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OBJECTIVE—We 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 METHODS —Participants 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 expec-
ted 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).

RESULTS —Birth 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 circum-
ference, 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.

CONCLUSIONS 1 ower 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

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

association is strengthened after adjusting
for adult BMIL. 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, im-
paired 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 eco-
nomic transitions, exposing individuals
to environmental conditions that pro-
mote weight gain. The combination of
early-life undernutrition and overnutri-
tion in adulthood may be fueling the ep-
idemic 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 rap-
idly below international reference values
(5) and, hence, provide a significant win-
dow of opportunity for improved infant
survival, cognitive development, and adult
economic status (6,7). A critical public
health question for LMICs is whether pro-
moting early-life weight gain to achieve
improvements in human capital could
have adverse effects on adult diabetes
risk. Data from birth cohorts in the UK.
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 associ-
ations of weight at birth, 24 months, 48
months, and young adulthood and con-
ditional weight gain (CWG) between
these ages, with adult-fasting glucose
concentrations, risk of glucose intoler-
ance, and insulin resistance. We hypoth-
esized that lower birth weight and infant
CWG but higher CWG after infancy
would predict increased risk.
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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 mea-
sured, 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 excep-
tion of the South Africans, who were aged
15.5 (0.3) years. For all cohorts, appropri-
ate 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 hang-
ing scales for home births and was ob-
tained 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, post-
natal 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 partic-
ipants with low birth weight.

Adult anthropometry

Adult height and weight were mea-
sured using standardized techniques.
Waist circumference was measured
using a measuring tape to the nearest

0.1 cm at the umbilicus (Guatemala, the
Philippines, and South Africa), narrowest
part of the trunk (Brazil), or midway be-
tween the lower costal margin and supe-
rior iliac crest laterally (India).

Outcomes: adult glucose and

insulin

We considered three adult outcomes as
follows: fasting plasma glucose concen-
tration, the combined prevalence of im-
paired 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 sam-
ples were taken, and values were adjusted
for time since the last meal (18). Because
glucometers overestimate glucose con-
centrations in whole venous blood com-
pared with standard laboratory methods
(19,20), we subtracted 0.97 mmol/L from
the values in the Philippines cohort to ob-
tain the best equivalent to venous plasma
as analyzed by a laboratory autoanalyzer
(19). We defined DM as glucose concen-
tration =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 re-
sistance homeostasis model assessment
(IR-HOMA) was calculated using the
HOMA 2 calculator (22).

Analytic sample

We included 8,746 participants with com-
plete data for weight at birth, 24 months,
48 months, and adulthood (Table 1). Of
these, 6,511 had adult plasma glucose con-
centrations, and 6,503 had glucose concen-
trations and waist circumference. Models
for IR-HOMA were based on 3,202 partic-
ipants from India, the Philippines, and
South Africa.

Data management and statistical
methods

Fasting glucose and IR-HOMA had
skewed distributions and were log-
transformed. Measures of weight were
converted into sex-specific SD scores us-
ing the World Health Organization Growth
Standards and further standardized within
each site to create variables with a mean
of0and aSD 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 ges-
tational age (SGA) was defined as a birth
weight below the age and sex-specific 10th

Norris and Associates

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 sep-
arately for each site and sex as the stan-
dardized 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 x> and t tests to assess dif-
ferences between the included and
excluded participants. Associations be-
tween weight and CWG in early life (ex-
posures) and adult outcomes were
assessed within each of the 10 combina-
tions of site and sex, and then in pooled
data, adjusted for site, sex, and adult age.
Additional models were adjusted se-
quentially for adult waist circumference,
BMI, and height. We used linear regres-
sion for continuous outcomes and logis-
tic regression for binary outcomes. We
tested for heterogeneity across the 10
site-sex strata using F tests from nested
linear models and x” 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 inter-
actions between early-life weights and in-
tervention group.

RESULTS

Characteristics of participants

in the five cohorts

Participants included in the analysis sam-
ple 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 heavi-
est at 24 and 48 months. The prevalence
of IFG/DM was highest in India and low-
est in the Philippines.
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Table 2—Characteristics of the study sample by sex and cohort location

Early life Adult
Weight (kg) Waist Glucose Insulin
SGA 24 48 Age Weight Height BMI circ. concentration —concentration Diabetes IR-
Cohort N (%) Birth months months (years) (kg) (cm) AWW\BNV (cm) (mmol/L)* (pmol/L)* IFG (%) (%) HOMA*
Male
Brazil 1,587 15 33 11.4 15.8 22.7 72.2 173.7 23.9 90.0 5.4 N/A 15.1 3.9 N/A
0.5) @1.6) 2.3) 0.4 (14.2) (7.0) 4.2) (10.3) (5.0;5.9)
Guatemala 86 30 3.2 10.1 14.0 31.4 65.1 163.6 243 85.6 52 N/A 35 0.0 N/A
0.5 (1.0 1.2) (1.1) (10.7 (6.2) (3.3) (8.6) 4.9;54)
India 729 41 29 104 14.0 29.1 71.8 169.6 24.9 90.3 5.4 39.0 17.6 3.6 0.90
04 1.3 (1.6) (1.3) (14.0) 6.2) 4.3) 12.0) (4.9;5.9) (18.0; 66.0) (0.40; 1.40)
Philippines 862 26 3.0 10.1 12.8 215 56.1 163.1 21.1 72.2 5.7 36.6 0.6 0.3 0.80
04 1.1 (1.8) 0.4) 9.2) (5.8) 3.0) 74 (5.4;6.0) (27.0;52.8) (0.60;1.20)
South
Alfrica 195 15 3.1 11.6 16.0 15.6 54.4 166.7 19.5 69.6 5.1 33.8 3.1 0.0 0.60
0.5 1.8 2.0) 0.3) (11.5) 8.2) (3.3) (8.6) (4.8;5.5) (20.6; 54.5) (0.40; 1.00)
Total 3,459
Female
Brazil 1,496 14 3.2 10.8 153 22.7 60.8 160.9 23.5 74.9 52 N/A 9.9 3.3 N/A
0.5) 1.6) 2.4 0.4) (12.6) 6.2) 4.6) (10.4) (4.8;5.7)
Guatemala 94 28 3.0 9.6 13.4 31.2 60.6 151.0 26.6 91.6 5.0 N/A 2.1 1.1 N/A
0.5 (1.1 (1.5) 1.2) (11.0) (5.3) 4.5) 10.7) 4.7;54)
India 511 39 2.8 9.8 13.3 29.2 59.4 1549 24.6 79.7 53 32.4 11.0 3.1 0.7
04 1.3 (1.6) 1.4 (13.1) (5.6) (5.0) (12.2) (4.8;5.8) (13.8; 60.0) (0.30; 1.30)
Philippines 761 22 3.0 9.5 12.7 213 46.4 151.1 20.3 67.9 5.5 45.6 0.9 0.0 1.00
04 a.n (1.5) 0.8) (8.1) 5.4 (3.2) (7.5) (5.2;5.8) (33.0;61.8) (0.70; 1.40)
South
Africa 190 13 30 112 15.5 15.6 54.8 158.5 21.8 70.7 5.0 54.2 2.6 0.0 1.00
0.5) (1.5 (1.9) 0.2) (10.4) 5.9 3.9 (8.6) 4.7,5.2) (34.9;79.4) (0.60; 1.48)
Total 3,052

Data are mean (SD) unless otherwise stated. N/A, not available. *Median (IQR) for logged variables.

circ., circumference
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Infant and child growth and adult diabetes risk

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 mini-
mal evidence of site-sex heterogeneity, and
consequently, all cohort data were pooled.
There was no evidence of heterogeneity be-
tween trial groups in Guatemala; therefore,
both groups were considered together.
Birth weight was inversely associated with
adult fasting glucose and with the pre-
valence of IFG/DM. Fasting glucose de-
creased 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 circumfer-
ence (all P < 0.001). Adult BMI and waist
circumference were positively related to
glucose concentrations (both P < 0.001).
After adjusting for adult waist circumfer-
ence, the inverse associations of birth
weight with plasma glucose and IFG/DM
were strengthened (Table 3), and there
were inverse associations between 24-
and 48-month weight and these out-
comes. These findings were little changed
after further adjusting for adult BMI and
height (data not shown).

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).

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).

In pooled models, birth weight was un-
related to IR-HOMA, whereas 24- and
48-month weights were positively asso-
ciated with IR-HOMA. IR-HOMA was
positively associated with adult BMI and
waist circumference (both P < 0.001). Af-
ter adjusting for adult waist circumfer-
ence, the associations of birth weight and
24- and 48-month weight with adult in-
sulin resistance were inversed (Table 3).

CWG and adult insulin resistance
There was one significant P value for site-
sex heterogeneity (CWG from 48 months
to adulthood; Table 4). This was ex-
plained by heterogeneity in the associa-
tion 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 com-
pared 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 heterogene-
ity was much reduced with adjustment
for adult waist circumference (Table 4).
In the pooled analysis, there were
positive associations of CWG with IR-
HOMA in all three periods (Table 4). After
further adjusting for adult waist circum-
ference or for BMI and height (data not
shown), the CWG variables in early life
were not associated with insulin resistance.

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 var-
iable. 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.

CONCLUSIONS—In a pooled anal-
ysis of five cohorts from LMICs, lower
birth weight was associated with higher
adult glucose concentrations and an in-
creased risk of glucose intolerance. Weight
at 24 monthsand 48 months and CWG be-
tween 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 cir-
cumference was positively associated with
all early weights, as well as with adult glu-
cose concentration and IFG/DM. After

Table 3—Cross-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

IR-HOMA (SD score)

B (95% CI)

IFG/DM

Fasting glucose (SD score)

B (95% CI)

Phel

P het

OR (95% CI) P

Phel

Weight (SD-score)

Adjusted for sex, site and adult age
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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, Ta-
ble 3), whereas greater CWG in any period
was associated with higher insulin resis-
tance. After adjusting for waist circumfer-
ence, 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 pre-
vious studies and with a recent systematic
review, mainly from high-income popu-
lations (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] re-
duction 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 homeo-
stasis. 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 sur-
vival 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 pos-
itively 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 ac-
celerated 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 circumfer-
ence. 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 circumfer-
ence, 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 compo-
nent of early weight/weight gain that is
not associated with larger adult waist cir-
cumference and that may be protective
against later disease. An example may be
lean tissue or muscle mass. Our data sug-
gest 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 follow-
up, 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 heteroge-
neity 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

and two cohorts used another to measure
birth weight, both methods are accept-
able 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 non-
fasting blood glucose but validated the
equation to correct these values to a fast-
ing state (18). The differences in glucose
measurements between whole blood and
plasma are well defined (22). The differ-
ences between laboratory and glucometer
measurements are less well known, but
laboratory and glucometer values in ve-
nous 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 dif-
ferences 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 pro-
mote weight gain at this stage of life to
accrue benefits for survival, growth falter-
ing, and human capital, without increas-
ing 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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