by Marshall and 

Judd (1982). Items in the records were assigned codes from l istings 

in the tape version of the revised sections of the USDA Handbook No. 

8 on dairy and egg products (Posati and Orr, 1979), spices and 

herbs (Marsh et al. , 1977), fats and oil s  (Reeves and Weihrauch, 

1 979), poultry products (Posati, 1979), soups, sauces, and gravies 
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( Ma rs h , 1 980 ) , s ausages  and l un cheon meats ( R i c hardson et a l . ,  1 980 ) , 

s upp l emen ted w i th USDA Handbook  No . 456 ( Con s umer and  Food  Economi c s  

I n s t i tute , 1 9 7 7 ) , da ta comp i l ed by  USOA 1 s L i p i d Nu tri t i on Labo ratory ,  

and data o bta i ned  from manufactu re rs o f  s pe c i f i c  p roducts . N utri e nt  

i n fo rmat i on rece i ved from man ufacture rs i n  the form of  U .  S .  ROA 

percentages  was converted to t he  amount of the nutr i ent  per 1 00 g .  

Nutr i ent contents of the  d i ets  were c a l c u l ated by computer u s i ng the 

Stat i s t i c a l  Ana l ys i s  System ( SAS ) ( SAS I ns t i tute , Ca ry , NC ) .  Nutr i ent 

i nta kes  were summed for eac h s ubj ect  by day ; a nd nutr i ent  mea ns  for 

the week a l s o  were computed . 

S tat i s t i ca l  Ana lys i s 

I n  c hoo s i ng the s tat i s t i ca l  a na l ys i s to be u s ed , the i nves t i ­

gator recogn i zed tha t the number  of cand i date va r i a b l es hypothes i zed 

to be rel ated to b l ood pres su re exceeded the number of ob se rvat i o n s . 

I n  a n  attempt to exp l ore  po s s i b l e re l at i o n s h i ps  among b l ood pre s s u re 

( the dependent var i a b l e )  a nd the cand i date va r i a b l es  i n  th i s p i l ot 

study , stepwi se  regre s s i o n  procedures i n  the Stat i s t i ca l  Ana l ys i s 

Sys tem ( SAS I n s t i tute , 1 982b )  were u s ed . PROC STEPW I S E  ( SAS I n s t i tute , 

1 982b )  i n vo l ves the s e l ec ti on of var i a b l es , through  a s er i e s  of 

sequent i a l  steps , wh i c h  bes t account for var i at i on s  i n  b l ood 

pre s s ure ( i . e . , ca use the gre ates t  i ncreas e  i n  R
2

, the s q ua re d  

mu l t i p l e corre l at i o n  coeff i c i ent ) . 

Cand i date var i a b l es  hypothes i zed to be re l a ted to b l ood 

pre s s ure were mean max imum oua ba i n b i ndi ng ( MBMAX ) ,  d i etary i nta ke 
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variables (protein, fat, carbohydrate, sodium, potassium, calcium, 

iron, vitamin A, vitamin C, thiamin, riboflavin, niacin, cholesterol, 

and crude fiber), body mass index (BMI), and age. As an option in 

PROC STEPWISE (SAS Institute, 1 982b) MBMAX was included as the first 

variable in each step of the procedure, in order that the effects of 

the other candidate variables on the relationship between blood 

pressure and MBMAX could be examined. Also the maximum number of 

candidate variables to be introduced into the stepwise model was 

arbitrarily set at 5, in order that the number of variables used 

would not exceed more than 50% of the number of observations. The 

level of significance was defined as p <  0. 05. From this preliminary 

work and in conjunction with factor analysis (PROC FACTOR) (SAS 

Institute, 1982a), a regression model was chosen that included 

MBMAX and dietary intake variables found to be related to blood 

pressure. 



CHAPTER IV 

RESULTS AND DISCUSSION 

In this chapter, subjects are described based on blood pressure 

measurements, maximum erythrocyte ouabain binding (BMAX) , one-week 

nutrient and energy intake means (15 subjects), body mass index (BM I ) ,  

age, Total Inhibition Scores, and Total Vanadium Indices. The rela­

tionships among these variables are discussed. The consumption of 

foods containing vanadium and/or in vitro Na+,K+-ATPase inhibitors 

also is considered. To preserve confidentiality, subj ects are re­

ferred to by 3-digit random numbers . 

Mean maximum ouabain binding (MBMAX) and blood pressure 

measurements were calculated for each subject, and mean 7-day dietary 

intakes were calculated for 15 of the 17 subjects. Original data 

from which the MBMAX and blood pressure means were derived, and other 

subject characteristics (height, weight, age, body mass index (BM I ),  

and family history) are included in Appendix E .  

Blood Pressure Measurements 

As determined from factor analysis (PROC FACTOR) (SAS Institute, 

1982a), mean systolic and diastolic blood pressures taken before and 

after blood sampling on the two sampling days were highly correlated. 

For this reason mean systolic blood pressure taken prior to sampling 

(MBP1S) was chosen for use in statistical analyses, it being the most 

complete set of systolic values. In addition, it has been suggested 

57 
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that systolic bloo d  pressure is a better indicator than diastolic 

blood  pressure of the predisposition to ischemic heart disease 

(Rabkin et al. , 1978) . 

MBP1S ranged from 98 to 150 mm Hg for the study population 

(Table 5) . Based on blood pressure measurements, subj ects were cate­

gorized as normotensive (11 subjects) , medicated and controlled 

hypertensives (5 subj ects) , or medicated and moderately uncontrolled 

hypertensives (1 subject) . All but one of the six medicated hyper­

tensive subj ects had mean systolic blood pressures below the " nonnal" 

limit of 140 mm Hg (Garay and Meyer, 1979; Meyer, 1980). Despite 

medication , subject 155 had a MBP1S of 150 mm Hg. This may be due to 

a self-reported inconsistency in taking the diuretic agent as pre­

scribed for treatment (Table 5) or to the effect of arthritis medica­

tion (see section following) . 

Maximum Ouabain Binding and Blood Pressure 

Mean maximum ouabain binding (MBMAX) , an indicator of Na
+

,K
+
­

ATPase activity (Gelbart and Goldman, 1977; Schmalzing et al. , 

1981) , is presented by blood  pressure grouping in Table 5 .  MBMAX 

ranged from 0 . 295 (subject 414) to 0. 820 pmoles/109 cells (subj ect 

869) (Table 6). The number of ouabain binding sites per cell was 

calculated from MBMAX for each subj ect , assuming one binding site 

per bound molecule of ouabain. The number of ouabain binding sites 

per cell for the group studied ranged from 178 to 494 (X = 313). 

Similar results were calculated by Erdmann et al. (1979) for 



TABLE  5 

MEAN SYSTOL I C  BLOOD PRESSURE (MBPlS) , a MEAN MAX IMUM OUABA IN B IND ING (MBMAX) , b AND 
MED ICAT ION DESCR I PT IONSC FOR NORMOTENS I VE CONTROL , MED ICATED AND CONTROLLED 
HYPERTENS I VE , AND MED I CATED MODERATELY UNCONTROLL ED HYPERTENS I VE SUBJECTS 

Blood Pressure 
Category and 

MBPlSa MBMAXb Subject Number Medication Comments 

Normotensive 

339 102 0 . 300 
342 1 00 0. 370 
495 1 15 0. 400 
633 1 35 0 . 465 Elevated blood pressure during 

physical examination in the past; 
advised to modify diet . 

643 1 1 4  0.5 10  
672 98 0 . 61 0  
727 1 06 0 .540 
784 1 1 5 0. 450 Previously hypertensive and medi-

cated. 

869 1 33 0 . 820 Experienced elevated blood pressure 
when using oral contraceptives ; 
with discontinued use of oral con -
traceptives blood pressure has not 
returned to levels prior to usage. 

u, 
� 



Bl ood Pressu re 
Category and 

MBP 1 Sa 
Subject Number 

921 

991 

Medi cated/Control l ed 
Hypertensi ve 

276 

4 1 4  

588 

109 

1 10 

1 33 

127 

1 34 

MBMAXb 

0.530 

0. 620 

0. 670 

0 . 295 

0 .  720  

TABLE 5 ( Cont i nued ) 

Medi cat i on 

Corga rd (20 mg/day )  

Corga rd ( 40 mg/day )  

Dyazi de 

Fel dene 

HCTZ (50 mg/day ) 

P rema r i n (0. 625 mg ) 

Comments 

E l evated bl ood p ressure duri ng 
phys i ca l exami nati on i n  the past ; 
advised to modi fy diet. 

Nonsel ect i ve ,  s-adrenerg i c  b l ock i ng 
agent .  

Nonsel ect i ve ,  B-adrenerg i c  b l ock i ng 
agent. 

Tri ampteri ne + th i azi de ;  a di Mreti c 
to ach i eve potassi um ba l ance . 

Rheuma toi d a rthr i t i s  medi cat i on. 

Hydrochl oroth i azi de ;  a potassi um­
wasti ng di u reti c. d 

Estrogen medi ca ti on ; taken i n  
three-week cycl es per month. 

°' 
0 



Blood Pressure 
Category and 
Subject Number 

813 

839 

Medicated/ 
Uncontrolled 
Hypertensi ve 

155 

MBP1Sa MBMAXb 

126 0 . 590 

120 0. 585 

150 0. 365 

TABLE 5 (Cont i nued) 

Medicati on 

Tenormin  50 

Hygroton 

Esi dri x (25 mg , 2X 
da i ly) 

Klorvess (20 mg , 2X 
da i ly) 

Esi dri x (25 mg/day) 

Naprosyn 

Comments 

s-selective adrenergi c  block ing 
agent 

Chlorthali done; a potassi um-wasti ng 
di ureti c. d 

A thi az ide potassi um-wasti ng 
di ureti c. d 

A potassi um supplement. 

A thi azide potassi um-wasti ng 
diureti c. d 

Arthr iti s  medi cati on. 

aMean systolic  blood pressure (mm Hg) taken pri or to blood sampli ng. N = 2 except for sub­
jects 339 , 643 , 672 , 727 , 813 and 991 for whom n = 1; see Appendi x  E .  



TABL E  5 ( Cont i n ue d }  

bMean  maxi mum ouabai n b i nd i ng ( pmo l es/ 1 09 ce l l s ) . N = 2 except for s ubjects 3 39 , 643 , 672 , 
7 2 7 ,  81 3 and  99 1 for whom n = l ; see  Appen d i x  E .  

cUn l es s  i nd i cated otherwi se , med i ca t i on des c ri p ti on s are from Phys i c i an s ' Des k  Refe rence ( Ange l , 
1 984 ) .  

dW i l be r  ( 1 982 } .  

0) 
N 
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TABLE 6 

SUBJECTS RANKED ACCORDING TO MBMAXa WITH CORRESPONDING MBPlS b 

Subject 
Number MBMAX MBPlS 

414 0. 295 127 
339 0 .300 102 
155 0.365 150 
342 0. 370 100 
495 0. 400 115 
784 0. 450 115 
633 0. 465 135 
643 0. 510 114 
921 0. 530 109 
727 0 . 540 106 
839 o .  585 120 
813 0. 590 126 
672 0. 610 98 
9 91 0. 620 110 
276 0. 670 133 
588 0.720 134 
869 0.820 133 

aMean maximum ouabain binding (pmoles/109 cells ).  N = 2 except 
for subjects 339 , 643 , 672 , 727 , 813 and 9 91 for whom n = l; see 
Appendix E.  

bMean systolic blood pressure (mm Hg ) taken prior to blood 
sampling. N = 2 except for subjects 339 , 643 , 672, 727 , 813 and 991 
for whom n = l ;  see Appendix E. 
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normotensive subjects (259 t 60) and hypertensive subjects (452 ± 84). 

Subjects are ranked according to MBMAX (low to high MBMAX) 

with corresponding MBPlS 1 s in Table 6 .  Generally, as MBPlS in­

creased, MBMAX increased. A plot of MBPlS versus MBMAX is presented 

in Figure 1 .  These results are consistent with those of Stokes et 

al . (1983) and Woods et al . (1981) who concluded when measuring 86Rb 

influxes in the presence of ouabain, that Na+,K+-ATPase activity was 

higher in hypertensive subjects than in normotensives. In subjects 

who had relatively high MBMAX and elevated MBPlS, the increased 

activity of Na+,K+-ATPase may be a reflection of a defect in another 
+ + transport system, such as Na ,K -cotransport . It has been suggested 

that Na+,K+-ATPase could be compensating for the defect by increased 

activity (Garay et al. , 1980a; Haddy and Pamnani, 1983). Increased 

Na+, K+-ATPase activity also may occur if the subject has a Na+ leak 

(increased permeability) in the red blood cell membrane ( Haddy and 

Pamnani, 1983). 

Four subjects (414, 155, 633, and 672) had MBPlS-MBMAX 

measurements that deviated substantially from the general pattern .  

Subjects 414 and 155 had unusually low MBMAX's of 0.295 and 0. 365, 

relative to their MBP1S ' s  of 127 mm Hg and 150 mm Hg, respectively 

( Table 6 and Figure 1). Both of these subjects (414 and 155) in 

addition to taking blood pressure medications, were taking medica­

tions for arthritis ( Table 5) that inhibit prostaglandin synthesis 

(Angel, 1984). Inhibited prostaglandin synthesis may account for 

the elevated blood pressures in the two subjects, since 



+ 

1 4 0 

1 35 

1 30 

+ 

1 2 5 
M 
8 
p 
1 
s 1 20 

1 1  5 j 

0 . 2  o . 3  

* 

MBP 1 S = Mean sys to l i c  b l ood pres sure .  
MBMAX = Mean max imum ouaba i n  b i nd i ng . 

* = 1 5  s ubjects i ncl uded i n  regres s i on 
ana lys i s .  

+ = Subjects 1 55 a nd  41 4 tak i n g arthr i ti s 
med i cat ions ; s ee Tab l e  5 and  text , 
page 66 ; not  i nc l uded i n  reg re ss i on  

* 

* anal ys i s . 
* 

* 

* 
* 

Q . 4  o . s  

MBMAX 

0 . 6  0 , 7  a . a  
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F i g ure 1 .  Bl ood pres s ure as  a functi on of max i mum o uaba i n  
b i nd i ng ;  regres s i on l i ne  MBP 1 S = 53 . 47 ( MBMAX ) + 87 . 5 1  for a l l * val ues 
( R2 

= 0 . 32 , p < 0 . 03 ;  adj us ted R2 
= 0 . 2 7 ) . 
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prostaglandins (e.g., prostacyclin) act by relaxing coronary arteries 

(Dusting et al. , 1977; Weber et al. , 1981). Subject 633 had high 

MBPlS (135 mm Hg), relative to MBMAX (0. 495), and subject 672 had 

low MBPlS (98 rrnn Hg) relative to MBMAX (0.610) (Table 6 and Figure 

1). There is no apparent reason for the results of subject 633. 

The results for subject 672 (relatively low MBP1S with relatively 

high MBMAX) may be related to the subject's family history of  hyper­

tension (Appendix E). Increases and decreases in sodium transport 

have been found in normotensive relatives of hypertensive subjects, 

compared to normotensive subjects without a family history of hyper­

tension (De Mendonca et al. , 1981; Garay et al., 1980a; Garay and 

Meyer, 1979; Woods et al. , 1981). Garay et al. (1980a), by studying 

Na+ and K+ fluxes in Na+-loaded erythrocytes (with and without 

ouabain), concluded that Na+,K+-ATPase activity was increased in the 

normotensive relatives of  hypertensives. 

In a regression procedure (PROC REG) (SAS Institute, 1982b), 

the relationship between the dependent variable MBPlS and MBMAX was 

identified. There was no correlation between MBPlS and MBMAX when 

all 17 subjects were included in the analysis. However, when data 

from the two subjects taking arthritis medications (subjects 414 

and 155) were omitted from the analysis, a significant (p < 0.03) 

positive correlation was observed between MBPlS and MBMAX. The mean 

square, the significance of the F ratio, and partial regression co­

efficients for the regression with 15 subjects are given in Table 7. 

Because of the possible effect of the arthritis medications, 



TABLE 7 

MEAN SQUARE , SIGNIFICANCE OF F RATIO , AND PARTIAL 
REGRESSION COEFFICIENTS FOR MBP1sa VERSUS 

MBMAXb WITH 15 SUBJECTSC ,d 

67 

df 
Mean 

Square p 

Partial 
Regression 

Coefficients 

Intercept 

MBMAX 

Error 

Total 

1 

1 

13 

14 

754 . 53 0 . 027 

87. 51 

53. 47 

aMean systolic blood pressure (mm Hg) taken prior to blood 
sampling. N = 2 except for subjects 339 , 643 , 672 , 727, 813 and 991 
for whom n = 1 ; see App en di x E .  

bMean maximum ouabain binding (pmoles/109 cells). N = 2 

except for subjects 339 , 643 ,  672 , 727, 813 and 991 for whom n = l; 
see Appendix E. 

cData from subjects (155 and 414) taking arthritis medications 
omitted from analyses; see text , page 66 and Table 5 ,  page 5 9 . Sub­
jects 155 and 414 not includ�d in subsequent statistical analyses. 

dRegression : R2 = 0. 32; adjusted R2 
= 0. 27. 
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subsequent statistical analyses were limited to 13 subjects (15 sub­

jects with dietary intake data excluding subjects 414 and 155). It 

must be recognized, however, that the effect of the arthritis medi­

cation on the relationship between MBPlS and MBMAX may not occur 

with a larger number of subjects. 

Body Mass Index, Age, Blood Pressure, and Maximum 

Ouabain Binding 

Body mass index (weight/height2) as calculated for the study 

population ranged from 18. 6 to 31. 9 kg/M2 (Appendix E). PROC STEP­

WISE (SAS Institute, 1982b) was used to determine relationships 

among mean systolic blood pressure (MBP1S), mean maximum ouabain 

binding (MBMAX), body mass index (BMI), and age. Body mass index 

has been found to be inversely related to blood pressure (Havlik et 

al. , 1983). In the present study no association was apparent be­

tween MBPlS and BMI. Age was not related to either MBP1S or MBMAX. 

With MBMAX as the dependent variable in PROC STEPWISE (SAS 

Institute, 1982b), no relationship was observed between MBMAX and MB I 

for 13 or 15 subjects (all subjects except 155 and 414). These results 

are not consistent with those of Deluise et al. (1980) and Narayana­

reddy and Kaplay (1983). Deluise et al. (1980) noted a reduction in 

the number of ouabin binding sites in the erythrocytes of obese sub­

jects, compared to normal weight subjects. Narayanareddy and Kaplay 

(1983) demonstrated that the number of ouabain binding sites on red 

blood cells were indirectly related to BMI in a group of healthy 

male subjects. 



Total Inhibition Scores , Total Vanadium Indices , 

Blood Pressure , and Maximum Ouabain Binding 
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Inhibition Scores and Vanadium Indices were calculated for each 

subject as illustrated in Appendix H .  Total Inhibition Scores and 

Total Vanadium Indices were determined by summing the Inhibition 

Scores and Vanadium Indices of the foods consumed by each subject. 

Total Inhibition Scores and Total Vanadium Indices are shown in Table 

8 with corresponding MBMAX values. Factors which influenced the mag­

nitude of the Total Inhibition Scores and Total Vanadium Indices in­

cluded the frequency of consumption , serving size , the in vitro 

inhibitory activity of the food consumed (Table 2 ,  page 46 and Table 

3 ,  page 48) or the Vanadium Content Scores of the foods consumed 

(Table 4 ,  page 49) , and the diversity of the diet . Based on these 

factors , foods that contributed to relatfvely high Total Inhibition 

Scores were coffee , tea , lettuce ,  bananas , apples , and potatoes . The 

consumption of coffee , tea , white and whole wheat breads , breakfast 

cereals , lettuce , white rice , and chicken (white meat) by subj ects 

contributed to increased Total Vanadium Indices . 

As determined from regression analysis (PROC REG) (SAS Insti­

tute, 1982b) , there is no apparent trend between either Total Inhibi­

tion Scores or Total Vanadium Indices and MBPlS. Also no trends 

were apparent between Total Inhibition Scores or Total Vanadium 

Indices and MBMAX , according to PROC REG analysis (SAS Institute , 

1982b). The fact that no associations were found may be related to 



Subject 
Number 

414 
339 

155 
342 
495 
784 
633 
643 
921 
727 
839 

813 
672 
991 
276 
588 
869 
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TABLE 8 

TOTAL INHIBITION SCORESa AND TOTAL VANADIUM INDICESa 

FOR EACH SU BJECT RANKED BY MBMAXb VALUES 

MBMAX 

0. 295 
0. 300 
0. 365 
0. 370 
0. 400 
0. 450 
0. 465 
0. 510 
0. 530 
0. 540 
o .  585 
0. 590 
0. 610 
0. 620 
0. 670 
0.720 
0. 820 

aSee Appendices F and H. 

Total 
Inhibit ion 
Score x , o-3 

228 
114 
533 
290 
128 
358 
130 

1627 
538 
83 

635 
68 

244 
210 
103 

1551 
1076 

Total 
Vanadium 
Index x , o-3 

693 
664 
750 
784 
595 
394 
360 
645 
623 
376 
570 
462 
404 
307 
450 
776 
349 

bMean maximum ouabain bi nding (pmoles /109 cells). N = 2 
except for subjects 339, 643, 672, 727, 813 and 991 for whom n = l ;  
see Appendix E .  
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the scarci ty of publ ished data on i n  vitro Na+,K+-ATPase i nh i bitors 

or vanadi um contents i n  foods, the questi onable accuracy of quanti ta­

ti ve data obtained from food frequenci es, or the poss i ble inabi l it ies 

of subjects to determ ine the quantit ies and frequencies of consump­

tion. However, even i f  an association had been found, i t  would be 

subject to further i nvesti gati on, si nce the i n  vi vo effects of foods 

containing in  vitro Na+,K+-ATPase i nh ibi tors and /or vanadi um have 

not been studied. It has been suggested that vanadi um is  reduced 

from the +5 to the +4 oxi dati ve state i n  vi vo (Johnson et al . ,  1974). 

The bi oava ilabi li ty of vanadi um in  foods also i s  unknown (Myron et 

al., 1977). In addi tion, cooki ng and processi ng of foods contain ing 

Na+,K+-ATPase inhi b itors and/or vanadi um may have a role in the 

effecti veness of Na+
,K

+-ATPase i nhibi tors and/or vanadi um i n  vi vo, 

poss ibi y enhanci ng or d imi nish ing i n  vi tro effects. 

Evaluati on of D i etary Intakes 

Energy, Protei n, Fat, and Carbohydrate Intakes 

Mean energy i ntakes are shown i n  Table 9. Mean i ntakes 

expressed as percentages of the recommended energy i ntakes are in­

cluded i n  Table 10 (NAS/NRC, 1980) . The mi dpoints of the suggested 

recommended energy i ntakes for the appropri ate age group (23-50 

years = 2000 kcal; > 50 years old = 1800 kcal) were the bases for 

the percentage intake evaluati ons. The percentage of calories de­

ri ved from prote in, fat, and carbohydrate also were calculated for 

each subject (Table 11). 



TAGLE 9 

SE VEN-DAY ENE RGY AIID HUT R I E!IT ltHAKE MEArlS FOR l tlD I V I CUAL SUOJECTS 

B lood P ressure CarbiJ- Crude R tbo-
Ca tegory and Energy Prote i n  Fa t hydrate  Ca l c i um  Phospho rus I ron Po tass i um Sod ium V i tam i n  A F i ber Th i am in  f la11 i n  N ia c i n  

Sub Jec: t !lumber MBPI Sa (Kca q (g} (gl I gl {mo! !m·J I {no ) {rr.Ql ( mg) ( IU}  {gl {mgj (1110) (mg) 

Non1iotens i ve a 
672  98 1 81 3  56  63 264 742 1 069 1 5  23 7 7  1 984 625 ) 7. 2 1 .  5 1 .  6 1 9  
342 1 CO 20-1 5 83 94 1 9 1  1 062 1 399 1 5  3594 2 340 6512 4 . 4  1 .  5 5 . 6  24 
3 39 1 02 1 52 7  62 59 1 9 1  789 9S9 1 1  2 1 1 4  2264 5962 J . l  1 .  5 1 .  5 1 5  
72 , e I06 2036 86 70 252 958 1 20 8  1 6  J I  09 2 7 7 2  1203 1  J .  7 1 . 9  2 . 6  2 8  
9 Z I  109 1 342  66  48  166  828 1 1 4 4  1 2  2620 1 78 7  4535 4 . l  1 . 0  1 .  4 1 9  
9 9 �b 1 1 0  1 720 72 69 2 1 2 1 22 1  1 406 1 1  3062 2463 5639 5 .  7 1 . 2 I .  9 1 4  

::�b 
1 J  4 1 854 54 6 7 251  968 979 1 1  24 1 0  1 970 1 )2 5 7  4 . 1  2 . 6  J. 2 30 
1 1 5  1 052 51 30 1 48  10 19  950 32 2 1 1 3  2 1 6 1  1 1 59-1 3. 2 1 6  1 1  1 1 9  

784 1 1 5  1 002 39 35 I n  305 382 7 991 1 669  1 560 1 . 9  o .  75 0 . 86 1 2  
869c 1 3 3  2262 74 100 293 875 1 035 1 8  2 342 258S 862 3  J . 6  2 . 2  2 . 2  2 1  

foledica ted/ 
Con tro l  l ed 
Hyper tens i ve •  

a39i;1  1 20  1 329 57 60 1 4 9  4 4 1  6 76  9 3505 1 559 8 1 92 4 . 2  0. 96 0. 95 1 6  
81 3 1 26 1 955 78 65 201) 640 1022 1 6  26 1 l 309 7 5687 4 . 5  1 . 2 1 . 5  24 
4 1 4b 1 2 7  1 3311 S8 5 7  146 SS6 765 10 26 1 4  3111  57 75  4 . l  0 . 8 7  1 . 2  1 4  
S6a 1 34 l fi03 52 6 )  204 633 8-19 28 206 1 2227 1 10 7 3  3. 7 2. 7 3 . 4 33 

Med i c a ted/ 
Uncontro l l ed 
Hype r tens i ve• 

1 55 1 50 1 862 53 84 227 4 1 9  735 1 1  1 7 35 2334 4560 2 .9  0 .85 1 . 0 IS  

4t'.ean systoUc b lood pres sure (lllll Hg ) taken pr ier  to  b l ood- samp l i ng .  
jects  339 , 64 3 ,  672 , 72 7 ,  81 3 and 9'l l for whom n" l ;  see Append h E .  

Subjects ran�.e,j by  M8P1 S  w i t h i n  blood pres.sure ca tegor ies . N .. 2 except  for sub-

brook mul t i p l e  vi tam in supp lemen t da i l y ;  see Appendh K. 
crook mu l t i p l e  vi tam in  suppl ement 2 of 7 days ; see Append i x K. 

dlook 500 mg of as.corbk add 1 of  7 days . Took K l orves s ,  a potass i um supp l ement da l l y ,  s.ee Ta b l e  5 ,  page s�. and Appendix K. 
eTook Me tamuc i l  da i l y ;  dosage accoun ted fo r 1 1 2  kca l  per day. 

Ascorb i c  
Ac i d  
{mo) 

1 34 
1 94 
102 
1 3 7  

1 24 
1 6 3  
)05 
692 
81 

1 14 

1 9 7 
1 56 
1 52 
2 36 

9� 

Cho l e stero I 
(mo} 

256 
324 
251  
] 1 2  
209 
2 1 6 
203 
1 1 3  
1 48 
JOO 

1 84 
2t.O 
1 5 6  
9 1  

1 56 

........ 
N 



TABLE  1 0  

MEAN ENERGY AND NUTR I ENT I NTAKES AS P ERC ENTAG ES OF 1 980 RECOMMENDED D I ETARY ALLOWANCEsa , b 

B l ood Press u re 
Ca tegory 

a nd Subj ec t Pho s - V i tami n Ri bo- Asc orb i c 
Number  MBPl Sc Energy Ca l e i um  pho rus I ron A Th i am i n f l a v i n N i a c i n  Ac i d  

No rrnoten s i vec 

672
d 

98 91  93 1 34 83 1 56 1 50 1 33 1 46 223  
342 1 00 1 1 4 1 3 3 1 67 1 50 1 63 1 50 467 1 85 323  
339 1 02 76 99 1 20 6 1  1 49 1 50 1 2 5 1 1 5  1 70 
7 279 1 06 1 02 1 20 1 59 89 301 1 90 2 1 7 2 1 5 2 28 
92 1 d 1 09 75 1 04 1 43 1 20 1 1 5  1 00 1 1 7 1 46 207 
99 1  1 1 0 86 1 53 1 76 6 1  1 4 1 1 20 1 58 1 08 272  
643e 1 1 4 93 1 2 1 1 22 6 1  33 1  260 267 23 1  508 
495e 1 1 5  53 1 27 1 1 9  1 78 290 1 600 9 1 7 9 1 5 1 1 53 
784d 1 1 5 56 38 48 70 3 9  75  72  92 1 3 5 
869f 1 33 1 1 3 1 09 1 29 1 00 21 6 220 1 83 1 62 290 

Med i cated/ 
Contra 1 1  ed 
Hyperten s i vec 

839dh 1 20 74 55  85 90 205 96 79 1 2 3 328 
8 1 3

d 
1 26 98 80 1 28 89 1 42 1 20 1 25 1 8 5 260 

4 1 4  1 2 7 74 70 96 1 00 1 44 87 1 00 l 08 253  
588d e 1 34 89 79 1 06 280 277 2 70 283 254 393  

-......J 
w 



Blood Pressure 
Category 

TAB LE  10 (Continued) 

and Subj ect 
Number c 

Phos- V itami n  R i bo- Ascorbic 
MBPlS Energy Calc i um phorus Iron A Thiamin flavin Niacin Acid 

Medicated/ 
Uncontro 11 ed 

Hypertensivec 

155d 
150 1 03 52 92 110 

aNAS/NRC " Recommended Di etary Allowances,11 1980 . 

1 1 4 85  83 1 1 5 163 

bunless ind i cated otherwise subj ects are age 23-50 ; Recommended Energy Allowance mi dpoint = 
2000 kcal ; Iron RDA = 18 mg. 

cMean systol ic bl ood pressure (mm Hg) taken prior to blood sampli ng .  Subj ects ranked by 
MBPlS within blood pressure categories. N = 2 except for subj ects 339, 643, 672, 727, 813 and 991 
for whom n l ;  see Appendix E. 

dover age 50 ; Recommended Energy Allowanc e midpoint = 1800 kcal, Iron RDA = 10 mg. 

eTook multiple vitamin supplement da ily ;  see Append i x  K. 

fTook multiple vitami n  supplement 2 of 7 days ; see Appendix K. 

gTook Metamuc il daily ; dosage accounted for 112 kcal per day. 
hTook 500 mg of ascorbi c  acid 1 of 7 days. Took  Klorvess, a potassium supplement daily ;  see 

Table 5, page 59, and Appendix K. '...J 



Blood Pressure 

Category 
and Subject 
Number 

Normotensive
b 

67 2 
342 cd 
339 
7 27 e 

92 1 C 

991d 643 
495 
784 C 

869 

Medica ted/ 
Controlled 
Hypertensive

b 

839C 

8 1 3d 

414cd 
588c 

TABLE 11  

PERC ENTAGE OF  M EAN ENERGY  I NTAKES FROM PROTE I N, FAT, AND CARBOHYDRATEa 

MBP1Sb 
. (mm Hg) 

98 
100 
102 
106 
109 
110 
114 
115 
115 
133 

120 
126 
127 
134 

Energy 
---�J kcaU __ Protein_(%) _ �-� Fat _(%}__ �- - �- Ca rbohydra te ( %) 

1813 12 30 58 
2045 16 41 37 
1527 16 34 50 
2036 17 31 50 
1342 19 32 49 
1720 16 36 48 
1854 12 32 54 
1052 19 25 56 
1002 16 31 51 
226 2  12 38 50 

1329 16 40 44 
1955 16 30 41 
1334 17 38 44 
1603 13 36 51 

........ 
(J1 



Blood Pres sure 
Catego ry 

TJ'.BLE  11 (Continued) 

and Subject 
Number 

MBPlSb 

(mm Hg) 
Energy 
{kca 1) Protein (%) Fat (% ) Carbohydrate (%) 

Medicated/ 
Uncontrolledb Hypertensive 

1 55
C 150 1862 1 1  41 48 

aUnles s indicated otherwise subjects are age 23-50; Recommended Energy Allowance midpoint = 
2000 kcal (NAS/NRC , 1980). 

bMean systolic blood pres sure (mm Hg) taken prio r to blood sampling. Subjects ranked by 
MBPlS within blood pres sure categories . N = 2 except for  subjects 339, 643, 672, 727, 813 and 991 
for whom n l ;  see Appendix E .  

cover age 50 ; Recommended Energy /-\11 owance midpoint = 1800 kca 1 ( NP.S/ NRC, 1980). 
dAlcohol consumption accounted for a portion of mean energy intake. 
eTook Metamucil daily ; do sage accounted for 112 kcal per day. 

....... 
O') 



Mean protein intakes are listed for each subject in Table 9. 

Protein calories accounted for 11% to 19% of mean energy intakes 

(Table 11). The Recommended Dietary Allowance for protein for a 

77 

120 lb. woman age 19 or older is 44 grams (NAS/ NRC, 1980). All sub­

jects consumed more than 44 g of protein, except for subject 784 who 

consumed a mean of 39 g, which as reported by Pao and Mickle (1981) 

is probably related to a low energy intake (Tables 9 and 10). 

Mean fat intakes are shown in Table 9. Twenty-five percent 

to 41% of mean energy intakes were derived from fat. Fat was the 

primary energy source for subjects 342 and 155  (Table 11). Increased 

fat intake in these subjects is related to increased meat consumption 

and/or snack foods with high fat contents. The highest percentage 

(41%) is similar to the percent energy derived from fat as reported 

for adult female subjects in the Nationwide Food Consumption Survey 

(NFCS) (Pao and Mickle, 1981). Several subjects (991, 839, 414, and 

155) exceeded the suggested 35% maximum (for individuals with energy 

intakes under 2000 kcal) of calories derived from fat (NAS/NRC, 1980) 

(Table 11). 

Mean carbohydrate intakes are given in Table 9. Percentages 

of mean energy intakes from carbohydrate ranged from 37% to 58% 

(Table 11). The Senate Select Committee on Nutrition and Human Needs 

(1977) suggested that carbohydrate represent 5 5-60% of energy in­

take. Subjects 672 and 495 were within the 55-60% range; si x subjects 

( 339, 727, 643, 784, 869, and 588) were between 50% and 5 5%. Carbo­

hydrate accounted for less than 50% of the energy intakes of the 
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remaining subjects (342, 921, 991, 839, 813, 414, and 155) (Table 11) . 

Based on the dietary guidelines developed by the Senate Select Com­

mittee on Nutrition and Human Needs (1977), the majority of the s ub­

jects probably should increase the proportion of carbohydrates in 

their diets. In evaluating mean energy, protein, fat, and carbo­

hydrate intakes, there is no apparent rel ationship between mean 

intakes and blood pres sure among the subjects studied, as detennined 

from PROC STEPWISE (SAS Institute, 1982b). 

Calcium and Iron Intakes 

Four subjects (784, 839, 414, and 155) had mean dietary in­

takes of calcium � 70% of the suggested 800 mg RDA (NAS/NRC, 1980) 

(Table 10). All of the medicated (controlled and uncontrolled) hyper­

tensive subjects' diets were low in calcium (� 80% of the R DA), pos­

sibly due to a lack of dairy products in the diet as observed by 

Mccarron et al. (1984). This finding of low calcium intake in 

hypertensive subjects is consistent with the results of Mccarron 

et al. (1984) . An inverse relationship wa s noted between calcium 

intake and high blood pres sure when Mccarron et al. (1984) evalu-

ated HANES I (Health and Nutrition Examination Survey I) data. 

Dietary intakes of iron also were 5 70% of the RDA (18 mg, women < 

50 years old; 10 mg, women > 50 years old) (NAS/NRC, 1980) for 

several subjects (339, 991, 784, and 643). Women' s diets are often 

lacking in calcium and/or iron (Pao and Mickle, 1981). No 



correlations were found between mean calcium or iron intakes and 

MBP1S, as observed from PROC STEPW ISE (SAS Institute, 1982b); how­

ever, different results may have occurred if some of the women had 

not been taking multiple vitamin/mineral supplements (Appendix K). 

Sodium Intake 

79 

According to the NAS/NRC (1980), "estimated safe and adequate 11 

daily sodium intake is between 1100 and 3300 mg (2. 8-8. 4 g sodium 

chloride) . On the basis of sodium intakes calculated from dietary 

records, only one subject (414) exceeded this amount by consuming a 

mean daily sodium intake of 3777 mg (Table 9, page 72). This mean 

sodium intake may not accurately reflect the subject' s normal intake. 

The subject reported that the week of record-keeping was atypical, 

because she was ill during the period. The subject consumed high-

sodium bouillion on several occasions (Marsh, 1980); thus an over­

estimation of her usual mean sodium intake may have occurred. 

The Select Committee on GRAS Substances (1979) reported that 

the average intake of sodium per day by American adults is between 

3900 and 4700 mg (10 and 12 g sodium chloride) . All subjects had 

mean sodium intakes below this range. The fact that the medicated 

hypertensive subjects may have been advised to modify their sodium in­

take, may account for their reduced sodium intakes. However, it must 

be recognized that sodium intake is difficult to assess and is easily 

underestimated (Mccarron et al. ,  1984). It is possible that the mean 

sodium intakes of women in the study were underestimated, since salt 
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added at the tab l e ( di screti ona ry sodi um ) ( Mcca rron et a l . ,  1 984 ) i s  

di ffi cu l t to quanti fy ,  the sodi um conten t o f  foods purchased away 

from home i s  often un known , and the sodi um conten t of man ufactured 

products frequentl y i s  not i n cl uded as n utri ti ona l data on the 

product . S i n ce a l l of these facto rs affect the ca l cu l at i on of  sodi um 

i n ta ke ,  a ctua l  mean sodi um i nta ke may be hi gher or  l ower than that 

reported ( Tab l e  9 ,  page 72 ) .  As determi n ed by s tepwi s e  regressi on 

( PROC STEPW IS E )  ( SAS Insti tute , 1 982b ) , i n  the pre sent  s tudy ,  no 

correl ati on was found between sodi um i ntake and MBP l S .  

Potas s i um I nta ke 

The " es ti mated  safe and adequate 11 i ntake of  potass i um i s  be­

tween 1 875 and 5625 mg per day ( NAS/NRC , 1 980 ) . Two subjects 

784, and 155 ) were be l ow thi s range and no subject exceeded 

the 5625 mg per day upper- l i mi t  ( Tab l e  9 ) . I n creased potass i um 

i n take may be rel ated  to decreases i n  b l ood pres s ure ( Dus tan , 1 983 ; 

Khaw and Barrett- Conno r ,  1 984 ; Oph i r et  a l . ,  1 983 ; Treas u re and 

P1 oth ,  1 983 ) . However ,  in the presen t s tudy , no as soci ati on was 

appa rent between  MBP 1 S  and mean potas s i um i ntake , as determi ned us i ng 

PROC STEPW ISE  ( SAS I nst i tute , 1 982b ) . 

V i tami n A ,  V i tami n C ,  Th i ami n ,  Ri bofl av i n ,  and N i aci n I ntakes 

The mean da i ly i ntakes  of  v i tami n A,  v i tam i n C ,  th i ami n ,  

ri bofl avi n ,  and n i aci n a re i ncl uded i n  Tab l e 9 ,  and mean i n takes as 

percentages of  the Recommended Di etary Al l owances ( NAS/NRC , 1 980 )  are 

gi ven i n  Tab l e  1 0 , page 73 .  I ntakes fo r al l s ubjects exceeded the RDA 
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of 60 mg of vitamin C .  None of the subjects consumed � 70% of the 

RDA for thiamin, riboflavin, or niacin (Table 9, page 72 and Table 

10, page 73) . The mean dietary intakes of subject 784 were below the 

RDA for most of these nutrients (vitamin A, thiamin, riboflavin, and 

niacin), which is probably attributable to her low mean energy intake 

(1002 kcal/day) (Table 9). It is difficult to achieve adequate 

nutrient intakes when energy intake is minimal (Pao and Mickle, 1981). 

Other subjects might have been below the RDA for these nutrients if 

they had not taken multiple vitamin/mineral supplements (Appendix K) . 

None of these nutrients were found to be related to MBPlS when in­

cluded as candidate variables in stepwise regression (PROC STEPWISE) 

(SAS Institute, 1982b). 

Fiber and Cholesterol Intakes 

Mean intakes of crude fiber, as shown in Table 9, ranged from 

1. 9 g to 7. 2 g for the subjects studied . Crude fiber, as analyzed, 

is a component of dietary fiber (Southgate et al. , 1976) and is an 

"imprecise index of carbohydrates in plant foods which are not 

digested by man 11 ( Robertson, 1 97 2). Dietary fiber intake cannot be 

estimated from crude fiber values (Schaller, 1978) . Thus, the 

dietary fiber intakes of the subjects studied is unknown . As deter­

mined by stepwise regression (PROC STEPW ISE) ( SAS Institute, 1982b), 

crude fiber was found to have a significant inverse relationship 

with MBPlS ( model 2A, Table 12) ( see next section) . 

The mean daily intake of cholesterol for the group of women 

studied was between 91 and 324 mg (Table 9) . Eggs and meats 



TABLE 1 2  

ANALYS IS O F  BLOOD PRESSURE ( MBP l S ) a W ITH VAR I OUS 

Mean Regress i on Mean Regre s s  i on Mea n  Regre s s i on Mea n  Regres s i on  
d f  Sgua res Coeff i ci ents d f  S9uares Coe f fi c i ents  df Sguares Coeff i c i ents  df Sguares  Coeffi c i ents  

I n te rcept l 83 . 90 l 99 . 09 l 1 05 . 88 1 94 . 6 1 

MBMAx f 1 746 . 00* 5 5 . 55 1 1 076 . 82** 69 . 64 l 9 9 3 . 48** 6 7 . 3 3  1 9 7 7 . 9 5** 7 5 . 64 

F i ber  l 540 . 60** -5 . 52 1 353. 00** -4 . 74 

Cho l e stero l  l 90 . 04 -0 . 04 

Carbohydrate l 235 . 50 - 0 .  1 1  

Res i dua l 1 1  8 1 . 64 1 0  3 5 . 7 4  9 29 .  7 1  1 0  66 . 25 

p < 0 . 02 .  

p < o .  0 1 . 
a Mean sy s tol i c  b l ood pre s s ure (mm Hg ) taken p r i o r  to b l ood s ampl i ng .  N 2 except for subjects  339 , 643 , 6 72 , 72 7 , 8 1 3 and 99 1  for whom 

n ;  l ;  see Append i x E. 

bcan d i date i ndependent var i a b l e s  
sodi um ( mg ) , v i tami n C (mg ) ,  and crude fi ber 

in PROC STEPW I S E  ( SAS I n s t i tute , 1 982b )  for mode l s  l A ,  2A a n d  3A were : MBMAX , cho l e s tero l  (mg ) , 

cCand i date i n dependent var i a b l e s  i nc l uded i n  
ca l c i um (mg ) , s o d i um (mg ) , r i bof l a v i n  ( mg ) , v i tam i n  

( SAS I n s t i tute . 1 982b }  for model 1 B  were : MBMAX , ca rbohydra te ( g ) , ene rgy ( k ca l 1 ,  

, a nd  fat ( g } .  

l A :  R2 = 0 . 45 ,  p 0 . 01 1 6 . 
eMode l 2A :  R2 0 . 78 , p = 0. 0005 .  
fMax o uaba i n  b i na i ng cel l s ) .  N 2 except for s ubjects 3 39 , 64 3 ,  6 72 , 72 7 ,  8 1 3 ,  and 99 1  for whom n - l ;  see Append i x  E .  

co 
N 
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con tri b uted to i nc rea sed cho l estero l  con s umpt i on .  S ubjects 342 and 

727 we re the on l y  s ubjects who exceeded the 300 mg per day chol estero l  

l evel that ha s  been recommended as a d i etary gu i de l i ne ( Se l ect Com­

mi ttee on Nutri t i on and Human Needs , 1 977 ) . It must be noted how­

ever that the di e tary gu i de l i ne s  p resented i n  1 977  are a controve rs i a l 

i ss ue ( Ame ri can Di etet i c As soc i at i o n , 1 9 77 ) . Accord i ng to stepwi se 

regres s i on ( PROC STEPW I SE ) ( SAS I n s t i tute , 1 982 b ) , MBP l S  and mean 

cho l este ro l  i n ta ke we re not re l a ted ( model  3A , Tab l e  1 2 ) . 

Effect of Max i mum Ouaba i n  B i ndi ng and D i eta ry I n ta ke 

on Mean Sys tol i c  B l ood Pres s u re 

As prev i o u s l y  di scussed , s tepwi se regres s i on ( PROC STEPW I S E ) 

( SAS I n s t i tute ,  1 982b )  was used to i denti fy the s tati s t i ca l  mode l 

tha t  bes t  de scr i bes  the re l at i onsh i ps among MBP 1 S ,  MBMAX , an d 

di eta ry i n ta ke . As an opt i on i n  PROC STEPWI S E  ( SAS I ns ti tute , 1 982b ) , 

MBMAX was forced as the fi rs t va ri ab l e i n  each s tep  of  the p rocedure , 

i n  order th at changes i n  the rel at i on s h i p  between MBP l S and MBMAX 

cou l d be exami ned as di etary vari ab l es were i n troduced i n to the pro-

cedure . The i ncl us i on of va ri abl es i n  the fi na l mode l wa s dependen t 

upon the s i gn i f i cance of  F ra ti os ( p  < 0 . 05 )  a s  observed from pre­

l i mi na ry stepwi s e  regres s i on s  us i n g ca nd i date vari abl e s . An exampl e 

of  s tepwi s e  reg res s i on ( P ROC STE PW I SE ) ( SAS I n st i tute , 1 982b ) i n  

wh i ch an i n dependen t va ri ab l e ( ca rbo hydrate ) was the fi rst di etary 

vari ab l e to enter the mode l , b ut  wh i ch di d no t reach s i gn i fi cance 

{ p  > 0 . 05 ) , and th us was not i nc l uded i n  the fi nal mode l ( model 2A , 

Tab l e  1 2 )  i s  s hown i n  Tab l e  1 2  (mode l l B ) .  
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The f i na l  mode l i nc l uded MBP1 S as the dependent vari ab l e ;  

MBMAX and crude fi ber were i ndependen t vari ab l es . MBP 1 S an d MBMAX 

were s i gn i fi can tl y re l ated i n  a l l s tepw i s e  procedures . Crude fi ber 

was the on l y  d i etary vari abl e that entered wi th s i gn i fi can ce in  a 

2- vari ab l e mode l ( mode l  2A , Ta b l e 1 2 ) .  No other d i etary vari ab l es  

were s i gn i fi cant i n  a 3- vari ab l e mode l , as  i l l u s trated u s i ng cho l es­

tero l ( mode l  3A , Tab l e 1 2 ) .  Mean squares , s i gn i fi can ce of F rat i o s , 

an d part i a l  reg res s i on coeff i c i ents a re shown for the fi na l  model i n  

Tab l e 1 2  ( mode l  2A ) . The regres s i on equat i on for the fi na l  mode l 

(model  2A , Tabl e 1 2 ) w i th MBMAX and crude fi ber as  i n dependent  var i ­

abl e s  i s  as  fo l l ows : 

MBP1 S = 69 . 64 ( MBMAX )  - 5 . 5 2  ( F i ber ) + 99 . 09 

Thi s eq uati on predi cts that a s  MBMAX i ncreases by one pmo l es / 1 09 

cel l s ,  MB P 1 S wi l l  i n crease  approx i matel y 69 mm Hg , and as  crude fi ber 

i nta ke i n creases  by one gram , MBP 1 S wi l l  decrea se  a bout  5 mm Hg . The 

mean s q uares  o r  type I I  s um of  squares for MBMAX ( i . e . , parti a l  re l a­

t i on s h i p of  MBP 1 S w i th MBMAX and crude fi ber)  i ncreas ed when crude 

fi ber wa s i ntroduced i nto the mode l , i nd i cat i ng tha t the two va ri ­

ab l es ( MBMAX and  crude fi be r )  are i n verse ly  corre l a ted , and that 

d i etary i n ta ke i s  re l ated to MBP 1 S v i a MBMAX .  I n  other wo rds , the 

i nverse re l at i on s h i p  fo und between MBMAX and crude fi ber s uggests  

that d i e tary i ntake may i n fl uence MBMAX ( Na
+

, K
+
-ATPase  acti v i ty ) , 

wh i ch i n  turn may a l ter bl ood pre s s u re ( MBP 1 S ) . I f  no rel at i on s h i p 

ex i s ted between MBMAX and crude fi ber , th e type I I  s um o f  squares 

(mean s q ua res ) wo u l d not change , wh i ch woul d i nd i ca te that  the 

vari ab l es a re i ndependen tl y a s s oc i ated wi th b l ood pre s s u re .  
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Because only crude fiber was calculated in the present study, 

it is impossible to compare these results with the dietary fiber 

studies. It is difficult to understand why crude fiber should be 

related to blood pressure, since crude fiber is not considered to 

be of physiological significance (Schaller, 1978). Conflicting 

results have been found relative to the influence of dietary fiber 

intake on blood pressure (Brussaard et al. , 1981 ; Wright et al., 

1979). Brussaard et al. (1981) found blood pressure and fiber in­

take to be unrelated in a group of normotensive subjects, whereas 

Wright et al. (1979) observed decreases (insignificant) in blood 

pressure as fiber intake increased. It is possible that crude 

fiber appears as a proxy for a combination of variables that do not 

significantly contribute to the model for these few subjects (see 

below). Such variables that possibly should be given important con­

sideration in subsequent research studies, in addition to crude 

fiber, are cholesterol, niacin, thiamin, and carbohydrate. The re­

lationship between MBPlS and chol esterol, in the preliminary step­

wise regressions, did not reach significance, but when cholesterol 

was included as a candidate variable in the stepwise procedure, it 

was the second dietary variable to enter the model (model 3A, Table 

12). Carbohydrate was often the third dietary variable to enter 

the model. Niacin and thiamin should be considered as factors in 

future studies because of a trend toward a positive relationship 

with fiber. As each of these variables were introduced into the 
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regression procedure, the type I I  sum of squares for fiber decreased. 

It must be noted that potential relationships between MBP 1 S  

and some of the dietary variables may have been obscured, due to 

the increased vitamin and mineral intakes of subjects taking multiple 

vitamin/mineral supplements (Appendix K). The response, if any, of 

MBP1 S to vitamin or other nutrient intakes must plateau at some 

level . Under these circumstances nonlinear regression techniques 

would be appropriate to investigate the relationships among MBP 1 S, 

MBMAX, and dietary variables. When a larger study population is in­

volved, it would be feasible to consider such an evaluation. 



CHAPTER V 

SUMMARY 

The relationships among blood pressure, erythrocyte Na+,K+­

ATPase activity (ouabain binding) and dietary intake were investi­

gated in a pilot study involving normotensive (i l) and medicated­

hypertensive (6) female subjects. The relationships among blood 

pressure, maximum ouabain binding, and the consumption of foods con­

taining in vitro Na+,K+-ATPase inhibitors and/or vanadium were 

examined. Subjects (15) participated in dietary assessment (7-day 

dietary records) and blood sampling (17 subjects) for the determina­

tion of ouabain binding to erythrocytes, an indirect measure of 

Na+,K+-ATPase activity. 

Mean systolic blood pressure taken prior to blood sampling 

(MBPlS) and mean maximum ouabain binding (MBMAX) were directly re­

lated. The MBMAX-MPB1S values for several subjects (414, 155, 633, 

and 672) deviated substantially from the general pattern (Table 6, 

page 63). Subjects 414 and 15 5 had unusually low MBMAX' s relative 

to elevated blood pressure. This may be related to their use of 

arthritis medications (Table 5, page 59) that inhibit prostaglandin 

synthesis. Inhibited prostaglandin synthesis may account for the 

subjects' elevated blood pressures because prostaglandins have 

demonstrated involvement in vasodilation. MBPlS and MBMAX were not 

related when data from these two subjects were included in linear 
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reg res s i o n ana l ys i s .  Becaus e of the effects o f  the a rth ri t i s  med i ca­

t i ons on  b l ood pres s ure , data fo r s ubj ects 41 4 and 1 55 were not i n­

c l u ded i n  s ubseq uent  s tat i s t i ca l  ana l ys i s .  

I n  s tepwi s e  regres s i on procedures  ( P ROC STE PW I S E )  the re l at i on­

s h i ps among age , body ma s s  i ndex ( BM I ) ,  MBMAX , and MBP l S  were eval u­

ated. Age was not as soc i a ted  wi th e i ther  MBP l S  o r  MBMAX . BMI  was 

not re l ated to MBMAX or MB Pl S .  

Food freq uency data col l e cted from s ubj ects ( 1 7 )  were used  to 

eva l uate poss i b l e assoc i a t i ons  among MBP 1 S ,  MBMAX , a nd  the con s ump­

t i o n  of foods con ta i n i ng i n  v i tro Na
+ , K

+-ATPase i n h i b i to rs and/o r 

foo ds conta i n i ng vanad i um ( a n  i nh i b i to r  of Na
+

, K+- ATPa se act i v i ty ) . 

Tota l I n h i b i t i on S co res and To ta l Vanad i um I nd i ces , i n di cators o f  

the cons umpt i on o f  foo ds con ta i n i n g Na+ , K+-ATPase  i n h i b i to rs and/ or  

van ad i um ,  were ca l c ul a ted p e r  s ubj ect .  As determi ne d  from reg res s i on 

ana lys i s  no app arent  trends were detected between MBP l S and e i ther 

Tota l I n h i b i t i on S co res o r  Total  Vanad i um I n d i ces . No a ss o c i at i ons  

we re fo und  between MBMAX and e i ther Total I n h i b i t i on S cores or Total 

Vanad i um I n d i ces , as  ana lyzed us i n g l i near  reg re s s i ons . 

Energy a nd  n utr i ent  means were ca l cu l ated for the 1 5  s ubj ects 

who kept  7- day d i etary records . Mean  energy i nta kes ranged from 

1 00 2  to 2 262 kca l . Th e majori ty of  the mean ene rgy i nta kes were 

deri ved from ca rbohydrate i n ta kes . Ca l c i um and  i ro n  we re pro b l em 

n utri ents s i nce seve ra l  s ubj ects con s umed � 70% of the Recommended 

D i etary Al l owance ( RDA ) for one or both of  these nutr i ents . A l l of  

the medi cated- hype rtens i ve s u bjects s t ud i e d  had  l ow ca l c i um i nta kes 
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($ 80% ) re l at i ve to the RDA of 800 mg . Al l s ubjects exceeded the 

RDA of 60 mg for v i tami n C ,  and none of the s ubject s  con s umed � 70% 

of the RDA for th i ami n , n i ac i n ,  and r i bofl av i n .  One s ubject ' s  me an 

i nta kes were bel ow the RDA for v i tami n A ,  th i ami n ,  r i bo fl av i n ,  and 

n i a ci n ,  whi ch may have res u l ted from the s ubj ect ' s  l ow mean ene rgy 

i n take ( 1 002 kc a l ) .  

An al ys i s  o f  di eta ry i n take data by PROC STE PW IS E  ( SAS I n s t i ­

tute , 1 982b ) i n d i cated that the i n take of  crude f i ber  i s  negat i ve l y  

as soci ated  w i th MBP l S ,  b u t  on l y  when MBMAX i s  i nc l uded i n  the reg res­

s i on eq ua t i on .  Crude fi ber and MBMAX were a l so  found t o  b e  i nvers e l y  

re l ated . Of the othe r  di etary va r i ab l es ana lyzed ( ene rgy , prote i n ,  

fa t ,  ca rbohydrate , cal c i um ,  i ron , v i tam i n  A ,  v i tam i n C ,  t h i am i n ,  

ri bofl a vi n ,  n i a c i n ,  an d cho l e s tero l ) ,  no s i g n i f icant  rel at i onsh i p s 

wi th b l ood p res s u re we re appa rent .  I t  1 s  pos s i bl e  that crude fi ber 

i s  s erv i ng as a proxy for a comb i nat i on o f  va ri ab l es  that i nde­

pendentl y do not a l ter b l ood pres s u re .  Vari ab l es that may be i n cl uded 

i n  thi s catego ry and sho u l d be cons i dered i n  futu re research becaus e 

of th ei r freq uen t appearance i n  s tepw i se  reg res s i on s , i n  a dd i t i on 

to c rude fi ber , are cho l es tero l , th i ami n ,  n i ac i n ,  and carbohydrate . 

I t  must be noted that i ncrea sed v i tami n and  m i nera l  i n ta kes by s ub­

jects taki ng mu l t i p l e  vi tam i n  s upp l ements may have mas ked the true  

re l a ti on s h i p  of  s ome of the  d i eta ry var i ab l es and mean sys to l i c  

bl ood pres s u re .  Th i s  a l so  shou l d be a cons i de rat i on i n  future s t udi es 

conducted w i th l a rger samp l e s i zes . 
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ACT I V ITY T IMETABL E :  HYPE RTENS I ON , E RYTHROCYTE 

+ + 
Na , K  -ATPas e  AND D I ET STUDY 

1 .  Deve l oped recru i t i ng ma ter i a l s  for rec ru i t i ng pro s pecti ve s ubj ects 

2 .  Prospect i ve s ubj ects comp l eted Med i ca l H i s to ry Quest i onna i re s  and 

Food Frequency Fonns . 

3 .  Se l ected normotens i ve and  hyperten s i ve s ubjects . 

4 .  Subj ects s ubmi tted Cons ent  Fo nns . 

5 .  Subjects donated two 1 0-ml  b l ood sampl es . 

6 .  Subj ects recorded 7- day d i etary i n takes . 

7 .  Subjects returned 7- day d i etary i nta ke records . 

8 .  Ana l yzed s ubj ects ' erythrocyte Na
+

, K
+
-ATPas e  act i v i t i es . 

9 .  Updated data bas e  w i th nutri ent i nformat i o n  p rov i ded by 

manufacture rs . 

1 0 . Coded  7- day di etary records . 

1 1 .  Entered s ubj ects ' d i eta ry i nta ke data on the computer . 

1 2 . Ana l yzed nutr ient  and energy i ntakes o f  s u bj ects , us i ng SAS
a 

programs . 

1 3 . Made conc l us i ons , s ummari zed and presented res u l ts . 

aStat i s ti ca l Ana l ys i s  Sys tem ( SAS I n s t i tute , Cary , NC ) .  
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MEMORANDUM TO P ROS PECT I VE S UBJ ECTS 



M E M O R A N D U M 

TO : 

F ROM : 

Prospect i ve  Su bj ects 

Dr . N i na Ma rab l e 
G l ori a Ga s k i n 

RE : 
+ + Human E rythrocyte Na  , K  -ATPase , Hype rtens i on , a nd D i et Study 

The purpose of th i s  proj ect i s  to study the rel a t i ons h i p i n  adu l t  
humans between b l ood pre ss u re , a n  en zyme i n  red b l ood ce l l s  ( Na+ , 
K+-ATPa s e ) , a nd d i et .  Persons wi t h  a nd wi thout h i g h  b l ood pres s u re 
are needed a s  pa rt i c i pants i n  the study . 

Pers ons  i nterested i n  part i c i pa t i ng i n  the s tudy wi l l  be req u i red to 
ha ve  b l ood pres s u re meas urements ta ken , comp l ete a medi ca l  h i s tory 
ques ti onna i re ,  a nd compl ete a d i et frequency form . Col l ect i ng th i s  
i nforma ti on  wi l l  enab l e u s  to se l ect the mos t  su i ta b l e s ubj ects to 
pa rt i c i pate i n  the s tudy . 

Once c hosen  to pa rt i c i pate i n  the proj ect , s ubj ects wi l l  be requ i red 
to g i v e two 1 0-ml b l ood samp l es on eac h of two occa s i on s . B l ood 
samp l i ng wi l l  be conducted by a reg i stered med i c a l  tech no l og i st or 
qua l i f i ed ho sp i ta l  s taff . S ubj ects wi l l  a l so be requ i red to keep 
d i etary records for seven consecut i ve  days . 

The b l ood samp l i ng days wi l l  be approx imate ly  one  month apart , accord ­
i ng to the beg i nn i ng of  the s u bj ec t ' s  mens trua l per i od when a ppropr i ­
ate . For examp l e ,  i f  the f i r st  samp l i ng i s  o n  or  abou t the 28th  of 
the month , the  s econd samp l i ng day wi l l  be on  or a bou t the 28th of  
the fo l l ow i ng month , dependi ng on  the l ength of  the  s ubj ect ' s  
men strua l per i od . 

I t  wi l l  be neces sa ry for subj ects not to eat or  dri n k  a nyth i ng 
( except wa ter )  for 1 0  hours  pr i or to the donat i on of the b l ood 
samp l es . Samp l i ng w i l l  ta ke p l ace between 6 and 9 a . m .  i n  the Human 
Stud i es Fa c i l i ty of  the Nu tri t i on and Food Sc i ences Depa rtment . 
Subj ects wi l l  be we i g hed , wi thout  s hoes  upon a rr i v a l . B l ood pres su re 
mea su rements wi l l  a l so be ta ken severa l  ti mes d u ri ng the b l ood 
samp l i ng s es s i ons . 
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Pros pect i ve Subjects 
Pa ge 2 

1 08 

Su bj ects wi l l  be requ i red to keep exp l i c i t  d i etary records , recordi ng 
a l l food and dri n k s  consumed for a peri od of seven days . I n s truct i ons  
wi l l  be  g i ven exp l a i n i ng d i etary record keep i ng procedures , a fter the  
fi r st  b l ood sampl i ng s es s i on .  

Th i s study ha s been approved by the Un i vers i ty Commi ttee on Research  
Part i c i pat i on at  The Un i vers i ty of Tennes see . Subj ect i denti ty w i l l  
rema i n  confi denti a l  at  a l l t i mes . I f  you have any quest i ons  regard­
i ng the  procedures of the  proj ect or  wou l d l i ke more i nformat i on , 
CONTACT : 

G l or i a  Ga s k i n 
3 1 8  Harr i s Home Econom i c s  Bu i l d i ng 
974-6252  

Dr . N i na L .  Ma rab l e 
301 C Ha rri s Home Economi c s  Bu i l d i ng 
974-6256  



APPEND I X  C 

SUBJ ECT QUEST I ONNAI RE 



COD E NUMBER 

SUBJ ECT QU EST I ONNA I R E  

Name : Da te : --------------

Addres s :  

Tel ephone ( Bu s i nes s ) :  

Best t ime to ca l l  

B i rthdate : 

He i g ht : 

Wei ght : 

Name of Phys i c i a n : 

Addres s :  

( Home ) :  

------

1 .  When wa s the l a st t ime you had your  b l ood pre s s u re chec ked : 
Da te 

2 .  Do you ha ve h i g h b l ood pressure : 
Yes or  No 

I f  yes , what med i cati ons have been u s ed to contro l  you r  b l ood 
pre s s ure : 

NAME OF MED I CAT I ON DATES OF  US E  

I f  yes , what was your  b l ood pres sure before medi cat i on ?  
----

Wha t i s  your  u sua l  b l ood pres sure wi th med i cati on ? 
------

1 1 0  



3 .  Do you have : 

D i a betes ? ---,,,-----
Heart D i s ease?  
Ki dney prob l ems 

----

Thyro i d  prob l ems ? --

Have  you been c hec ked for t hes e prob l ems by you r  p hy s i c i a n ?  

Yes or  No 

4 .  Are you presentl y ta k i ng any prescr i pt i o n  or nonprescr i pt i on 
med i ca t i ons , i nc l u d i ng ora l contracept i ves ? 

1 1 1  

Yes or  No 

NAME OF MED I CAT I ON 

Prescr i pt i o n or Nonprescr i pt i o n  

REASON FOR U S E  

5 .  Are you present l y  u nder the care o f  a phys i c i a n  for any med i ca l  
prob l em o ther tha n h i g h  b l ood pres s u re ?  I f  yes , wha t 

Yes or No 
i s  the prob l em? 

6 .  Are you pregnant? ----
Yes o r  No 

7 .  Ha s you r  we i g ht  rema i ned s ta b l e for t he  pa s t  two yea r s ?  ____ __ 

I f  not , p l ea s e  exp l a i n .  

8 .  Do you mens truate?  
-Ye_s_o_r-No-

I f  yes , are your per i ods regu l ar ?  ____ _ 
Yes or  No 

When d i d  you r  l a s t  peri od beg i n ?  ________ __ 
Date 

Yes or No 



When do you expect you r next peri od to beg i n ?  ----
Date 

I f  no , have you had a hys terectomy? ---- ovar i ectomy? 
Yes or  No 

Yes or  No 

9 .  Do you sa l t foods duri ng food preparat i o n ?  

Do you sa l t foods at  the ta b l e ?  ----
Yes or  No 

----
Yes o r  No 

1 1 2 

1 0 . I s  there a h i s tory of h i g h  bl ood pres s u re i n  you r  fami l y  
{ i mmed i ate  fami l y  i . e .  pa rents , s i s ters , brothers , g randparents ) ?  

{ s pec i fy )  
-Ye-s-or_N_o 



APPEN D I X  D 

CONSENT FORM 



CONS ENT FORM 

I ,  , freel y a nd vo l untar i l y  a nd wi thout undue 
i nducement ,  consent to part i c i pate i n  a nutri t i o n researc h  proj ect 
ent i tl ed 1 1 Human Erythrocyte Na , K-ATPa se  a nd Hyperten s i on , 1 1  to be 
conducted i n  the Department of Nu tri t i on and Food Sc i ences , The 
Un i vers i ty of Tennes see , between October 1 ,  1 98 3  and Marc h 3 1 , 1 984 . 
The pu rpose  of the study i s  to i nvest i gate the rel a t i o n s h i p between 
b l ood pres s u re ,  an enzyme wh i c h occurs i n  red b l ood ce l l s ,  a nd d i et .  
For s ome peop l e ,  there a ppears  to be a rel at i ons h i p between h i g h  
b l ood pre s su re and the way the red b l ood ce l l enzyme works ;  the enzyme 
i n  tu rn may be affected by d i et .  An u ndersta nd i ng of how di et may 
affect the enzyme cou l d  contri bute to the i mprovement of treatment 
and contro l of h i g h  b l ood pres s u re .  

RESPONS I B I L I T I ES :  Su bj ects wi l l  be a s ked to do the fol l owi ng th i ng s : 
1 .  ha ve the i r b l ood pres s u re measu red severa l t i mes . 
2 .  fi l l  out a med i ca l  h i s tory form and a genera l d i etary quest i on­

na i re .  
3 .  g i ve two 1 0-ml b l ood samp l es  between 6 a nd 9 AM o n  eac h  of two 

occa s i ons  after fa st i ng ( except for water ) for 1 0  hou rs . Sc hedu l i ng 
of the b l ood- samp l i ng ses s i on s  wi l l  be determi ned ,  for menstruat i ng 
women , by the t im i ng of the s u bject ' s  menstru a l  cyc l e .  

4 .  keep comp l ete d i etary i nta ke records for seven spec i f i ed 
consecuti ve days after the f i r st  b l ood sampl i ng ses s i on . Some 
i n struct i on on the keepi ng of records wi l l  be prov i ded .  

CONF I D ENT IAL ITY : The i denti ty of the s u bj ects wi l l  rema i n  confi denti a l  
a t  a l l t imes , a nd wi l l  not b e  revea l ed i n  ora l o r  wri tten reports of  
resu l ts .  Med i ca l  h i s tory i nformati on  wi l l  be a va i l a b l e on ly  to the 
Pr i nc i pa l  I nves t i gator or to other proj ect perso nnel on a need - to-
know ba s i s ;  i t  wi l l  be hel d i n  str i ct confi dence by a l l personnel . 
Record s wh i c h i nc l u de the names of su bj ects , i nc l ud i ng consent forms , 
wi l l  be ke pt i n  a l oc ked f i l e  i n  the Pr i nc i pa l  I nvest i gator ' s  off i ce . 

W ITHDRAWAL OF CONSENT : Subj ects may wi thdraw cons ent and drop out of 
the study at any t i me wi thout pena l ty .  Subj ects a l s o  may be dropped 
from the s tudy by the i nvest i gators wi thout pena l ty .  

APPROVAL AND I NQU I R I ES :  The study ha s been rev i ewed by the Commi ttee 
on  Research  Pa rt i c i pat i on at  The Un i vers i ty of Tenne s see . I nqu i r i es 
regard i ng the study and the stated procedu res s hou l d  be d i rected to 
the Pri nci pa l  I nvest i gator : 

1 1 4 



Dr. Nina Marable 
301C Harris Hall 
Department of Nutrition and Food Sciences 
The University of Tennessee 
Knoxville , TN 37996-1900 
Telephone : 974-3491 

115 

R ISK : No significant risks to subjects are associated with the study 
except those associated with blood sampling such as would be performed 
during a routine physical examination. These risks are considered 
minimal. 

COMPENSAT ION FOR INJURY : If a subject suffers injury as a result of 
participation in the study , he/she can expect no compensation. 

BENEF ITS : Subjects will be given a complete nutrient intake profile 
calculated from their seven days of dietary intake records . Subj ects 
will also be given their blood pressure results; the results from the 
enzyme measurements will be discussed with them at the conclusion of 
the study. Subjects will be paid $10 per blood sample. The benefits 
to knowledge will include new information about the relationship of 
diet to hypertension and about the role of the enzyme Na , K-ATPase in 
the etiology of hypertension. 

I understand the above explanations. I have been shown the 
diet and medical history questionnaires and the record form for 
complete intake records. Details of the blood sampling procedures 
have been explained to me , and I have had the opportunity to ask 
questions. I agree to participate in the study to be conducted at 
The University of Tennessee between October 1 ,  1983 and March 31, 1984. 

Date Signa ture of Subj ec t 

Date Signature of Witness 



APPEN D I X  E 

SUBJ ECT CHARACTER I ST I CS 



SUBJ ECT CHARACTERI ST ICS FOR WOMEN PART I C I PAT I NG I N  HYPERTENS I ON ,  ERYTHROCYTE Na " .K+-ATPa se  ANO D I ET STUDY 

Age He i ght  We i gh ta 

BMl b Dai BP1 Sd BP I De BP2S f BP20g 13/!AX h 
ram i l y  

Su bjec t !.z:rs  ! ( cm) ( kg! H i s  tor.l 1 

1 55 + 52 1 6 5 .  l 7 0 . 0  2 5 .  7 1 1 50 90 1 42 84 0 . 380 
2 1 50 88 1 44 84 0 . 350 Yes 

276t 
41 1 69 . 0  63 . 4  2 2 . 2  1 1 38 * .. * 0 . 6 50 

2 1 28 82  * * 0 . 690 Yes  

3 39 4 1  1 53 . 7  60 . 3  25 . 5  1 02 74 1 00 78 0. 300 Yes 

342 54  1 67 . 6  66 . 4  23 . 6  1 1 02 76  1 02 68 0 . 370 
2 98 68 95  65  0 . 3 70  No  

4 1 4t 58  1 67 . 6  8 9 . 5  3 1 . 9  1 1 1 8 88 1 1 6 84 0 . 330  
2 1 36 94  1 3 9 94 0 .  260 Yes  

4 95  4 1  1 64 . 5  60 . 3  22 . 3  1 1 1 8 78 1 1 0  7 0  0 .  480 
2 1 1 2  7 4  1 06 72  0 . 320 Yes  

588t 5 5  1 56 . 2  5 7  . 4  23 . 5  1 1 34 84 * 0 . 620 
2 1 34 90 1 34 90 0 . 820  tlo 

633 51 1 60 . 1 62 . 5  24 . 4  1 1 32 90 1 34 90 0 .  500 
2 1 38 94 1 36 94 0 . 430  Y es 

643 23 1 8 0 . 3  7 0 . 7 2 1 . 7 1 1 4  60  1 1 6  66 0 . 5 1 0  Yes  

672 26 1 74 . 0  5 9 . 5  1 9 . 6  98 58 * 0 . 6 1 0  Yes  

727 4 1  1 7 2 .  7 62 . 3  20 . 9  1 06 72  1 06 68  o .  540  No  

784  58 1 57 . 5  60 . 3 24 . 3  1 1 2  80 1 1 2  80 0 . 450  
1 1 8 7 6  0 . 450  Yes  

8 1 3 t 48 1 7 4 . 0  65 . 5  2 1 . 6  1 26 88 1 28 88 0 . 590 No 

839 t 5 1  1 57 . 5  6 9 . 4  28 . 0  1 1 20 82  1 20 86  0 . 650 
2 1 20 8 6  1 20 84 0 . 520 Yes 

869 23 1 74 . 0 56 . 3  1 8 . 6  l 1 34 86  1 30 84 0 . 880  
2 1 32 94 1 38 96 0. 760 Yes  

92 1  55 1 6 1 . 3  63 . 8  24 . 5  1 1 1 6  78 1 1 0 92 0 . 630 
2 1 02 72 1 00 68 0 . 430 Yes  

99 1 43  1 72 . 7  56 . 8  1 9 . 0  1 1 0 76 1 1 2 78 0 . 620 No 

a4e i ght  taken wi thout shoes , pri or to b l ood- sampl i ng .  N = 2 exc ep t  for subjects  276 . 643 and 672  for whom n = l ;  
and su bj ects  839 and 869 for whom n = 3 .  

bBody Ma ss  I ndex =-
We i gh t (!'..9 ) 

-:-z- . ( He i gh t ( M) ) 
c Bl ood-sampl i ng day #1 or day 112 . +Med i cate d  mode rately  uncon tro l l ed hypertens i ve .  
dSys tol i c  b l ood pressure (mm Hg ) before b l ood samp l i ng .  tMed i ca ted  contro l l ed hypert en s i v e . 
eO i a sto l i c  bl ood pressure (mm Hg } before bl ood samp l i ng .  *Mi ss i ng data . 
f Sys to 1 i c b l ood pressure (mm Hg ) afte r  b l ood samp 1 i ng . 

9oi a s tol i c  b l ood pressure (mm Hg ) aft er b l ood samp l i ng .  
hMa xi murn ouaba i n  b i nd i ng ( pmo 1 es / 1  o9 c e  1 1  s ) .  
1 fami l y  h i  st ory o f  hypertens i on .  
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APPEND IX  F 

FOOD FREQUENCY FORM 



NAME 

Code 

Th i s  i s  a Food Frequency form . P l ea s e  i nd i cate by pl ac i ng a chec k  i n  

the co l umn wh i c h best repres ents your  " a verage "  consumpt i on dur i ng the 

year of  the foods a nd food i tems l i s ted , except for tho s e  you con s i der 

to be " s ea sona l . 1 1  Pl ea s e  note whi c h  foods you cons i d er to be s easona l , 

i nd i cate the peri ods dur i ng the year the food s a re eaten , a nd c hec k 

the co l umn descr i b i ng your " average "  cons umpt i o n  dur i ng that peri od . 

See examp l es 1 a nd 2 bel ow . I f  fru i ts a nd vegetab l es are no t prepa red 

from the " fres h "  s tate , i nd i cate the proces s ed form u s ed ( i . e .  - can­

ned , frozen , dri ed , etc . ) i n  the comments sect i o n . See Examp l e  3 

be l ow .  I f  a l arger qua nt i ty o f  food ( tha n what i s  g i ven ) i s  cons umed 

once a day - i . e .  at one s i tt i ng , c hec k  the " severa l t i mes a day " 

col umn . See examp l e  4 be l ow .  I f  a sma l l er quant i ty o f  food ( than 

what  i s  g i ven ) i s  cons umed once  a day , then chec k  the "once  a day " 

co l umn , cro s s  out the amount g i ven , and i nd i cate i n  the comments 

sect i on the amount actua l l y  co ns umed . See examp l e  5 bel ow . 

EXAMPLES 

Severa l 
t imes 

a week  Comments 

1 . Cocoa , hot 1 C X Nov . to Feb . 

2 .  Strawberri es 1 C X June to Aug . 

3 .  Brocco l i C X Fres h  - 1 / 2 t ime 
Frozen - 1 / 2 t ime 
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1 20 

Severa l 
t i mes  
a day Comments 

4 .  Egg s  1 X 2 at  Brea kfa st 

Once  
a dal Comments 

5 .  Orange J u i ce -i -c- X 1 / 2 C at  Brea kfa s t  



Rarel y  
o r  

Quantity Never  Occas i ona l l y  

Beverages 

1 .  Tea 
Hot l c 
Iced I C  

2 .  
3 .  
4 .  
5 .  

Lowfat � Sl�% 
Driea 

Whol e  
Non-Fat 
Bu ttermil k 

Choc o l a te 
Lowfa t (ill 
Ski� 

6. PepsTToia, 
7 .  Coca Cola , 1 ca n 
8. Other Soft Dri nk s  

( Spec i fy) 
9 .  Wh i te W i ne 

l 0. Rose W i ne 
1 1 .  Red Wi ne 
1 2 .  Beer , 1 can  
1 3 . Other A lcohol i c  

beverages (Spec i fy) 
1 4 .  Grape Ju i ce 
1 5 .  Orange Ju i ce 
1 6 .  Grapefru i t  Ju i c e  
1 7 .  Mil k s hake 

Choco l a te 
Vann 1 a  

C 

C 

C 

C 

1 C 

C 

C 

l C 

1 C 
l2 oz . 
'12oz. 

p c  
/2 C 

i72c 
2oz 

E 

E 
C 

FOOD FREQUENCY 

Once 
a 

Month  

Two or 
ThrP"' 

Ti ines a 
Month 

Once Severa l 
a Times 

Week a Week 

Once Severa l 
a Times 
Day a Day Comments 

-...J 

N 
-...J 



Fru i t s  

1 8 .  � 
1 9 .  Bananas 
20 . Cantaloupe 
21 . 

22 . 
23 . 

24 . 

25 .  

2 6 .  
27 . 
28 . 
29 . 
30 . 
3 1 . 

Grapes 
Red 
Wh i te 

Honeydew Me 1 on 
Peac hes , Fres h  

canned 
Pears , Fres h  

canned 
Pi neaee1 e ,  Fre s h  

canned 
Graeefru i t  
Oranges 
Strawberri es 
Tangeri nes 
Waterme l on 
Other Fru i t s  
_lioec i f  

Vegetab l es 

3 2 .  
3 3 . 
34 . 
3 5 .  
36 . 
3 7 .  
38 . 
3 9 .  
4 0 .  
41 . 
4 2 .  
4 3 .  
44 . 
4 5 .  
4 6 .  
47 . 
48 .  

49 .  

50 . 
51 . 

52 . 
53 . 

Rarel y  
or 

Quanti ty Never Occas i ona l ly 

]/2 

1 / "t.  C 

I /'t. C 

1 
l C 

Two or 
Once Three 
a T imes a 

Month Month 

Once Severa l 
a T imes 

Week d Week 

Once 
a 

Dax_ 

Severa l 
Times 
a Day Comments  

__, 
N 

N 



Rare ly  Once 
or a 

Quant i ty Never  Occa s i ona l ly Month 

54 . Green Pea s ,  Fresh 
canned 

5 5 .  B l ackeyed Peas 
56 . Dri ed Beans  and Pea s 

F i e l d  Pea s 
Navy Bea ns 

57 . Other Vegetab l es 
Spec i f  

Eggs and Da i ry Products 

1 /2  C 
1L2 c 
..l1._.s_ 

1L2 c 
C 

58 . E s 1 
5 9 .  Cheese 1 c 
60 .  Cottage Cheese l c 
6 1 . I ce  Cream 

Chocol a te 
Other (Spec i f 

Gra i ns and Cerea l s  

6 2 .  Oa tmea l 
63 . �f Whea t 
64 . Na tura l  (Who l e  Gra i n ,  

� t o  Ea t )  
6 5 .  Macaron i ,  Cooked 
66 . Spaghett i , Cooked 
67 . Ri c e ,  Wh i te 

Brown 
68 . Other Gra i ns 

Cerea l s  ( S  

Mea ts 

69. Bacon , 51  i ces 
70 .  Sau sage , Pa t t i e s  
7 1 . Ham ,  5 1  i ces 
72 .  Other Cuts  of Pork 

( Spec i f  
7 3 .  Ch,cken 

Whi te 
Dark 

74 . Tur key 
Whi te 
Dark 

7 5 .  Beef­
Ground 
Cu ts of Bi�f ( Spec i fy) 

1 C 

1 C 

E 
C 

1 C 

l C 

lc 
lc 

2 
2 
2 

3 oz . 

3 oz . 
3 oz . 

3 oz . 
3 oz . 

3 oz . 
3 oz . 

Two or 
Three 

Times a 
Month 

Once Severa 1 
a Times 

Week a Week 

Once Severa l 
a Times 

Day a Day Comments  

...... 

N 

w 



7 6 .  

77 . 
78 . 

79 . 
80. 

8 1 . 
82 .  
83 .  
84 . 

8 5 .  

86 . 
87 . 
88 . 
89 . 

90. 

Ba ked Produc ts 

9 1 . 

9 2 .  

93 . 

94 . 
9 5 .  

96 . 

9 7 .  
98 . 
99 . 

1 00 .  

Quanti ty 11'.ever 

C 

C 

I C 

Rare l y  Once 
or a 

Occa s i ona l lt Month 

Two or 
Three 

T imes a 
Month  

Once Severa 1 
a T imes  

Week a Week 

Once 
a 

Dai'._ 

Several 
Times 
a Dai Comments 

__, 
N 
.i:::,. 



Snack Foods 

1 01 . Popcorn ,  Sa l ted 
Unsa l ted 

1 02 .  Pretze l s 
1 03 .  Pota to Chi ps 
1 04 .  Sa l t i nes 
1 05 .  Peanu t s  
1 06 .  Other Snack foods 

Spec i f  

Fa ts a n d  Oi l s  

1 07 .  
1 08 .  

1 09 .  
1 1 0 .  

1 1 1 .  

1 1 2 . 
1 1 3 .  

Mi see l l a neous 

1 1 4 .  Puddi ng ,  Choco l ate 
Other \ Speci fy) 

1 1 5 . Gelatin 
1 1 6 .  ffiocoTaTeBa r 
1 1 7 .  Carob Ca ndy Ba r 

(Cocoa Subst i tute) 
1 1 8 .  fririETeRol l 
1 1 9 . Pea nut Butter Cups 
1 20 .  Other Ca ndy ( Spec i fy) 
1 21 .  Choco l a te Syru 
1 2 2 .  Pea nut Butter 
1 2 3 .  B l ack  Pepper 
1 24 .  Di 11 �leed 
1 25 .  D i l l  Seed 
1 26 .  Di l l  P i c k l e  
1 27 .  Garl i c ,  C l ove 
1 28 .  Horseradi sh 
1 2 9 .  Jel ly/Jam 
1 30 .  Pars l ey 
1 3 1 . Canned Soups ( Spec i fy) 

Two or 
Rare ly  Once Three Once 
or a T imes a a 

Qua nti ty Never Occa s i ona l l y  Month Month Week 

1 C 
fc 
1 0  
To 
4 
f2 C 

! C 

l -6
11 

lmed . 

r-

Severa l 
T imes 
a Week 

Once 
a 

Dar 

Severa l 
Times 
a Dar Comments 

--' 
N 

<J1 
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APPEN D I X H 

Na
+

, K
+
-ATPase  I NH I B I T ION SCORE AND 

VANAD I UM I NDE X CALCULAT IONS 



N 
I..O 

I .  Ca l cu l a t ion of Na
+

, K
+
-ATPase  I nh i b i t i on Score .  

A .  Convert un i ts of i nh i b i tor/g  dry wei ght  t o  un i ts of i n h i b i tor/ g  wet  we i g h t :  

un i ts a g dry w t .  b = un i t s 
g dry wt . x 

g we t wt .  g wet wt . 

B .  Ca l cu l ate I nh i b i t i on Ra t i ng ( un i ts of i nh i b i tor )  for the foo d i tem : 

Serv i ng S i zec x un i ts 
g wet wt . 

un i t s o f  i nh i b i tor  
food i tem 

C .  Ca l cul ate I nh i b i t i on Score for the  food i tem ba sed on the  frequency of  co n s umpti on by  the  s ubject :  

I n h i b i t i on Ra t i n g  x Frequency Fa ctor
d 

= I n h i b i t i on Score 

Exampl e  of Na
+

, K
+
-ATPa se I nh i b i t i on Score ca l cu l at ion  fo r a s u bj ec t  who con sumed an app l e  once a wee k : 

1 .  Dry matte r/app l e = 1 5 . 6% 
Water content/app l e = 84 . 4% 

5 un i ts a 0 . 1 56 g dry w t .
b 

g dry wt . x 
g wet wt . 

2 .  Serv i ng S i zec of  an app l e = 1 38 g .  

appl e X 
0 . 8  u n i ts 
g wet wt. 

3. Frequen cy Factord = 20 . 

1 1 0 un i ts 
app l e  

0 .  8 un i ts 
g wet wt .  

1 1 0  un i ts 
appl e x 20 = 2200 ( I n h i b i t i on Score )  

aHa rl an and Mann  ( 1 982 ) .  

bAdams ( 1 9 7 5 )  and  ca l cul a t i on by Ga s k i n .  

cSee Append i x  I .  

dSee Tabl e l ,  page 45 ; fa ctor fo r once a wee k  con s umpt i o n .  



I I .  Ca l c ul at i on of Vanad i um I ndex .  

A .  Determi ne Vanad i um Con tent  S co re .
a 

B .  Determi ne Serv i ng S i ze .
b 

C .  Ca l cul ate Vanad i um I ndex of  the food  i tem based o n  the frequen cy o f  co n sumpt i on by 
the s ubj ect .  

Vanad i um Content Score
a 

x Serv i ng S i ze
b x Food Frequency Fa ctor

c = Van ad i um I ndex . 

Examp l e  of  a Vanad i um Inde x  c a l c u l at i on fo r a s ubj ec t who cons umed a d i l l p i c kl e once a wee k : 

1 .  Vanadi um Content S co re
a 

of  a d i l l  p i c kl e = 3 .  

2 .  Serv i ng S i ze
b 

of a d i l l  p i c k l e = 6 5  g .  

3 .  Frequency Fa ctor
c = 20 . 

4 .  Vanad i um I ndex for a s ubj e ct who  con s umed a d i l l  p i c k l e on ce a wee k = 3 x 65  x 20 = 

3900 . 

a
See Ta b l e  4 ,  page 49 , proporti ona l to vana d i um co ncentrat i on  ( ppb , wet we i g ht ) . 

b
see Append i x I .  

cSee Tab l e  1 ,  page 45 , fa cto r fo r on ce a wee k  con s umpt i on . 

w 

0 



APPEND I X  I 

· S E RV I NG S I ZES FOR FOODS AND BEVE RAGES CONTA I N I NG 

I N  V I TRO Na+ , K
+
-ATPas e  I NH I B I TO RS 

AND/OR VANAD I UM 



SERV ING SIZES FOR FOODS AND BEV ERAGES CONTA INING IN V ITRO 

Na
+ , K+-ATPase I NHIBITORS AND/OR VANAD IUMa 

Beverages 

Tea 
Cocoa 
Sanka 
Coffee 
Whole Milk 
Skim Milk, Dried 
Grape Juice 
Cola , Canned 
Beer , Canned 
White Wine 
Rose Wine 
Red Wine 

Fruits 

Apple 
Banana 
Cantaloupe 
Peach 
Pear 
Pineapple 
Orange 
Watermelon 

Vegetables 

Cabbage 
Carrot 
Cauliflower 
Corn 
Cucumber 
Eg gplant 
Lettuce 
Potato 
Radish 
Sweet Potato 
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Serving Size 

1 C 

1 C 

1 C 

1 C 

1 C 

1 C 

l C 

1 2  oz 
1 2  oz 
1 /2 C 

1/2 C 

1/2 C 

1 
1 
1 /2 
l 
1 
1/2 C 

1 
1 C 

l /4 head 
1 
1/2 C 

1/2 C 

6 slices 
1/2 C 

1 /4 head 
1 
5 
1 

Grams 

240 
240 
240 
240 
244b 23 
253 
369 
360 
1 20 
1 20 
1 20 

1 38 
1 20 
272 
1 00 
1 65 
78 

1 30 
1 60 

1 70 
72  

63 
83 
28 

1 00 
1 3 5  
1 56 
23 

1 1 5  
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Serv i ng S i ze Grams 

Tomato 1 90 
Turn i p Greens 1 /2 C 73  
Yel l ow Squa s h  1 / 2 C 90 
Na vy Bena s 1 /2 C 95  
F i e l d Pea s 1 / 2 C 80 

Breads and Cerea l s 

Oatmea 1 1 C 240 
Brea kfa s t  Cerea l , Na tura 1 1 C 3 0  
Brown R i ce 1 C 1 9 5 
Wh i te R i ce 1 C 205 
Whi te Bread 2 s l i ces 56 
Who l e Wheat Bread 2 s l i ces  56 

Meats 
--

Bacon 2 s l i ces 1 5  
Bo l ogna 1 s l i ce 1 3  
Beef Li ver 1 s l i ce 85  
Ca l f  Li ver 1 s l i ce 85  
Pork  L i ver 1 s l i c e 85  
Chi c ken ( L i ght ) 3 oz 85  
Ch i  c ken ( Da rk  ) 3 oz 85 
Ground Beef 3 oz 85 
Pork Chop 3 oz 85  

Seafood 

Codfi s h  1 6 5  
Lo bster 1 C 1 4 5 
Mac kerel , Fresh  1 F i  1 1  et 1 05 
Trout , Fres h 1 F i  1 1  et 1 00 

Sard i nes 4 48 
Sca l l ops  6 60 
Tuna , Ca nned 1 / 2 C 80 

Fa t s  and O i l s  

Ma rgari ne 1 T 1 4  
Bu tter 1 T 1 4  
La rd 1 T 1 3  
Corn Q i  1 1 T 1 4  
Soybean Qi 1 1 T 1 4  



Mi s ce l l aneous 

D i l l  P i ck l e 
Peanut B u.tter 
Mi l ks ha ke ,  Choco l ate 
Cornmeal Muffi n 
D i l l  Seed 
D i  1 1  
B l ack  Pepper 
Egg Yo l k 

Serv i ng S i ze 

1 
2 T 
1 
1 
Das h 
Das h  
Da s h  
1 

Grams 

65 

32 
29 1  
40 
0 . 2 
o .  1 
0 . 2 

1 5  

a
Used i n  the ca l cu l at i on of  I n h i b i tor  Scores and Vanad i um 

I nd i ces . See Append i x F .  

bAmount of  dri ed s k i m  m i l k  added to water to y i el d 1 cup of 
fl u i d s k i m  m i l k . 
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APPEND I X  J 

SUBJECT RESPON S I B I L IT I ES  



Respons i b i l i t i es of Subj ects Part i c i pa t i ng 
i n  the Human Erythrocyte Na+ , K+-ATPa se , 

Hypertens i on ,  a nd D i et Study 

1 .  Ca l l on the f i rst day of you r mens trua l per i od to schedu l e  the  day 
a nd t i me of b l ood sampl i ng .  Ca l l  Gl or i a  at 974-6252 or l eave a 
mes sage  at 974- 349 1 or at 974-6256 . 

2 .  Fa st , consumi ng no food o r  beverages , other tha n  water , for a t  
l ea s t  1 0  hou rs pr i o r  t o  b l ood samp l i ng .  

3 .  Come to g i ve  two b l ood samp l es on  eac h of two s eparate occa s i ons  
a pproximate l y  one  month a pa rt , between 6 a . m .  and  9 a . m .  on the 
sc hedu l ed day . B l ood pres s u res a nd we i g hts  wi l l  be ta ken dur i ng 
b l ood samp l i ng s es s i ons . 

4 .  Keep a 7 - day food i nta ke record fo l l ow i ng the donat i o n  of the 
f i rs t  b l ood samp l e .  Remember ! Accuracy i s  very i mportant when 
record i ng your  food i nta ke . You wi l l  be requ i red to mea s ure 
food i nta ke u s i ng mea s u ri ng cups , mea s ur i ng s poon s , a nd by 
measur i ng d imens i ons  wi t h  a ru l er .  Remember dur i ng the study 
per i od : DO NOT CHANGE YOUR EAT I NG HAB ITS ! 

5 .  Return 7 -day record once your  7 -day record i ng per i od i s  comp l eted . 

REM I ND ERS 

1 .  RECORD EV ERYTH I NG CONSUMED ! 

2 .  Record i mmed i a te l y  after every mea l . 

3 .  Amounts or D i men s i ons ! 

4 .  Leve l  ( L ) ?  Ro unded ( R ) ? Hea p i ng ( H ) ?  

5 .  Rec i pes , La bel s ,  Brand names ! 

6 .  Prepara t i o n  - Ba ked ? Bro i l ed ?  Bo i l ed ?  Fr i ed ?  Raw? 

7 .  V i tami n Supp l ement ? Need l a be l or nutr i ents a nd amounts ! 

8 .  Sea son i ngs  u sed - Sp i ces ? Sa l t ? Margar i ne?  Butter ? O i l ?  Etc . 

9 .  Al cohol i c  Beverages - I ng red i ents ? Proof? Bra nd ? 

1 0 . Fort i fi ed ?  Enr i c hed ? 

1 1 . Fru i ts a nd Vegetab l es  - Raw? Coo ked ? Ca nned ? Frozen?  

1 36 



APPEND I X  K 

V ITAM I N  SUPPLEMENT COMPOS IT I ON S  



V ITAM I N  SUPPLEMENT COMPOS IT I ONS 

Asco rbic Ribo- Vitamin 
Subj ect Ca lei um I ron Potassium Acid Thiamin fla vin Niacin A 
Number  (mg )  (mg )  (mg} (mg} (mg )  (mg )  (mg} ( I U )  Da1sa 

495 336 1 8  0 600 1 5  1 0  1 00 5000 7 
588 0 18  0 60 1 .  5 1 .  7 20 5000 7 
643 0 0 0 60 1 . 5  1 .  7 20 5000 7 
869 1 00 1 8  0 50  2. 0 2 . 5 20 5000 2 
839 0 0 1 560b 0 0 0 0 0 7 
839 0 0 0 500 0 0 0 0 

a Number of days supplement was taken during 7 days of dietary record-keeping. 
bAs a component in Klorvess , a potassium-chloride supplement ;  see Ta ble 5 ,  page 59. 
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