
Adult Metabolic Syndrome and Impaired
Glucose Tolerance Are Associated With
Different Patterns of BMI Gain During
Infancy
Data from the New Delhi birth cohort

CAROLINE H.D. FALL, DM
1

HARSHPAL SINGH SACHDEV, MD
2

CLIVE OSMOND, PHD
1

RAMAKRISHNAN LAKSHMY, PHD
3

SUSHANT DEY BISWAS, MSTAT
4

DORAIRAJ PRABHAKARAN, DM
5

NIKHIL TANDON, MD, PHD
3

SIDDHARTH RAMJI, MD
6

K. SRINATH REDDY, DM
7

DAVID J.P. BARKER, PHD
1

SANTOSH K. BHARGAVA, MD
8

OBJECTIVE — The purpose of this study was to describe patterns of infant, childhood, and
adolescent BMI and weight associated with adult metabolic risk factors for cardiovascular
disease.

RESEARCH DESIGN AND METHODS — We measured waist circumference, blood
pressure, glucose, insulin and lipid concentrations, and the prevalence of metabolic syndrome
(National Cholesterol Education Program Adult Treatment Panel III definition) in 1,492 men
and women aged 26–32 years in Delhi, India, whose weight and height were recorded every 6
months throughout infancy (0–2 years), childhood (2–11 years), and adolescence (11 years–
adult).

RESULTS — Men and women with metabolic syndrome (29% overall), any of its component
features, or higher (greater than upper quartile) insulin resistance (homeostasis model assess-
ment) had more rapid BMI or weight gain than the rest of the cohort throughout infancy,
childhood, and adolescence. Glucose intolerance (impaired glucose tolerance or diabetes) was,
like metabolic syndrome, associated with rapid BMI gain in childhood and adolescence but with
lower BMI in infancy.

CONCLUSIONS — In this Indian population, patterns of infant BMI and weight gain dif-
fered for individuals who developed metabolic syndrome (rapid gain) compared with those who
developed glucose intolerance (low infant BMI). Rapid BMI gain during childhood and adoles-
cence was a risk factor for both disorders.
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Approximately 10% of urban Indian
men and women aged 40–49 years
have type 2 diabetes, and a rising

prevalence is predicted to produce 80
million diabetic patients in India by 2030
(1–3). Cardiovascular disease is also ris-

ing (4). Similar trends, thought to reflect
increasing obesity, are occurring in other
developing countries undergoing eco-
nomic transition, and interventions to
prevent disease are urgently needed.

Research in high-income countries

has shown that factors linked to weight
gain in early life contribute to the risk of
developing diabetes and cardiovascular
disease. Low birth weight (5,6) and accel-
erated gain in BMI during childhood and
adolescence predict increased risk (7,8).
The optimal pattern of infant weight gain
(the first 1–2 postnatal years) is unclear;
studies of adults suggest that low infant
weight gain is a risk factor for later disease
(7–9), whereas studies of children suggest
the opposite (10,11). There are few data
from developing countries.

In the New Delhi birth cohort
(12,13), children were measured at birth
and every 6 months throughout infancy,
childhood, and adolescence. We reported
earlier that low BMI in infancy and rapid
childhood BMI gain were associated with
an increased risk of adult diabetes or im-
paired glucose tolerance (IGT) (12). We
have now examined other cardiovascular
risk factors and the cluster of risk factors
known as the metabolic syndrome.

RESEARCH DESIGN AND
METHODS — During 1969 –1972,
married women living in a 12-km2 area of
Delhi (n � 20,755) were followed up
(12,13). There were 9,169 pregnancies
and 8,181 live births. Trained personnel
recorded the babies’ weight and length
within 72 h of birth and every 6 months
until age 14–21 years. Gaps in funding
interrupted measurements in 1972–1973
and 1980–1982. At recruitment, 60% of
families had incomes of �50 rupees/
month (national average 28 rupees/
month) and 15% of parents were illiterate
(national average 66%). Nevertheless,
43% of families lived in one room. Hindus
were the majority religious group (84%),
followed by Sikhs (12%), Christians
(2%), Muslims (1%), and Jains (1%).

Current study
In 1998 –2002 we retraced 2,584 (32%)
of the cohort and 1,583 agreed to par-
ticipate. Data on schooling, occupation,
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household possessions, alcohol con-
sumption, tobacco use, physical activ-
ity, and family history were obtained by
questionnaire (12,13). Weight and
height were measured using standard-
ized techniques. Waist circumference
was measured using fiberglass tape, in
expiration, midway between the lower
lateral costal margin and the iliac crest,
with the subject standing. Blood pres-
sure was recorded using an automated
device (Omron 711) with the subject
seated, after 5 minutes of rest (mean of
two readings). Plasma glucose concen-
trations were measured fasting and 120-
min after a 75-g glucose load. Glucose
and fasting cholesterol and triglyceride
concentrations were analyzed by enzy-
matic methods using Randox kits on a
Beckman AutoAnalyzer, and HDL cho-
lesterol was measured using the same
method after phosphotungstate precip-
itation. IGT and diabetes were defined
using World Health Organization crite-
ria (14). Metabolic syndrome was de-
fined using National Cholesterol
Education Program Adult Treatment
Panel III criteria (15,16). Insulin resis-
tance (homeostasis model assessment
[HOMA]) was estimated (17). The
study was approved by the All India In-
stitute of Medical Sciences research eth-
ics committee, and informed verbal
consent was obtained.

Statistical analyses
Data from the whole original cohort was
used to derive individual SD scores for
BMI and weight at 6 months and birth-
days from 1 to 21 years (12). Partici-
pants had a mean � SD of 23 � 5.5
observations. Interpolated values were
used if measurements were made within
6 months (up to 1 year), 1 year (aged 2
years), 1.5 years (aged 3 years), and 2
years (all older ages). Back-transforma-
tion provided estimates of measure-
ments at these ages. To measure
changes in measurements in early life
(e.g., from 2 to 11 years), we regressed
SD scores at the end of the interval (11
years) on SD scores at the beginning (2
years) and at all preceding time points
(birth, 6 months, and 1 year) and ex-
pressed the residuals as SD scores. This
method produces uncorrelated vari-
ables describing change between spe-
cific ages (conditional SD scores).
Quadratic terms were included when
relationships between measurements at
different ages were nonlinear. Associa-
tions between size in early life and adult

outcomes were examined using regres-
sion. Outcomes with skewed distribu-
tions (HDL cholesterol and insulin
resistance) were log-transformed.

RESULTS — Of the 1,526 subjects at-
tending the clinic, glucose tolerance
category was definable for 1,442 and

metabolic syndrome for 1,492. Com-
pared with the remainder of the original
cohort, more participants were male (58
vs. 52%, P � 0.001), mean birth weight
was heavier (2,851 vs. 2,818 g, P �
0.046), and maternal literacy was 6%
higher. BMI SD scores differed by
�0.10 to 0.06 (mean �0.04) between

Table 1—Body measurements at birth, 2, 11, and 26–32 years and adult risk factors and
components of the metabolic syndrome

Men n Women n

n 886 640
Birth

Length (SD score)* �0.44 � 0.80 779 �0.45 � 0.81 558
Weight (SD score)* �1.06 � 0.71 803 �1.17 � 0.72 561

At 2 years
Height (SD score)* �1.54 � 1.03 840 �1.55 � 1.04 609
Weight (SD score)* �2.01 � 1.19 834 �2.27 � 1.43 609
BMI (SD score)* �0.78 � 1.10 833 �0.85 � 0.98 604

At 11 years
Height (SD score)* �1.11 � 0.84 831 �1.37 � 1.04 607
Weight (SD score)* �1.56 � 1.01 834 �1.87 � 1.19 608
BMI (SD score)* �1.23 � 1.03 830 �1.31 � 1.04 606

Adult
Age (years) 29.2 � 1.3 886 29.2 � 1.4 640
Height (cm) 169.7 � 6.4 886 154.9 � 5.7 638
BMI (kg/m2) 24.9 � 4.3 886 24.6 � 5.1 638
Waist circumference (cm) 90.2 � 12.1 886 79.6 � 12.4 640
Overweight (BMI �25) (%) 47.4 886 45.5 638
Obese (BMI �30) (%) 9.5 886 13.0 638
Any alcohol intake (%) 56.2 886 1.4 640
Ex-smokers (%) 5.1 886 0.2 640
Current smokers (%) 29.8 886 0.2 640
Systolic blood pressure (mmHg) 118.4 � 11.4 880 106.6 � 11.0 631
Diastolic blood pressure (mmHg) 77.9 � 10.3 880 73.4 � 9.2 631

Fasting
Glucose (mmol/l)† 5.37 � 1.21 869 5.28 � 1.17 623
Insulin (pmol/l)† 34.4 � 2.62 868 28.8 � 2.64 623
Insulin resistance (HOMA)† 1.37 � 2.73 868 1.13 � 2.75 623
Total cholesterol (mmol/l)† 5.16 � 1.14 869 4.75 � 0.94 623
HDL cholesterol (mmol/l)† 1.12 � 1.30 869 1.24 � 1.29 621
Triglycerides (mmol/l)† 1.57 � 1.69 868 1.05 � 1.51 623
2-h glucose (mmol/l)† 5.93 � 1.34 848 6.12 � 1.28 591

Components of the metabolic syndrome
High waist circumference (%): �90 cm (men)

�80 cm (women)
51.5 886 45.5 640

Low HDL cholesterol (%) �1.0 mmol/l (men)
�1.3 mmol/l (women)

34.2 869 55.6 621

High triglycerides (%) �1.7 mmol/l 41.2 868 10.6 623
High blood pressure (%): systolic �130 or

diastolic �85 mmHg or receiving
treatment for hypertension

27.6 880 12.3 632

High fasting glucose (%) �5.6 mmol/l 41.3 869 36.6 623
Metabolic syndrome (NCEP-ATPIII) (%) 35.6 869 20.2 623
Diabetes (%) 4.8 849 3.7 593
IGT (%) 11.2 849 10.3 593

Data are arithmetic means � SD or % unless otherwise indicated. *SD scores are based on National Centre
for Health Statistics data (18). †Geometric means � SD. ATPIII, Adult Treatment Panel III; NCEP, National
Cholesterol Education Program.

BMI in infancy and adult metabolic syndrome

2350 DIABETES CARE, VOLUME 31, NUMBER 12, DECEMBER 2008



T
able

2—
M

ean
w

aist
circum

ference,
H

D
L

cholesterol
and

triglyceride
concentrations,

systolic
blood

pressure,
fasting

glucose
concentration,

prevalence
of

m
etabolic

syndrom
e

and
IG

T
/D

M
,insulin

resistance,and
totalcholesterolconcentrations

according
to

B
M

I
at

birth,age
2

years,age
11

years,and
adulthood

n
W

aist
circum

ference
(cm

)

H
D

L
cholesterol
(m

m
ol/l)*

T
riglycerides
(m

m
ol/l)*

Systolic
blood

pressure
(m

m
H

g)

Fasting
glucose

(m
m

ol/l)*

120-m
in

glucose
(m

m
ol/l)*

M
etabolic

syndrom
e

(N
C

E
P-A

T
P

III)
(%

)
IG

T
/diabetes
(%

)

Insulin
resistance
(H

O
M

A
)*

C
holesterol
(m

m
ol/l)

M
in

M
ax

Fifths
ofBM

I
at

birth
(kg/m

2)
Low

253
266

84.0
1.18

1.35
113.8

5.33
6.16

30.2
15.4

1.27
5.04

255
268

85.8
1.17

1.33
113.7

5.47
6.06

29.7
16.9

1.35
4.99

250
268

86.4
1.18

1.34
113.9

5.34
5.92

28.8
13.2

1.33
4.98

255
268

86.5
1.16

1.33
113.8

5.29
5.97

31.6
12.9

1.22
5.05

H
igh

251
267

86.5
1.16

1.31
112.6

5.26
5.89

24.7
15.5

1.19
4.93

P
1

0.02
(�

)
0.9

0.4
0.5

0.06
0.03

(�
)

0.1
0.4

0.3
0.7

P
2

0.1
0.8

0.09
0.05

(�
)

0.04
(�

)
0.009

(�
)

0.002
(�

)
0.2

0.004
(�

)
0.3

Fifths
ofBM

I
at

2
years

(kg/m
2)

Low
267

286
82.5

1.18
1.31

112.5
5.36

6.31
29.3

19.9
1.22

4.99
273

288
83.5

1.17
1.23

114.1
5.38

6.15
24.9

17.2
1.17

4.84
273

288
85.8

1.19
1.42

112.8
5.33

5.93
29.2

12.5
1.25

5.09
271

288
86.6

1.16
1.38

114.4
5.20

5.76
29.4

12.2
1.26

5.09
H

igh
275

287
90.1

1.15
1.29

113.7
5.39

5.90
32.7

13.5
1.36

4.88
P

1
�

0.001
(�

)
0.3

0.6
0.1

0.6
�

0.001
(�

)
0.1

0.06
0.1

0.8
P

2
0.4

0.9
0.02

(�
)

0.05
(�

)
0.2

�
0.001

(�
)

0.01
(�

)
0.002

(�
)

0.002
(�

)
0.02

(�
)

Fifths
ofBM

I
at

11
years

(kg/m
2)

Low
267

287
78.2

1.20
1.25

111.8
5.33

6.09
18.2

15.7
1.06

4.91
272

287
82.4

1.18
1.31

112.6
5.35

5.98
24.8

12.5
1.18

4.94
271

288
84.7

1.19
1.31

113.5
5.29

5.98
29.1

16.2
1.18

5.03
268

287
88.7

1.16
1.30

113.6
5.36

5.95
33.0

13.1
1.34

4.91
H

igh
276

287
94.8

1.15
1.44

116.3
5.36

6.04
40.5

18.1
1.62

5.13
P

1
�

0.001
(�

)
0.8

0.002
(�

)
�

0.001
(�

)
0.3

0.8
�

0.001
(�

)
0.09

�
0.001

(�
)

0.05
(�

)
P

2
�

0.001
(�

)
0.02

(�
)

�
0.001

(�
)

�
0.001

(�
)

0.3
�

0.001
(�

)
�

0.001
(�

)
0.2

�
0.001

(�
)

�
0.001

(�
)

Fifths
ofadult

BM
I

(kg/m
2)

Low
278

304
70.6

1.22
1.02

107.9
5.25

5.66
4.5

9.4
0.66

4.53
288

305
80.3

1.18
1.28

112.1
5.28

5.89
12.7

11.8
0.94

4.93
297

306
85.8

1.16
1.38

114.0
5.28

6.03
26.4

12.5
1.31

5.12
292

305
91.3

1.17
1.43

115.5
5.38

6.08
43.7

18.8
1.63

5.12
H

igh
286

304
100.9

1.11
1.57

118.1
5.47

6.38
57.9

23.1
2.36

5.23
P

1
�

0.001
(�

)
�

0.001
(�

)
�

0.001
(�

)
�

0.001
(�

)
0.001

(�
)

�
0.001

(�
)

�
0.001

(�
)

�
0.001

(�
)

�
0.001

(�
)

�
0.001

(�
)

A
llavailable

data
w

as
used;m

inim
um

(M
in)and

m
axim

um
(M

ax)num
bers

ofsubjects
in

each
row

are
provided.Fifths

ofBM
Iw

ere
sex-specific.A

llvalues
in

the
table

are
adjusted

forage
and

sex,exceptforthe
binary

outcom
e

variables.*D
enotes

geom
etric

m
ean.P

values
are

derived
from

regression
analysis,using

allvariables
exceptbinary

outcom
es

as
continuous.P

1
w

as
adjusted

for
age

and
sex.P

2
w

as
adjusted

for
age,sex,and

adultBM
I.A

longside
statistically

significantP
values

(P
�

0.05)
(�

)
denotes

a
positive

association
and

(�
)

denotes
an

inverse
association.A

T
PIII,A

dultT
reatm

entPanelIII;N
C

E
P,N

ationalC
holesterolE

ducation
Program

.

Fall and Associates

DIABETES CARE, VOLUME 31, NUMBER 12, DECEMBER 2008 2351



birth and 21 years and were statistically
significant at 11 and 12 years.

The children were short, light, and
thin according to an international refer-
ence (18), but as adults almost half were
overweight or obese (Table 1).

BMI (Table 2) and weight at birth and
2 years were positively related to adult
waist circumference and inversely related
to 120-min glucose concentrations. Eleven-
year BMI was positively related to all
outcomes except HDL cholesterol and
glucose, and adult BMI was positively re-
lated to all outcomes except HDL choles-
terol, to which it was inversely related.
After adjustment for adult BMI, the asso-
ciations with earlier BMI reversed, be-
coming significantly inverse for many
outcomes. The associations were little
changed after further adjustment for adult
lifestyle factors (data not shown).

Subjects with high adult waist cir-
cumference, triglycerides, blood pres-
sure, and insulin resistance and those
with metabolic syndrome had a higher
mean BMI than the cohort mean at all ages
from birth (Figs. 1 and 2A). The pattern
for metabolic syndrome (Fig. 2A)
matched that for overweight/obesity (Fig.
2B) but differed from that for IGT/
diabetes (Fig. 2C), which was associated
with high BMI during childhood and ad-
olescence but a low BMI from 1 to 4 years.

Conditional regression analyses
showed (Table 3) that greater BMI gain
from birth to 2 years was associated with
higher adult waist circumference and sys-
tolic blood pressure and lower 120-min
glucose concentration. Weight gain in in-
fancy was more strongly related to adult
risk factors than BMI gain (Table 4, Fig. 2)
and showed additional positive associa-
tions with triglycerides, insulin resis-
tance, and metabolic syndrome. Greater
BMI/weight gain from 2 to 11 years was
associated with higher waist circumfer-
ence, triglycerides, systolic blood pres-
sure, and insulin resistance and a higher
risk of IGT/diabetes and metabolic syn-
drome. Greater BMI/weight gain between
11 years and adulthood was associated
with an increase in all risk factors (lower
HDL cholesterol).

The inverse association between in-
fant BMI gain and adult IGT/diabetes was
stronger in subjects with lower birth
weight (OR 0.74 [95% CI 0.58–0.95] for
subjects weighing �2,850 g [median]
compared with 1.05 [0.81–1.36] for sub-
jects weighing �2,850 g, Pinteraction �
0.01). There were no significant interac-
tions at other ages or for other outcomes.

Figure 1—Mean � SD scores for BMI measured at earlier ages in subjects with components of the
metabolic syndrome (A–E) and insulin resistance (HOMA) (F) above the upper quartile. High
waist circumference (A), low HDL cholesterol concentration (B), high triglyceride concentration
(C), high blood pressure (D), high fasting glucose concentration (E), and insulin resistance
(HOMA) (F).The rest of the cohort is represented by the zero line in all graphs.

BMI in infancy and adult metabolic syndrome
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Figure 2—Mean � SD scores for BMI and weight measured at earlier ages for subjects who developed (A and B) metabolic syndrome, (C and D)
overweight or obesity (BMI �25 kg/m2), and (E and F) IGT or diabetes. The rest of the cohort is represented by the zero line in all graphs.

Fall and Associates
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Mean � SD age at adiposity rebound
(lowest recorded childhood BMI) was
6.6 � 1.7 years. Earlier rebound was as-
sociated with increased adult metabolic
syndrome (P � 0.07) and IGT/diabetes
(P � 0.04) and higher waist circumfer-
ence (P � 0.001), systolic blood pressure
(P � 0.052), triglyceride concentration
(P � 0.054), and 120-min glucose con-
centration (P � 0.01). These associations
became nonsignificant after adjustment
for adult BMI.

CONCLUSIONS — The Delhi cohort
represents an affluent, well-educated sec-
tion of Indian society that has undergone
considerable “transition.” As children
they were thin, but as young adults almost
half were overweight and 29% had meta-
bolic syndrome. Higher levels of all risk
factors except IGT/diabetes were associ-
ated with BMI or weight above the average
for the cohort as a whole (Figs. 1 and 2)
and more rapid BMI or weight gain than
the cohort average (Tables 3 and 4) from
birth onward.

Strengths of the study were that it was
population-based and children were mea-
sured by trained personnel, with excep-
tionally frequent follow-up throughout
childhood. As with other birth cohorts,
there was considerable loss to follow-up
and participants are likely to be unrepre-
sentative of the original sample. However,
differences in their childhood sizes were
small, and in a within-sample analysis,
loss to follow-up would introduce bias
only if associations between early BMI/
weight and later disease differed between
those studied and not studied, which
seems unlikely given that inclusion was
based only on subjects’ availability.

Birth
Studies in high-income countries have
shown increased metabolic syndrome in
adults of lower birth weight (19). In
Delhi, after adjustment for adult BMI,
there were inverse associations with BMI
at birth for metabolic syndrome and its
components (Table 2), but these resulted
from positive associations with childhood
BMI gain, not from lower BMI at birth
(Table 3). The absence of associations be-
tween metabolic syndrome and small size
at birth in this population may be due to
their young age, low mean birth weight,
or different newborn body composition
(20).T
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Infancy
Consistent with studies of adults in high-
income countries (8,9), greater infant
BMI/weight gain was associated with a
lower risk of diabetes, especially in lower-
birth-weight infants. However, it was as-
sociated with an increased risk of
metabolic syndrome and its components,
which is consistent with recent studies
showing higher BMI, blood pressure, and
insulin concentrations in children who
had greater infant weight gain (10,11,21).
Understanding these apparently paradox-
ical findings is important. Effects may dif-
fer among populations according to body
composition at birth and fat and lean
mass accrual during infancy and may vary
for different outcomes according to criti-
cal periods of development for different
tissues. In developing countries, greater
infant weight gain is beneficial for sur-
vival, growth, and neurocognitive devel-
opment (22). However, it may become
disadvantageous as obesity-related adult
chronic diseases emerge (23). The bal-
ance of benefits and risks will become
clearer as the cohort ages enough to assess
cardiovascular disease and mortality. In
an intervention study with relevant adult
outcomes, protein-energy supplementa-
tion in infancy produced no increase in
adult cardiovascular risk factors (24).

Childhood and adolescence
A clear message from our study, consis-
tent with studies in high-income coun-
tries, is that rapid BMI gain in childhood
and adolescence and earlier adiposity re-
bound are associated with adult meta-
bolic syndrome and IGT/diabetes. This
result probably reflects the known corre-
lation between childhood and adult BMI.
Thus, even in underweight children in de-
veloping countries, increasing BMI SD
scores (“becoming obese relative to one-
self”) is a risk factor for later disease. Re-
inforced by evidence that risk factors in
Indian children are already high (25), our
study supports efforts to prevent child-
hood obesity. It also suggests that inter-
ventions to control adiposity should be
targeted not only to obese children, but
also to “normal” weight children with ris-
ing BMI SD scores.
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