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TABLE II

Free and Esterified Cholesterol Values in Male Sam-
buru, Rendille and Turkana Subjects

Cholesterol

Age No. of
Group Subjects Free” Ester” Free:

(mg./100 (mg./100 Total
ml.) ml.) (%)

.1IIale Rendille Subjects

14-29

30-39

40-49

50-59

60+

Total

19

24

23
19

12

97

54 ± 18

39 ± 19

46 ± 19
42 ± 23

45 ± 15

45 ± 20

155 ± 48

189 ± 53

185 ± 50

220 ± 50

192 ± 32

188 ± 53

26

17

20

16
19

19

Male Samburu Subjects

14-29

30-39
40-49

50-59

60+

Total

65

20

42

34
17

178

38 ± 15

42 ± 17

38 ± 17

37 ± 15

36 ± 18

38 ± 16

149 ± 37

156 ± 28

157 ± 40

155 ± 36
160 ± 37

153 ± 37

20

21

20
19

18

20

Male Turkana Subjects

14-29

30-39

40-49
50-59

60+

Total

10

10

16
10

7

53

51 ± 30

39 ± 12

46 ± 20
49 ± 20

39 ± 16

45 ± 21

147 ± 24

139 ± 26

147 ± 20

156 ± 18

117 ± 36

143 ± 37

28

22

24
24

25

24

“Mean ± S.D.

unusual finding, but there is no significant

difference between this value and that obtained

in the Rendille group aged thirty to thirty-

nine.

In both Samburu and Rendille subjects

the total cholesterol : phospholipid (C: P) ratio

is high at all ages, and although levels are

slightly higher in the Rendille tribesmen after

the fourth decade, only in the sixth decade is

this difference between Saniburu and Rendille

subjects significant. In neither tribe does the

C: P ratio exhibit any progressive age trend.

Mean triglyceride levels are significantly

different between Samburu amid Rendille tribes-

men in all age groups under forty years old

and for all subjects combined, but the differ-

ences between the levels for subjects in the

fifth, sixth and seventh decades are not signifi-

cant. The Samburu tribesmen show no signifi-

cant change from one decade to another al-

though there is a gradual increase from the

fourth to the seventh decades whereas the

Rendille subjects exhibit a gradual decline

in mean values from decade to decade. There

is a significant difference between the level

in the group under thirty and the subjects

in all successive decades but no significant

difference between the levels in the group

thirty to thirty-nine and those in successive

decades.

Serum Lipids in the Turkana Tribesmen

(Table Ill)

The Turkamma subjects have beemi divided

into four age groups (Table iii) amid comnpared

with Samburu and Remidille subjects similarly

divided. The over-all lipid levels found in

this small group of male Turkana subjects

are similar to the findings in the Samnburu

subjects, and they tend to differ from the

results for Rendille subjects in much the same

way as do the results for Samburu subjects.

There is no significant difference in mean

total cholesterol values at any age level be-

tween Turkana and Samnburu tribesmnen.

There is rio significant variation with age in

the absolute level of free cholesterol or esterified

cholesterol except in the small group of subjects

over sixty years of age in whom there is a

decline in the mean level of esterified cholesterol

(Table ii). The Turkana subjects have slightly

lower mean phospholipid levels than the

Samburu subjects, but this difference is only

significant between the value for the thirty to

thirty-nine age groups and that for all subjects

combined. Mean triglyceride levels are higher

in the Turkana subjects over thirty years of

age than iii the Samburu subjects of the same

age range with a significant difference between

the level for the thirty to thirty-nine year

old groups and that for all subjects combined.

In the age group over fifty the Turkana tribes-

men exhibit higher triglyceride levels than

the Rendille tribesmen. The C: P ratio is

high in all Turkana age groups, and there

is no variation with age.
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* Mean ± S.D.

COMMENTS

Detailed information on the dietary habits

and activity patterns of these nomadic tribes

and the variation in these factors with the

changing seasons is not available nor is there

any information concerning their life ex-

pectancy or the causes of morbidity and

mortality. Clearly this type of study leaves

a great deal to be 1 1 but the task of

making a prolonged study under natural

conditions with daily measurement of physical

activity and dietary intakes and the regular

collection of samples is well nigh impossible.

Although these geographic studies lack the

definition of conditions found in experimental

laboratories, they may well yield useful in-

formation concerning the relationships between

diet, the lipid patterns of blood and tissues,

and coronary atherosclerosis. The present

study was intended to assess the validity of

our initial observations in the Samburu tribes-

men and to initiate studies in the Rendille

tribe. The small group of Turkana tribesmen

were examined to see if the higher carbohydrate

content of their diet was associated with serum

lipid levels which were different from those

found in the Rendille and Samburu tribes-

men.

The most striking finding in the present

study is the change in total cholesterol levels

seen with increasing age in the Rendille tribe

and their relatively low triglyceride levels.

We have confirmed that the male Samburu

subjects exhibit mean cholesterol levels which

show mio rise with increasing age despite a

diet similar to that of the Rendille subjects,

consisting almost entirely of milk, meat and

blood, and we have shown that the total

141

cholesterol and phospholipid patterns in the

Turkana subjects closely resemble those seen

in the Samburu group. The male Rendille

subjects, apart from their over-all higher

levels of total cholesterol and phospholipids,

differ most markedly from Samburu and

Turkana tribesmen in that both these lipid

fractions rise with increasing age. In none

of the three tribes do triglyceride levels change

significantly with increasing age, although a

tendency to rise is seen in both Samburu and

Turkana groups, and a gradual decline is seen

in the Rendille subjects. These are not

fasting levels, but the levels do not suggest

that they have been significantly affected by

recent meals.

The immediate aim of these field studies

has been to assess the effects of the traditional

diet of milk, meat and blood on blood lipid

levels, but the underlying concern is with

coronary atherosclerosis. A large number

of studies have indicated the close association

between the prevalence and complications

of coronary atherosclerosis in a population

and the mean blood cholesterol levels in that

population. In almnost all populations with a

high incidence of coronary artery disease,

relatively high levels of blood cholesterol

are observed, and an almost constant feature

has been the tendency for the mean cholesterol

levels to increase with age. � The mean

cholesterol levels in the male Rendille subjects

closely parallel the mean cholesterol levels in

more developed socioeconomic groups and

differ markedly from those of most indigenous

groups in Africa in whom no rise in mean

cholesterol level occurs after the age of thirty

years2’20” and in whom coronary artery disease

TABLE imi

Serum Lipid Levels in Male Turkana Subjects

Age Group
No. of

Subjects
I �

Cholesterol”

(mg./100 ml.)

Phospholipids”

(mg./100 ml.)

�

C:P Ratio”
Triglycerides”

(mg./100 ml.) -�I �

14-29 10 198 ± 44 211 ± 34 0.90 ± 0.14 120 ± 60
30-39 10 177 ± 34 183 ± 31 0.98 ± 0.10 132 ± 38

40-49 16 183 ± 48 204 ± 55 0.93 ± 0.26 137 ± 45

50+ 17 185 ± 50 198 ± 44 0.95 ± 0.20 144 ± 41

Total 53
�

186 ± 46 199 ± 46
�

0.94 ± 0.22 135 ± 47

 by guest on June 6, 2011
w

w
w

.ajcn.org
D

ow
nloaded from

 

http://www.ajcn.org/


142 Shaper et al.

with myocardial infarction is uncommon and

also from those of groups in Europe with a low

incidence of coronary artery 24,25

In a study of serum lipid levels in healthy

male Norwegian subjects at different age

levels, observations have been made on the

proportiomi of free to total 26 The

mean levels for total cholesterol in the Nor-

wegian subjects closely parallel those in the

male Remidille tribesmemi, with a peak level

in the fifty to fifty-nine year old group followed

by a moderate decline iii successive age groups.

The free cholesterol level in the Norwegian

subjects remains constant (25 to 27 per cent)

w ith a mnean level for all age groups of 27

l�er cemit. Calculatiomis from these figures
indicate a rise in free cholesterol from 48 mg.

per lOt) ml. in the third decade to 76 mg.

per 1O() nil. in the sixth decade. The Rendille

subjects show a similar rise in total cholesterol

with increasimig age but no associated rise in

free cholesterol, and the proportion of free

to total cholesterol falls from 26 per cent in

the age group under thirty to 16 per cent in

the group in the sixth decade (Table ii).

The increnients in total cholesterol seen with

increasing age in the Rendille tribesmen are

thus entirely due to the progressive increase

in the amnoumit of esterified cholesterol.

It has been demonstrated that the higher

total cholesterol levels in subjects with coronary

artery disease than in control groups is largely

due to the esterified fraction, with little

difference between the free cholesterol levels

in the two groups.2’1 Thus, although the

Rendille subjects show the same large increase

in esterified cholesterol exhibited by both

normal Norwegian subjects and by American

subjects with coronary heart disease they do

not exhibit a proportionate increase in free

cholesterol levels. It is widely accepted that

the proportion of cholesterol in the free form

is constant, even in the presence of wide varia-

tions in total cholesterol due to disease states

other than those accompanied by disturbance

oi liver cell function. Sperry28 noted a mean

value of 27 per cent free cholesterol (range

24 to 30 per cent) in ninety-one healthy adults,

Boyd2’ observed 30 per cent free to total

cholesterol in I 18 subjects, and Foldes and

NIurphy’#{176} record 32 per cent free cholesterol

in forty subjects. The significance of our

findings in the Rendille subjects is riot apparent,

but it suggests that mnore attention should be

paid to absolute values of free and esterified

cholesterol in clinical and field studies, for

it cannot be accepted for all age gn)ups imi all

societies that the proportion of free to total

cholesterol is constant.

The values for serum phospholi�)i(ls in the

Samburu tribesmen are simnilar to those ob-

tamed in our earlier study amid resemble those

seen in healthy groups omi diets relatively

low in � The levels of the Rendille groups

are higher than those for the Samnhuru group

at all age levels, and although they do not reach

the high levels reported imi SOHSC Amiiericafl

groupstm’1’1 they do approximate other re-

ported levels for American subjects. 12

The significance of time total cholesterol : phos-

pholipid (C : P) ratio is umicertaimi, although imi

subjects with ischemnic heart disease the level

tends to be above the usual ramige of U. 73 to

0.8327,31_34 In all three of the tribes studied

the C : P ratio is high at all age levels, although

only in the fifty to fifty-riimie year old group

does the ratio for the Rendille subjects exceed

that for the Samburu tribesmmien. Apart from

this there is no significant intertribal dif-

ference at the various age levels or in mean

values for all subjects commibined. Iii all

groups the levels parallel those found in coIn-

munities subject to coronary artery disease,

but it seems unwise in the present state of

uncertainty regardimig the importance of the

altered C : P ratio and in the absence of data

concerning coronary heart disease in the

Rendille subjects to speculate on the signifi-

cance of these findings. It is likely that we

may have to consider the significance of the

C: P ratio in relation to the pattern of changes

seen in total cholesterol and serum triglyceride

rather than to accord it respect as aim inde-

pendent index.

There has recently been an increased in-

terest in the role of triglyceride metabolism in

coronary atherosclerosis and ischemic heart

disease, and a gradual increase in triglyceride

level has been noted in normal subjects with

increasing age. Although only 5 per cent of
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healthy persons aged twenty to twenty-nine

have serum triglyceride concentrations above

the limit of normal a raised level is found in

40 per cent of those over forty years of age

which is considered imi keeping with the pro-

portiomi which might be expected to have latent

ischeniic heart disease.3’ Differences are pres-

emit betweemi racial groups with mnarkedly

different incidemices of coromiary heart disease,36

amm(l it has beemi (lemmiolistrated that elevated

cholesterol levels temid to be paralleled by an

increase iii total lipi(ls attributable to the

triglyceride-containimig beta Ii poprotein frac-

tion.” It is comisi(lerecl that serum triglyceride

levels provide a better separation between

normimal subjects and those with ischeniic

heart disease than the reported measurements

of other serumn lipids imicluding total choles-

terol.

If an abnormnal serum triglyceride level is

a sigmmificant indication of altered lipid metab-

olism or of corollary artery disease then the

behavior of the serumim triglycerides in the

Rendille subjects in association with their

pattern of serum cholesterol mnakes them a

most imiteresting group for further study.

On the one hand they exhibit the concentra-

tions amirl age trend of serum cholesterol seen

in those communities prone to ischemnic heart

disease ; on the other hand, their triglyceride

levels are lowest in the age group with the

highest niean level of cholesterol. The ulti-

mate demonstratiomi of the presence or absence

of coronary atherosclerosis amid its comnplica-

tions in this miomadic group may well be of

niajor importance imi determining the signifi-

cance of cholesterol or triglyceride concen-

trations as indicators of ischemic heart disease

in a community or in individual persons.

Why do the male Rendille subjects exhibit

such a differemit pattern of serumn cholesterol

fromn the male Samburu subjects? We have

now demnonstrated on two separate occasions

in the Samburu tribesmen that despite the

traditiomial diet of milk, meat and blood, their

serum cholesterol levels do not rise with age,

and in a previous publication this finding has

been considered in relation to physical activity

and to the marked seasonal variation in food

supply.tm Although the Samburu tribesmen

mnay have more than enough mnilk for short

periods in any one year, for the larger part

of the year they are probably on a dietary

intake just sufficient for their nutritional re-

quirements. Our earlier suggestion that a

high intake of saturated fat might have to

be habitual and possibly lifelong in order to

exert a marked hypercholesterolemic effect

is not in accordance with the observatiomis

of most investigators, who report that rela-

tively short periods of such a diet will serve

to elevate cholesterol levels ym”

and it is unlikely that this hypothesis could

adequately account for the lipid patterns in

the Samburu tribesmen. It is possible, how-

ever, that caloric balance may be a major

factor in determining the level and pattern

of serum lipids in these nomadic groups. #{176}

From the mean height and weight levels of

the subjects aged twenty to fifty-nine in the

Samburu group (69.6 ± 2.5 inches, 1 19.2 ±

14.4 pounds) and the Rendille group (67.8 ±

1 .8 inches, 122.0 ± i3.5 pounds) there is

clearly no food intake in excess of physiologic

needs. A high degree of physical activity in

the presence of a high fat, high calorie diet

does not necessarily result in low levels of

serumn cholesterol, and the characteristic “west-

era’ ‘ increase in cholesterol level with in-

creasing age can still be demonstrated. This

has been noted in Finnish lumnberjacks4#{176}

and in men in Finland engaged in heavy manual

work other than � In neither of

these two studies is the question of body build

and skinfold thickness discussed, but it seemns

likely that the subjects in these two Finnish

studies are heavier and have greater skinfold

thicknesses than our nomadic tribesmen. As-

sociated with the high degree of strenuous

physical activity in the Finnish groups was

a high caloric intake, and the findings in our

Samburu nomads would suggest that a high

fat diet may not produce hypercholesterolemia

and/or hypertriglyceridemia if the subjects

caloric intake is nearly balanced by his physio-

logic needs.

If this hypothesis were in any way valid,

why then do the Rendille tribesmen differ

from the Samburu tribesmen, and is this

difference in serum cholesterol pattern as-
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sociated with any other evidence of a more

positive caloric balance in the Rendille sub-

ject ? The male Rendille subjects are slightly

shorter and heavier than the Samburu sub-

jects, and the ponderal index (height : weight)

for subjects aged twenty to fifty-nine years is

significantly higher in the Rendille group

(1 So ± 0. 14) than in the Samburu group

(1 . 74 ± 0. 10). Skinfold thicknesses measured

at five sites were significantly greater in the

male Rendille subjects although even the

skinfolds of the Rendille group were only

some 31) per cent of levels encountered in

American male college students.4’ More de-

tailed analysis will be made later as regards

the possible interrelation of serum lipid levels

with body build, skinfold thicknesses and

other factors in these nomads. These initial

findings would, however, suggest that the

Rendille tribesmen are in a more positive

caloric balance than the Samburu tribesmen.

It is possible that the processes involved in

fat metabolism in these nomadic groups,

when there is no significant excess of caloric

intake over caloric expenditure, may differ

from fat metabolism in those groups on high

fat (bets with a caloric intake in excess of

physiologic requirements. It remains difficult

to see why these two nomadic groups living

under such similar environmental circum-

stances should differ so markedly in their

serumn cholesterol levels.

The fat content of caniel’s milk would not

appear to be an important factor, for most

authorities report a lower fat content than in

milk from cows or goats, with values from

2.9 to 3.8 per cent.42-4’ Comprehensive

studies of bulked samples carried out in Kenya

show that cow’s milk has 6.5 per cent fat,46

and camel’s milk has 2.7 per cent fat.4’1 Sam-

pies collected on the present expedition showed

6.0 and 4.7 per cent for cow’s milk and camel’s

milk, respectively. We do not know how much

milk is available per person per day through

the different seasons, but it seemns unlikely

that the fat content of milk by itself is a

factor contributing to the serum lipid dif-

ferences encountered.

The situation of the Rendille subjects may

possibly be compared with that of their no-

madic counterparts in Somaliland and Eritrea.

Reports on these people indicate that they

own camels, sheep and goats and in some

areas, cattle as well. They have dry seasons

lasting several months during which there

is an insufficiency of calories frequently

amounting to a real famine.�’ From a recent

sociologic study of Somali subjects it is ap-

parent that during the long dry season, the

Somali nomads live at subsistence level and

no more. When the rains come “after a few

weeks diet of camel’s milk, people who in

the rigours of the dry season regime had

become thin and weak recover their stremigth

and vigour. This seasonal physical change

is very noticeable and parallels a simimilar

variation in the condition of the livestock.

And from living on the edge of starvation . .

the pastoralists become again self-sufficient

and often have for a brief time more than

enough. ‘ ‘ � The conditions described would

seem to be far more severe than those which

affect the Rendille tribe in Kenya.

A study of cardiovascular disease has been

carried out in these Somali herdsmen,5#{176} and

the mean serumri cholesterol level in 1 9 1 male

subjects aged eleven to seventy years was

147 mg. per 100 ml. The authors report that

samples of camel’s mnilk contained 7. 1 to 7.7

per cent fat, and they have explained the low

levels of serum cholesterol in association with

a high fat diet as being due to the “phenomenon

of adaptation. ‘ ‘ It is interesting to note an

anthropologist’s opinion5’ that the Somali

and the Rendille tribesmen are socially and

economically different and indeed, he was

impressed by the economic similarity between

the Somali and the Samburu tribes in terms of

settlement and migration and the degree of

hardship suffered in the dry season. To him

the dry season affected the Rendille tribe far

less severely than it did the Somali tribe.

CONCLUSION

These nomadic tribes present a unique

opportunity for a study of the relationship

between diet, physical activity and coronary

atherosclerosis. In order to relate our clinical

and biochemical studies to the pattern of

coronary artery disease it will be necessary
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to obtain autopsy material from these groups.

This is an extremely difficult problem in

people who seldom die in hospitals and among

whom it is traditional to leave the dying in the

bush. However, by the use of electrocardio-

graphic studies and retinal photography and

by the gradual accumulation of autopsy ma-

terial we hope to relate the present findings

to the pattern of vascular disease in these

communities.

SUMMARY

A study has beemi made of the serum lipids

in male subjects from three nomadic tribes

imi northern Kenya. Two of these groups

subsist almost entirely on milk, meat and

blood from cattle or camels, and the third

group has a wider range of dietary intake.

The camel-herding group exhibit serum choles-

terol and phospholipid levels which resemble

those found in western communities subject

to coronary artery disease, but the serum

triglyceride levels run contrary to the western

patterns. The factors which may be re-

sponsible for the serum lipid patterns in these

groups are discussed, and it is suggested that

caloric balance may play a major role in the

determination of the serum lipid levels.
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