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There is evidence linking intrauterine growth retardation with increased cardiovascular risk and diabetes mellitus (DM) later
in life. However, little is known about the association between malnutrition during the first year of life and metabolic
abnormalities in adulthood. The objective of this study was to assess the effect of documented malnutrition during the first
year of life on glucose tolerance, plasma insulin, lipid profile, and blood pressure in early adulthood, as well as to assess the
interaction between body mass index (BMI) and malnutrition on these variables. A study group of young men with a
documented history of malnutrition during their first year of life was recruited from 4 pediatric hospitals in Mexico City and
compared with a control group. Subjects included were 52 men, aged 20.2 + 3.6 years, with a mean birth weight of 3.0 = 0.7
kg and documented malnutrition in their first year of life; controls were 50 men, aged 23.3 + 1.8 years, with a mean birth
weight of 3.2 = 0.5 kg. Insulin and glucose concentrations, fasting and in response to an oral glucose load, plasma lipids, blood
pressure, and an insulin sensitivity index (ISI) were measured. The areas under the curves of glucose (AUCG) and insulin
(AUCI) were significantly higher in cases ( P = .012 and < .002, respectively), independent of birth weight, BMI, or age. BMI
was significantly associated with fasting plasma insulin (FPI), AUCI, ISI, triglyceride, and high-density lipoprotein (HDL)-
cholesterol concentrations in cases, but not in controls. These data suggest that early malnutrition in extrauterine life,
independently of birth weight, has an adverse effect on insulin metabolism and glucose tolerance in young men, and it
worsens as body mass increases even within the normal range of BMI. Therefore, it is advisable to prevent obesity in
individuals exposed to early malnutrition.

© 2003 Elsevier Inc. All rights reserved.

HERE IS EPIDEMIOLOGICAL evidence linking low
birth weight with coronary heart disease (CHD),2 car-
diovascular death,23 and type 2 diabetes mellitus (DM)47 in
adult life. There is also evidence showing increased levels of
cardiovascular disease risk factorsin individuals with intrauter-
ine growth retardation. A significant inverse relation between
birth weight and serum triglyceride concentrations has been
found in adults-8 and in children.® Similarly, a positive relation
between birth weight and plasma high-density lipoprotein
(HDL)-cholesterol concentrations has been reported.8 Several
studies have shown that both systolic and diastolic blood pres-

sure are inversely related with birth weight.10.11
Y oung individuals with intrauterine growth retardation show

and controls were young men having never experienced malnutrition.
Cases were 52 nondiabetic men selected from the medical records of 4
pediatric hospitals in Mexico City (Hospital Infantil Federico Gomez,
Instituto Nacional de Pediatria, Hospital General de México, and Cen-
tro Infantil de Rehabilitacion Nutricional), with a well documented
history of malnutrition during the first year of life. All cases were
admitted to the hospital in the first year of life; their age at admission
was 4.5 = 3.1 months (mean = SD), with a range from 10 days to 11
months 13 days. Ninety percent had infectious gastroenteritis at admis-
sion, and the rest were admitted for treatment of respiratory diseases.
Duration in hospital was 17.9 * 21.8 days, with a range from 2 to 93
days. Malnutrition was assessed using the diagnostic criteria and clas-
sification proposed by Gomez et al,’¢ which takes into account the
weight of theinfant and his “theoretical weight.” The theoretical weight

insulin resistance when compared with normal controls. 1213
Insulin resistance has been found significantly associated to
some cardiovascular disease risk factors. Furthermore, it has
been suggested that insulin resistance might be the common
precursor of both CHD and DM.*4 Many studies have exam-
ined the association between either low birth weight1-357 or
prenatal exposure to faminets with later development of CHD
and DM, or with death from cardiovascular disease. A few
studies have also examined the relation between body weight at
the first year of life and later chronic diseases-3; however, this
association has often been interpreted as related to intrauterine

is a weight-for-age relationship previously validated by Gomez et al
among normal Mexican children. According to this classification there
are 3 degrees of malnutrition. In first-degree malnutrition, weight is
76% to 90% of the theoretical weight, and underfeeding is moderate or
has acted for a short time. In second-degree malnutrition, weight is
between 61% and 75% of the theoretical weight, and in third-degree
malnutrition, the child’s weight is never more than 60% of the average
weight for age; at this stage there is a high mortality rate, ranging from
30% to 60%.16 The proportion of cases with history of malnutrition of

growth retardation.

We assessed the effects of malnutrition during the first year
of life, independently of body size at birth, on the cardiovas-
cular risk profile, glucose tolerance, and plasma insulin con-
centrations of young men. We aso studied the impact of
current body mass index (BMI) on each metabolic variable in
early malnourished and early normally nourished young men.

From the National Institute of Medical Sciences and Nutrition Sal-
vador Zubiran, Mexico City, Mexico; Pennington Biomedical Research
Center, Baton Rouge, LA; Department of Food Sciences and Nutrition
and Division of Kinesiology, Laval University, Ste-Foy, Canada.

Submitted July 15, 2002; accepted March 10, 2003.

Supported by The Nestle Foundation.

Address reprint requests to Jorge GoleaBarranco, MD, Depar-
tamento de Endocrinolégly Metabolismo. Instituto Nacional de Cien-
cias Malicas y Nutricim SZ. Vasco de Quiroga No. 15, SécckVI,
México, D.F. 14000.

© 2003 Elsevier Inc. All rights reserved.

0026-0495/03/5208-0008$30.00/0

doi:10.1016/S0026-0495(03)00151-3

MATERIALS AND METHODS
Subjects

This is a case-control study in which cases were young men with a
well-documented history of malnutrition during the first year of life,

Metabolism, Vol 52, No 8 (August), 2003: pp 1005-1011 1005



1006

Table 1. Anthropometric and Birth Characteristics of Cases
and Controls

Cases Controls P Value
Age (yr) 20.2 (3.6)* 23.3(1.8) <.001
Current weight (kg) 61.4(11.9) 70.5 (9.1) <.001
Current height (cm) 165.1 (6.8) 170.7 (5.9) <.001
BMI (kg/m?) 22.6 (3.9) 24.0 (2.4) .02
WHR 0.87 (0.1) 0.88 (0.1) .20
Birth weight (kg) 3.0(0.7) 3.2(0.5) .02
Weeks of gestation 39.6 (1.7) 38.6 (2.5) .02

NOTE. Values are means (=SD).

first, second and third degree in our sample was 23.1%, 33.3%, and,
43.6%, respectively. Controls were 50 young male volunteers who had
no history of malnutrition. The study was approved by the Ethics
Committee of our institution. Written informed consent was obtained
from all participants.

Measurements

During the first medical visit, supine blood pressure was recorded
after a 10-minute rest. Systolic blood pressure was considered as the
first detectable sound whereas diastolic pressure was measured at the
disappearance of the Korotkoff’s sounds. Current body weight and
height were measured. Blood samples for lipid measurements were
collected after a 12-hour overnight fast, and the same morning all
subjects underwent an oral glucose tolerance test (OGTT). Plasma
glucose and insulin were measured at a O, 30, 60, 90, 120, and 180
minutes after a standard (75-g) oral glucose load.

Analytical Laboratory Methods

Plasma glucose was enzymatically determined with the glucose
oxidase technique whereas plasma insulin was measured by radioim-
munoassay (Insulin RIA kit, Incstar, Stillwater, MN). Plasma concen-
trations of total cholesterol and triglycerides were measured with an
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automated system (Synchron CX5, Beckman Instruments, Fullerton,
CA). HDL-cholesterol was precipitated with phosphotungstic acid and
Mg?*, apolipoprotein A1 and B, and lipoprotein(a) concentrations
were determined by immunonephelometry using an autoanalyzer and
commercially available reagents (Beckman).

BMI was calculated as kilograms per square meter. The OGTT areas
under the curves of glucose (AUCG) and insulin (AUCI) against time
were integrated. An insulin sensitivity index (ISI) was computed from
insulin and glucose values obtained during the OGTT as proposed by
Matsuda et a.1” The interaction between current BMI and glucose
tolerance, cardiovascular risk factors, and plasma insulin was further
assessed as follows: Both cases and controls were divided in tertiles of
BMI, and the mean values (= SD) of blood pressure, plasmalipids, and
glucose and insulin parameters were calculated at each level of BMI.
Significance level was assessed for differences between the upper
versus lower tertiles of BMI for blood pressure and each metabolic
variable.

Satistical Analysis

Statistical analyses were performed with SPSS 8.0 (SPSS, Chicago,
IL) and STATISTICA 55 (Tulsa, OK). Results are expressed as
mean *= SD. Fasting and post-glucose insulin concentrations, and
triglycerides showed skewed distributions that were normalized by
logarithmic transformation. The differences in clinical variables be-
tween the subjects with malnutrition and controls were tested by 1-way
analysis of variance (ANOVA) and the differences in the curves of
insulin and glucose were tested by 1-way repeated-measures analysis of
variance. A P value < .05 was defined as significant. Adjusted linear
trends were estimated with Pearson correlation coefficient.

Adjustment of metabolic variables for current parameters and anal-
ysis of their relationships to birth weight and early malnutrition were
made using multiple linear regression, with plasma glucose and insulin
concentrations, lipid profile, and blood pressure as dependent variables,
and current age and BMI, birth weight, and history of malnutrition in
thefirst year of life asindependent variables. Relationships of age, birth
weight, and BMI with plasma glucose, insulin, and lipids and with

Table 2. Blood Pressure, Lipid Profiles, and Fasting and OGTT Plasma Glucose and Insulin

Cases Controls P Value Adjusted P Value*
Systolic BP (mm Hg) 105.8 (11.6) 117.3 (10.7) <.001 <.0001
Diastolic BP (mm Hg) 70.9 (6.1) 76.3(7.1) <.001 .001
Total cholesterol (mmol/L) 3.92 (0.90) 4.21(0.92) 11 9
LDL-cholesterol (mmol/L) 2.38 (0.82) 2.67 (0.80) .10 .97
HDL-cholesterol (mmol/L) 1.04 (0.25) 1.10 (0.23) 2 2
Triglycerides (mmol/L) 1.08 (0.66) 1.00 (0.55) 5 12
Apolipoprotein B (mg/dL/) 78.5 (23.0) 78.6 (18.3) .98 .19
Apolipoprotein A (mg/dL/) 112.9 (22.8) 116.8 (15.6) .32 .97
Lipoprotein(a) (mg/dL/) 14.4 (20.4) 21.8 (22.6) .02t .06
FPG (mmol/L) 4.57 (0.53) 4.45 (0.54) 3 1
30 min (mmol/L) 6.40 (1.36) 5.89 (1.17) .05 .02
120 min (mmol/L) 5.16 (1.21) 4.81(1.15) .15 .05
AUCG (mmol/L - h) 15.95 (2.75) 14.99 (2.42) .06 .012
FPI (pmol/L) 48.8 (40.5) 33.3(16.5) .013 .07
30 min (pmol/L) 368.5 (329.1) 228.5 (147.2) .007 .02
120 min(pmol/L) 240.6 (186.0) 133.0 (75.7) <.001 .05
AUCI (pmol/L - h) 727.5 (446.1) 442.8 (185.1) <.0001 .002
ISI 8.6 (4.9) 11.9 (5.0) .001 .003

NOTE. Values are means (£=SD).
*Adjusted for BMI, age, and birth weight.
tMann-Whitney U test.

Abbreviations: FPG, fasting plasma glucose; FPI, fasting plasma insulin; AUCG, area under the curve of glucose; AUCI, area under the curve

of insulin; ISI, insulin sensitivity index.
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Table 3. Multiple Regression Analysis of Metabolic Variables With
Current Age, Birth Weight, and BMI, and With History of
Malnutrition in the First Year of Life

B (95% Cl) P
FPG
Age 0.81 (0.10, 1.53) .025
Birth weight —-1.32 (—4.53, 1.89) 42
BMI —-0.48 (—1.22, 0.25) .19
History of malnutrition
(case = 1, control = 0) 3.72 (—0.92, 8.35) 11
AUCG
Age 3.61 (0.12, 7.09) .040
Birth weight —10.60 (—26.17, 4.97) .18
BMI 1.63 (—1.93, 5.19) .37
History of malnutrition
(case = 1, control = 0) 28.45 (5.96, 50.93) .012
FPI
Age —0.44 (—0.80, 0.08) .01
Birth weight -0.19 (—1.80, 1.42) .75
BMI 0.65 (0.28, 1.02) .001
History of malnutrition
(case = 1, control = 0) 1.98 (0.35, 4.30) .066
AUCI
Age —3.44 (—7.44, 0.57) .25
Birth weight -11.13 (—29.01, 6.76) .23
BMI 5.96 (1.88, 10.05) .015
History of malnutrition
(case = 1, control = 0) 40.28 (14.45, 66.12) .002
1SI
Age 0.15 (—0.20, 0.50) .39
Birth weight 0.57 (—1.00, 2.15) 47
BMI -0.39 (—0.75, —0.26) .036

History of malnutrition

(case = 1, control = 0) —3.44 (=5.71, —1.16) .003

NOTE. B values are absolute changes in FPG, AUCG, and ISI, and
proportional changes in FPI and AUCI, per unit change in each pre-
dictor or independent variable.

Abbreviation: Cl, confidence interval.

blood pressure were examined with multiple regression analyses, both
in cases and in controls.

RESULTS

Table 1 shows the anthropometric measurements, birth
weight, and length of gestation. Current height and weight were
lower in cases. Current BMI was 24 = 2.4 in controls and
226 = 3.9 in cases. Although birth weight was lower, the
length of gestation was longer in cases than in controls.

Both diastolic and systolic blood pressures were significantly
lower in cases than in controls and this difference remained
significant after data were adjusted for BMI, age, and birth
weight (Table 2). Fasting concentrations of plasma lipids were
not different between cases and controls. Fasting plasma glu-
cose showed no difference between groups. After adjusting for
BMI, age, and birth weight, the AUCG was significantly higher
in cases than in controls (P < .012). Both before and after
adjusting for BMI, age, and birth weight, plasma insulin con-
centrations at 60, 90, and 120 minutes and the AUCI were
significantly higher in cases (P < .002). Similarly, 1Sl was
lower (P < .003) in cases than in controls.

For both cases and controls, as well as for the entire group
(all subjects considered together), birth weight was not signif-
icantly related to AUCG, AUCI, or 1Sl. For the entire group,
the correlation coefficients (r values) between birth weight and
AUCG, AUCI, and ISl were 0.17, 0.13, and 0.11, respectively
(P < .09, .18, and .5, respectively). Multiple linear regression
analysis with current age, BMI, history of malnutrition, and
birth weight as independent variables showed no significant
association between birth weight and fasting glucose, fasting
insulin, AUCG, AUCI, plasmalipids, or blood pressure (Tables
3 and 4).

BMI was significantly associated with systolic blood pres-
sure after allowing for age and birth weight, both in cases (P <
.049) and in controls (P < .037; Table 4). Diastolic blood
pressure was not significantly different between the upper and
lower tertiles of BMI in either cases and controls (Table 5).
Systolic blood pressure was greater (P < .01) in control sub-
jects in the upper tertile of BMI. An increasing BMI had a
significant impact on tryglicerides and on HDL-cholesterol
concentrations in cases, but not in controls. In cases, plasma
triglyceride concentrations in the upper tertile of BMI was 1.52
(£0.92) mmol/L versus 0.76 (+0.34) mmol/L in the lower
tertile (P < .006). Also in cases, plasma HDL-cholesterol
concentration in the upper tertile of BMI was 0.93 (£0.18)
mmol/L versus 1.13 (£0.28) mmol/L in the lower tertile (P <
.026). After allowing for birth weight and age, HDL -cholesterol
fell (P < .006) and plasmatriglyceride concentration increased
(P < .003) with increasing BMI in cases, but not in controls (P
< .32 and .11, respectively). There was not a significant asso-
ciation between BMI and total cholesterol or low-density li-
poprotein (LDL)-cholesterol level in either cases or controls.

Anincreasing BMI had a significant effect on fasting plasma
insulin and AUCI in cases (P < .0001 and .02, respectively),
but not in controls (P < .1 and .6, respectively; Table 6). After
adjusting for age and birth weight, multiple regression analysis
showed a significant direct relationship between BMI and fast-
ing plasma insulin (FPI), AUCI, and ISl in cases (P < .006,
.005, and .02, respectively). In controls, increasing BMI was
significantly associated only with FPI (P .02), but not with
AUCI or ISl (P < .16 and .34, respectively; Table 4). Multiple
linear regression analysis also showed a significant correlation
between the AUCI and history of malnutrition (P < .002), as
well as between history of malnutrition and 1S (P < .003),
after allowing for age, birth weight, and BMI (Table 3). Figure
1 shows the relationship between BMI and FPI, ISI, and trig-
lycerides in both cases and controls. The greater impact of the
increasing BMI on these variables in cases than in controls is
evident.

Multiple linear regression analysis showed history of mal-
nutrition as a significant predictor of AUCG (P < .012; Table
4), after allowing for BMI, birth weight, and age. In cases the
AUCG was significantly greater in the upper tertile of BMI
(17.60 = 2.78 mmol/L/h) than in the lower tertile (15.69 +
2.44 mmol/L/ h, P < .03). A significant effect of BMI on
AUCG was not observed in controls (P < .7, Table 6). BMI
had not an effect on fasting plasma glucose in either cases or
controls.
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Table 4. Multiple Regression Analysis of Metabolic Variables With Current Age, Birth Weight, and BMI in Cases and Controls

Cases Controls
B (95 % ClI) P B (95% ClI) P

FPG

BW —1.06 (—5.07, 2.95) .6 —2.02 (—7.47, 3.43) .46

Age 0.73 (—0.09, 1.55) .08 1.35 (—0.24, 2.94) .09

BMI -0.70 (—1.42, 0.04) .07 -0.20 (—1.24, 1.09) 9
AUGC

BW -7.0 (—28.5, 14.48) .51 —17.60 (—41.51, 5.72) 13

Age 2.86 (—1.562, 7.24) 2 6.98 (0.10, 13.86) .05

BMI 1.29 (—2.63, 5.21) .51 2.30 (—2.76, 7.36) .36
FPI

BW 0.30 (—2.39, 2.99) .82 -1.09 (—2.54, 0.36) 14

Age -0.47 (—1.02, 0.08) .09 -0.39 (—0.81, 0.03) .07

BMI 0.71 (0.22, 1.2) .006 0.37 (0.06, 0.68) .02
AUIC

BW -11.92 (—41.25,17.42) 42 -10.17 (—27.48, 7.15) .24

Age -4.82 (—10.8, 1.16) 11 0.2 (—5.24, 4.84) .94

BMI 7.78 (2.43, 13.14) .005 2.61 (—=1.1, 6.32) .16
1SI

BW 3.50 (—1.79, 1.86) .97 1.52 (—1.33, 4.38) .29

Age 0.71 (—0.2, 0.54) .36 0.13 (—0.76, 0.9) .87

BMI -0.40 (—0.72, —0.06) .02 -0.29 (—0.9, 0.32) .34
TG

BW —5.54 (—26.62, 15.55) .6 -2.11 (—27.52, 23.3) .87

Age 0.2 (—4.1, 4.5) .93 9.56 (2.16, 16.96) .013

BMI 6.1 (2.24, 9.95) .003 4.37 (—1.08, 9.80) 1
HDL-C

BW 2.45 (—1.41, 6.31) 21 2.03 (—2.93, 6.99) A1

Age 1.18 (—0.77, 0.81) .98 0.51 (—0.94, 1.95) .48

BMI -1.0 (—=1.7, —0.31) .006 —0.52 (—1.59, 0.54) .32
Total-cholesterol

BW 0.26 (—14.42, 14.94) .97 12.36 (—7.09, 31.81) 21

Age 3.16 (0.17, 6.15) .04 243 (—3.23, 8.1) .39

BMI 0.95 (—1.73, 3.63) .48 3.3 (—0.86, 7.47) 12
LDL-cholesterol

BW -1.08 (—14.53, 12.36) .87 5.76 (—6.16, 7.68) .21

Age 3.1 (0.37, 5.85) .03 0.09 (—4.91, 4.94) .99

BMI 0.73 (—1.72, 3.18) .55 2.96 (—0.67, 6.58) 1
dBP

BW 0.43 (—2.72, 3.57) 79 -1.74 (—5.05, 1.58) .3

Age 0.16 (—0.54, 0.7) .76 -0.74 (—=1.7,0.23) 13

BMI 0.27 (—0.30, 0.85) .35 0.75 (0.05, 1.46) .04
sBP

BW -0.23 (—5.05, 4.6) .92 -0.75 (—6.62, 5.13) .8

Age -0.13 (—1.07, 0.89) .85 -0.42 (-2.12,1.3) .63

BMI 0.89 (0.005, 1.76) .049 1.34 (0.08, 2.60) .037

NOTE. B values are absolute changes in FPC, AUCG, ISI, HDL-C, LDL-C, Tot-C, dBP, and sBP, and they are proportional changes in FPI, AUCI,
and triglycerides per unit change in each predictor or independent variable.
Abbreviations: dBP, diastolic blood pressure; sBP, systolic blood pressure; BW, birth weight.

DISCUSSION

This study assessed the effects of malnutrition during the
first year of extrauterine life, independently of birth weight, on
plasmainsulin concentrations, glucose tolerance, plasmalipids,
and blood pressure in young adults. Cases were representative
of those urbanized, historically disadvantaged, individuals with
malnutrition who were born and raised in the least socioeco-
nomically favored neighborhoods of the Mexico City Metro-
politan Area. Controls were unselected individuals representa
tive of the normal urban population of Mexico City. Individuals

with history of severe early life malnutrition very often do not
undergo catch-up growth, and they tend to be leaner and
smaller when they reach adulthood.

Because we could not find similar studies in the literature,
the significance of the present results is therefore discussed in
comparison with those of studies in young individuals who
suffered intrauterine growth retardation manifested aslow birth
weight. The inverse relation between birth weight and blood
pressure in middle-age does not seem to be present in young
individuals. Our results are consistent with those studies that
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Table 5. Blood Pressure and Lipid Profiles by Tertiles of BMI

Teriles of sBP (mm Hg) dBP (mm Hg) Triglycerides (mmol/L) HDL-Cholesterol (mmol/L) Total-Cholesterol (mmol/L)
Current BMI Cases Controls Cases Controls Cases Controls Cases Controls Cases Controls
<21.7 103 (10) 109 (13) 70 (5) 75 (9) 0.76 (0.34) 0.92 (0.35) 1.12(0.28) 1.13(0.26) 3.72(0.72) 3.98 (0.67)
21.7-24.5 106 (9) 117 (11) 71 (8) 74 (7) 1.26 (0.54) 0.82 (0.35) 0.99 (0.18) 1.19 (0.26) 4.24 (1.00) 4.01 (0.65)
>24.5 111 (15) 120 (9) 78 (9) 78 (4) 1.52(0.92) 1.17 (0.67) 0.92 (0.18) 1.08 (0.02) 3.96 (1.06) 4.45 (1.12

P value* .07 .01 .18 .2 .006 .35 .026 .6 4 3

NOTE. Values are means (= SD).
*Upper v lower tertile; n = 52 cases, 50 controls.

did not find association between intrauterine growth retardation
and blood pressure in young subjects!8-20 and with those that
found a weak but positive relation between birth weight and
blood pressurein individuals aged 17 years.2t The finding of no
link at a young age could be explained by exposure to an
adverse life style not long enough to exert an effect.18 Our
findings are not consistent with studies that found an impact of
weight gain on blood pressure of low—birth weight individu-
as.22 Further research is needed to determine whether the effect
of early malnutrition on blood pressure is restricted to intra-
uterine growth or if it also includes the first year of life.

Y oung men with history of malnutrition during the first year
of life had lesser glucose tolerance than controls, as manifested
by a significantly higher AUCG. The difference in AUCG
between cases and controls was significant but small (6.4%)
when all individuals were included in the analysis (Table 2).
However, when only individuals in the upper tertile of BMI
were compared (Table 6), the AUCG was 15.3% higher in
cases than in controls. In addition, in cases, the increase in
AUGC from the lower to the upper tertile of BMI was 12.2%
(P = .03, Table 6). These findings suggest that it is not only the
history of malnutrition, but the interaction between previous
malnutrition and an increasing body fat, a factor that deterio-
rates glucose tolerance. Cases had a significantly higher insulin
response to glucose than controls, independently of BMI, birth
weight, and age. Since hyperinsulinemia has been proposed as
a precursor of cardiovascular disease and type 2 DM, these
individuals probably are at an increased risk for these chronic
diseases in late life, as it has been proposed for subjects with
history of fetal malnutrition.

The finding of a lower ISl in cases suggests that their
hyperinsulinemia could be a consequence of decreased insulin
sensitivity. Alternate explanations for hyperinsulinemia in
these subjects could be either alower clearance rate of insulin
or a primary increase in insulin secretion. The impact of in-
creasing BMI on the deterioration of glucose tolerance and

lipid profile was greater in cases (Tables 5 and 6), and this
paraleled a significant rise of plasmainsulin concentrations. It
is possible that a decreased insulin sensitivity is playing a
central role in this deterioration of glucose and lipid metabo-
lism as BMI increases. It remains to be verified whether the
long-term exposure of the early malnourished subjects to ele-
vated insulin concentrations will worsen their overall cardio-
vascular risk profile.

Despite the fact that cases had lower birth weight than
controls, birth weight was not a predictor of any metabolic
outcome, including plasma glucose and insulin, lipids, and
blood pressure. The reason for the lack of predictive value of
birth weight in this study is probably because we included
individuals within the normal range of birth weight. The study
lends some support to the hypothesis that physiological events
caused by malnutrition at sensitive periods early in life have
long-term metabolic implications, which may eventualy man-
ifest as disease.® This study further suggests that such meta-
bolic events early in life are not restricted to the intrauterine
growth period but can also occur during early extrauterine life.
It seems as if these early physiological events affect primarily
adulthood insulin metabolism and glucose tolerance. It is also
possible that the changes in glucose and lipid metabolism are
secondary to changes in insulin sensitivity, and that these
apparent effects become amplified as a consequence of obesity
and age.

An dternate explanation is that our cases were selected
survivors of malnutrition who were metabolically more effi-
cient than those who did not survive malnutrition. In this
context, we would be observing a selected group of genetically
gifted individuals who are capable of surviving under adverse
nutritional circumstances. A similar argument has been made
for offspring of mothers exposed to famine or more generally
for low—birth weight infants.24

As mentioned earlier, controls were normal urban individu-
als without a history of malnutrition, and they had not history

Table 6. Fasting and OGTT Plasma Glucose and Insulin Concentrations by Tertiles of BMI

Tertiles of FPG (mmol/L) AUCG (mmol/L - h) FPI (pmol/L) AUCI (pmol/L - h)
Current BMI Cases Controls Cases Controls Cases Controls Cases Controls
<21.7 4.66 (0.45) 4.53 (0.40) 15.69 (2.44) 14.85 (2.05) 31.4(12.8) 25.9 (6.1) 602.1 (390.1) 426.4 (94.9)
21.7-24.5 4.39 (0.65) 4.45 (0.47) 14.82 (2.74) 14.69 (2.26) 65.1 (61.7) 31.9 (15.9) 725.5 (366.7) 407.8 (148.3)
>24.5 4.56 (0.53) 4.43 (0.64) 17.60 (2.78) 15.27 (2.70) 67.4 (38.9) 36.6 (18.6) 980.2 (539.6) 475.2 (226.3)

P value* .54 7 .034 .0001 14 .02 .59

NOTE. Values are means (= SD).
*Upper v lower tertile; n = 52 cases, 50 controls.
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of repeated infections and/or chronic stress that interfered with
their growth. On the other hand, cases were selected based on
the presence of undernourishment severe enough to require
treatment in a hospital. Since, in general, cases were from a
lower socioeconomic environment than controlsit islikely that
they had suffered repeated infections and/or chronic stress
throughout their childhood. The pro-inflammatory conse-
quences of repeated infections, such as an increase in tumor
necrosis factor-alpha activity, could be contributing factors for
decreased insulin action in these individuals, leading to insulin
resistance. Further studies are necessary to analyze the relative
metabolic effects in adult life of both repeated infections and
the length and degree of undernourishment during childhood.

We conclude that early malnutrition in extrauterine life,
independently of birth weight, is associated with a deterioration
of insulin metabolism and glucose tolerance in young men, and

this worsens as BMI increases. Our findings suggest that sub-
jects with malnutrition in the first year of life are more suscep-
tible than controls to the adverse metabolic effects of increasing
fat mass within the considered normal limits of BMI. There-
fore, preventing weight gain and obesity in young adults who
were malnourished early in life is of paramount importance.
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