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LTHOUGH the cholesterol content of the
diet has been considered to have a rela-
tively unimportant influence on cholesterol-
emia in man, recent evidence suggests that
it is a significant hypercholesterolemic factor.
Several efforts to prove this effect, in which
crystalline cholesterol was used, have been
unsuccessful.!=* But it appears that cho-
lesterol in diets containing a good amount of
certain fats*—® or of lipoprotein complexes’ is
well absorbed by man and produces hyper-
cholesterolemia.
In previous field trials,?® it was shown that
a dietary supplement containing 600 mg. of
crystalline cholesterol and 15 ml. of cotton-
seed oil given to rural Guatemalan Indian
school children in one glass of Incaparina®
daily for four weeks and then increased to
1,200 mg. for another four weeks did not pro-
duce significant changes in serum lipid levels,
including serum cholesterol. It was shown
also,? in the same population, that the daily
ingestion of 60 gm. of skim milk or 30 gm. of
different fats over long periods of time failed
to produce changes in serum cholesterol con-
centration. On the other hand, when the
diet commonly consumed by families from
the upper socioeconomic groups was given to
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school age children from lower urban and rural
socioeconomic families, there was a significant
increase in serum cholesterol levels.’® QOne of
the factors that may be responsible for this
effect is the cholesterol content of the diet.

In view of the previous results with crystal-
line cholesterol® and of the increasing number
of reports in the literature on the effect of
dietary cholesterol,1:1? this experiment was
designed to test the effect of dietary cho-
lesterol furnished by egg compared with that of
crystalline cholesterol in 30 ml. of oil.

MATERIAL AND METHODS

School age children from a rural Indian village in
the highlands of Guatemala were divided into three
groups: group 1, the “‘egg’’ group, included twenty-
three children (six boys and seventeen girls) whose
average age was 11.6 years; group 2, the ‘'choles-
terol”” group, included twenty-one children (eight-
een boys and three girls) with an average age of
10.6 years; and group 3, the “control” ‘group, in-
cluded thirty-four children (nineteen boys and fif-
teen girls) with an average age of 9.4 years.

For a period of four weeks the children in group 1
(the egg group) were given 1 boiled egg and 1 glass
of plain Incaparina twice daily as mid-morning and
mid-afternoon snacks. The cholesterol content of
this supplement was about 600 mg. In group 2 (the
cholesterol group) the children were given 600 mg.
of crystalline cholesterol and 30 ml. of cottonseed oil
daily in two glasses of Incaparina in the same way
and for the same period of time. The cholesterol
was dissolved in the hot oil and was mixed into the
Incaparina gruel. In group 3 (the control group) the
children were given only the two glasses of Incapa-
rina with the same amount of oil. All Incaparina
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TABLE 1
Estimated Daily Dietary Intake During the Study

305

. Group 1 Group 2 Group 3
Diet
Intake in the Suoni % of | Suppl % of Supol % of
upple- b O upple- o O upple- X
Home ment Total Calories| ment Total Calories | ment Total Calories
Calories. ....... 1,165 537 1,702 656 1,821 656 1,821
Total protein
(gm.)........ 32 26 58 14 14 46 10 14 46 10
Carbohydrate
(gm.)........ 221 79 300 70 78 209 66 78 299 66
Fat (gm.)...... 17 13 30 16 32 49 24 32 49 24
Fatty acids (gm.)
Saturated. ... 5 3 8 4 8 13 6 8 13 6
Oleic......... 7 b 12 6 8 15 7 8 15 7
Polyun-
saturated... 3 4 7 4 16 19 9 16 19 9
Cholesterol (mg.) 45 600 645 cee 600 645 e - 45 cee

NoTeE: Group 1 = the egg group.

supplements were seasoned with sugar and cinnamon
making palatable preparations that were well ac-
cepted.

Fasting fingertip blood samples were obtained be-
fore the start of the experiment and again at the end
of four weeks. Total serum lipids, lipid phosphorus
and total cholesterol were determined by methods
previously cited.? The statistical comparisons were
made using a t test for correlated pairs,!3

RESULTS

The estimated daily dietary intakes during
the study are presented in Table 1. Group 1
consumed more protein (58 versus 46 gm.) and

Group 2 = the cholesterol group. Group 3 = the control group.

less fat (30 versus 49 gm.) than the other
groups. The carbohydrate intake was equal
in all groups. The percentage of calories
derived from protein, carbohydrate and fat
was 14, 70 and 16 per cent, respectively, for
group 1 and 10, 66 and 24 per cent for the
other two groups. Although the fatty acid
intake was higher in groups 2 and 3 than in
group 1, the saturated to polyunsaturated
fatty acid ratio was higher in the latter group,
1.1 versus 0.68. The daily cholesterol intake
was about 645 mg. in group 1 and 2, and 45
mg. in group 3.

TABLE 11
Effect of Increased Dietary Cholesterol on Serum Lipid Concentration in Guatemalan Rural Children

Total Lipids Cholesterol Lipid Phosphorus
. Age Height Weight (mg./100 ml.) (mg./100 ml.) (mg./100 ml.)
Group No.
(yr.) (cm.) (Ib.)

Initial Final Initial Final Initial Final
1 23 11.6 127.4 59.7 469 499* 120 131% 7.3 7.6
1.2 5.6 6.0 49 69 19 22 0.8 1.2

2 21 10.6 123.9 55.0 470 446 128 119 7.7 7.0%
2.0 9.1 10.1 91 78 21 23 1.0 0.6
3 34 9.4 116.8 48.2 457 438 136 127* 6.9 6.4
1.7 7.8 7.0 54 68 26 25 0.9 0.9

NoTtE: First row of figures represents the mean, the second row the standard deviation.

*p < 0.05.
fp < 0.01.
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The mean age, body height and weight of
the children studied, as well as the serum
lipid levels obtained at the beginning and at
the end of the trial, are given in Table 1r,
In group 1 the children were about one year
older than those in group 2 and two years older
than those in group 3. This was due to the
fact that complete school grades were selected
to form each group and assigned to each treat-
ment at random. Working under field con-
ditions and with a relatively large sample,
it would be extremely difficult to have children
in a single school grade assigned to different
treatments. The height and weight differ-
ences among the groups are in accordance with
the differences in ages and sex distribution.

There was an increase in serum total lipids
and cholesterol in group 1. The increase in
serum cholesterol was significant at the 1 per
cent level of probability. Although no sig-
nificant change was observed in serum lipid
phosphorus, the final values were higher than
the initial ones.

In group 2 crystalline cholesterol did not
produce significant changes in serum total
lipid and cholesterol levels, although the values
had a tendency to decrease. There was a
significant decrease in serum lipid phosphorus
in this group.

In group 3 there was a significant decrease
in serum cholesterol. The values in total
lipids and lipid phosphorus were lower at the
end of the trial, although the differences were
not significant.

COMMENTS

Serum cholesterol levels at birth are very
low in Guatemalan infants and do not differ
between children born to mothers in the upper
and lower socioeconomic groups.!* On the
other hand, in school children from families of
these two different groups, there is a wide
difference in serum cholesterol levels.’® En-
vironmental factors, mainly dietary, must be
largely responsible. Studies in Guatemalal?
have shown that there is a significant increase
in the low serum cholesterol levels of rural
Indian children when they are given a diet
similar to that consumed by children in the
upper income families, although the levels do

not reach those found among the upper socio-
economic population. One possible choles-
terolemic factor in this diet, in addition to the
kind and amount of fat, may be the cholesterol
intake,

The effect of dietary cholesterol on serum
lipid levels has been the subject of repeated
discussions and experimentation. In past
experiments exogenous cholesterol was shown
to have no effect in increasing serum cho-
lesterol.:? These experiments have been criti-
cized on the basis that (1) the cholesterol
intake of the subjects was already high, (2)
the serum cholesterol levels were elevated at
the beginning and (3) the effect of dietary
cholesterol was only observed within a limited
range of intake. Beveridge et al.!! observed
a good correlation between the amount of
cholesterol in the serum and cholesterol in-
crements in the diet up to 800 mg. per 950
cal,, but no further significant increases were
obtained even when intakes were increased
by as much as 1,300 to 4,500 mg.

As already mentioned, in a field trial in
Guatemala? with rural Indian school children,
the increase in the daily cholesterol intake
from 45 to 645 mg. for four weeks and then to
1,245 mg. for another four weeks, given with
15 ml. of cottonseed oil in pne glass of In-
caparina, failed to produce significant changes
in serum cholesterol. Several factors might
explain this lack of response. It has been
stated that children probably do not absorb
exogenous cholesterol,’* that the absorption
of cholesterol takes place only in the presence
of a good amount of fat and that cholesterol
probably needs to be dissolved in fat. The
15 ml. of cottonseed oil used in the previous
experiment® could be considered small, al-
though taking into consideration the solu-
bility of cholesterol in cottonseed oil of 3.2
gm. per cent,” the calculated amount dis-
solved in the preparation used was around
480 mg., which gives a daily intake of dissolved
cholesterol of 314 mg. per 950 cal. Although
this intake, according to Beveridge's results,!!
should have produced an increment of 30
per cent in serum cholesterol levels, it failed
to do so.

In the present experiment, the administra-
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tion of egg containing 600 mg. of cholesterol
daily produced a significant increase in serum
cholesterol. Although the t test on paired
observations is the one of choice in the present
case, treating the serum cholesterol data in an
analysis of variance and correcting for the
disproportion of sex, no significant effect due
to sex or to the interaction of sex and time was
obtained. The intake of 600 mg. was chosen
because this is the usual level of intake among
the upper socioeconormic groups in Guatemala.
Although the cholesterol levels at the end of
the trial increased significantly, they were
lower than those observed among upper socio-
economic groups. It was probably not due
to the short period of experimentation since
Beveridge et al.,!! and Wells and Bronte-
Stewart!? have observed greater changes than
those reported here, in the same length of time,
A more likely possibility is the amount of
cholesterol absorbed. Cook et al.? have es-
timated that 60 per cent of egg cholesterol is
absorbed by man. If absorption is taken into
account, then in the present trial only 360
mg. was absorbed. This gives 200 mg. of
cholesterol per 950 cal. per day. Beveridge
et al.1! have shown that an increase of 42 mg.
per 100 ml. was obtained when the daily
cholesterol intake was G634 mg., giving 200
mg. per 950 cal. Another possibility is that
these children may have been subsisting on
low protein quality diets and, therefore, have
been suffering from chronic subclinical protein
malnutrition. This could decrease lipid ab-
sorption and/or impair blood lipid transport.
This has been suggested by Arroyave et al.¥®in
relation to vitamin A.

The lack of complete agreement between
the present study and Beveridge’s is probably
due to the fact that his subjects were given
a fat-free diet which decreased serum cho-
lesterol and before they were given cholesterol
in a diet which contained 30 per cent of the
calories in the form of a butter oil distillate,
The fact that these subjects showed a rapid
decrease in serum cholesterol when they were
on the fat-free diet is an indication that they
reacted readily to dietary manipulations,
including changes in dietary cholesterol.

In the present trial, no previous dietary

manipulation was necessary because the
habitual diet of the population studied is low
in fat and cholesterol content. The small,
although significant increase observed in serum
cholesterol when egg was given, could in part
be due not only to its cholesterol content,
but also to its fatty acid contribution to the
diet. Wells and Bronte-Stewart,'? however,
have shown that cholesterol-free egg fat frac-
tions did not affect cholesterolemia in man,
although cholesterol and egg fat fractions
given together produced marked increases in
serum cholesterol. They found no difference
between uncooked and cooked egg.

The children in group 2 who were given
crystalline cholesterol and Incaparina with
cottonseed oil showed a decrease in serum
cholesterol which was not statistically sig-
nificant, whereas the children in group 3, given
only Incaparina with cottonseed oil, showed a
significant decrease. This decrease could be
attributed to both the amount of oil used and
its fatty acid composition.

Serum total lipids and lipid phosphorus
paralleled the changes in serum cholesterol.
The significant change in lipid phosphorus in
group 2 cannot be attributed to a specific
dietary factor.

The present results confirm previous field
dietary trials'® that showed that the very low
cholesterol levels of Guatemalan rural children
can be increased readily by dietary means.
Because of the relatively small change ob-
tained, it seems that these children have an
intrinsically low serum cholesterol responsive-
ness to dietary manipulations. Similar studies
with adults of the same population, and chil-
dren and adults of other socioeconomic groups,
may clarify if this responsiveness is char-
acteristic of these children.

SUMMARY

School children from a rural Indian com-
munity in the highlands of Guatemala were
divided into three groups. Group 1 (the egg
group) received 2 boiled eggs and 2 glasses
of Incaparina daily. The cholesterol content
of this supplement was 600 mg. Group 2
(the cholesterol group) received 600 mg. of
crystalline cholesterol] daily, plus 2 glasses of
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Incaparina containing 15 ml. of cottonseed
oil each. Group 3 (the control group) re-
ceived only the Incaparina with the same
amount of oil. A significant increase in serum
cholesterol levels was observed in group 1 at
the end of four weeks; no increase was ob-
served in the other groups. Although the
increase in serum cholesterol levels observed
in group 1 was significant, the increase was
small, indicating that probably this Indian
group has an intrinsically low responsiveness
to dietary manipulations.

REFERENCES

1. KEvs, A., ANDERSON, J. T., MIKELSEN, O., ADEL-
soN, S. F. and Fipanza, F, Diet and serum
cholesterol in man: lack of effect of dietary
cholesterol. J. Nulrition, 59: 39, 1956.

2. MatTiLL, H. 1. Cholesterol as related to athero-
sclerosis. A review of the literature 1950 to July
1957. Chicago, Ill., Cereal Institute, Inc.

3. MENDEZ, J., AcosTA, A, and FUNES, R. Response
of rural Guatemalan Indian children with hypo-
cholesterolemia to increased crystalline choles-
terol intake. J. Nuirition, 79: 200, 1963.

4, MESSINGER, W. J., PorosowsKkA, Y. and STEELE,
J. M. Effect of feeding egg volk and cholesterol
on serum cholesterol levels. Arch. Int. Med., 86:
189, 1950.

5. ConNOR, W. E., HopGES, R. E. and BLEILER, R. E.
Effect of dietary cholesterol upon serum lipid in
man. J. Lab. & Clin. Med., 57:331, 1961.

6. STEINER, A., HOwARD, E. J. and AKGUN, S, Im-
portance of dietary cholesterol in man.
J. 4. M. A., 181: 186, 1962,

7. Cook, R. P., EpwaArps, D. C. and RippeLL, C.
Cholesterol metabolism. vir. Cholesterol ab-
sorption and excretion in man. Biockem. J., 62:
225, 1956.

B. ScrimsHAw, N. S., BEnar, M., WiLsoN, D.,,
ViTERI, F., ARROYAVE, G. and BRESSANI, R.
All-vegetable protein mixtures for human feed-

Méndez

10.

11.

12.

13.

14,

15.

16.

17.

18.

ing. v. Clinical trials with INCAP mixtures 8
and 9 and with corn and beans. Am. J. Clin.
Nuirition, 9: 196, 1961,

MENDEZ, J., ScriMsHAW, N. S., Ascori, W. and
GuzMmAN, M. A. Factors influencing serum cho-
lesterol levels of Central American children. 1.
Effect of adding fat and animal protein to the
diet. Am. J. Clin. Nutrition, 9; 143, 1961.

MENDEZ, J., ScrimMsHAw, N. S., FLores, M., DE
LE6N, R. and BEHAR, M. Factors influencing
serum cholesterol levels of Central American
children. 1. The effect of gross dietary changes.
Am. J. Clin. Nutrition, 9: 148, 1961.

BEVERIDGE, J. M. R., CoNNELL, W. F., MAYER,
G. A. and HavusT, H. L. The response of man to
dietary cholesterol. J. Nuirition, 71:61, 1960.

WELLS, V. M., and BRONTE-STEWART, B. Egg yolk
and serum-cholesterol levels: importance of die-
tary cholesterol intake. Brit. M. J., 1: 577, 1963.

SNEDECOR, G. W. Statistical Methods Applied to
Experiments in Agriculture and Biology, 5th
ed. Ames, Iowa, 1956. The Iowa State College
Press.

M£NDEZ, J., SAvits, B. S., FLorEs, M. and ScriM-
sHAW, N. S. Cholesterol levels of maternal and
fetal blood at parturition in upper and lower in-
come groups in Guatemala City, Am. J. Clin.
Nutrition, 7: 595, 1959.

ScriMsHAW, N. S., BALsaM, A. and ARROYAVE, G,
Serum cholesterol levels in school children from
three socio-economic groups. Am. J. Clin. Nulrs-
lion, 5: 629, 1957,

HeyMANN, W. and Rack, F. Independence of
serum cholesterol from exogenous cholesterol in
infants and in children. Ant. J. Dis. Child., 65:
235, 1943.

BRONTE-STEWART, B. Lipids and atherosclerosis.
In: Proceedings of Fifth International Congress
on Nutrition, Panel III, Lipids in Health and
Disease, p. 13. Washington, D. C., September
1-7, 1960.

ARROYAVE, G., FLorREs, M. and BEtHAR, M. The
effects of a controlled increment in dietary nu-
trient intake on blood and urine biochemistry in
children. Am. J. Clin. Nutrition, 15: 331, 1964,

Reprinted from THE AMERICAN JOURNAL OF CLINICAL NUTRITION
March issue, Vol. 16, No. 3, pp. 304-308, copyright 1965 and printed in the U.S.A.
Published by The Reuben H. Donnelley Corporation, 466 Lexington Avenue, N, Y. 10017



