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Fat intake during childhood: metabolic responses and effects on

growth™3
Ricardo Uauy, Charles E Mize, and Carlos Castillo-Duran

ABSTRACT Lipids are considered the most important energy
source in the infant diet and are necessary for normal growth and
physical activity. Human milk, in which most of the energy is
present as fat, provides a relatively high cholesterol intake. For-
mula provides a much lower cholesterol intake. Infants fed human
milk have higher total and LDL-cholesterol concentrations in
plasma than do formula-fed infants (P < 0.05), whereas plasma
HDL- and LDL-cholesterol concentrations are lower in formula-
fed infants if a formula high in linoleate is fed (P < 0.05). Infants
adapt to the high cholesterol content of human milk through a
decrease in cholesterol synthesis; in contrast, the addition of cho-
lesterol to formula does not suppress synthesis. Measurements of
serum lipoproteins and LDL-receptor activity suggest that it is the
fatty acid content, rather than the cholesterol content, of the diet
that regulates cholesterol homeostasis. We studied the effect of
total energy, source of energy, and fat on growth indexes of chil-
dren <6 y of age in Latin America with use of food balance data.
With respect to availability of animal fat, a negative relation was
evident for being underweight (percentage weight-for-age <2 SDs
of the World Health Organization—National Center for Health
Statistics standards) and for having a low birth weight; the latter
was also negatively related to energy. Wasting (percentage
weight-for-height <2 SDs) was not related to dietary factors.
These results suggest that diets that provide <22% of energy from
fat and that are low in animal fats may restrict growth. The coex-
istence of early stunting with adult obesity in Latin America cre-
ates a dilemma for public nutrition intervention programs.
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INTRODUCTION

We discuss 2 distinct aspects of fat intake during childhood:
1) the effect of controlled, selected fat intake during infancy on
lipoprotein and cholesterol metabolism and 2) the effect of fat
intake on growth of children in Latin America, as assessed by
using both cross-country comparisons of fat intake based on
national food balance information and aggregate data of growth
based on anthropometric information.

CLINICAL STUDIES OF CONTROLLED LIPID SUPPLY
OF THE INFANT DIET

Lipids have traditionally been considered the most important
energy source in the infant diet and are necessary for normal
growth and physical activity. Lipids provide approximately one-
half (45-55%) of the energy in human milk and a similar propor-
tion is found in most artificial infant formulas. Lipids constitute
the major energy stores in the body. The energy content of adi-
pose tissue on a wet weight basis is 7-8 fold higher than that of
tissue containing glycogen or protein, considering that the latter
substrates are in a hydrated state. Dietary lipids provide essential
fatty acids and facilitate the absorption of lipid-soluble vitamins.
Fats generally slow gastric emptying and intestinal motility,
which may affect infant satiety and thereby gross intake.

Over the past decades, interest has focused on the role of lipids
in central nervous system development and the role of fatty acids
and cholesterol in lipoprotein metabolism throughout the life
cycle. Lipids serve as structural components of all tissues and are
indispensable for cell and plasma membrane synthesis. The brain,
retina, and other neural tissues are particularly rich in long-chain
polyunsaturated fatty acids (PUFAs). Some long-chain PUFAs
serve as precursors for eicosanoid production (prostaglandins,
prostacyclins, thromboxanes, and leukotrienes). These autocrine
and paracrine mediators are powerful regulators of numerous cell
and tissue functions (eg, thrombocyte aggregation, inflammatory
reactions and leukocyte functions, vasoconstriction and vasodi-
latation, blood pressure, bronchial constriction, and uterine con-
tractility). Dietary lipids affect cholesterol metabolism at an early
age and may be associated with cardiovascular morbidity and
mortality in later life. Lipid supply and metabolism have also
been shown to affect neural development and function (1, 2).

Human milk is the preferred mode of infant feeding. Present rec-
ommendations suggest that term infants be exclusively breast-fed
for the first 6 mo of life. Present approaches to evaluate the ade-
quacy of formula feeding are based on the capacity of formula to
support growth and development in a manner comparable with
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TABLE 1
Demographic and anthropometric characteristics of the study groups’

High monounsaturated
group (n =10 M, 10 F)

High polyunsaturated
group (n =11 M, 11 F)

Human milk group (n =9 M, 16 F)

Weight (kg)
Birth 3.44 +0.48 [20]
12 mo 9.68 £ 0.95 [19]
Length (cm)
Birth 50.9 £ 5.6 [20]
12 mo 75.7+£2.5[19]
Head circumference (cm)
Birth 345+ 1.1[20]
12 mo 459+ 1.2 [19]

3.60 +0.39 [22]
10.11 % 1.30 [20]

3.59 £0.45 [25]
9.66 +0.81 [23]

50.8 + 1.5 [22]
76.0 + 2.8 [20]

51.6 £2.3 [25]
75.9 £3.1 [23]

34.8+1.322]
46.4+ 1.2 [20]

352+ 1.6 [25]
47.1+1.4 (23]

X + SD; n in brackets. The high monounsaturated group received an oleic acid—enriched diet; the high polyunsaturated group received a linoleic

acid—enriched diet. Data from reference 15.

human milk. This includes the need to compare the biochemical,
metabolic, and functional responses of breast-fed infants with those
of infants given defined formula diets. Human milk provides 50% of
energy as fat, mostly saturated and monounsaturated fatty acids (3).
To provide fat in infant formula, various vegetable oils (corn, soy,
safflower, olive, or sunflower) are used. The use of vegetable oils in
the infant diet is based on availability, nutritional properties, and rel-
ative costs. The oleic acid or linoleic acid content of the formula
depends on the oil source. The need to include linoleic acid, the par-
ent n—6 essential fatty acid (EFA), has been recognized for >30 y
(4). The n—6 PUFAs are abundant in commonly used vegetable oils
whereas n—3 PUFAs are relatively low, except in soy and canola
oils. More recently, the need to provide a-linolenic acid as a source
of the n—3 EFAs important in retinal and nervous system develop-
ment was recognized (5). A possible need for long-chain fatty acids,
with carbon lengths of >18, is being studied. Presently, most for-
mulas are designed to provide a fatty acid composition similar to
that of mature human milk from omnivorous women, although the
fatty acid composition of human milk, including the EFA and long-
chain PUFA content, varies according to the maternal diet.
Formula-fed infants receive a fat energy ratio (FER) similar to
that of human milk, but have a much lower cholesterol intake
(0.06-0.16 mmol/d, or 25-60 mg/d) than do infants receiving
human milk (0.26-0.39 mmol/d, or 100-150 mg/d) (3). Cholesterol
is not routinely added to formula except in experimental products
used in clinical research. The beneficial effects of cholesterol sup-
plementation of artificial formula have not been established (6, 7).
Interest in the effect of high cholesterol feeding in early life
arose after Reiser et al (8) proposed that high cholesterol feeding
in early life may serve to regulate cholesterol and lipoprotein
metabolism in later life. Animal data in support of this hypothesis
are limited, but the idea of a possible metabolic imprinting served
to trigger several retrospective and prospective studies comparing
cholesterol and lipoprotein metabolism in breast-fed and formula-
fed infants. Studies in suckling rats suggested that the presence of
cholesterol in the early diet may serve to define a metabolic pat-
tern for lipoproteins and plasma cholesterol that could be of ben-
efit later in life, a hypothesis attributed to the work of Reiser et al
(8). Differential diets in infant baboons in studies by Mott and
McGill (9) provided evidence to the contrary in terms of benefit.
These investigators noted that increased atherosclerotic lesions
associated with increased concentrations of plasma total choles-
terol were related to increased dietary cholesterol in early life.
Nevertheless, the observation of modified responses of adult cho-
lesterol production rates, bile cholesterol saturation indexes, and

bile acid turnover depending on whether the baboons were fed
breast milk or formulas served to attract further interest.

Short-term human studies have been confounded in part by diver-
sity in solid food weaning regimens, as well as by the varied fatty
acid composition of components of the early diet. The fatty acid
composition of the diet is now known to affect circulating lipopro-
tein cholesterol species (10-13). Mean plasma total cholesterol con-
centrations by the age of 4 mo in breast-fed infants reached 24.65
mmol/L (180 mg/dL), whereas concentrations in formula-fed
infants tended to remain <3.88 mmol/L (150 mg/dL) (14). In a
study by Carlson et al (13), infants who received predominantly a
linoleic acid—enriched oil blend had a mean cholesterol concentra-
tion of =~2.84 mmol/L (110 mg/dL). A separate group of infants
who received predominantly oleic acid had a mean cholesterol con-
centration of 3.44 mmol/L. (133 mg/dL); moreover, infants fed
breast milk and oleic acid—enriched formula had relatively higher
concentrations of HDL cholesterol and apolipoproteins A-I and A-
II than did the infants fed the predominantly linoleic acid—enriched
diet. The ratio of (LDL + VLDL) to HDL was lowest for infants
who received the oleic acid—enriched formula. Using a similar oleic
acid—predominant formula, Darmady et al (10) reported a mean
value of 3.85 mmol/L (149 mg/dL) in infants aged 4 mo, compared
with 5.07 mmol/L (196 mg/dL) in a parallel breast-fed group. Most
of those infants then received an uncontrolled mixed diet and cow
milk, with no evident differences in plasma cholesterol concentra-
tions at 12 mo, independent of the type of early feeding.

In a previously published study, we assessed the effect of
feeding a controlled lipid diet on plasma cholesterol lipoprotein
fractions in infants (15). In this prospective, randomized study,
we fed matched populations of white, normally growing infants
a controlled for diet from birth to 12 mo, followed by an ad libitum
diet from 12 to 24 mo. We compared an oleic acid—predominant
diet with a linoleic acid—predominant diets (both low in choles-
terol) and with human milk (oleic acid—predominant and high in
cholesterol). Study subjects were enrolled from a population of
69 healthy infants from highly motivated families followed in a
single private practice office in Dallas. Anthropometric charac-
teristics of the subjects are shown in Table 1.

The 2 formula-fed groups, which consisted of infants <4 d of
age whose mothers opted not to breast-feed, were randomly
assigned to 1 of 2 low-cholesterol formulas that provided 40-42%
total fat. The high mono group (n = 22) received an oleic
acid—enriched diet (modified Wyeth SMA; Wyeth, St David’s, PA)
whereas the high poly group (n = 22) received a linoleic
acid—enriched diet that provided 38-40% total fat as PUFAs
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TABLE 2
Fatty acid composition of plasma triacylglycerols at age 12 mo in the
3 study groups’

High High
monounsaturated polyunsaturated Human milk
group group group
(n=17) (n=15) (n=16)
% by wt

Palmitic acid (16:0) 19.7+£23 20.6+3.1 22.1+£23
Stearic acid (18:0) 43+1.0 32408 42+1.2
Oleic acid (18:1n—9) 50.7+3.3 29.5+3.8 46.3+3.0
Linoleic acid (18:2n—6) 18.6 £ 1.7 39.1+6.9 198+ 1.6

!X + SD. Data from reference 15.

(Wyeth SMA). The 2 formulas, depending on volume of intake,
provided each infant 0.04-0.06 mmol (15-25 mg) cholesterol/d.
After weaning, the 2 formula groups received a selection of prede-
fined solid foods and supplemental oil provided by the investigators
(California Fats & Oils, Richmond, CA) to maintain a daily fatty
acid intake resembling that of the initially assigned infant formula
but with a lower total fat content (35% of total energy). The calcu-
lated mean intake for this study was published previously (15).

A third group fed breast milk (human milk group; n = 25) was
weaned at a mean age of 6.2 mo (range: 4-8.5 mo) and received
from weaning to the age of 12 mo a mixed diet resembling
human milk in its cholesterol (0.39-0.52 mmol/d or
150-200 mg/d, ie, =1 egg yolk equivalent) and oleic acid con-
tent. This was accomplished by adding egg yolk (Gerber, Fre-
mont, MI) and the same Wyeth SMA formula otherwise pre-
scribed for the high mono group to the diet. The selected solid
foods and oil supplements given to all infants after weaning were
designed to maintain the relative fatty acid and cholesterol
intakes of the assigned diet group. Postweaning, all infants
received, as a function of increasing age, 460-502 kJ-kg~!-d!
(110-120 kcal-kg~'-d™") and 2.5-3.0 g protein-kg™'-d~',
which was customary for this population. The diets provided
vitamins and minerals to meet or exceed the US recommended
dietary allowances according to age. As a result of weaning, the
percentage of energy delivered as fat decreased in all groups
from 50% (to age 4 mo) to 35% (from ages 4—12 mo).

The extent of compliance in each infant group was validated
by periodically determining plasma triacylglycerol fatty acid
composition. Compliance was stressed in verbal and written
instruction booklets, by providing 24-h telephone access to the
investigator team, through home deliveries of infant food to indi-
vidual families, by sending motivation letters, and by sending
quarterly newsletters to every family. In addition, compliance

TABLE 3

was enhanced by interacting frequently with the private practice
office from which the study cohorts were derived.

Venous blood samples collected at 4, 9, 12, and 24 mo of age
(as close to 2 h after a feeding as possible) were assayed by stan-
dard methods for enzymatic quantitation of total cholesterol (16)
and triacylglycerols (17) in plasma. VLDL cholesterol was
measured as the corrected difference between total cholesterol
and the cholesterol content of the infranatant fraction with a den-
sity of 1.109 obtained after plasma centrifugation. HDL choles-
terol was derived after heparin-manganese precipitation and
LDL cholesterol was estimated as the difference between total
cholesterol and (VLDL + HDL) cholesterol (18, 19). Total
plasma lipids were obtained by solvent extraction and plasma tri-
acylglycerols were isolated by thin-layer chromatography (20,
21). The fatty acid composition of triacylglycerols was deter-
mined by capillary column gas-liquid chromatography after
boron trifluoride hydrolysis-methylation (22).

Anthropometric measures at each time interval were made
independently by 2 trained team members using standardized
methods with a precision of 0.2 cm for length, +0.1 cm for head
circumference, and +3 g for body weight. Characteristics of study
groups and results of growth are summarized in Table 1. Detailed
food records provided at monthly intervals by each study family
were examined by computer-assisted dietary analysis; the respec-
tive manufacturers provided food-composition data.

Significant results from this study are summarized here. As
evidenced by the relative plasma triacylglycerol fatty acid com-
position of each of the 3 cohorts at 12 mo (Table 2), long-term
compliance with these controlled diet interventions was achieved.
The mean relative oleic acid content was higher in the high mono
group than in the high poly group, whereas the mean relative
linoleic acid content was higher in the high poly group. The
human milk cohort more closely resembled the high mono group,
in accord with the similar 18:1 composition of the diets fed.

Plasma cholesterol and triacylglycerol concentrations in each
cohort are shown in Table 3. Consecutive 4-, 9-, and 12-mo blood
samples were available for repeated-measures analysis of variance
(ANOVA) in the 3 diet groups. The human milk group was signi-
ficantly different from both the high mono and the high poly
groups at 4 mo and significantly different from the high poly
group at 9 mo. At all time intervals, the high poly group had lower
cholesterol concentrations than did the human milk group. Addi-
tionally, cholesterol concentrations of the high poly group were
lower than those in the high mono and human milk groups at 12
mo. Triacylglycerol concentrations in the high poly group were
lower than in the high mono group at 4 mo, but because these con-
centrations were highly variable, few conclusions can be drawn
from these data.

Plasma concentrations of total cholesterol and triacylglycerols as a function of diet and time’

Plasma total cholesterol

Plasma triacylglycerols

High monounsaturated High polyunsaturated

High monounsaturated  High polyunsaturated

Age group group Human milk group group group Human milk group
mmol/L

4 mo 3.52+£0.78 [19]* 3.49 £0.49 [21]° 4.24 +0.85 [23]** 1.91+£0.76 [19]° 1.10 £ 0.68 [21]° 1.42 £ 1.05 [23]

9 mo 3.80 £ 0.47 [20] 3.59 £0.52 [19]° 4.09 +£0.62 [22]¢ 1.15 £ 0.56 [20] 1.29 £ 0.89 [19] 1.21 £ 0.65 [22]

12 mo 4.03+£0.80 [17]° 3.31+0.52 [16]% 4.03 £0.78 [23]¢ 1.85+1.06 [17] 1.19 £ 0.72 [16] 1.70 + 1.22 [23]

!X + SD; n in brackets. Groups with the same superscript letter are significantly different, P < 0.05 (repeated-measures adjusted ANOVA). Data

from reference 15.
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TABLE 4
Plasma concentrations of HDL cholesterol and LDL cholesterol as a function of diet and time’
HDL cholesterol LDL cholesterol
High monounsaturated High polyunsaturated High monounsaturated High polyunsaturated
Age group group Human milk group group group Human milk group
mmol/L
4 mo 1.29£0.31 [16] 1.19£0.26 [19] 1.29 £0.34 [19] 1.86 + 0.57 [16]™" 1.99 £0.36 [19]¢ 2.59 +0.88 [23]"¢
9 mo 1.11 £ 0.26 [20] 1.01 £0.26 [18] 1.16 £ 0.57 [22] 2.28 £0.52 [20] 2.17 £ 0.64 [18] 2.53 £0.62 [22]
12 mo 1.14 £0.26 [16]* 091 £0.21 [16]* 1.09 £ 0.28 [23] 2.53£0.62 [16]" 2.04 £0.41 [16] 2.48 £0.21 [23]

X + SD; n in brackets. Groups with the same superscript letter are significantly different, P < 0.05 (repeated-measures adjusted ANOVA). Data

from reference 15.

Data for the HDL- and LDL-cholesterol fractions are shown
in Table 4. Differences in plasma LDL-cholesterol concentra-
tions were evident at 4 mo between the human milk group and
each of the other 2 cohorts. These differences were no longer
significant beyond 4 mo. The high poly group maintained the
lowest LDL-cholesterol values for the 12-mo controlled diet
period, but values rose significantly to parallel the other 2
groups at the 24-mo follow-up. HDL-cholesterol concentrations
fell as the study proceeded; at 12 mo, the high poly group had
significantly lower values than did the high mono group. The
overall time effect across diet groups indicated an overall low-
ering of plasma HDL-cholesterol concentrations at 9 and 12 mo
relative to 4 mo.

Twenty-two of the original study infants returned for lipid
analyses at the age of 24 mo. At this time, after the infants had
been consuming diets ad libitum, there were no significant dif-
ferences in concentrations of total cholesterol or in lipoprotein
cholesterol fractions across diet groups. At 24 mo, total choles-
terol and LDL-cholesterol concentrations in the high poly group
rose to approximate the values observed in the other 2 groups.

Our study showed significant effects of exclusive breast-feed-
ing on lipoprotein cholesterol concentrations at 4 mo. At the ages
of 9 and 12 mo, while cholesterol and fatty acid intakes were
maintained to mimic human milk, concentrations of HDL and
LDL cholesterol in the human milk group were not significantly
different from those of the high mono group (which consumed a
low-cholesterol diet). The high poly group (which also consumed
a low-cholesterol diet) had lower total and LDL-cholesterol con-
centrations throughout the study. Thus, our data suggest that
fatty acid intake plays a predominant role in determining total
and LDL-cholesterol concentrations. We cannot fully discard the
role of high dietary cholesterol associated with exclusive breast-
feeding during the first 4 mo of life because at this time the
human milk group had significantly higher total and LDL-
cholesterol concentrations than did the high mono group.

To address potential mechanisms for these effects, we also
evaluated LDL-receptor activity in lymphocytes obtained from
these infants at 12 mo. We studied 43 infants whose families con-
sented to having the extra blood sampled and whose lipid profiles
were comparable to those of the total group. Lymphocyte LDL-
receptor activity was assessed by studying the recovery of the
proliferative response to mitogen stimuli after blocking endoge-
nous cholesterol synthesis by preincubation with hydroxymethyl-
glutaryl-CoA reductase inhibitors (23). The recovery of prolifer-
ation is dependent on the LDL-cholesterol-mediated uptake. The
method uses peripheral blood mononuclear cells isolated from
10 mL of anticoagulated blood, which are then cultured in
lipoprotein-depleted medium and stimulated with phytohemag-

glutinin (0.5 mg/L) as a mitogen. Lovastatin (0.5 pwmol/L) is used
to block endogenous cholesterol synthesis. Exogenous choles-
terol is provided as LDL in graded concentrations and mevalonate
(the product of the hydroxymethylglutaryl-CoA reductase reac-
tion) is used as a positive control. [*H]Thymidine incorporation
serves to assess lymphocyte proliferation. Percentage inhibition
is calculated by comparing the phytohemagglutinin-stimulated
proliferation of cells with and without lovastatin. The LDL con-
centration needed to restore lymphocyte proliferation by 50% is
defined as the LDL,. Normal control LDL, ranges from a mean
of 1.5 to 1.8 mg/L, whereas patients with heterozygous forms of
familial hypercholesterolemia have mean values close to 4 mg/L
and those with homozygous forms have values >30 mg/L.

At 12 mo, the human milk group had a mean LDL;, of 2.4 mg/L,
which was higher than the mean of 1.7 mg/L found in the high
poly group. The high mono group had an intermediate mean
value of 2.1 mg/L. The nonparametric analysis of these results
showed that a significantly (P < 0.03) higher proportion (6/13) of
subjects in the high poly group had low LDL,, values whereas
only one (1/13) had a high LDLs, value. Conversely, only one
(1/13) of the children given human milk had a low LDLy, value,
whereas a high proportion (6/13) had high LDL, values (24). The
high poly diet increased the LDL-receptor activity of the lym-
phocytes and was associated with lower plasma LDL-cholesterol
concentrations. The human milk group had the lowest LDL-
receptor activity (highest LDLy); that is, the lymphocytes required
higher concentrations of LDL cholesterol in the media to reverse
the lovastatin-induced suppression of proliferation.

A separate set of collaborative studies conducted in Cincinnati
and Houston evaluated the potential mechanisms underlying the
metabolic adaptation of infants to high- and low-cholesterol diets
(25, 26). These authors fed deuterated water to enrich red blood
cell membrane free cholesterol with deuterium. The rate of incor-
poration of deuterium into cholesterol, measured by using com-
bustion chamber isotope ratio mass spectrometry, served to assess
cholesterol synthesis. Fractional synthetic rates (FSRs) were
derived from kinetic analysis of the enrichment over time by using
deuterium enrichment of body water at 24 and 48 h as an index of
pool size. The comparison of the FSRs of 4-mo-old infants fed
human milk (high-cholesterol diet) or formulas based on cow milk
(low-cholesterol diet) and soy protein (low-cholesterol diet) with
and without added cholesterol (no-cholesterol diet) showed that
infants adjust to low-cholesterol feeding with increased choles-
terol synthesis; conversely, a reduced FSR was observed in infants
fed human milk (25). The addition of cholesterol to soy milk low-
ered the FSR by =10% (P < 0.03). Infants fed cow milk formula
had nonsignificantly lower cholesterol FSRs than did infants fed
soy milk formula to which cholesterol had been added to equal the
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TABLE 5
Availability of total energy, fat, and protein as derived from national food balance sheets for Latin American countries (mean values)’
Country Energy FER Total fat Animal fat Animal fat Protein
kJ/d % of energy g/d g/d % of total fat g/d
Argentina 12342 31 103 67 65 97
Bolivia 8942 23 51 27 53 52
Brazil 11673 26 82 34 41 64
Chile 10627 23 65 33 51 70
Colombia 11004 21 62 29 47 59
Costa Rica 12008 24 78 31 40 69
Ecuador 10627 32 90 26 29 52
El Salvador 10586 21 58 18 31 62
Guatemala 9540 17 42 11 26 57
Haiti 3096 13 26 6 23 41
Honduras 9665 24 61 19 31 56
Jamaica 10795 22 64 25 39 64
Mexico 13347 27 94 39 41 80
Nicaragua 9581 20 52 16 31 55
Panama 9372 26 65 32 49 59
Paraguay 10962 32 92 45 49 68
Peru 7866 16 34 15 44 50
Uruguay 11213 32 96 75 78 83
Venezuela 10837 26 75 24 32 65

'FER, fat energy ratio. Data from reference 28.

cholesterol content of cow milk, suggesting a minor effect of soy
components on FSR. Soy isoflavone urinary excretion was nega-
tively associated with cholesterol FSR in infants receiving soy for-
mula. A significant negative correlation was observed between
FSR and plasma LDL-cholesterol concentration.

Further studies by the same group investigated whether the addi-
tion of cholesterol to formula (0.34 mmol/L, or 13.3 mg/dL) at a
concentration mimicking human milk or to an oleic acid—predomi-
nant formula (cholesterol content: 0.09 mmol/L, or 3.3 mg/dL)
influenced endogenous cholesterol synthesis. Groups of 4-mo-old
infants were compared with a breast-fed control group (breast-milk
cholesterol content: 0.31 mmol/L, or 12.0 mg/dL) (26). The results
of this study confirmed a lower cholesterol FSR in breast-fed
infants than in the formula-fed groups. The addition of cholesterol
to regular formula elevated total and LDL cholesterol but did not
suppress the high FSR observed when the low-cholesterol formula
was fed. These findings suggest that factors in human milk other
than cholesterol may be responsible for the regulation of choles-
terol synthesis. The form of cholesterol may be important: human
milk cholesterol is incorporated into a membrane matrix encom-
passing the fat globule, rather than being present as the crystalline
pure cholesterol form provided by the authors. This envelope con-
tains phospholipids, long-chain PUFAs, glycolipids, and multiple
other specialized membrane glycoproteins (3).

These results suggest that infants adapt to a low-cholesterol
diet such as provided by a lipid-modified cow milk or soy-protein-
based formula through an increase in endogenous cholesterol
synthesis. Infants fed human milk receive cholesterol and a
unique lipid mix that suppresses endogenous cholesterol synthe-
sis. Infants with a high serum LDL-cholesterol concentration
will down-regulate cholesterol synthesis. The addition of choles-
terol to a cow milk or soy formula does not suppress the rate of
cholesterol synthesis at 4 mo, suggesting that other factors pres-
ent in human milk may be responsible for this regulatory effect.
Measurements of serum lipoprotein concentrations and LDL-
receptor activity in human lymphocytes suggest that it is the

PUFA content rather than the cholesterol content of the diet that
regulates cholesterol homeostasis. The pathways for the regula-
tion of endogenous cholesterol synthesis in infants appear to be
regulated similarly as in adults, that is, by LDL-receptor activity.
This similarity also includes the dominance of fatty acid compo-
sition over cholesterol in the diet as the main factor responsible
for establishing the steady state LDL-cholesterol concentration
that suppresses endogenous cholesterol synthesis (27).

EFFECTS OF DIETARY FAT ON THE GROWTH OF
LATIN AMERICAN CHILDREN

Dietary patterns in the Latin American region are changing
drastically as a result of rapid urbanization and economic
growth, with an accompanying increase in global trade, which
includes food commodities. These changes affect all segments of
the population but particularly the low-socioeconomic groups,
who now have an increased selection of foods from both local
production and foreign sources. Some of the new food products
are viewed as status symbols and as opportunity to share prod-
ucts with a global presence. There are few national up-to-date
dietary surveys that provide a clear picture of food consumption.
Most of the data come from analysis of family expenditure,
which in many cases includes food purchases. The only data that
are systematically collected by the United Nations system in vir-
tually all countries is the food balance information. This balance
data includes the total of the food produced in the country added
to the food imported. The food exported and that used as animal
feed is subtracted from the total, and the balance is taken to rep-
resent the total food available for indigenous consumption. This
amount is then divided by the population to provide the mean
food available to each individual. This approach assumes that all
individuals receive an equal portion of the food and that the pro-
duction of foods for self-consumption is not significant (28).

Shown in Table 5 are the fat-related components derived
from food balance sheets published by the latest Food and
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TABLE 6
Percentage of Latin American children <6 y of age with abnormal growth on the basis of anthropometric measurements (mean values)’

@ The American Journal of Clinical Nutrition

Underweight Stunted Wasted Low birth weight
Country (weight-for-age <2 SDs) (height-for-age <2 SDs) (weight-for-height <2 SDs) (<2500 g)
%
Argentina 1.9 4.7 1.1 6.5
Bolivia 15.7 28.3 44 12.0
Brazil 7.0 15.4 2.0 11.0
Chile 0.9 2.6 0.3 5.8
Colombia 10.1 16.6 2.9 10.0
Costa Rica 2.3 9.2 — 6.0
Ecuador 16.5 34.0 1.7 15.1
El Salvador 11.2 22.8 1.3 16.0
Guatemala 335 57.9 1.4 14.0
Haiti 339 40.6 4.2 15.0
Honduras 19.3 39.4 1.5 10.6
Jamaica 7.2 8.7 34 12.0
Mexico 19.0 35.1 5.5 12.0
Nicaragua 11.9 23.7 1.9 10.0
Panama 6.1 9.9 2.7 10.0
Paraguay 3.7 16.6 0.3 7.6
Peru 10.8 36.5 14 12.0
Uruguay 1.7 7.4 1.5 6.9
Venezuela 10.2 6.4 1.3 10.4

Data from reference 29. Underweight, stunted, and wasted were defined on the basis of a 2-SD deviance from the median value of the respective growth
index in the World Health Organization—National Center for Health Statistics standards.

Agriculture Organization World Food Survey (28). The propor-
tion of energy from fat, or the FER, and the percentage of
animal fat are derived from the primary data (5). Despite the
limitations of this approach, we can observe large differences
between countries in energy, fat, and percentage animal fat
available. To explore the effect of the dietary variables on the
growth of children, we also compiled available data from the
World Health Organization (WHO) on anthropometric measures
of young children from the region, as well as the percentage of
children with a birth weight <2500 g (29). The classification of
abnormal growth was based on a 2-SD deviance from the
median value of the growth indexes derived from the WHO and
US National Center for Health Statistics standards. Thus, the
mean percentage of children who were underweight (low
weight-for-age), stunted (low length-for-age or height-for-age),
wasted (low weight-for-length or weight-for-height), or had a
low birth weight are presented in Table 6.

TABLE 7

We then evaluated the effect of diet-related variables obtained
from national food balance data on growth indexes of children
<6y of age from 18 countries in Latin America. A simple corre-
lation analysis with a linear model was tested. The correlation
matrix is shown in Table 7. Underweight prevalence was nega-
tively related to available energy and to the FER but the strongest
correlation was with animal fat as a percentage of total fat
(r = —0.66). For 12 countries with the lowest animal fat intake,
the correlation was r = —0.83 (P < 0.001), whereas for countries
with >45% of total fat from animal sources, the correlation was
—0.1 (NS). There was a trend for stunting to be negatively
related to energy (r = —0.53), FER (r = —0.45), and animal fat
(r = —0.54). For countries with an FER <22%, the correlation
with stunting was stronger (r = —0.6, P < 0.05), whereas for
those with an FER >22% there was no correlation (r = —0.01).
Wasting of children was not related to dietary factors, suggesting
that the small percentage of children who were wasted were in

Correlation coefficients relating food availability and abnormal growth indexes of Latin American children <6 y of age’

Underweight

Stunted Wasted Low birth weight

Country (weight-for-age <2 SDs) (height-for-age <2 SDs) (weight-for-height <2 SDs) (<2500 g)
Energy (kJ/d) —0.497 —0.529 —0.090 —0.6437
Fat energy ratio (% of energy) —0.446 —0.449 —0.099 —0.331
Energy from fat (kJ/d) —0.519 —0.544 —0.069 —0.539
Total fat (g/d) —0.550 —0.520 —0.184 —0.499
Animal fat (g/d) —0.569 —0.539 —0.196 —-0.629°
Animal fat (% of total fat) —0.657° —0.438 —0.125 —0.628°
Energy from animal fat (kJ/d) —0.575 —0.547 —0.084 —0.647°
Protein (g/d) —0.529 —0.563 —0.203 —0.636°

Data from reference 28. Underweight, stunted, and wasted were defined on the basis of a 2-SD deviance from the median value of the respective growth
index in the World Health Organization—National Center for Health Statistics standards.

2P < 0.05 in univariate linear regression model.
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that condition secondary to poor sanitation, infections, or partic-
ular dietary factors that do not affect most of the community. The
prevalence of low birth weight was negatively related to energy
(r = —0.64), absolute animal fat intake (r = —0.63), percentage
animal fat (r = —0.63), energy from animal fat (r = —0.65), and
protein intake (r = —0.64). Thus, despite the limitations of
national food balance data as putative indexes of food intake and
of national aggregated growth data, these results suggest that
diets providing <22% of energy from fat and that are low in ani-
mal fats (<45% of total fat) restrict fetal and infant growth, as
evidenced by significant correlations with the prevalences of low
birth weight, underweight, and stunting.

Multistep linear regression analysis of these data sets was
also conducted, including the availability of specific food
groups (dairy, meats, and oils). The main food determinants of
being underweight were availability of dairy, oils, and meats
(multiple R = 0.81, R?> = 0.66, P < 0.0008). The main factors
linked to stunting were protein, total fat, total energy, and ani-
mal fat (multiple R = 0.58, R*> = 0.34, P < 0.09). The dietary
determinants that best explained having a low birth weight
were protein, energy, and total fat availability (multiple
R=0.67, R>=0.44, P < 0.009). The main conclusions from this
analysis are that animal food products are important to support
the normal growth of children. They provide good-quality pro-
tein, essential fats, and micronutrients key for normal growth
and development.

The coexistence of early stunting with the recent progressive
increase in urban obesity in Latin America creates a dilemma for
public nutrition intervention programs. The need to improve
growth beyond providing an increased energy supply is sug-
gested by the analysis. The association of improved growth with
animal fat and protein suggests that micronutrients (for example,
vitamin A, zinc, and iron) or other essential components (essen-
tial amino acids or n—6 and n—3 fatty acids) may be limiting the
growth of Latin American children. The need to promote an
active lifestyle is also stressed by these results.
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