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OBJECTIVEdWe examined associations of birth weight and weight gain in infancy and early
childhood with type 2 diabetes (DM) risk in ﬁve cohorts from low- and middle-income countries.
RESEARCH DESIGN AND METHODSdParticipants were 6,511 young adults from
Brazil, Guatemala, India, the Philippines, and South Africa. Exposures were weight at birth, at
24 and 48 months, and adult weight, and conditional weight gain (CWG, deviation from expected weight gain) between these ages. Outcomes were adult fasting glucose, impaired fasting
glucose or DM (IFG/DM), and insulin resistance homeostasis model assessment (IR-HOMA,
three cohorts).
RESULTSdBirth weight was inversely associated with adult glucose and risk of IFG/DM (odds
ratio 0.91[95% CI 0.84–0.99] per SD). Weight at 24 and 48 months and CWG 0–24 and 24–48
months were unrelated to glucose and IFG/DM; however, CWG 48 months–adulthood was
positively related to IFG/DM (1.32 [1.22–1.43] per SD). After adjusting for adult waist circumference, birth weight, weight at 24 and 48 months and CWG 0–24 months were inversely
associated with glucose and IFG/DM. Birth weight was unrelated to IR-HOMA, whereas greater
CWG at 0–24 and 24–48 months and 48 months–adulthood predicted higher IR-HOMA (all
P , 0.001). After adjusting for adult waist circumference, birth weight was inversely related to
IR-HOMA.
CONCLUSIONSdLower birth weight and accelerated weight gain after 48 months are risk
factors for adult glucose intolerance. Accelerated weight gain between 0 and 24 months did not
predict glucose intolerance but did predict higher insulin resistance.
Diabetes Care 35:72–79, 2012

R

ecently, Whincup et al. (1) concluded
that birth weight is inversely associated with the development
of type 2 diabetes (DM) and that this

association is strengthened after adjusting
for adult BMI. Studies from high-income
countries have shown that rapid weight
gain in childhood or adult life is associated
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with an increased incidence of DM
and insulin resistance (2). Therefore, impaired fetal growth and excess postnatal
weight gain are both potential precursors
to adult DM.
Four-ﬁfths of all individuals with DM
live in low- and middle-income countries
(LMICs) (3). Many of these countries are
undergoing swift nutritional and economic transitions, exposing individuals
to environmental conditions that promote weight gain. The combination of
early-life undernutrition and overnutrition in adulthood may be fueling the epidemic of DM in LMICs (4).
Few studies have examined childhood
weight gain in relation to adult diabetes in
LMICs. Gestation and the ﬁrst 2 postnatal
years (the ﬁrst “1,000 days”; http://www.
thousanddays.org) are the time when
children’s growth in LMICs falls most rapidly below international reference values
(5) and, hence, provide a signiﬁcant window of opportunity for improved infant
survival, cognitive development, and adult
economic status (6,7). A critical public
health question for LMICs is whether promoting early-life weight gain to achieve
improvements in human capital could
have adverse effects on adult diabetes
risk. Data from birth cohorts in the U.K.
and Finland indicate that, as with birth
weight, lower weight at 1 year is associated
with an increased risk of DM (8,9). Other
studies have shown that greater weight or
weight gain at this age is associated with an
increased risk of obesity (10,11), which
could increase diabetes risk.
To clarify relationships between
early-weight dynamics and adult diabetes
risk, we pooled data from ﬁve birth cohort
studies in LMICs and investigated associations of weight at birth, 24 months, 48
months, and young adulthood and conditional weight gain (CWG) between
these ages, with adult-fasting glucose
concentrations, risk of glucose intolerance, and insulin resistance. We hypothesized that lower birth weight and infant
CWG but higher CWG after infancy
would predict increased risk.
care.diabetesjournals.org
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RESEARCH DESIGN AND
METHODS
Study populations
The ﬁve cohorts (Table 1) include the
1982 Pelotas Birth Cohort (Brazil) (12), the
Institute of Nutrition of Central America
and Panama Nutrition Trial Cohort Study
(INTCS, Guatemala) (13), the New Delhi
Birth Cohort Study (India) (14), the Cebu
Longitudinal Health and Nutrition Survey
(CLHNS, the Philippines) (15), and the
Birth to Twenty cohort (BTT, South Africa)
(16). All cohort participants were adults
at the time the outcome variables were measured, with mean (SD) ages of 22.7 (0.4),
32.4 (4.1), 29.2 (1.4), and 21.2 (0.9) years
for Brazil, Guatemala, India, and the
Philippines, respectively, with the exception of the South Africans, who were aged
15.5 (0.3) years. For all cohorts, appropriate institutional research ethics committee
approval was granted, and informed
consent was obtained from participants
or their parents, as appropriate.
Exposures: weights at birth,
24 months, and 48 months
In Brazil, India, and Guatemala, birth
weight was measured by research teams.
In the Philippines, birth weight was
measured by birth attendants using hanging scales for home births and was obtained from hospital records for hospital
births. In South Africa, birth weight was
measured by birth attendants in the
hospitals, and these were obtained from
hospital birth records. In all sites, postnatal weights were measured by research
teams using standardized methods.
Weight at 24 months was available at all
sites. Weight at 48 months was available
in three cohorts (Brazil, Guatemala, and
India). In South Africa and the Philippines,
weights obtained at the nearest possible
age (60 and 102 months, respectively)
were used.
Gestational age
Gestational age was based on the date of
the mother’s last menstrual period, except
in the Philippines, where Ballard scores
obtained by clinical assessment of the
newborn’s neuromuscular and physical
characteristics (17) were used for participants with low birth weight.
Adult anthropometry
Adult height and weight were measured using standardized techniques.
Waist circumference was measured
using a measuring tape to the nearest
care.diabetesjournals.org

0.1 cm at the umbilicus (Guatemala, the
Philippines, and South Africa), narrowest
part of the trunk (Brazil), or midway between the lower costal margin and superior iliac crest laterally (India).
Outcomes: adult glucose and
insulin
We considered three adult outcomes as
follows: fasting plasma glucose concentration, the combined prevalence of impaired fasting glucose or DM (IFG/DM),
and insulin resistance. In all cohorts, with
the exception of Brazil, the research team
obtained a fasting sample and determined
glucose using site-speciﬁc procedures
(Table 1). In Brazil, random blood samples were taken, and values were adjusted
for time since the last meal (18). Because
glucometers overestimate glucose concentrations in whole venous blood compared with standard laboratory methods
(19,20), we subtracted 0.97 mmol/L from
the values in the Philippines cohort to obtain the best equivalent to venous plasma
as analyzed by a laboratory autoanalyzer
(19). We deﬁned DM as glucose concentration $7.0 mmol/L and IFG as glucose
$6.1 and ,7.0 mmol/L (21). Three sites
(Delhi, the Philippines, and South Africa)
measured insulin (Table 1). Insulin resistance homeostasis model assessment
(IR-HOMA) was calculated using the
HOMA 2 calculator (22).
Analytic sample
We included 8,746 participants with complete data for weight at birth, 24 months,
48 months, and adulthood (Table 1). Of
these, 6,511 had adult plasma glucose concentrations, and 6,503 had glucose concentrations and waist circumference. Models
for IR-HOMA were based on 3,202 participants from India, the Philippines, and
South Africa.

percentile of the birth weight distribution
published by Williams et al. (23).
To focus on weight gain in the three
intervals of 0–24 months, 24–48 months,
and 48 months–adulthood, we used
CWG variables. These represent how
much a child has exceeded or fallen short
of expected weight at a particular age,
given his or her earlier weight trajectory
and the weight trajectories of the whole
population. They are calculated separately for each site and sex as the standardized residual from a linear regression
model in which all weights measured up
to the beginning of the interval were used
as predictors. By construction, birth
weight and the three CWG measures are
all uncorrelated (24,25).
Analyses were conducted using SPSS
18.0 software (IBM SPSS, Armonk, NY).
We used x2 and t tests to assess differences between the included and
excluded participants. Associations between weight and CWG in early life (exposures) and adult outcomes were
assessed within each of the 10 combinations of site and sex, and then in pooled
data, adjusted for site, sex, and adult age.
Additional models were adjusted sequentially for adult waist circumference,
BMI, and height. We used linear regression for continuous outcomes and logistic regression for binary outcomes. We
tested for heterogeneity across the 10
site-sex strata using F tests from nested
linear models and x2 tests based on the
difference in deviance from nested logistic
regression models. Because the study in
Guatemala was an intervention trial, we
checked for heterogeneity of effects on
outcomes between the intervention and
control arms of the trial by testing for interactions between early-life weights and intervention group.
RESULTS

Data management and statistical
methods
Fasting glucose and IR-HOMA had
skewed distributions and were logtransformed. Measures of weight were
converted into sex-speciﬁc SD scores using the World Health Organization Growth
Standards and further standardized within
each site to create variables with a mean
of 0 and a SD of 1. We imputed 48-month
SD scores for participants in South Africa
and the Philippines, assuming a linear
change in the SD score from 24 to 60 or
102 months, respectively. Small for gestational age (SGA) was deﬁned as a birth
weight below the age and sex-speciﬁc 10th

Characteristics of participants
in the ﬁve cohorts
Participants included in the analysis sample were similar to those excluded with
respect to sex, birth weight, infant weight,
48-month weight, adult weight, and adult
waist circumference (all P . 0.10). Indian
participants had the lowest birth weights
and the highest prevalence of SGA births
(Table 2). Brazilian participants had the
highest birth weights and adult heights.
South African participants were the heaviest at 24 and 48 months. The prevalence
of IFG/DM was highest in India and lowest in the Philippines.
DIABETES CARE, VOLUME 35, JANUARY 2012
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Prospective
cohort

Design

Prospective
cohort

Prospective
cohort

CLHNS (the
Philippines)

BTT (South
Africa)

1990

1983–1984

1969–72

1969–1977

1982

3,273

3,080

8,181

2,393

5,914

Cohort description

Insulin blood collection
and measurement

Fasting venous plasma sample
and insulin (cross-)reactivity
with proinsulin 8.5%) analyzed
by Immulite (Siemens
Chemiluminescent Technology)

Fasting venous plasma samples
and speciﬁc insulin analyzed
by Siemens Centaur XP clinical
chemistry

Fasting venous plasma sample
Fasting venous plasma sample
and speciﬁc insulin determined
analyzed by autoanalyzer using
by radioimmunoassay
standard enzymatic methods
(Coat-a-Count Insulin Kit,
Diagnostic Products Corp.,
Los Angeles, CA)

Not collected
Random ﬁnger-prick
capillary whole-blood
sample analyzed by glucometer
(Accu-Check Advantage,
Roche Ltd)
Not collected
Fasting ﬁnger-prick capillary
plasma sample analyzed by
autoanalyzer using standard
enzymatic methods

Glucose blood collection
and measurement

Fasting venous whole-blood
2,080; 78.0% Pregnant women living in
sample analyzed using a
33 randomly selected
glucometer (OneTouch,
neighborhoods; 75%
Johnson & Johnson Ltd.)
urban. All social economic
groups included
Fasting venous plasma sample
641; 60.1% Babies born to pregnant
analyzed by an autoanalyzer
women living in a deﬁned
using standard enzymatic
urban geographic area in
methods
Johannesburg. Predominantly
poor, black sample

4,387; 70.3% Children born in the city’s
maternity hospital (.99%
of all births) in 1982. All
social economic groups
included
354; 50.8% Intervention trial of a
high-energy and protein
supplement in women,
and children ,7 years in
1969 and born during
1969–1977 in four villages
1,284; 96.9% Babies born to an identiﬁed
population of married
women living in a deﬁned
area of Delhi. Primarily
middle-class sample

Cohort inception Initial cohort Cohort target
year
sample
sample*

*Participants who had birth weight, weight in infancy, and weight in 48 months and percentage of target sample with glucose measurements.

Prospective
cohort

New Delhi
Birth
Cohort
Study
(India)

INTCS
Community
(Guatemala)
trial

Pelotas Birth
Cohort
(Brazil)

Cohort

Table 1dCharacteristics of the ﬁve cohorts, glucose and insulin sample collection, and measurement protocols
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Weight (kg)

Early life

Table 2dCharacteristics of the study sample by sex and cohort location

Cohort

86

1,587

N

41

30

15

94

1,496

39

28

Adult

N/A

IRHOMA*

Glucose
concentration
(mmol/L)*

3.9

N/A

Insulin
concentration
Diabetes
(pmol/L)*
IFG (%)
(%)

Waist
circ.
(cm)

15.1

0.0

BMI
(kg/m2)

Male
Brazil

729

Height
(cm)

3.5

3.6

0.90
(0.40; 1.40)
0.80
(0.60; 1.20)

Weight
(kg)

N/A

17.6

0.3

Age
(years)

N/A

0.6

48
months

39.0
(18.0; 66.0)
36.6
(27.0; 52.8)

24
SGA
(%) Birth months

India

Guatemala

5.4
(5.0; 5.9)
5.2
(4.9; 5.4)
5.4
(4.9; 5.9)
5.7
(5.4; 6.0)

23.9
(4.2)
24.3
(3.3)
24.9
(4.3)
21.1
(3.0)

90.0
(10.3)
85.6
(8.6)
90.3
(12.0)
72.2
(7.4)

173.7
(7.0)
163.6
(6.2)
169.6
(6.2)
163.1
(5.8)

26

72.2
(14.2)
65.1
(10.7
71.8
(14.0)
56.1
(9.2)

862

22.7
(0.4)
31.4
(1.1)
29.1
(1.3)
21.5
(0.4)

Philippines

15.8
(2.3)
14.0
(1.2)
14.0
(1.6)
12.8
(1.8)

0.60
(0.40; 1.00)

11.4
(1.6)
10.1
(1.0)
10.4
(1.3)
10.1
(1.1)

0.0

3.3
(0.5)
3.2
(0.5)
2.9
(0.4)
3.0
(0.4)

3.1

69.6
(8.6)

33.8
(20.6; 54.5)

19.5
(3.3)

5.1
(4.8; 5.5)

166.7
(8.2)

15

54.4
(11.5)

195

15.6
(0.3)

N/A

16.0
(2.0)

3.3

11.6
(1.8)

9.9

3.1
(0.5)

South
Africa

511
22

3,459

India
761

13

Total
Female
Brazil

Philippines

190

Guatemala

N/A

14

32.4
(13.8; 60.0)
45.6
(33.0; 61.8)

N/A

5.2
(4.8; 5.7)
5.0
(4.7; 5.4)
5.3
(4.8; 5.8)
5.5
(5.2; 5.8)

South
Africa
3,052

1.00
(0.60; 1.48)

1.1

74.9
(10.4)
91.6
(10.7)
79.7
(12.2)
67.9
(7.5)

54.2
(34.9; 79.4)

2.1

23.5
(4.6)
26.6
(4.5)
24.6
(5.0)
20.3
(3.2)

5.0
(4.7; 5.2)

N/A

160.9
(6.2)
151.0
(5.3)
154.9
(5.6)
151.1
(5.4)

70.7
(8.6)

3.1

60.8
(12.6)
60.6
(11.0)
59.4
(13.1)
46.4
(8.1)

21.8
(3.9)

11.0

22.7
(0.4)
31.2
(1.2)
29.2
(1.4)
21.3
(0.8)

158.5
(5.9)

0.7
(0.30; 1.30)
1.00
(0.70; 1.40)

15.3
(2.4)
13.4
(1.5)
13.3
(1.6)
12.7
(1.5)

54.8
(10.4)

0.0

10.8
(1.6)
9.6
(1.1)
9.8
(1.3)
9.5
(1.1)

15.6
(0.2)

0.9

3.2
(0.5)
3.0
(0.5)
2.8
(0.4)
3.0
(0.4)

15.5
(1.9)

0.0

11.2
(1.5)

2.6

3.0
(0.5)

Total

Data are mean (SD) unless otherwise stated. N/A, not available. *Median (IQR) for logged variables. circ., circumference
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0.92
0.84
0.91
,0.001
,0.001
,0.001
0.16
0.23
0.22
0.002
0.01
0.004

0.882 (0.814–0.955)
0.876 (0.807–0.952)
0.840 (0.771–0.916)

0.002
0.002
,0.001

0.27
0.03
0.39

20.081 (20.111 to 20.050)
20.057 (20.089 to 20.025)
20.075 (20.110 to 20.040)

0.97
0.07
0.15
0.19
,0.001
,0.001
20.022 (20.056 to 0.011)
0.086 (0.052–0.119)
0.140 (0.107–0.174)
0.50
0.03
0.14
0.02
0.19
0.25
0.913 (0.844–0.988)
0.949 (0.877–1.027)
0.955 (0.882–1.033)
0.18
0.17
0.21

OR (95% CI)
Phet
P

0.05
0.99
0.51

Phet
P
B (95% CI)
P

Phet

IR-HOMA (SD score)
IFG/DM

B, regression coefﬁcient; OR, odds ratio; P, P value for the association between early life weight and the glucose or insulin outcome; Phet = P value for site-sex heterogeneity in these associations among the ﬁve cohorts.

CONCLUSIONSdIn a pooled analysis of ﬁve cohorts from LMICs, lower
birth weight was associated with higher
adult glucose concentrations and an increased risk of glucose intolerance. Weight
at 24 months and 48 months and CWG between birth and 48 months were unrelated
to glucose concentrations and IFG/DM.
In contrast, CWG between 48 months and
adulthood was strongly and positively
related to both outcomes. Adult waist circumference was positively associated with
all early weights, as well as with adult glucose concentration and IFG/DM. After

B (95% CI)

SGA and the associations of weight
gain with outcomes
We examined interactions of SGA (as a
binary variable) and birth weight (as a
continuous variable) with each CWG variable. There were no signiﬁcant interactions
with CWG at any age (all P values . 0.06).
This indicates that CWG in infancy and
childhood had similar associations with
adult outcomes across the range of birth
weights, whether or not the individual was
SGA at birth.

Adjusted for sex, site and adult age
Birth
20.025 (20.049 to 0.000)
Age 24 months
0.000 (20.024 to 0.024)
Age 48 months
0.008 (20.016 to 0.032)
Additionally adjusted for adult waist circumference
Birth
20.039 (20.063 to 20.015)
Age 24 months
20.032 (20.057 to 20.006)
Age 48 months
20.039 (20.065 to 20.012)

Weight in early life and adult
insulin resistance
There was minimal evidence of site-sex
heterogeneity in the associations between
weight in early life and IR-HOMA (Table 3).

CWG and adult insulin resistance
There was one signiﬁcant P value for sitesex heterogeneity (CWG from 48 months
to adulthood; Table 4). This was explained by heterogeneity in the association between CWG from 48 months to
adulthood and adult waist circumference.
This association was strongest in India,
where waist circumference rose by 10.2
(SE 0.3) cm in women and 9.9 (0.3) cm
in men per SD increase in CWG compared with 4.9 (0.2) and 4.6 (0.2) cm in
the Philippines, and 5.8 (0.5) and 5.0
(0.5) cm in South Africa. The heterogeneity was much reduced with adjustment
for adult waist circumference (Table 4).
In the pooled analysis, there were
positive associations of CWG with IRHOMA in all three periods (Table 4). After
further adjusting for adult waist circumference or for BMI and height (data not
shown), the CWG variables in early life
were not associated with insulin resistance.

Weight (SD-score)

CWG and adult glucose
concentrations and IFG/DM
The longitudinal analyses found minimal
evidence of site-sex heterogeneity, and
the data were pooled. CWGs between
birth and 48 months were not associated
with fasting glucose or the prevalence
of IFG/DM (Table 4). CWG between
48 months and adulthood was strongly
positively associated with adult glucose
and IFG/DM. In models further adjusting
for waist circumference, birth weight and
CWG birth–48 months were inversely
associated with fasting glucose and/or
IFG/DM; whereas CWG 24–48 months
was not associated. These ﬁndings were
unaltered with adjustment for adult BMI
and height (data not shown).

In pooled models, birth weight was unrelated to IR-HOMA, whereas 24- and
48-month weights were positively associated with IR-HOMA. IR-HOMA was
positively associated with adult BMI and
waist circumference (both P , 0.001). After adjusting for adult waist circumference, the associations of birth weight and
24- and 48-month weight with adult insulin resistance were inversed (Table 3).

Fasting glucose (SD score)

Weight in early life and adult
glucose concentrations and
prevalence of IFG/DM
Table 3 shows the cross-sectional analyses
for associations of early weights with adult
glucose concentrations and prevalence of
IFG/DM and includes P values for the tests
for site-sex heterogeneity. There was minimal evidence of site-sex heterogeneity, and
consequently, all cohort data were pooled.
There was no evidence of heterogeneity between trial groups in Guatemala; therefore,
both groups were considered together.
Birth weight was inversely associated with
adult fasting glucose and with the prevalence of IFG/DM. Fasting glucose decreased by 0.025 SD and the risk of
developing IFG/DM was reduced by 9%
per SD (;0.5 kg) increase in birth weight.
There were no associations between 24- or
48-month weight and glucose or IFG/DM
(Table 3).
Weights at birth, 24 months, and 48
months were positively correlated with
BMI (all P , 0.001) and waist circumference (all P , 0.001). Adult BMI and waist
circumference were positively related to
glucose concentrations (both P , 0.001).
After adjusting for adult waist circumference, the inverse associations of birth
weight with plasma glucose and IFG/DM
were strengthened (Table 3), and there
were inverse associations between 24and 48-month weight and these outcomes. These ﬁndings were little changed
after further adjusting for adult BMI and
height (data not shown).

Table 3dCross-sectional analyses of the associations of weight at birth, and at ages 24 and 48 months with adult fasting glucose concentration, presence of IFG/DM, and insulin
resistance

Infant and child growth and adult diabetes risk
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B (95% CI)
P

0.18
0.26
0.65
0.25

Phet

0.882 (0.814–0.955)
0.919 (0.847–0.997)
0.921 (0.848–0.999)

0.913 (0.844–0.988)
0.982 (0.908–1.062)
0.998 (0.923–1.080)
1.321 (1.220–1.430)

OR (95% CI)

0.002
0.04
0.05

0.02
0.65
0.97
,0.001

P

0.27
0.07
0.60

0.50
0.04
0.29
0.88

Phet

20.081 (20.111 to 20.050)
20.026 (20.058 to 0.006)
20.030 (20.063 to 0.003)

20.022 (20.056 to 0.011)
0.100 (0.066–0.133)
0.110 (0.077–0.144)
0.355 (0.323–0.387)

B (95% CI)

,0.001
0.11
0.07

0.19
,0.001
,0.001
,0.001

P

0.92
0.89
0.99

0.97
0.04
0.16
0.001

Phet

IFG/DM

0.05
0.41
0.26
,0.001

0.16
0.37
0.78

Fasting glucose (SD score)

0.002
0.20
0.23

IR-HOMA (SD score)

Table 4dLongitudinal analyses of the associations of weight at birth and conditional weight gain from birth to 24 months, 24 to 48 months, and 48 months to adulthood, with adult
fasting glucose concentration, presence of IFG/DM, and insulin resistance

CWG (SD-score)

Adjusted for sex, site and adult age
Birth
20.025 (20.049 to 20.000)
Birth–24 months
0.010 (20.014 to 0.034)
24–48 months
0.014 (20.010 to 0.038)
48 months–adulthood
0.096 (0.072–0.120)
Additionally adjusted for adult waist circumference
Birth
20.039 (20.063 to 20.015)
Birth–24 months
20.016 (20.041 to 0.009)
24–48 months
20.016 (20.041 to 0.010)

All conditional weight variables were included in regression models simultaneously. B, regression coefﬁcient; OR, odds ratio; P, P value for the association between CWG and the glucose or insulin outcome; Phet = P value
for site-sex heterogeneity in these associations among the ﬁve cohorts.
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adjusting for adult waist circumference,
birth weight, infant weight, and infant
CWG were all inversely associated with
glucose and prevalence of IFG/DM. Birth
weight showed no association with insulin
resistance (estimated in three cohorts, Table 3), whereas greater CWG in any period
was associated with higher insulin resistance. After adjusting for waist circumference, insulin resistance, as with glucose
and IFG/DM, was inversely associated
with birth weight (Table 3). SGA status
did not modify the associations between
CWG and outcomes.
Birth weight
The inverse associations of birth weight
with adult glucose concentrations and
risk of IFG/DM were consistent with previous studies and with a recent systematic
review, mainly from high-income populations (1). The size of the effect on IFG/
DM (9% [95% CI 1–16] reduction in risk
per SD increase in birth weight of ;500 g)
was similar to that reported for DM alone
in the systematic review (25 [19–30] reduction in risk per kilogram of birth
weight). Our ﬁndings are compatible
with the hypothesis that environmental
factors that inﬂuence fetal growth (e.g.,
maternal size and nutritional status)
have long-term effects on glucose homeostasis. Insulin resistance later in life was
not related to birth weight unadjusted,
but was inversely associated with birth
weight after adjusting for adult adiposity.
Infant and childhood weight and
weight gain
There were no associations of 24- or
48-month weight, or CWG through 48
months, with adult glucose or IFG/DM. In
contrast, CWG between 48 months and
adulthood was strongly associated with
these outcomes. This suggests that infancy
and early childhood may be an important
window of opportunity to promote weight
gain in LMIC populations to improve survival and adult human capital without
exacerbating adult DM risk. However, the
ﬁndings for insulin resistance suggest that
this conclusion still needs to be treated
with caution. Insulin resistance was positively related to infant weight and CWG,
and it is possible that this will result in a
higher risk of diabetes at older ages. The
strong association between CWG from 48
months to adulthood is consistent with
other studies (9,14) and suggests that accelerated weight gain or upward crossing
of weight percentiles during childhood
should be avoided.
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Interpretation of the ﬁndings after
adjustment for adult adiposity
Infant weight, 48-month weight, and
CWGs were correlated with adult weight
and with adult BMI and waist circumference. Thus, weight at these ages, or some
component(s) of it, makes a contribution
to adult adiposity and a strong risk factor
for diabetes. Without adjustment for
adult waist circumference, we found no
association of 24- and 48-month weight/
CWG with adult glucose and IFG/DM.
After adjusting for adult waist circumference, we found inverse associations of
birth and/or 24-month weight, and CWG
between birth and 24 months, with all
three outcomes. Our interpretation is that
for any given adult waist circumference,
higher birth weight and/or infant weight
and weight gain are associated with a
lower adult insulin resistance and DM
risk. This suggests that there is a component of early weight/weight gain that is
not associated with larger adult waist circumference and that may be protective
against later disease. An example may be
lean tissue or muscle mass. Our data suggest that the positive associations of 24- and
48-month weight, and CWG at all ages,
with adult insulin resistance are driven by
the component(s) associated with larger
adult waist circumference.
Strengths and limitations of the
study
The major strength of this study was the
prospective serial measurements of
weight from a large number of individuals
in LMICs. Our choice of time points was
limited due to differing ages of follow-up
in the ﬁve sites; measurements earlier in
infancy and later in childhood would have
been valuable. Interpolation was required in
two cohorts to estimate 48-month weight;
however, weight gain between the end of
infancy and the onset of puberty tends to be
linear.
Another limitation was loss to followup, especially in the older (India and
Guatemala) cohorts. However, comparison
of the analysis sample with the original full
cohorts showed that their early weights
were similar. Bias would be introduced only
if the associations between early size and
glucose tolerance differ between those who
were and were not included in the analysis.
Additional limitations were heterogeneity in the age of the participants among
the ﬁve cohorts and the methods used for
measuring birth weight, gestational age,
and plasma glucose concentrations. Even
though three cohorts used one approach
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and two cohorts used another to measure
birth weight, both methods are acceptable means of obtaining birth weight.
Only one of the ﬁve cohorts determined
gestational age in an alternative way to
the other four cohorts, and again used a
recognized method.
We had only single plasma glucose
concentrations (no glucose tolerance test
data). The site in Brazil collected nonfasting blood glucose but validated the
equation to correct these values to a fasting state (18). The differences in glucose
measurements between whole blood and
plasma are well deﬁned (22). The differences between laboratory and glucometer
measurements are less well known, but
laboratory and glucometer values in venous and capillary samples, and in whole
blood and plasma, have been compared
extensively in the literature, including
direct comparisons of the methods
used in our study (20). Despite these differences in methodologies we are struck by
the consistency of results across the ﬁve
sites. This speaks to the robustness of our
ﬁndings.
In conclusion, lower birth weight is a
risk factor for glucose intolerance and has
important implications for LMICs, where
poor birth outcomes are common.
Greater CWG between 48 months and
adolescence/adulthood (15–32 years) is
also a risk factor for glucose intolerance,
providing more evidence that upward
crossing of weight percentiles after 48
months should be avoided in LMICs.
Our analysis showed no increased risk
of IFG/DM associated with greater infant
and early childhood weight gain, which
suggests that it may be possible to promote weight gain at this stage of life to
accrue beneﬁts for survival, growth faltering, and human capital, without increasing adult diabetes risk. However, the
cohorts are still young, and the associations
of above-average weight gain in infancy
with increased adult waist circumference
and insulin resistance may predict a risk
of diabetes in the future.
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