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The interrelationships between physical measurements,   dietary 

intake of specific nutrients,   and plasma llpids were examined in 19 

healthy elderly subjects.    The mean blood pressures,   relative weights, 

and skinfold thicknesses were within normal ranges,   although women 

tended to be more overweight.    Systolic pressure and relative weight 

were associated with increased body fatness,   as measured by supra- 

iliac and subscapular skinfolds.    On the average,   the caloric intake of 

these subjects was only 85% of the recommended dietary allowance; 

carbohydrate supplied 48% and fat accounted for 33% of the calories. 

The subjects consumed a low level of saturated fatty acids and 

cholesterol but the dietary ratio of polyunsaturates  to saturates was 

similar to that of the typical AmerLcan diet.    Higher levels of dietary 

fat were associated with higher intakes of saturated fatty acids and 

cholesterol.    The mean concentrations of cholesterol,   phospholipids, 



and triglycerides in plasma were within the normal reported ranges; 

these lipid fractions appeared to be uninfluenced by the composition of 

the diet.    The concentration of nonesterif Led fatty acids in plasma was 

unusually high and positively correlated with age of the subjects. 

There was also an unexplained correlation between plasma nonesteri- 

fied fatty acids and the linoleic acid content of the diet. 
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INTERRELATIONSHIPS OF PHYSICAL AND DIETARY 
PARAMETERS WITH PLASMA LIPIDS IN 

HEALTHY ELDERLY SUBJECTS 

INTRODUCTION 

Arteriosclerotic    heart disease accounts for one of every three 

deaths by disease in the nation (Hundley,   1968).    The disease has 

male predominance in younger victims but this decreases with 

advancing age (Kannel et aL ,   1971).    An acute event of the disease 

may occur in patients with no previous history of coronary heart 

disease (CHD).    Often the person expires within the hour after the 

onset of the event (Gordon and Kannel,   1971).    The sudden and acute 

occurrence of this disease necessitates some means of predicting in 

whom the disease may occur and establishing methods for its pre- 

vention.    Certain factors have been identified which individually or 

collectively contribute to the risk of CHD (Epstein,   1967).    Some of 

the risk factors which have been used to predict CHD are hypertension, 

overweight,   cigarette smoking,   and increased plasma lipids. 

In the Framingham study,   Kannel et al.   (1964) established a 

relationship between increased mortality from CHD and elevated blood 

pressure.    Keys ej; al.   (1963) observed that systolic blood pressure 

above 160 mm Hg was concomitant with early signs of CHD in 

Minnesota businessmen.    Elevated systolic blood pressure (Truett, 

Cornfield and Kannel,   1967) and elevated diastolic blood pressure are 



reported to be good predictors of CHD (Balodimos,   Kealey and 

Hurxthal,   1968; Taylor et al.,   1970). 

Overweight,  whether judged by excess weight for height or by 

direct measurement of fat deposits,  can be correlated with the inci- 

dence of CHD.    Chope and Breslow (1956) reported the mortality rate 

of obese and overweight middle-aged men from CHD to be twice as 

great as  that of men of normal weight.    In the studies by Keys et al. 

(1963) and Taylor e_t al.   (1970),  body fatness,   as measured by skinfold 

thickness,   was found to contribute to CHD. 

Cigarette smoking is another risk factor associated with CHD 

(Doyle et al. ,   1962).    Truette^al.   (1967) found a correlation between 

heavy cigarette smoking and the incidence of CHD in middle-aged men 

but not in middle-aged women.    In heavy smokers the risk of develop- 

ing CHD is twice as great and the mortality rate four times as great 

as in non-smokers (Taylor e_t al. ,   1970). 

The role of plasma lipids as risk factors in CHD is still debated. 

An elevation of total plasma lipids was thought to be indicative of 

CHD.    At present,   however,   disproportionate increases in specific 

plasma lipid fractions,   such as cholseterol,   are considered to be 

better indices of risk than total lipids. 

Elevated serum cholesterol appears to be one of the best indi- 

cators of CHD (Keys_etal.,   1963; Kannel et al.,   1964; Thomas et al., 

1966).    Men with serum cholesterol above 260 mg/dl risked developing 



CHD at least twice as often as subjects with serum cholesterol below 

230 mg/dl (Christakis .et al,,   1966; Epstein,   1967;  Taylor e_tal., 

1970).    Truett e^al.   (1967) found elevated cholesterol values related 

to CHD in men 50 to 62 years of age but not in women of this age. 

A direct relationship of phospholipids to CHD has not been 

established but an indirect relationship has been suggested by the 

association of phospholipids with fibrin formation.    Nothman and 

Proger (1962) have found two to three times more phosphatidyl etha- 

nolamine and phosphatidyl serine in plasma of patients with CHD than 

in plasma of normal subjects.    These researchers suggest that the 

elevated phospholipids may increase fibrin deposition,   leading to 

arterial occlusion and CHD. 

Some researchers contend that elevated serum triglyceride 

levels are valuable indicators of heart disease (Albrink,   1963; 

Schwartz et al.,   1963).    Other investigators hav^ found no such 

relationship (Antonis and Bersohn,   I960;  Brown,   Kinch and Doyle, 

1965).    Some of this confusion may be clarified by the study of Carlson 

and Bottiger (1972).    In this study there appeared to be greater 

incidence of ischaemic heart disease with elevated triglycerides in 

subjects below 60 years of age but not in subjects above this age. 

Nonesterified fatty acids (NEFA) in plasma have not been 

associated with heart disease (Piskorski and Man,   1959).    However, 

Dole (1958) suggests that the NEFA may be related to triglyceride 



levels and carbohydrate metabolism,   which,   in turn,   may be 

associated with CHD. 

The focus of the present study is on certain risk factors 

associated with CHD.    The purpose of the study was to observe the 

effects of dietary components and physical parameters on plasma lipid 

levels in subjects over 60 years of age..   Specific dietary nutrients 

calculated were carbohydrate,   total fat,   saturated fatty acids,   un- 

saturated fatty acids,  cholesterol, and the polyunsaturated to satu- 

rated fatty acid ratio (P/S ratio).    Physical parameters included 

blood pressure readings,   height,   weight,   and skinfold thicknesses. 

These were compared to the biochemical parameters of plasma 

cholesterol,   phospholipids,   triglycerides,   nonesterifi^d fatty acids 

and recalcified plasma clotting time. 



REVIEW OF LITERATURE 

Plasma Lipids in Healthy Elderly Subjects 

Choles terol 

Serum or plasma cholesterol concentrations reported in the 

literature for subjects   60   or  more   years   of  age   are   found   in 

Table 1.    Variations among mean cholesterol values may be depen- 

dent on different methods of analysis (Albrink,   Meigs and Man,   1961). 

Mean cholesterol concentrations for older men vary from 181 mg/dl 

of serum (Furman e_t ah ,   196l) to Z73 mg/dl of serum (Leren and 

Haabrekke,   1971).    Ranges of serum cholesterol observed in healthy 

older men are 96 mg/dl (Ferber,  Polak and FLser-Herman,   1973) to 

360 mg/dl (Schilling e_t_al.,   1964).    In women,   60 years of age or older, 

the mean cholesterol concentrations vary from 189 mg/dl of serum 

(de Oliviera,   1964) to 283 mg/dl of serum (Gertler and Oppen- 

heimer,   1953).    A spectrum of cholesterol values for normal older 

women ranges from 100 mg/dl in serum (Richardson,   Setchell and 

Woodman,   1972) to 411 mg/dl of serum (Schilling et ah ,   1964). 

Serum cholesterol concentrations appear to increase with age. 

Mean cholesterol in men rose from 16 years of age to 54 years of 

age,   followed by a plateau.    In women,   however,   serum cholesterol 

rose steadily from age 16 through age 65  (Schilling ej: al. ,   1964). 



Table I.    Total cholesterol in serum or plasma of healthy elderly men and women,, 

Reference 
Serum or 
plasma 

Men Women 
Age Mean Range 

(years)    (mg/dl)        (mg/dl) 
Age Mean      Range 

(years)    (mg/dl)     (mg/dl) 

Keys^tal.   (1950) 

Kornerup (1950) 

Gertler and Oppenheimer 
(1953) 

Adlersberg et ah   (1956) 

Lewis et ah   (1957) 

Furmane_tah   (1961) 

Feldmane^ah   (1963) 

Schaefer (1964) 

Schilling et ah   (1964) 

(Continued on next page) 

Serum 60 253 
65 237 
70 225 
75 212 

Serum 50-82 237 

Serum 65-86 226 

Serum 63-67 250 
68-72 243 
73-77 201 

Serum 60-64 243 
65-69 245 

Serum 71-80 181 

Serum 

Serum 64-79 

Serum 45-65 

63-96 

65-86 

63-67 
68-72 

60-64 

51-96 

235 

28 3 

260 
242 

247 

218 

66-75 273 
76-90 281 

143-291 65-79 154-407 

143-360 60-65 163-411 
o^ 



Table 1.     (Continued) 

Serum or 
plasma 

Men Women 
Reference Age 

(vears) 
Mean 
(mg/dl) 

Range 
(mg/dl) 

Age         Mean 
(years)    (mg/dl) 

Range 
(mg/dl) 

De Oliviera (1964) 

Johnson et ai.   (1965) 

Serum 60 + 233 

Serum 60-64 225 
65-69 230 
70-74 220 
75-79 218 

80 + 208 

Agmom et aL   (1966) Serum 

Allard and Goulet (1968) Serum 

Leren and Haabrekke Serum 
(1971) 

Richardson e^ cil„   (1972) Serum 

FerberetaL,   (1973) Serum 

77 

50-99 

227 

60-64 247 
65 + 237 

60-64 273 220-344 

61-70 231 134-317 
70 + 209 147-300 

96-319 

60 + 

75 

189 

60-64 255 
65-69 258 
70-74 253 

75-79 231 
80 + 245 

25Q 

61-70 267 100-373 
70 + 245 129-345 

50-99 104-400 
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Heyden e_t al„   (1971) reports a sharp rise in serum cholesterol in 

women after menopause,, 

In the National Diet-Heart Study (1968) individual variation in 

two-thirds of the samples from middle-aged men was no more than 

14 rag/dl of serum cholesterol.    Other researchers found individual 

variation in serum cholesterol to be between 10 to 20 mg/dl (Ahrens 

e_t al„,   1957;  Brown,   1971),    Variability in serum cholesterol in the 

individual is more pronounced in subjects of 60 or more years of age 

compared to the majority of younger subjects (Keys e_t al.,   1950). 

Genetics may,   in part,   determine an individual's plasma lipid 

concentrations.    Johnson,   Epstein and Kjelsberg (1965) studied 

familial relationships and serum cholesterol.    There were con- 

sistently positive correlations between cholesterol values of parents 

and related children.    In a study of familial serum cholesterol con- 

ducted in 201 families in New York,   Schaefer,   Adlersberg and 

Steinberg  (1958) showed that cholesterol values may be determined 

by a non-sex-linked gene.    Kang et jal.   (1971) studied mono-  and 

dizygote twins.    There was greater genetic variability in plasma 

lipids among dizygotic twins than in monozygotLc twins. 

The research groups of Lund,   Geill and Andersen (1961) and 

Carlson and Lindstedt (1968) found no significant difference in plasma 

cholesterol of individuals sampled on different weekdays.    However, 

gradual shifts in cholesterol concentrations occurred with seasonal 



changes.    In these groups of Swedish adults,   the mean plasma level 

reached its lowest recorded concentrations in July and its peak in 

mid-October.    The seasonal fluctuations of cholesterol were 38 mg/dl 

in males and 29 mg/dl in females.    Keys,   Karvonen and Fidanza 

(1958a) observed slightly different seasonal patterns of serum 

cholesterol changes in persons living in different regions of Finland. 

The report by Pincherle (1971) that serum cholesterol concentra- 

tions were inversely related to mean air temperatures could account 

for some of these seasonal effects. 

Bason and Billings  (1969) noted that changes in altitude affected 

serum cholesterol.    Cholesterol concentrations were measured in 

25  young men at sea level and after 3 weeks at 12, 500 feet.    Total 

cholesterol rose an average of 45 mg/dl at the higher elevation. 

Phospholipids 

Few studies of plasma lipids in older subjects include analysis 

of phospholipids.    Some of those reported in the literature can be 

found in Table 2.    In healthy men,   60 years of age or older,   the 

mean concentrations in serum vary from 233 mg/dl (Furman et al., 

1961) to 298 mg /dl (Adlersberg e^t aL,,   1956).    In women of 60 years 

of age or older,   the mean values range from 208 mg/dl of serum 

(Kornerup,   1950) to 317 nag/dl of serum (Adlersberg ej; al.,   1956). 

The study reported by Feldman e_t al.   (1963) includes women above 



Table 2.    PhospholLpids  in serum or plasma of healthy elderly men and women. 

Reference 
Serum or 

plasma 

Men 
Age Mean 

(years) (me/dl) 

60-82 248 

77 257 

63-67 298 
68-72 280 
73-77 244 

Women 
Age Mean 
(vears) (mg/dl) 

Kornerup (1950) Serum 

Gertler and OppenheLmer (1953) Serum 

Adlersberg ej^al.   (1956) Serum 

Furman ejt al„   (1961) 

Feldmanetal.   (1963) 

Serum 

Serum 

71-80 233 

63-96 208 

75 304 

63-67 317 
68-72 279 

51-96 

35-90 

267 

285 
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35 years of age but the value is well within the range of phospholipid 

concentrations reported for healthy older subjects and was therefore 

included here. 

Aging appears to have an influence on phospholipid concen- 

trations.    Adlersberg ej: ai.   (1956) found that phospholipids in both 

sexes rose slowly from early childhood through the sixth decade of 

life.    After age 68 there appeared to be a slight decrease. 

Ahrens e^t al.   (1957) found that,   on a constant diet,   serum 

phospholipids remain fairly stable with time.    The variation averaged 

only 9. 9 mg/dl of serum in the individual. 

Seasonal variations do not seem to have been reported but 

altitude appears to affect the serum phospholipids.    When subjects 

moved from sea level to 12, 500 feet,  serum phospholipids rose 

30 mg/dl (Bason and Billings,   1969). 

Triglycerides 

Formerly, many triglyceride values reported in the literature 

were estimated by subtracting cholesterol and phospholipid concen- 

trations (mg/dl) from total lipids (mg/dl). The triglyceride values 

presented in Table 3 were determined by direct analysis of plagma 

or serum. In healthy men, aged 60 years or more, reported mean 

concentrations vary from 73 mg/dl plasma (Furman et al., 1961) to 

160 mg/dl of serum (Allard and Goulet,   1968).    The range of 



Table 3.    TriglycerLdes in serum or plasma of healthy elderly men and women. 

Reference 
Serum or 

plasma 

Men Women 
Age Mean Range 

(years)    (mg/dl)        (mg/dl) 
Age Mean        Range 

(years)    (mg/dl)     (mg/dl) 

Furmane^al.   (1961) 

Feldmane^al.   (1963) 

Schaefer (1964) 

Agmom et al.   (1966) 

Allard and Goulet (1968) Serum 

Carlson and Lindstedt 
(1968) 

Bassette^ah   (1969) 

Leren and Haabrekke 
(1971) 

Serum 71-80 73 

Serum 

Serum 64-79 

Serum 77 100 

Serum 60-64 155 
65-70 160 

Plasma 60-64 112 
65-69 107 

Serum 65 + 129 

Serum 60-64 109 

25-173 

59-177 

51-96 107 

66-75 103 
76-90 120 

65-79 

75 170 

60-64 10A 
65-69 90 

25-172 
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triglycerides in individual sera extends from 25 mg/dl (Schaefer, 

1964) to 177 mg/dl (Leren and Haabrekke,   1971).    The mean con- 

centrations of triglycerides in older women vary from 90 mg/dl of 

plasma (Carlson and Lindstedt,   1968) to 170 mg/dl of serum (Agmom 

e_t _al.,   1966).    Schaefer (1964) reported a range of triglycerides in 

women from 25 mg/dl to 172 mg/dl of serum. 

Researchers have observed a change in triglycerides with age. 

Allard and Goulet (1968) found that triglycerides in men rose from 

age 20  to 52 years.    From ages 55 through 64 years,   Bassett et al. 

(1969) observed a slight decrease in concentrations.    In women, 

Feldman et al.   (1963) reported a steady rise in triglycerides from 

youth to the ninth decade.    Carlson and Lindstedt (1968) found a 

slight decrease in triglyceride concentrations after age 50 in Swedish 

women. 

In the individual,   triglycerides are the most variable of all 

plasma lipids.    Triglyceride concentrations are usually highest in the 

fed state and lowest in the fasting state (Dole,   1958). 

Carlson and Lindstedt (1968) found seasonal trends in the 

triglycerides.    In both sexes,   lowest levels were recorded between 

July and October and highest levels in December.    A change in eleva- 

tion affected triglyceride levels in the young men studied by Bason 

and Billings (1969).    Triglycerides rose 44 percent when measured at 

12, 500 feet compared to the pre-ascent concentration at sea level. 
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Nonesterified Fatty Acids (NEFA) 

Few studies report the NEFA concentrations in older persons. 

Most of those reported are for young adults.    However,   some of the 

values cited in the literature appear in Table 4.    In young males, 

mean NEFA concentrations range from 0.425 mEq/1 (Bellet, 

Kershbaum and Finck,   1968) to 0.750 mEq/1 (Svanborg and 

Svennerholm,   1961).    In females,   reported mean NEFA values range 

from 0.618 mEq/1 (Feldman .et al.,  1963) to 0.838 mEq/1 (Furman 

_etal.,   1961). 

One of the difficulties  in assessing NEFA values in healthy 

subjects is their rapid turnover rate in plasma.    NEFA are especially 

sensitive to the current nutritional status of the individual.     The 

plasma levels are highest in the fasting state, reflecting a mobiliza- 

tion of NEFA from adipose tissue in response to energy needs (Dole, 

1956). 

Fluctuations in NEFA with age are not widely reported in the 

literature.    Those values reported in Table 4 for men give no clear 

trend for NEFA concentrations with age.    In the study by Feldman 

et al.   (1963),   no significant difference was noted between the NEFA 

concentrations of women less than 35 years old and those of women 

over 35 years. 



Table 4. Nones te rified fatty acids in serum or plasma of healthy elder ■ly men and women 0 

rence 
Serum or 

plasma 

Men Women 
Refe: Age              Mean 

(years)      (mEq/1) 
Age 
(years) 

Mean 
(mEq/1) 

Furman e^ ah   (1961) Se rum 

Svanborg and Svennerholm (1961) Plasma 

Feldman et al.   (1963) Serum 

12-55 

16-35 

0.622 

0.750 

15-40 0.807 
51-96 0.838 

16-35 0.781 

Less than 35 0.618 
More than 35 0.649 

Belletet al.   (1968) Plasma 21-39 0.425 
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Influence of Diet on Plasma Lipids 

The role of diet in determining plasma lipid levels is still 

controversial.    Researchers continue to debate which dietary 

components may influence plasma lipid concentrations.    The dietary 

factors considered to be of primary influence are;    cholesterol,   total 

fat,   chain length of fatty acids,   saturation of fatty acids,   P/S ratio, 

and carbohydrate intake. 

Dietary Cholesterol 

Approximately 500 to 2000 mg of cholesterol are available in 

the American diet each day (Keys,   1965).    Several factors are neces- 

sary for the absorption of this dietary cholesterol.    In the gut,   fat is 

required to solubilize cholesterol while bile salts are essential for 

emulsification.    Another important factor in absorption is the quantity 

of dietary cholesterol.    In long-term feeding studies,   Quintao, 

Grundy and Ahrens (1971) found that the fraction of exogenous 

cholesterol absorbed decreased as the amount of cholesterol fed 

increased.    When small amounts of cholesterol were consumed 

nearly 50 percent was absorbed but when large amounts were con- 

sumed,   this decreased to 33 percent,    Borgstrom (1969) found that 

absorption was constant,   approximately 27 percent of intake,   when 

single doses of dietary cholesterol were administered. 
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Grande et al.   (1965) studied the relationship between dietary 

cholesterol and serum cholesterol.    Subjects consuming diets high in 

cholesterol tended to have higher levels of serum cholesterol,   while 

subjects consuming small amounts of cholesterol had low cholesterol 

concentrations.    Frorn their studies,   Hegsted ejt al.   (1965) predicted 

that serum cholesterol would rise 5 mg/dl of plasma when dietary 

cholesterol was increased by 100 mg/day.    According to Quintao et al. 

(1971),   the maintenance of a somewhat stable cholesterol balance in 

serum is due to reduced synthesis and increased excretion of 

endogenous cholesterol. 

Total Fat 

The American adult consumes approximately 41  percent of his 

calories from fat (Allard and Goulet,   1968),    This quantity of fat 

appears to have a direct effect on serum cholesterol concentrations. 

Keys £t jih   (1958b) studied the habits of Japanese populations con- 

suming varying quantities of fat.    He found that,   as the proportion of 

fat in the diet increased,   serum cholesterol rose.    However,   Kahn 

et al.   (1969) found no relationship between dietary fat and serum 

cholesterol. 

Chain Length of Fatty Acids 

The processes of enzymatic hydrolysis of triglycerides in the 
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gut and absorption of the resulting fatty acids into the body are largely 

dependent upon chain length of the fatty acids.    Enzymatic degradation 

of triglycerides with long-chain saturated fatty acids is reported to 

be much slower than if the triglyceride is composed of mixed-length 

fatty acids (Desnuelle and Savary,   1963),    Short-chain fatty acids 

cleaved from the glycerol backbone are absorbed considerably faster 

than the free long-chain saturated fatty acids (Deuel and Hallman, 

1940).    During a set time period, Bloom,   Chaikoff and Reinhardt 

(1951) found that only 40 percent of the stearic acid (C     ) administered 
18 

was absorbed as compared to 85  percent absorption of myristic acid 

The route of transport of fatty acids from the intestinal lumen 

is different depending upon chain length.    Short-chain fatty acids 

(C   -C, ) (Kiyasu,   Bloom and Chaikoff,   1952) and medium-chain fatty 

acids (C   -C     ) (Hashim e£ al. ,  1964) are absorbed directly into the 
8       10 

portal system.    Approximately half of the lauric acid (C   _) was found 

to be transported by the portal system while the remainder was 

transported via the lymphatic system (Bloom et al. ,   1951).    Long- 

chain fatty acids,   such as myristic acid,   stearic acid (Bloom et al., 

1951) and palmitic acid (C   ,) (Bloom et al.,   1950) enter via the 

lymphatic system as triglycerides. 
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Saturation of Fatty Acids 

Saturated Fatty Acids  (SFA).    About half of the fatty acids in 

most animal fats are saturated,   as contrasted to less than one-fifth 

of the fatty acids in vegetable fat.    An outstanding exception is coco- 

nut oil which is 90 percent saturated.    In the food industry,   oils 

containing unsaturated fatty acids are often hydrogenated (saturated) 

to produce the desirable plastic quality of fats.    Such fats are widely 

incorporated in foods and,   thus,   contribute SFA to the American diet. 

In early dietary studies it was recognized that serum cholesterol 

was higher in subjects fed animal fat compared to diets using vege- 

table fat,   but the exact mechanism was unknown (Beveridge ^t al. , 

1954; Bronte-Stewart ej: al.,   1956).    Hegsted .et al.   (1965) found that 

ingestion of saturated fatty acids with 12 or fewer carbon atoms had 

no hypercholesteremic effects but that myrlstic acid in the diet was 

primarily responsible for the elevation of cholesterol.    Fetcher et al. 

(1967) suggests that all dietary saturated fatty acids containing 12 to 

17 carbon atoms induce increased serum cholesterol.    Studies by 

Grande,   Anderson and Keys (1970) concurred with this finding. 

Feeding subjects diets containing stearic acid seemed to have no 

effect on elevating cholesterol and phospholiplds while ingestion of 

palmitic,   myristic and lauric fatty acids markedly increased serum 

cholesterol and phospholiplds.    McGandy,   Hegsted and Meyers  (1970) 
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found myristic and palmitic acids much more influential in elevating 

serum cholesterol than lauric acido 

Ahrens ej: al.   (1957) observed that serum cholesterol and 

phospholipids were higher in men consuming highly saturated coconut 

oil than in those consuming corn oil,   which is low in SFA.    Anderson, 

Grande and Keys (1961) fed saturated and unsaturated fats to 12 men. 

A diet with saturated safflower oil increased the mean serum 

cholesterol 25 mg/dl and triglycerides 61 mg/dl,   compared to a diet 

containing unsaturated safflower oil.    Dalderup et al.   (1969) replaced 

butter with unsaturated table spread in the diets of Danish families 

and reduced the mean serum cholesterol 12 mg/dl.    Grande et al. 

(1965) noted that consumption of SFA. caused am increase in serum 

lipids,   independent of the quantity of dietary cholesterol.    Jolliffe 

jet al.   (1962) estimated an average increase of 0.9 mg/dl of serum 

cholesterol for each percent increase in saturated fatty acids in the 

diet. 

Anderson and associates  (1961) attributed the elevation of serum 

cholesterol and phospholipids,   in their studies-,   to the presence of 

unnatural trans isomers in the hydrogenated oil that they used. 

These isomers are formed during industrial processing.    However, 

de longh jet al.   (1965) concluded that such an effect on serum choles- 

terol would be very small. 
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Monounsaturated Fatty Acids (MUFA)..    MUFA,   containing only 

one double bond,   are found chiefly in certain vegetable fats such as 

olive oil.     Under normal dietary conditions,   MUFA have little 

influence on lipid levels (Brown,   1971).    Bronte-Stewart (196l) sub- 

stituted olive oil for animal fat and for a polyunsaturated oil in the 

diet.    The MUFA oil did not maintain the high cholesterol values 

induced by the SFA but did not lower the cholesterol level as much as 

did polyunsaturated oil in the diet.    MUFA. ingestion may not increase 

serum lipids but its presence in the diet lowers the proportion of 

polyunsaturates,   which may,   in turn,   nullify the effect of polyun- 

saturates on serum cholesterol. 

Polyunsaturated Fatty Acids (PUFA).    PUFA are fatty acids 

incorporating two or more double bonds in their structures.    Most 

PUFA. are obtained from vegetable fats,   primarily oils.    The quantity 

of PUFA in the American diet has increased 37 percent since 1889 

(Antar,   Ohlson and Hodges,   1964).    This maybe of some importance 

since a diet high in PUFA is known to influence some of the plasma 

lipids.     Bronte-Stewart e_t al.   (1956) fed highly polyunsaturated sun- 

flower oil to volunteers and reduced their serum cholesterol con- 

centrations.    Turpeinen e_t al.   (1968) studied the effects of either 

feeding polyunsaturated or saturated fats on serum lipid levels of 

mental patients over a 6-year period.    Cholesterol,   phospholipids 

and triglycerides were markedly reduced in those consuming a high 
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PUFA diet,   compared to those on a mixed fat diet,    Miettinen et al. 

(1972) reported similar results.    In a long term study by Dayton et al. 

(1962,   1969),   the serum cholesterol of middle-aged men decreased 

during the first month of a high PUFA regimen.    Not until the diet 

was discontinued eight years later did the cholesterol return to 

pretreatment levels.    Varying degrees oLSFA in 17 diet combinations 

were used by de longh jet al.   (1965) to test for the effect of saturation 

on serum lipids.    Diets incorporating PUFA. as the major source of 

fat caused a marked reduction in serum cholesterol,   phospholipids 

and triglycerides. 

A common method for estimating the degree of saturation is  the 

use of iodine values;  the greater the saturation,   the lower the iodine 

value.    Ahrens_et al.   (1957) fed subjects cqrn oils of differing iodine 

values in order to determine the effect on serum cholesterol.    Diets 

containing corn oil with iodine values of less than 90 were associated 

with the highest serum cholesteroLwhen compared to diets in which 

natural corn oil (iodine values equal to 126) was used. 

The results of the National Heart-Diet Study (1968) disclosed 

that high PUFA diets were effective in reducing serum triglycerides. 

Wilson ^t al.   (1971) conducted a diet study on middle-aged men, 

implementing the high PUFA diet advocated by the American Heart 

Association.    Triglycerides had decreased 13 percent after 6 months 

on this diet regimen. 
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The effect of dietary PUFA is not entirely independent of 

dietary cholesterol.    Brown,   Farrand and Page (1965) performed 

feeding studies to examine the effect of dietary cholesterol on serum 

cholesterol.    As the level of dietary cholesterol was increased,   the 

proportion of calories as PUFA also had to be increased in order to 

stabilize the serum cholesterol level.    Ahrens e_t al,   (1955) fed their 

subjects 40 percent of calories as corn oil.    Using this extremely high 

proportion of calories as PUFA 4 grams of cholesterol could be added 

to the diet without raising serum cholesterol. 

Grundy and Ahrens (1970) studied the metabolic effect of PUFA 

on cholesterol absorption and excretion.    They concluded that the net 

effect of PUFA. on serum cholesterol was to redistribute endogenous 

cholesterol between plasma and tissue paols. 

Polyunsaturated to Saturated 
Fatty Acid (P/S) Ratio 

In most American diets the P/S ratio has been about 0.4 

(Wilson e_t ah ,   1971).    Keys and associates (1957) were among the 

first to experimentally alter the P/S ratio in order to induce changes 

in serum cholesterol levels.    Further research has been designed to 

test the hypothesis that increasing the P/S ratio will indeed lower 

plasma lipids.    Wilson ej: al.   (1971) used the American Heart Associa- 

tion diet which recommends a P/S ratio of 1.6.    This diet successfully 
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reduced serum cholesterol concentrations 9.6 percent and serum 

triglycerides 11.7 percent.    In the study by Dayton e^ al.   (1969).   the 

largest reduction of plasma lipids associated with the increased P/S 

ratio occurred within the first four months of the diet.    A very 

gradual reduction in plasma lipid concentrations followed.    These 

researchers noted that the greatest reduction in lipid concentrations 

was in subjects less than 65.5 years of age or in those whose initial 

serum cholesterol concentrations were more than 233 mg/dl. 

Other studies report no long term beneficial effect of altered 

P/S ratio on plasma lipids.    E ricks on e_t al,   (1964) fed young men 

cholesterol-free diets with P/S ratios of 0.7  to 1.6.    No change in 

serum lipids was noted.    Albanese £t al.   (1967) increased the P/S 

ratio in the diet of elderly women from 0. 1 to 0.7.    Two years after 

the study began,   plasma cholesterol concentrations reached their 

lowest levels,   then began to rise,   reaching pretreatment levels 

during the following two and one-half years. 

Carbohydrate 

The ratio of complex carbohydrate to simple sugars in the 

American diet has been altered during the last century.    The ratio of 

starch to sugar was 2. 90 in 1889.    In 1961 this ratio became 0. 91 

(Antar,   Ohlson and Hodges,   1964).    This major change in type of 

carbohydrate has stimulated researchers to study the relationship 

between dietary carbohydrate and changes in plasma lipids. 
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The isocaloric substitution of sucrose for starch in the human 

diet seemed to have little effect on cholesterol (McGandy et al., 

Hodges ejt al„,   1967;  Grande,   Anderson and Keys,   1972;  Mann and 

Truswell,   1972).    Phospholipids,   on the other hand,   were appre- 

ciably increased by the high sucrose diet and the distribution of 

individual phospholipids was changed (Antar and Ohlson,   1965).    The 

plasma triglycerides appear to be particularly sensitive to changes in 

the quantity and quality of carbohydrate.    When Grande e_t al.   (1972) 

substituted sucrose isocalorically for fat in the diet,   the serum 

triglycerides increased 75 mg/dl.    The use of sucrose in place of 

starch in the diet trials by Hodges eJ: al.  (1967) increased serum 

triglycerides 84 mg/dl.    However,   in the studies by MacDonald 

(1965),   serum triglycerides increased in young men but not in young 

women consuming a major portion of their carbohydrate from sucrose, 

while Mann and Truswell (1972) reported no change in triglyceride 

levels of subjects on similar diets.    Anderson,   Grande and Keys 

(1973) replaced saturated fats in the diet of 12 men with starch, 

sugar,   and a small increase of PUFA.    Although sugar was increased 

disproportionately to starch the subjects'  serum triglycerides were 

not altered appreciably.   The authors concluded that the expected rise 

of serum triglycerides with increased dietary carbohydrate was 

counteracted by the dietary incorporation of PUFA and reduction of 

SFA. 
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Postprandial NEFA are especially sensitive to current nutri- 

tional status of the individual.    They are in highest concentrations in 

plasma in the fasting state and lowest concentrations in the fed state 

(Dole,   1956). 

Dietary Habits of the Elderly 

According to Mann (1973) attitudes toward food established 

early in life set dietary patterns which may remain unchanged in the 

aged.    Physiological,   social and economic factors, however,   fre- 

quently do change in the course of a lifetime.    These factors may 

interfere with nutriture in the elderly (Jordan e^ _al.,   1954;  Corless, 

1973).    Mann (1973) suggests that disease states or a lack of enzymes 

may interfere with the integrity of the digestive processes.    Further- 

more,   oral problems,   such as lack of dentition,   may alter the selec- 

tion of certain foods (Anderson,   1971). 

The quantity of food consumed appears  to change with advancing 

years.    Exton-Smith (1973) compared the caloric intake of women in 

their early 70ls with that of women in their late 701s.      Calorie 

consumption decreased 19 percent as age increased.    Bransby and 

Osborne (1953) noted similar trends in caloric intake with respect to 

aging.    The level of calories recommended by the Food and Nutrition 

Board has frequently been revised.    At present,   the recommended 

dietary allowance of calories is 2400 calories for men and 1800 



27 

calories for women over 51  years of age (FNB,   1974).    Lyons and 

Trulson (1956) observed that one-fourth of their subjects consumed 

85  percent or less of the 1974 RDA.    Actual dietary intakes reported 

for elderly men and women were 1510 to 2458,   and 1306 to 1831 

calories,   respectively (Lyons and Trulson,   1956; Fry,   Fox and 

Linkswiler,   1963; Steinkamp,   Cohen and Walsh,   1965;  U. S. D. H. E. W., 

1968). 

In the study of older persons by Davidson and associates 

(1962),   the calories from fat ranged from 26  to 53 percent but most 

of the subjects consumed 40 to 50 percent of their calories as fat. 

Fat consumption appears to change with age.    In a comparison of 

women in their early and late 70's,   dietary fat declined 30 percent 

with age  (Exton-Smith,   1973). 

The proportion of vegetable and animal fat in the diet varies 

widely.    In the diet of older American women,   67 to 85  percent of the 

calories were from animal sources  (Walker,   Morse and Potgieter, 

1956;  Payne,   1958).    Although cultural differences can account for a 

markedly different proportion of animal and vegetable fat (Agmom 

e^al. ,    1966),   Schadel,   Harth and Zeltzer (1971) reported a P/S 

ratio of 0.34  in the diet of older European Jews living in Israel. 

This is quite similar to the P/S ratios of 0.31  (Antar,   Ohlson and 

Hodges,   1964) and 0.34 (Albanese ^t al.,   1967) reported for the 

average American diet. 
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The dietary cholesterol of older women ranged from 301  to 

487 mg/day with an average of 449 to 472 mg/day according to 

Gillum,   Morgan and Jerome  (1955) and "Walker et al.   (1956),    Older 

men were reported to have a much greater range of dietary 

cholesterol,   421 to 782 mg/day,   and a greater average intake of 

744 mg/day,   as compared to older women (Gillum et al, ,   1955), 

Carbohydrate is an important   source of calories in the diet.    In 

the diet of the elderly,   reported mean carbohydrate intakes ranged 

from 38 to 62 percent of the calories (Morgan,   1959;  Toor et al,, 

1962).    However,   carbohydrate intake may change with age.    In a 

comparison of women in their early and late 70's,   dietary carbohy- 

drate declined 8 percent (Exton-Smith,   1973). 

It appears that both the quality of the diet and the quantity of 

food consumed are altered in older persons eating alone,   as com- 

pared to those dining with others (Bransby and Osborne,   1953), 

LeBovit (1965) found that older men living alone ate nutritionally 

inadequate diets more frequently than older women or couples. 

Relationship of Some Physical and Environmental 
Factors to Plasma Lipids 

Certain factors besides diet and age appear to influence plasma 

lipid concentrations.    These include excessive overweight,   hyper- 

tension,   cigarette smoking and exercise. 
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Overweight 

Excess body weight-for-height is attributable to either an 

increase in muscle mass or an increase in adipose accumulation. 

Usually,   however,   excess weight represents an increase in body fat, 

resulting from a positive caloric balance brought on by reduced energy 

expenditure (Schlenker ejt al,,   1973). 

Two anthropometric methods are widely used to determine 

excessive adipose accumulation.    The first is to compare the weight- 

for-height of an individual with weight-for-height standards 

developed from a given population.    By this method,   moderate over- 

weight and excessive overweight can be respectively defined as  10  to 

20  percent,   and more than 20 percent above the standard weight-for- 

height (Kelley,   Ohlson and Harper,   1957).    Studies of elderly subjects 

indicate that approximately 40 percent are moderately overweight 

(Davidson ^tal,,   1962) and 23 percent are excessively overweight 

(Kaplan,   Landes and Pincus,   1955).    However,   few investigators 

have examined the relationship between overweight and plasma lipids 

in older subjects.    Findings in younger subjects may give some 

indication of the relationship of these variables.    Garcia-Palmieri 

et al,   (1972) reported a positive correlation between relative weight 

and serum cholesterol in middle-aged men,    Rifkind and Begg (1966) 

examined male factory workers in Britain,    The frequency of elevated 
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serum cholesterol (above 275 mg/dl) was twice as great in over- 

weight subjects as in normal weight subjects.    The National Diet- 

Heart Study (1968) reported similar findings;  the expected rise of 

serum cholesterol was 3.5 mg/dl with each 10 percent increase in 

body weight.    Gillum et al.   (1955) found a positive relationship 

between weight and serum cholesterol in men,   but not in women 

over 50 years of age.    In the study by Rifkind and Begg (1966),   no 

relationship between serum phospholipids and relative weight could 

be established but it was noted that elevated serum triglycerides 

(above 150 mg/dl) were four times more prevalent in overweight men 

than in men of normal weight.    Other researchers also reported 

elevated triglyceride concentrations in overweight subjects (Hollister, 

Overall and Snow,   1967; Carlson and Lindstedt,   1968; Garcia- 

Palmieri et al.,   1972).    High fasting nonesterified fatty acids have 

been associated with obesity (Bogdonoff e^ al.,   1961).    Dole (1956) 

observed that 94 percent of the overweight subjects he studied had 

NEFA values in excess of 0.6 mEq/l while only 18 percent of the 

normal weight subjects had NEFA values in excess of this level. 

Several investigators have examined plasma lipids in terms of 

weight gain rather than simple overweight.    Albrink,   Meigs and 

Granoff (1962) found that older men gaining 10 pounds since age 25 

had higher triglyceride and cholesterol concentrations than weight- 

stable men.    Feldman ^t al.   (1963) observed triglyceride 
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concentrations of 122 mg/dl in older weight-gaining women compared 

to 74 mg/dl in older weight-stable women.    According to Allard and 

Goulet (1968),   the maximum rise in serum cholesterol and trigly- 

ceride concentrations was induced by a weight gain of 13.5  to 18 

kilograms; no further weight gain changed these lipid levels.    In 

later studies by Albrink (1963),   one-half of the subjects gaining 

weight over a 20-month period showed no   change in triglyceride 

values.    She theorized that serum triglycerides became elevated 

only after many years of weight gain and that weight reduction would 

lower plasma triglyceride concentrations. 

Sinfold thickness is another anthropometric method used to 

establish fatness.    At certain areas of the body,  calipers fitted with a 

standard plate size are used to depress skinfolds at a given level of 

pressure.    Such measurements have been found to be positively 

correlated with relative body weight (Albrink and Meigs,   1964). 

According to Allard and Goulet (1968) serum triglycerides and 

cholesterol correlated well with scapular and mediocostal skinfold 

thickness. 

Hypertension 

Hypertension in elderly subjects is defined as systolic or 

diastolic pressure greater than 170 mm Hg and 100 mm Hg, 

respectively (Carlson and Lindstedt,   1968).    The relationship between 
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elevated blood pressure and serum lipid concentrations is still 

debated.    In 1955,   Gillum et ah   reported that systolic and dia%tolic 

blood pressures in older subjects were unrelated to serum cholesterol 

concentrations.    Later studies,   however,   have shown a positive 

correlation between serum cholesterol and systolic blood pressure in 

middle-aged men (Pincherle,   1971) and older women (Carlson and 

Lindstedt,   1968).    Both cholesterol and triglyceride concentrations 

were positively correlated with diastolic blood pressure in older 

women.    In older men,   elevated triglycerides were related to 

increased systolic and diastolic blood pressure  (Carlson and 

Lindstedt,   1968). 

Cigarette Smoking 

Some researchers have found an effect of cigarette smoking on 

plasma lipids.    Carlson and Lindstedt (1968) reported that as the 

number of cigarettes smoked increased,   the plasma cholesterol 

concentration rose.    Karvonen et al.   (1959) observed a similar rela- 

tionship between cigarette smoking and serum cholesterol in male 

subjects up to 60 years of age but not beyond.    On the other hand, 

Gofman ej: ^1.   (1955) found that cigarette smoking had no influence on 

cholesterol in men over 40 years of age or in women of any age. 

Billimoria ej; al.   (1975) observed an increase in serum cholesterol, 

phospholipids and triglycerides in male heavy smokers (>20 
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cigarettes per day) compared to nonsmokers.    However,   in women, 

only the triglyceride fraction of serum lipids was elevated in heavy 

cigarette smokers compared to non-smokers. 

Exercise 

Reports on the relationship of routine exercise to plasma lipid 

levels are varied. -Carlson and Lindstedt (1968) observed no 

relationship between exercise and serum cholesterol or   triglycerides 

in women.    However,   men performing hard physical activity outside 

of work had lower serum cholesterol and triglyceride concentrations 

than sedentary men.    Stulb ej: al.   (1965) reported an inverse relation- 

ship between the level of exercise and serum cholesterol concentra- 

tions.    Other investigators specify that the effect of exercise on serum 

lipid levels is dependent upon the subject.    Campbell and Lumsden 

(1967) observed a marked reduction in serum cholesterol with 

exercise in muscular men but no change in slim or obese men.    On the 

other hand,   inactivity significantly increased cholesterol concentra- 

tions above baseline only in obese subjects.    Hurter e_t al.   (1972) 

reported lower plasma triglycerides in trained athletes compared to 

those of sedentary men at rest.    No difference in the phospholipid, 

cholesterol or NEFA fractions of the plasma lipids was observed 

between these two groups.    During exercise,   there was a rapid 

increase in plasma NEFA while other plasma lipids renaained stable. 



34 

Plasma Lipids and Blood Coagulation 

The mechanisms controlling blood coagulation remain unknown, 

although many of the clotting factors have been characterized. 

Researchers have proposed different schemes in an attempt to explain 

the sequence of steps in the clotting process.    Proponents of the 

various theories recognize the requirements for specific blood and 

tissue factors,   calcium ions,   and phospholipids to initiate blood 

coagulation.    It appears that there may be other factors,   such as type 

of dietary fat,   exercise,   and smoking habits,   which alter the clotting 

process. 

The Role of Phospholipids in Blood Coagulation 

Phospholipids are known to be an integral part of the clotting 

process.    In 1956,   O'Brien noted that a meal containing 3 grams of 

phospholipids and 10 grams of fat was as effective in reducing clotting 

time as 50 grams of fat.    Phospholipids are known to facilitate the 

conversion of the inactive forms of Christmas factor (IX),   Stuart 

factor (X),   proaccelerin (V),   and prothrombin (II) to their active 

forms.    The conversion of prothrombin to thrombin is the rate- 

limiting reaction in clot formation.    Hence,   phospholipids may be 

instrumental in controlling the rate of blood clotting (MacFarlane, 

1964; Jobin and Esnouf,   1967).    Indeed,   in vitro experimentation 
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indicates that the presence of phospholipids in the blood enhances 

clotting time  three-fold (Jobin and Esnouf,   1967). 

The exact mechanism by which phospholipids enhance blood 

clotting is not well understood.    Evidence suggests,   however,   that 

certain phospholipids form micelles which attract and absorb clotting 

factors and calcium ions on the surface of the micelle.  Close 

proximity of the factors,   in the presence of calcium,   initiates con- 

version of the various factors to their active forms.    The more 

factor absorbed on the micelle surface,   the faster the rate of clotting. 

Prothrombin conversion appears to be dependent on the available 

reaction surface of the phosphoLLpid micelle (MacFarlane,   1964; 

Jobin and Esnouf,   1967;  Hemker e_t al.,   1967).    The factors may be 

attracted to the micelle by the surface charge of the phospholipids 

(Jobin and Esnouf,   1967).     Phosphatidyl ethanolamine (PE) is one of 

the most negatively charged ions of the phospholipids and its presence 

enhances clot formation.    If the negative charge of the PE is 

neutralized,   investigators report a sharp decrease in clotting 

(Bangham,   1961). 

Two phospholipids have a pronounced effect on clotting.    At low 

concentrations,   phosphatidyl serine (PS) stimulates clotting.    In large 

amounts,   it inhibits clot formation,    PE accelerates clotting time 

and seems to compensate for the Inhibitory effects of PS (Hecht and 

Slotta,   1962; Turner e_t al.,   1970).    Optimum clotting time is 



36 

achieved when the ratio of the phospholipids is 66 percent PE to 

34 percent PS (Grisdale and Okany,   1965a)<, 

The degree of saturation and length of the fatty acid moiety of 

PE and PS appear to influence clot formation.    Synthetically produced 

PE and PS with triple bonds in both fatty acids had more clot 

activity than those with triple bonds in only one fatty acid (Turner 

ej: al. ,   1970).    In several in vitro studLes  (Grisdale and Okany,   1965b; 

Okany and Palagy,   1966),   medium chain fatty acids  (C   _  and C     ) 

were synthetically incorporated into PE and PS.    Clot formation 

recorded in seconds was similar to that induced in vivo by natural PE 

and PS which have long PUFA chains. 

Other Factors Related to Blood Clotting 

The role of dietary fat in the clotting process has been studied 

for some time.    Swank (195 1) noted that ingestion of a high fat meal 

increased chylomicra and their tendency to cluster.    When subjects 

consumed a meal of 50 to 85 grams of fat,   the plasma clotting time 

was 20 to 50 percent shorter than at fasting (Fullerton,   Davie and 

Anastasopoulos,   1953;  O'Brien,   1956; McDonald and Fullerton, 

1958a).    McDonald and Fullerton (1958a) found that the source of fat, 

whether vegetable or animal,   had no effect on the observed recalci- 

fied plasma clotting time (RPCT).    Other researchers do not agree. 

Nothman and Proger (1962) found that ingestion of unsaturated fatty 
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acids decreased PE and PS,   which are known to be responsible for the 

clotting action of phospholipids.    Hornstra et ai„   (1973) fed subjects 

diets with different P/S ratios.    Platelet aggregation time in subjects 

consuming a diet with a P/S ratio of 0.25 was 36 percent shorter than 

in those whose diet had a P/S ratio of 1.6. 

Other environmental conditions are known to alter clotting time. 

McDonald and Fullerton (1958b) found that the shortened clotting time 

induced by a high fat meal could be alleviated by moderate exercise. 

In the study by Billimoria ej: ah   (1975),   clotting time was reduced in 

heavy smokers as compared to non-smokers.    This was independent 

of serum lipid concentrations. 



38 

MATERIALS AND METHODS 

Experimental Design 

Subjects 

The 19 subjects included in this study constituted a subgroup 

from a larger study of food acceptance and nutritional status of 

elderly persons.    Procedures used in this  study were approved by the 

Committee for Protection of Human Subjects in accordance with 

DHEW (1971).    These subjects resided in apartments which were part 

of a retirement community complex.    The facility provided them 

with one meal each day;  the residents prepared their other meals in 

private quarters.    Fifteen of those participating were women (mean 

age 78.7 years).    Four of those participating were men (mean age, 

86.3 years).    Their incomes ranged from less than $3000 to $24, 999 

per year.    However,   half of the subjects reported annual incomes of 

$3000 to $5, 999. 

The subjects were given a brief medical examination to assess 

health status.    A part of the medical examination included blood 

pressure readings,   medical history,   and anthropometric measure- 

ments of height,  weight and skinfold thicknesses of the subscapular, 

triceps and suprailiac areas.    In evaluation of blood pressure data, 

the criteria of Carlson and Lindstedt (1968) were used,   namely,   that 
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pressures greater than 170 mm Hg systolic and/or 100 mm Hg 

diastolic are abnormal.    Relative weight was computed as percentage 

of the ideal weight for height and age,   suggested by the Food and 

Nutrition Board (FNB,   1974).    Skinfold thicknesses were determined 

using standard calipers at a given level of pressure. 

Dietary Intake 

All participants were contacted and interviewed by the same 

trained interviewer.    They were requested to keep a record of amounts 

of food eaten on each of three days,   including one day of the weekend 

and two weekdays.    On completion of the diet record,   the interviewer 

and subject reviewed it for details. 

The average daily nutrient intake was computed from the 3-day 

dietary record.    This was based on nutrient information contained in 

the Ohio State University Nutrient Data Base (1973).    Calories were 

also computed in terms of the percentage of calories suggested by the 

Food and Nutrition Board and adjusted for older subjects  (FNB,   1968; 

FNB,   1974).    Dietary cholesterol was calculated from food values as 

reported by Feeley,   Criner and Watt (1972).    Selected nutrients are 

reported for this study;  they include calories,   carbohydrate,   fat, 

saturated fatty acids,   linoleic acid,   cholesterol and the P/S ratio. 
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Procedures for Blood Sampling 

Venous blood was drawn by a medical- technician at a local 

hospital.    Approximately 20 ml of venous blood were drawn from each 

subject after a 12-hour fast.    Ethylenediamine tetraacetic acid was 

used as the anticoagulant.    Samples were placed immediately on ice 

to prevent deterioration during transport to the laboratory.    At the 

laboratory,   the blood was centrifuged and approximately 300 (xl of 

fresh plasma were reserved for immediate measurement of clotting 

time.     The remainder of the plasma was stored at - 10   C until other 

lipid analyses were performed. 

Methods of Analyses 

Clotting Time 

The recalcified plasma clotting time (RPCT) is the time 

required for clot formation following the addition of calcium to the 

decalcified plasma.    The method used was that of Howell,   as reported 

in Davidsohn and Wells (1962),   and modified for this study by doubling 

the amount of calcium chloride solution used.    Complete clot forma- 

tion was recorded when there was no apparent movement of contents 

on inversion of the test tube.    An average time in seconds based on 

triplicate samples is reported. 
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Nonesterified Fatty Acids 

Nonesterified fatty acids (NEFA) in plasma were determined by 

titration with standardized sodium hydroxide.    The method of Dole 

(1956) was used with modifications as described by Trout,   Estes and 

Friedberg (I960).    Unesterified fatty acids were extracted from 

plasma into heptane and titrated with sodium hydroxide in the 

presence of Nile blue as the indicator.    Palmitic acid was used as the 

standard and NEFA are expressed as milliequivalents per liter 

(mEq/l) of plasma. 

Cholesterol 

Analysis of total cholesterol was performed using the automated 

colorimetric procedure of Levine and Zak (1964) as adapted for the 

Technicon Autoanalyzer (1965).    Cholesterol was extracted from 

plasma into isopropanol and heated with sulfuric acid and ferric 

chloride in acetic acid.    The resulting colored complex was meas- 

ured spectrophotometrically.    Purified cholesterol was used as a 

standard.    Total cholesterol is reported in milligrams per deciliter 

(mg/dl). 

Phosphplipids 

Lipid phosphorus was determined by the colorimetric procedure 
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of Lowry ej: al.   (1954),   as modified by Hawthorne,   Smith and Pescador 

(1963).    Phospholipids were extracted into ethanohether and ashed 

with perchloric acid in sulfuric acid.    Ammonium molybdate in sodium 

acetate was added to form phosphomolybdic acid.    This complex was 

reduced with ascorbic acid to yield the characteristic molybdenum 

blue color which was measured spectrophotometrically.    Calculation 

of phospholipid concentration assumes that the phospholipids present 

are primarily saturated 16 carbon diglycerides.     Using this assump- 

tion,   the lipid phosphorus measured accounts for 4 percent of the 

weight of the phospholipid molecule.    The concentration of phosphorus 

was multiplied by 25 in order to obtain total phospholipid concentra- 

tion.    Phospholipids are reported as mg/dl of plasma. 

Triglycerides 

Colorimetric determination of triglycerides was based on the 

method of Van Handel and Zilversmit (1957),   scaled down to half 

quantities.    Silicic acid was used in place of Doucil to remove the 

phospholipids from the lipid extract.    Triglycerides were saponified 

to release free glycerol.    Glycerol was oxidized to formaldehyde 

which was treated with chromotropic acid to produce a colored 

solution.    The latter was measured photometrically.    Tripalmitin 

was used as  the standard.    Triglycerides were expressed as mg/dl 

of plasma. 
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Statistical Analysis 

Experimental data obtained from the subjects were analyzed by 

computer using a SIPS program.    All simple and multiple regression 

analyses were tested using the F-test with 17 degrees of freedom. 

The critical level of significance at  a - 0.01 and a - 0.05 was com- 

puted using the formula described in Snedecor and Cochran (1973). 
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RESULTS AND DISCUSSION 

Physical Parameters 

The physical measurements of age,   systolic and diastolic blood 

pressures,   relative weight,   and skinfold thicknesses for each subject 

appear in Appendix Table 1.    The measurement means for all sub- 

jects are given on Table 5. 

Blood Pressure 

Averages of 160 mm Hg systolic and 90 mm Hg diastplic blood 

pressures are reported here for older men.    This is slightly higher 

than measurements observed by Johnson e_t ai.   (1965) in older 

American men,   but comparable to those reported by Carlson and 

Lindstedt (1968) for older Swedish men.    For older women,   blood 

pressures averaged 156 mm Hg systolic and 80 mm  Hg diastolic 

blood pressures,   lower than those reported in healthy older Swedish 

women (Carlson and Lindstedt,  1968).    In the present study,   one 

man and six women were considered hypertensive,   which is defined 

as blood pressures exdeeding 170 mm Hg systolic and/or  100 mm Hg 

diastolic pressure (Carlson and Lindstedt,   1968). 

Relative Weight 

The mean relative weight was  110 percent for all subjects, 



Table 5.   Physical parameters in 19 healthy aged subjects (4 men and 15 women). 

All subjects Men Women 
Parameter 

Mean S.D. Range Mean S.D. Range Mean S.D. Range 

Age (years) 80.3 ±6.95 69-96 86.3 ±10.8 71-96 78.7 ±4.93 69.86 

Systolic BP (mm Hg) 156.5 ±19.9 110-198 159.5 ±11.5 150-176 155.7 ±21.8 110-198 

Diastolic BP (mm Hg) 82.5 ±10.2 64-102 90.3 ±8.7 82-100 80.4 ±9.8 64-102 

Relative weight (%) 110.3 ±15.7 91-144 100.3 ±8.1 91-100 113.0 ±16.3 93^144 

Skinfold, triceps (mm) 16.8 ±6.3 7-31 12.3 ±5.2 9-20 18.1 ±6.2 7-31 

Skinfold, scapular (mm) 16.4 ±7.0 7-29 13.3 ±5.6 7-20 17.3 ±7.3 8-29 

Skinfold,  suprailiac (mm) 17.2 ±7.8 4-33 15.8 ±7.1 6-23 17.6 ±8.1 4-33 
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100  percent for the men,   and 113 percent for the women.    Only one 

man was 10 percent above the ideal weight for height.   Eight women 

were 10 percent or more above ideal weight as contrasted with 40 

percent of the women studied by Davidson ej: al.   (1962).    Fiv;e wonaen, 

or 33 percent,   were more than 20 percent above the ideal weight for 

height,   and could be considered excessively overweight.    This pro- 

portion of obese women was greater than the 23 percent reported by 

Kaplan e^ al.   (1955). 

Skinfold Thicknesses 

Triceps,   subscapular and suprailiac measurements are reported 

in this study.    The male subjects had greater triceps and subscapular 

skinfold thicknesses than those reported in middle-aged men by 

Karvonen et al.   (1959).    Elderly institutionalized subjects in 

Yugoslavia had smaller triceps measurements as compared to older 

women but not as compared to older men in this study (Ferber et al. , 

1973). 

Interrelationships between the 
Physical Parameters 

A positive correlation (p - 0.05) was established between 

systolic blood pressure and body fatness,   as measured by subscapular 

and suprailiac skinfold thicknesses.    Carlson and Lindstedt (1968) 
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observed a similar relationship between systolic blood pressure and 

body fatness in older Swedish men but not in older women.    In this 

study all skinfold measurements were highly correlated (p — 0.01) 

with relative weight.    Albrink and Meigs (1964) reported similar 

findings. 

Nutrient Intake 

The average daily intake of calories,   carbohydrate,   fat,   fatty 

acids,   polyunsaturated-to-saturated fatty acid ratio (P/S ratio),   and 

cholesterol for each subject appears in Appendix Table 2.    The 

group dietary means are presented in Table 6. 

Calories 

On the average,   these subjects consumed 1510 Calories/day. 

The mean intake for men was  1825 Calories/day;  it was  1415 

Calories/day for women.    The mean values for men were similar to 

those reported in the literature but the mean for older women studied 

here was lower than many values reported in other studies (Lyons 

and Trulson,   1956; Fry et.al.,   196-3; Steinkamp ej: ah ,   1965; 

U.S.D.H.E.W.,   1968). 



Table 6.   Mean daily nutrient intake of 19 healthy aged subjects (4 men and 15 women). 

All subjects                                                    Men Women 

Mean           S.D.          Range                 Mean        S.D. Range Mean S.D. Range 

Calories 1510 

Calories as percent RDA 85.1 

Carbohydrate (g) 180.0 

Fat (g) 55;3 

Saturated fatty acids (g) 20.4 

Linoleic acid (g) 4.6 

P/S ratio 0.36 

Cholesterol (mg) 310 

±350     983-2475 

±15.5 60.7-121.2 

±47.4 128.8-343.2 

±13.8 22.6-79.3 

±6.6 5.0-35.1 

±2.2    1.9-9.9 

±0.29 0.12-1.43 

±129     105-579 

1825 ±457 1461-2475 1415 ±273 983-1964 

81.6 ±15.8 67.6-103.1 86.0 ±15.8 60.7-121.2 

230.3 ±79.7 173.6-343.2 166.0 ±24.8 128.8-201.2 

62.3 ±9.6 49.5-71.8 53.5 ±14.5 22.6-79.3 

23.9 ±3.8 20.1-27.8 19.5 ±7.0 5.0-35.1 

4.1 ±1.1 3.2-5.6 4.8 ±2.5 1.9-9.9 

0.30 ±0.08 0.20-0.36 0.37 ±0.32 0.12-1.43 

388 ±161      191-579 289 ±117 105-567 

c» 
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Calories as Percent of the Recommended 
Dietary Allowance (RDA) 

The caloric intake of the group as a whole averaged only 85 

percent of the RDA (FNB,   1974).    The mean caloric intake of men 

was 82 percent of the RDA;  for women,   the average was 85  percent. 

Three of the four men and seven of the women failed to meet 85  per- 

cent of the RDA for calories.    This is a larger proportion of subjects 

not meeting 85 percent of the RDA than reported by Lyons and Trulson 

(1956). 

Carbohydrate Intake 

On the average,   carbohydrate provided 48 percent of the 

calories in these subjects.    Men consumed 50 percent and women 

consumed 47 percent of their calories as carbohydrate.    This is well 

within the range of 38  to 60 percent of the calories as carbohydrate 

reported in the literature (Morgan,   1959; Toor ejt ai.,   1962). 

Fat Intake 

The proportion of calories supplied by fat was 33 percent for 

the entire group of subjects.    Men consumed 31  percent and women 

consumed 34 percent of the calories as fat.    Justice,   Howe and Clark 

(1974) report a similar fat intake by elderly subjects in a nursing 
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home.    However,   Davidson et al.   (1962) observed that most of their 

elderly subjects consumed 40 to 50 percent of their calories as fat. 

Saturated Fatty Acids (SFA) 

The saturated fatty acid intake of this group of elderly subjects 

averaged 20.4 grams.    This is quite similar to that reported by 

Justice e_t al.   (1974) in subjects consuming a comparable low propor- 

tion of fat calories in the diet.    Other investigators report a greater 

intake of saturated fat by their subjects,   but this can be attributed to 

a corresponding higher total fat in the diet (Albanese e_t al.,   1967; 

Friend,   1967). 

Linoleic Acid 

An average of 4.6 g/day of linoleic acid was consumed by the 

subjects  in the present study.    Slightly lower values are reported by 

Justice et al.   (1974) in subjects who had a similar proportion of fat 

and saturated fat in the diet. 

P/S Ratio 

The P/S ratio was 0.36 in the diet of elderly persons in this 

study;  0.30 for men and 0.27 for women.    The ratio is similar to that 

observed in the diet of elderly women living in a retirement home 
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(Albanese ejt_ al.,   1967) and to the average P/S ratio of Americans of 

all ages (Antar _et al.,   1964). 

Dietary Cholesterol 

For the group,   as a whole,   the average daily intake of choles- 

terol was 310 mg.    Men consumed an average of 388 mg/day of 

cholesterol compared to the average intake of 744 mg/day in older 

men as reported by Gillum et al.   (1955).    Women in the present study 

consumed an average of 289 mg/day of cholesterol,   considerably 

less than the mean intake of 449 mg/day and 472 mg/day reported in 

elderly California and Wyoming women (Gillum et al. ,   1955; Walker 

etal.,   1956). 

Interrelationships between the Nutrients 

Dietary calories were positively correlated (p — 0.05) with 

dietary fat and with dietary carbohydrate.    In turn,   dietary fat was 

positively correlated (p - 0.05) with dietary saturated fatty acids. 

Furthermore,   both total fat and saturated fat in the diet were corre- 

lated (p - 0.05) with dietary cholesterol.    These findings indicate 

that,   at higher fat intakes,   the animal sources of fat predominated; 

animal food is the major source of saturated fat and the only source 

of cholesterol.    In further confirmation of this hypothesis,   there was 

a negative correlation (p - 0.05) between dietary cholesterol and the 
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P/S ratio.    As cholesterol,   and the closely associated saturated fatty 

acids increased in the diet,   the relative proportion of linoleic acid 

was reduced. 

Biochemical Parameters 

Plasma Lipids 

The concentrations of cholesterol,   phospholipids,   triglycerides 

and nonesterified fatty acids (NEFA) in plasma of each subject are 

reported in Table 3 of the Appendix.    The mean plasma lipids of the 

men,   women and the whole group are presented in Table 7. 

Plasma Cholesterol.    Plasma cholesterol concentrations 

averaged 225 mg/dl in men.    This-mean was similar to that reported 

by Johnson _et_al.   (1965).    However,   the range was more narrow than 

that reported by Richardson _et al.   (1972) in men over 70 years of age 

(Table 1).    In older women the average cholesterol concentration was 

217 mg/dl.    The mean was lower and the range of values smaller 

than the literature values shown in Table 1 (Schaefer,   1964;  Johnson 

ej;al.,   1965; Richardson ej: al.,   1972). 

Plasma Phospholipids.    Plasma phospholipids in these subjects 

were the most variable of the plasma lipids studied.    Mean phospho- 

lipid concentration for men was 234 mg/dl,   comparable to those in the 

literature.    However,   older women averaged 248 mg/dl,   slightly 



Table 7.   Biochemical fi ndings in 19 healthy aged subjects (4 men and 15 women). 

All subjects Men Women 
Parameter 

Mean S.D. Range Mean        S.D. Range Mean S.D. Range 

Plasma cholesterol 219 ±35 160-288 225 ±16 209-245 217 ±39 160-288 
(mg/dl) 

Plasma phospfaolipids 245 ±69 121-359 234 ±77 140-327 248 ±70 121-359 
(mg/dl) 

Plasma triglycerides; 106 ±37 56-171 112       '   ±34 64-144 107 ±38 56-171 
(mg/dl) 

PlasmaNEFA 1.22 ±0.61      0.40-2.61 1.53        ±0.62        0.60-1.96 1.13 ±0.60 0.40-2.61 
(mEq/1) 

RPCT3 (seconds) 288 ±64 184-406 300 ±66 230-358 285 ±66 184-406 

a 
Recalcified plasma clotting time. 

OJ 
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lower than reported values shown in Table 2 (Adlersberg et al. , 

1956;  Furmane^al,,   1961;  Feldman e^ al,,   1963). 

Plasma Triglycerides.    Mean triglyceride concentrations in the 

plasma were 112 mg/dl for elderly men and 107 mg/dl for older 

women,   comparable to those in other studies.    However,   the range 

reported here for both sexes is more narrow than those observed by 

other researchers cited in Table 3 (Furman ejt aL>,   1961; Feldman 

et al.,   1963; Schaefer,   1964;  Carlson and Lindstedt,   1968;  Leren and 

Haabrekke,   1971). 

Plasma NEFA.    Mean plasma NEFA were 1.22 mEq/1 for the 

whole group,   1.53 mEq/1 for men and 1. 13 mEq/l in women.    These 

values are substantially greater than those shown in Table 4 for 

aged and younger subjects (Furman et al.,   1961; Svanborg and 

Svennerholm,   1961; Feldman e^ al.,   1963; Bellete_t al.,   1968).    Dif- 

ferences in NEFA concentrations between the subjects in this study 

and those reported in the literature may be explained,   in part,   by the 

effects of exercise and stress.    The subjects in our study were 

physically active prior to arrival at the hospital for blood sampling, 

Bogdonoff jet al.   (1961) mentions a mobilization of NEFA during 

exercise and excitation of the central nervous system.    Hurter et al, 

(1972) found an immediate and prolonged rise in NEFA with exercise, 

while cholseterol,   phospholipids and trLglycerides remained unchanged. 

Bellet £t al.   (1968) required subjects to rest eight hours,   with no 
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outside stimulation prior to blood sampling,   in order to minimize 

NEFA fluctuations due to exercise and stress.    They report very low 

NEFA values (Table 4). 

Recalcified Plasma Clotting Time (RPCT) 

RPCT for each subject can be found in Appendix Table 3.    Mean 

RPCT for the group of subjects and each sex is reported in Table 7. 

In this study RPCT averaged 288 seconds for all subjects. 

RPCT was 300 seconds in healthy older men,   slightly longer than that 

in older women,   285 seconds.    Because of the methodology used in 

analysis,   no comparison can be made between our results and those 

reported in the literature. 

Interrelationships between Plasma Lipids 

No significant correlations were observed between any of the 

plasma lipids in this study.    Lack of significant correlations between 

plasma lipids is supported in the literature,   but trends do exist, 

Anderson ^t al.   (1973) observed that an increase in serum cholesterol 

was accompanied by a parallel but smaller increase in serum phos- 

pholipids.    Triglyceride concentrations did not seem to show 

corresponding changes.    Still,   Albrink (1963) observed an increase 

in plasma lipids and cholesterol in middle-aged,   weight-gaining men. 
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Interrelationships among Parameters 

Interrelationships between Physical 
Parameters and Nutrients 

Sex of the subjects correlated (p — 0.05) with both absolute 

caloric intake and carbohydrate ingestion.    This was expected since 

men have higher energy requirements, due to physical size,   than 

women (FNB,   1974).    The proportion of calories consumed as car- 

bohydrate was similar in both sexes.    Age was negatively correlated 

(p — 0.05) with caloric consumption.    Exton-Smith (1973) also 

reports a decreased caloric intake with increasing age in a group of 

elderly English women. 

Interrelationships between Physical 
Factors and Plasma Lipids 

Age of the subjects in this study was positively correlated 

(p — 0.05) with NEFA in plasma.    Similar results have not been 

reported in the literature.    More NEFA may have been mobilized 

from adipose stores in the more elderly of the subjects included in 

this study,   in order to meet the physical exertion (Dole,   1958) 

imposed by coming to the hospital for blood sampling.    Also,   most 

of these more elderly subjects were men,   with greater energy 

requirements due to body size as compared to women. 
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Interrelationships between Nutrient 
Intake and Plasma Lipids 

In this group of elderly subjects dietary intake of linoleic acid 

was correlated (p - 0.05) with increased plasma NEFA concentra- 

tions.    A direct relationship between these parameters has not been 

reported.    Christakis ej: al.   (1965) observed that the fatty acids 

incorporated in adipose tissue reflected the composition of fatty acids 

in the diet.    Dietary changes in fatty acids,   such as increases in 

PUFA,   produced a concomitant change in fatty acids in adipose.    The 

rate of change was slow,   however,   indicating long-term fatty acid 

ingestion (Bogdonoff ej:^l.,   1961).    Fatty acids are mobilized from 

adipose tissue for energy needs during the fasting state.   The plasma 

NEFA pattern is similar to that of the adipose tissue (Dole,   1958). 

According to this line of reasoning,   dietary consumption of linoleic 

acid would facilitate fatty acid mobilization from adipose tissue 

during fasting.    There are,   however,   no data to support such a 

hypothesis.    Indeed,   a higher linoleic acid content in adipose might 

lead to greater levels of prostaglandins,  which limit lypolysis 

rather than stimulate it. 

A number of investigators have reported that the composition 

of the diet influences plasma cholesterol concentrations.    A positive 

relationship has been shown between plasma cholesterol and dietary 

cholesterol (Quintao ej; al.,   1971) and that of total fat (Keys et al., 
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1958b).    However,   no such correlation was observed in this study 

despite the fact that the subjects varied  greatly in their lipid intake 

(Table 6).    Kahn e_t al.   (1969) also failed to find a correlation between 

dietary intake and serum cholesterol in studies of middle-aged men„ 

Walker ejt al.   (1956) attributed differences  in serum cholesterol in 

groups of institutionalized women to aging rather than to cholesterol 

intake.    Anderson e^ al.   (1973) suggest that differences in serum 

cholesterol of subjects on a similar diet may be genetic in origin 

rather than due to food selection.    Hegsted e_t al.   (1965) predicted that 

serum cholesterol would rise a maximum of 5 mg/dl of serum for 

each 100 mg of cholesterol incorporated daily in the diet.    Although 

Keys jet al.   (1958b) reported that an increased level of dietary fat 

elevated plasma lipids,   De longh (1965) found the effect of fat, 

especially SFA,   to be minimal in altering lipid concentrations. 

Albanese e_t al.   (1967) reported that increasing the P/S ratio in 

elderly women had no long-term effect on serum cholesterol 

concentrations. 

Plasma triglycerides were likewise unrelated to composition of 

the diet.    Correlations between plasma triglycerides and dietary 

carbohydrate have been reported but    these are usually based on the 

substitution of simple sugars for starch in the diet (Hodges et al. , 

1967;  Grande et al.,   1972).    In addition,   Albrink et al.   (1962) report 

a correlation between plasma triglycerides and dietary carbohydrate 
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in weight-gaining, rather than weight-stable subjects. Since changes 

in weight were not a part of this study, no conclusions can be reached 

as to the interrelationships of these factors. 

In the literature,   other parameters have been reported to be 

correlated with increased plasma lipids.    These include cigarette 

smoking (Carlson and Lindstedt,   1968;  Billimoria et al.a   1975) and 

exercise (Campbell and Lumsden,   1967; Hurter e_t al, ,   1972).    Infor- 

mation concerning these parameters was not gathered from subjects 

in this study.    Perhaps the addition of such information might have 

somewhat clarified the relationship of physical and dietary factors 

to plasma lipids. 

Conclusion of  this Study 

In general,   the subjects selected for this study proved to be 

healthy elderly subjects with normal blood pressure and body weight. 

The subjects consumed lower levels of dietary fat,   SFA and choles- 

terol than many of those reported in the literature (Gillum et al., 

1955; Davidson e_t al.,   1962; Albanese et al.,   1967; Friend,   1967). 

Caloric consumption in these physically active men and women was 

similar to that reported by Justice e^ al.   (1974) in physically inactive 

subjects residing in a nursing home.    Plasma cholesterol,   phospho- 

lipids and triglycerides were in the low normal range.    Plasma NEFA 

were abnormally high,   probably due to physical exertion and stress, 
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prior and during blood sampling.    Lack of correlation between 

physical and dietary factors and plasma lipids may be due to inherent 

sampling bias.    Subjects were chosen for participation in this study 

if they were able to answer extensive medical and dietary question- 

naires and undergo blood sampling and a physical examination.    This 

required both mentally alert and physically active subjects,   who may 

not be representative of many elderly Americans.    In addition,   for 

many years these subjects may have traditionally consumed the same 

type of diet; low fat,   SFA and dietary cholesterol.    Perhaps their 

dietary pattern permitted them to be survivors of a population which 

had had many different dietary habits,   including those who consumed 

large quantities of fat,  SFA and cholesterol.    Anderson ejtal.   (1973) 

suggest that genetic variability, rather than food selection,   accounts 

for the lack of correlation between dietary factors and plasma lipids 

in populations consuming a relative uniform diet such as those in 

the Framingham study.    In addition,   Keys e^t al.   (1950) point out that 

the reduction of serum cholesterol observed in the general population 

after middle-age may be due to higher mortality in persons with 

elevated cholesterol before they attained advanced years.    Survivors, 

such as the subjects in this study,   may never have been typical of the 

general population,   even at younger ages. 
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SUMMARY 

Nineteen healthy elderly subjects (4 men and 15 women),   ages 

ranging from 69 to 96 years,   participated in the study.    All of the 

subjects lived in a retirement community which provided one meal 

per day.    Each subject underwent a physical examination,   during which 

systolic and diastolic blood pressures, body weight and height,   and 

triceps,   subscapular and suprailiac skinfold thicknesses were recorded. 

The nutrient intake of each subject was computed from the three-day 

dietary record.    Venous blood was drawn at fasting and plasma was 

separated for lipid analyses.    Biochemical analyses included 

determination of plasma cholesterol,   phospholipids,   triglycerides, 

nonesterified fatty acids and recalcified plasma clotting time. 

Interrelationships among these physical,   dietary,   and biochemical 

parameters were examined by statistical procedures. 

Although the mean relative weight was  110   percent for all sub- 

jects,   five women were more than 20 percent above desirable weight. 

Mean systolic and diastolic blood pressures were 156 and 82 mm Hg; 

six subjects were considered to be hypertensive.    The triceps skin- 

fold of the men measured 12.3 mm;  that of the women was 18. 1 mm. 

Relative weight was significantly correlated with body fatness,   as 

measured by the triceps,   suprailiac,   or subscapular skinfold thickness. 

A positive relationship was also established between the systolic 

pressure and skinfold thickness. 
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On the average,   the subjects consumed 1510 kilocalories per 

day.    The energy intake of men was higher than that of women but the 

diet of men and women provided 82 percent and 85 percent of the 

recommended calorie allowance,   respectively.    There was a negative 

correlation between calories and age.    Carbohydrate supplied 48 

percent and fat supplied 33 percent of the calories.    The mean intakes 

of fat and saturated fatty acids were low but the P/S ratio was 0.36, 

similar to the ratio reported for the typical American diet.    The 

average daily intake of cholesterol was 310 mg.    Higher levels of 

dietary fat were associated with higher intakes of saturated fatty 

acids and cholesterol and lower P/S ratios. 

Mean plasma concentrations of cholesterol (219 mg/dl), 

phospholipids (245 mg/dl),   and triglycerLdes (106 mg/dl) were within 

normal ranges.    No relationship was established between these lipid 

fractions and any of the dietary components reported.    Nonesterified 

fatty acids in plasma were unusually high;  the average concentration 

was  1.22 mEq/1.    The nonesterified fatty acids were positively asso- 

ciated with age.    An unexplained finding was the positive correlation 

between nonesterified fatty acids and dietary linoleic acid. 
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APPENDIX 



Appendix Table 1. Physical parameters of elderly subjects. 

Age           Blood pressure (mm/Hz) 
(years)          Systolic        Diastolic 

Weight 

(kg) 

Height 
(cm) 

Relative 
weight 

Skinfold thickness (mm) 
Subject            Sex 

Triceps         Scapular          Suprailiac 

1 

2 

3 

5 

7 

8 

9 

11 

12 

14 

15 

16 

17 

18 

20 

22 

23 

24 

25 

F 84 

F 82 

F 76 

F 86 

F 86 

F 80 

M 87 

F 76 

F 79 

F 79 

F 70 

F 77 

F 80 

F 69 

F 80 

M 71 

M 91 

F 77 

M 96 

160 

180 

146 

170 

110 

150 

154 

166 

170 

150 

160 

198 

140 

132 

134 

176 

158 

170 

150 

78 

74 

74 

74 

74 

82 

95 

86 

66 

86 

102 

88 

84 

88 

86 

100 

84 

64 

82 

52 

62 

63 

68 

51 

72 

68 

67 

77 

55 

90 

67 

71 

55 

51 

75 

71 

60 

62 

154 

164 

162 

162 

148 

164 

171 

170 

153 

153 

173 

155 

160 

167 

150 

168 

169 

162 

168 

96 19 

107 11 

110 7 

118 25 

98 9 

125 21 

97 9 

112 20 

143 17 

101 19 

144 31 

122 23 

125 21 

93 17 

96 14 

no 10 

103 20 

105 17 

91 10 

9 

7 

24 

8 

19 

11 

12 

26 

21 

28 

29 

16 

14 

14 

20 

15 

14 

7 

10 

12 

21 

4 

21 

6 

17 

24 

6 

33 

27 

13 

17 

17 

23 

17 

24 

17 



Appendix Table 2.   Nutrient intake of elderly subjects. 

Subject Sex Calories 
Calories as % 
of the RDA 

Carbohydrate 

(g) 

Fat 

(g) 

Saturated fatty 
acid    (g) 

Linoleic 
acid   (g) 

Cholesterol 

(mg) 

P/S 
ratio 

1 F 1184 73 155 43.6 14.0 4.7 225 0.36 

2 F 1166 72 139 47.4 16.5 1.9 347 0.22 

3 F 1401 87 201 42.3 14.4 2.6 234 0.21 

5 F 1586 98 194 64.9 23.5 4.1 176 0.27 

7 F 1465 90 169 66.7 20.5 7.4 247 0.56 

8 F 1162 72 135 44.0 17.7 2.3 217 0.18 

9 M 1660 72 174 66.8 27.9 3.7 354 0.20 

11 F 1340 83 180 45.0 17.2 5.3 203 0.45 

12 F 1113 69 148 39.1 12.9 4.9 315 0.38 

14 F 1591 98 194 56.3 20.8 5.1 418 0.26 

15 F 1445 80 149 64.3 26.1 2.0 567 0.12 

16 F 1548 96 201 63.5 23.4 2.8 337 0.15 

17 F 1411 87 158 64.2 25.5 9.9 304 0.43 

18 F 1864 104 188 79.3 35.1 3.2 425 0.18 

20 F 983 61 129 22.6 5.0 7.1 105 1.43 

22 M 2475 103 343 60.9 21.2 5.6 426 0.36 

23 M 1461 68 174 49.5 20.1 3.2 191 0.30 

24 F 1964 121 158 59.0 19.6 8.2 226 0.46 

25 M 1802 83 230 71.8 26.5 3.8 579 0.35 

oo 
o 



Appendix Table 3.    Biochemical parameters of elderly subjects. 

Subject Sex Cholesterol Phospholipids 
(me Ml) 

Triglycerides 

(me/dl) 

NEFA 
(mEq A) 

RPCT 
(seconds) 

1 F 265 35 9 161 1.34 243 

2 F 224 224 80 2.61 219 

3 F 223 238 61 1.13 257 

5 F 162 342 100 1.67 253 

7 F 176 253 171 0.92 265 

8 F 175 182 85 1.18 264 

9 M 229 225 118 1.75 230 

11 F 249 314 77 2.07 362 

12 F 160 121 93 0.40 184 

14 F 253 224 96 0.75 371 

15 F 288 321 159 1.22 325 

16 F 198 283 139 0.92 406 

17 F 231 180 68 0.61 373 

18 F 194 193 135 0.69 235 

20 F 222 304 56 0.97 256 

22 M 216 327 144 0.60 358 

23 M 209 244 122 1.79 257 

24 F 241 186 83 0.50 255 

25 M 245 140 64 1.96 355 


