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LOW BIRTH WEIGHT HAS BEEN

associated with cardiovascular
disease and type 2 diabetes
later in life,1 but other studies

showed that growth patterns in
infancy and childhood might have
more effect.2,3 Catch-up growth in the
first year of life is associated with
determinants of cardiovascular dis-
ease and type 2 diabetes,4-6 while
other studies showed that poor
growth in early life and catch-up
growth after age 2 years is related to
an increased risk to develop cardio-
vascular events later in life.3,7 Data on
the relationship between growth in
early life and a broad cardiovascular
and type 2 diabetes risk profile are
scarce. In addition, the relationship
between the tempo of early life
growth and cardiovascular and meta-
bolic risk in early adulthood is hardly
investigated.

We conducted an observational study
using longitudinal data collected in the
Programming Factors for Growth and
Metabolism (PROGRAM) study of 217
healthy participants, aged 18 to 24
years, to investigate which period in the
first year of life is associated with de-
terminants for cardiovascular disease
and type 2 diabetes in early adult-

hood. The first year of life was divided
into 4 periods of 3 months and changes
in growth during these periods were re-

lated to the outcome measures of per-
centage of body fat, body mass index
(calculated as weight in kilograms di-
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Context Growth during infancy appears to be an important determinant of cardio-
vascular disease and type 2 diabetes later in life.

Objectives To specify which period in the first year of life is related to determinants
of cardiovascular disease and type 2 diabetes in early adulthood and to investigate
the association between tempo of first-year weight gain (�0.67 SDs) and these
determinants.

Design, Setting, and Participants Observational study using longitudinal
data collected in the Programming Factors for Growth and Metabolism (PROGRAM)
study of 217 healthy participants, aged 18 to 24 years, including a relatively large
sample of participants born small for gestational age and participants with short
stature, performed at a medical center in the Netherlands between August 2004 and
September 2007. The association of cardiovascular disease and type 2 diabetes with
tempo of weight gain was assessed in a subgroup of 87 participants.

Main Outcome Measures Associations between periods of first-year growth and
tempo of weight gain and determinants of cardiovascular disease and type 2 diabetes
in early adulthood.

Results Weight gain in the first 3 months of life was inversely associated with insu-
lin sensitivity (�, −0.223; 95% confidence interval [CI], −0.386 to −0.060) and serum
high-density lipoprotein cholesterol level (�, −0.053; 95% CI, −0.090 to −0.016) and
positively associated with waist circumference (�, 1.437; 95% CI, 0.066 to 2.808),
acute insulin response (�, 0.210; 95% CI, 0.024 to 0.395), ratio of total cholesterol to
high-density lipoprotein cholesterol (�, 0.052; 95% CI, 0.010 to 0.094), and level of
triglycerides (�, 0.066; 95% CI, 0.003 to 0.129) in early adulthood. Rapid weight gain
during the first 3 months of life resulted in a higher percentage of body fat, more cen-
tral adiposity, and reduced insulin sensitivity in early adulthood than when slower weight
gain occurred during the entire first year.

Conclusion Rapid weight gain in the first 3 months of life is associated with several
determinants of cardiovascular disease and type 2 diabetes in early adulthood.
JAMA. 2009;301(21):2234-2242 www.jama.com

2234 JAMA, June 3, 2009—Vol 301, No. 21 (Reprinted) ©2009 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



vided by height in meters squared), fat
distribution, insulin sensitivity, lipid
levels, and systolic blood pressure,
which were measured between Au-
gust 2004 and September 2007 at Eras-
mus Medical Center (Rotterdam, the
Netherlands). In a subgroup of 87
young adults who experienced rapid
weight gain during the first year of life
(SD �0.67), we additionally investi-
gated whether tempo of weight gain was
associated with these determinants of
metabolic and cardiovascular diseases
later in life.

METHODS
Study Participants

The total study population consisted of
323 healthy young adults. Participants,
who were registered in several hospi-
tals because of their small size at birth
(birth length �−2 SDs)8 and normal stat-
ure as young adults (n=92) or normal
size at birth and short stature as young
adults (adult height �−2 SDs)9 (n=60),
were randomly selected for this study. In
addition, 34 young adults who were
small at birth and had short stature were
included. Healthy young adults (nei-
ther small at birth nor having short adult
stature) from schools with different edu-
cational levels also were randomly asked
to participate (n=137). This design
was purposely chosen because it in-
creased the contrast in growth patterns
and thus increased the statistical power
to find a relationship between early
growth patterns and determinants of car-
diovascular disease and type 2 diabetes.

FIGURE 1 shows how many young
adults were invited and how many
were included in the study. The par-
ticipation rate was 84.1%. Only
whites born singleton at 36 weeks of
gestation or longer were invited to
participate to exclude a potential
influence of ethnicity, parity, and
prematurity. All included young
adults had an uncomplicated neona-
tal period without severe asphyxia
(defined as an Apgar score �3 after 5
minutes) and did not have sepsis or
long-term complications of respira-
tory ventilation, such as bronchopul-
monary dysplasia.

Individuals were excluded if they (1)
had any serious condition or disorder,
(2) were receiving any treatment known
to interfere with growth (eg, growth
hormone deficiency, severe chronic ill-
ness, emotional deprivation, growth
hormone treatment, treatment with glu-
cocorticosteriods, radiotherapy), or (3)
had endocrine or metabolic disorders,
chromosomal defects, syndromes, or se-
rious dysmorphic symptoms sugges-
tive of a yet unknown syndrome. Birth
data and childhood growth data were
obtained from hospital records, pri-
mary health care center records, and
general practitioner records.

The medical ethics committee of
Erasmus Medical Center approved the
study. Written informed consent was
obtained from all participants.

Of the 323 study participants, data
on first-year growth were available for
217 young adults. There were no sig-
nificant differences in clinical charac-
teristics with regard to birth length,
birth weight, adult height, and adult
weight between the young adults with
first-year growth data and the ones
without it. Of the 217 young adults with
first-year growth data, 84 were small at
birth (of whom 9 had short adult stat-
ure) and 129 had a normal size at birth

(of whom 41 had short adult stature).
Weight and height at the ages of 3, 6,
9, and 12 months had been prospec-
tively measured at primary health care
centers or hospitals. These data were
collected during the study period (Au-
gust 2004-September 2007) from the
records of the health care centers and
hospitals. Some centers and hospitals
did not store records for 25 years, there-
fore data were missing for 106 young
adults.

Measurements

Participants were invited to visit
Erasmus Medical Center and were
reimbursed for travel expenses. Prior
to the taking of measurements, par-
ticipants fasted for 12 hours and
abstained from smoking and drink-
ing alcohol for 16 hours. All anthro-
pometric measurements were per-
formed twice and the mean value
was used for the analysis.

Lean body mass and fat mass were
measured on 1 dual-energy x-ray ab-
sorptiometry machine (Lunar Prodigy,
GE Healthcare, Chalfont St Giles, En-
gland). Insulin sensitivity index, acute
insulin response to glucose, and the dis-
position index (the product of insulin
sensitivity and acute insulin response

Figure 1. Derivation of Sample Into Subgroups

87 Had first-year weight gain >0.67 SDs
45 Small for gestational age, normal

adult stature
30 Appropriate for gestational age,

normal adult stature
9 Small for gestational age, short

adult stature
3 Idiopathic short stature

130 Had first-year weight gain ≤0.67 SDs

217 Participants included in analysis

323 Young adults in total study population

384 Young adults invited to participate

65 Had first 3-mo weight gain >0.5 SDs 22 Had first 3-mo weight gain ≤0.5 SDs

106 Unable to retrieve first-year growth data

61 Unwilling to participate
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indicating the degree of glucose ho-
meostasis) were determined using the
Bergman minimal model (MinMOD
Millennium version 6.01, MinMOD Inc,
Los Angeles, California), which calcu-
lated the paired glucose and insulin data
obtained by frequent measurements
during an intravenous glucose toler-
ance test10-12 with tolbutamide.13 Blood

pressure was measured after 10 min-
utes at rest, in the sitting position, using
the nondominant arm with an auto-
matic device (Accutorr Plus, Data-
scope Corp, Montvale, New Jersey) ev-
ery 5 minutes for 1 hour and the mean
value of these 13 measurements was
taken to reflect resting blood pres-
sure.

Laboratory Methods
Blood samples were drawn to deter-
mine serum lipid levels. The assays
have been previously described in
detail.14,15 Briefly, plasma glucose lev-
els were determined on a VITROS
analyzer 750 (Ortho-Clinical Diag-
nostics, Johnson & Johnson Com-
pany, Beerse, Belgium) and plasma
insulin levels were measured using an
immunoradiometric assay (Medgenix
Diagnostics, Fleunes, Belgium). Total
cholesterol level and total glucose
level were measured using the
CHOD-PAP and the GPO-PAP
reagent kit (Roche Diagnostics, Man-
nheim, Germany). High-density lipo-
protein (HDL) cholesterol level was
measured using a homogeneous enzy-
matic colorimetric assay (Roche Diag-
nostics). Low-density lipoprotein
(LDL) cholesterol level was calculated
using the Friedewald formula: LDL
cholesterol level in mmol/L = total
cholesterol level − HDL cholesterol
level − 0.45� level of triglycerides.
Apolipoprotein A-I and apolipo-
protein B were determined by rate
of nephelometry on the Image Immu-
nochemistry System (Beckman
Coulter, Mijdrecht, the Netherlands)
according to the manufacturer’s
instructions.

Statistical Analysis

The SD scores for birth length, birth
weight, and first-year growth were
calculated to correct for gestational
age and sex.8,9 The SD scores for
adult height and adult weight also
were calculated to correct for sex and
age.9 All SD scores were calculated
using the growth analyzer program
(http://www.growthanalyser.org).

Multiple linear regression analyses
were performed to investigate the
association between weight gain per
each 3 months in the first year of life
and several determinants in the 217
young adults. The four 3-month peri-
ods were analyzed separately from
each other. Adjustments were made
for gestational age, sex, age, and
socioeconomic status. To investigate
the association between weight gain

Table 1. Clinical Characteristics of the Study Populationa

Characteristic
No. of

Participants

Mean (SD)

Actual SD Score

At Birth
Gestational age, y 217 39.3 (1.7)

Length, cm 217 47.6 (3.2) −1.54 (1.45)

Weight, kg 217 2.78 (0.67) −1.21 (1.34)

First Year of Life
Height growth, cm

Birth-3 mo 214 10.1 (2.6) 0.42 (1.04)

�3-6 mo 212 6.9 (1.2) 0.10 (0.53)

�6-9 mo 210 4.7 (0.9) 0.08 (0.35)

�9-12 mo 207 3.8 (0.8) −0.03 (0.30)

Weight gain, kg
Birth-3 mo 217 2.4 (0.7) 0.23 (1.16)

�3-6 mo 216 1.7 (0.4) 0.08 (0.58)

�6-9 mo 212 1.2 (0.4) 0.06 (0.40)

�9-12 mo 205 1.0 (0.3) 0.08 (0.34)

Early Adulthood
Age, y 217 20.8 (1.67)

Height, m 217 1.68 (0.11) −1.13 (1.38)

Weight, kg 217 63.9 (12.6) −0.63 (1.43)

Body mass indexb 217 22.5 (3.4)

Body fat percentage 211 24.0 (10.4)

Ratio of trunk fat to total fat 211 0.48 (0.06)

Waist circumference, cm 216 77.2 (9.8)

Waist to hip ratio 214 0.89 (0.07)

Insulin sensitivity, µU/mL 96 6.82 (4.33)

Acute insulin response, mU/L 95 571 (560)

Disposition indexc 95 2934 (1812)

Cholesterol, mg/dL
Total 205 174.9 (36.3)

High-density lipoprotein 205 25.0 (6.76)

Low-density lipoprotein 204 48.0 (15.1)

Ratio of total cholesterol to high-density
lipoprotein cholesterol

204 3.45 (1.11)

Apolipoprotein, mg/dL
A-I 206 130 (22)

B 206 82 (24)

Ratio of apolipoprotein B to A-I 206 0.64 (0.22)

Triglycerides, mg/dL 206 18.5 (8.84)

Blood pressure, mm Hg
Systolic 159 110.1 (9.0)

Diastolic 159 66.1 (6.1)
SI conversion factors: To convert apolipoprotein A-I and B to g/L, multiply by 0.01; cholesterol to mmol/L, multiply by

0.0259; glucose to mmol/L, multiply by 0.0555; triglycerides to mmol/L, multiply by 0.0113.
aOf 217 individuals, there were 87 with male sex (40.1%).
bCalculated as weight in kilograms divided by height in meters squared.
cThis index is the product of insulin sensitivity and secretion and it reflects glucose homeostasis.
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and the outcome variables indepen-
dently of height, adjustments were
made for height growth during the
same 3-month period. A sample size
of 217 study participants achieved
80% power to detect an R2 of 0.03
attributed to 1 independent variable
using an F test with an � level of .05.
The variables tested were adjusted
for an additional 5 independent vari-
ables (gestational age, sex, age, socio-

economic status, and height growth
in the same 3-month period). The
goodness of fit of the models was
assessed by studying the behavior of
the residuals and by looking for out-
liers. When residuals deviated from
homogeneity, outcome variables
were log transformed. This applied to
body mass index, insulin sensitivity,
acute insulin response, disposition
index, total cholesterol level, LDL

cholesterol level, HDL cholesterol
level, ratio of total cholesterol to
HDL cholesterol, apolipoprotein B,
ratio of apolipoprotein B to apolipo-
protein A-I, and level of triglycerides.

Additionally, the total study group
was divided into 2 groups, irrespec-
tive of birth length or birth weight,
one with rapid weight gain during the
first year of life and one without it
(Figure 1). Rapid weight gain was

Table 2. Associations Between Standard Deviations in Weight Gain in the First Year of Life and Determinants of Cardiovascular Disease and
Type 2 Diabetes in Early Adulthooda

Outcome in
Young Adults No.

Gain in Weight SDs

0-3 mo �3-6 mo �6-9 mo �9-12 mo

� (95% CI)
P

Value � (95% CI)
P

Value � (95% CI)
P

Value � (95% CI)
P

Value

Body fat percentage 211 0.639
(−0.513 to 1.790)

.28 −0.759
(−2.950 to 1.433)

.50 1.342
(−1.722 to 4.407)

.39 −3.149
(−6.700 to 0.403)

.08

Body mass indexb,c 214 0.014
(−0.006 to 0.035)

.17 −0.021
(−0.060 to 0.019)

.31 0.033
(−0.023 to 0.089)

.24 −0.002
(−0.062 to 0.058)

.95

Ratio of trunk fat
to total fat

211 0.006
(−0.001 to 0.014)

.09 −0.005
(−0.019 to 0.009)

.46 0.007
(−0.013 to 0.027)

.48 0.004
(−0.019 to 0.027)

.76

Waist circumference 214 1.437
(0.066 to 2.808)

.04 −0.098
(−2.767 to 2.571)

.94 1.995
(−1.741 to 5.731)

.29 0.082
(−4.002 to 4.167)

.97

Waist-to-hip ratio 214 0.002
(−0.008 to 0.012)

.72 0.009
(−0.010 to 0.029)

.35 0
(−0.028 to 0.028)

.99 0.017
(−0.013 to 0.048)

.26

Insulin sensitivityc 94 −0.223
(−0.386 to −0.060)

.008 −0.155
(−0.464 to 0.155)

.32 0.157
(−0.294 to 0.609)

.49 −0.020
(−0.525 to 0.484)

.94

Acute insulin responsec 94 0.210
(0.024 to 0.395)

.03 0.403
(0.067 to 0.738)

.02 0.307
(−0.186 to 0.801)

.22 −0.091
(−0.657 to 0.474)

.75

Disposition indexc 94 −0.011
(−0.219 to 0.124)

.92 0.261
(−0.123 to 0.645)

.18 0.463
(−0.075 to 1.000)

.09 −0.140
(−0.738 to 0.457)

.64

Cholesterolc
Total 205 −0.002

(−0.029 to 0.025)
.89 0.022

(−0.030 to 0.075)
.40 0.014

(−0.062 to 0.090)
.72 0.017

(−0.064 to 0.103)
.68

Low-density
lipoprotein

204 0.013
(−0.029 to 0.056)

.54 0.008
(−0.072 to 0.089)

.84 0.017
(−0.102 to 0.135)

.78 0.017
(−0.102 to 0.159)

.79

High-density
lipoprotein

205 −0.053
(−0.090 to −0.016)

.005 0.038
(−0.033 to 0.110)

.29 −0.025
(−0.127 to 0.077)

.63 0.081
(−0.038 to 0.185)

.14

Ratio of total cholesterol
to high-density
lipoprotein cholesterolc

204 0.052
(0.010 to 0.094)

.01 −0.020
(−0.099 to 0.060)

.63 0.040
(−0.076 to 0.156)

.50 −0.061
(−0.176 to 0.078)

.34

Apolipoprotein
Bc 206 0.026

(−0.012 to 0.063)
.18 0.020

(−0.051 to 0.092)
.57 0.012

(−0.093 to 0.116)
.83 0.022

(−0.088 to 0.143)
.70

A-I 206 −0.019
(−0.048 to 0.010)

.19 0.029
(−0.026 to 0.083)

.30 −0.004
(−0.080 to 0.072)

.92 0.005
(−0.083 to 0.086)

.90

Ratio of apolipoprotein B
to A-Ic

206 0.039
(−0.019 to 0.038)

.09 0.008
(−0.077 to 0.092)

.86 0.014
(−0.110 to 0.138)

.83 0.022
(−0.115 to 0.159)

.75

Triglyceridesc 206 0.066
(0.003 to 0.129)

.04 0.024
(−0.098 to 0.146)

.70 0.136
(−0.036 to 0.309)

.12 −0.069
(−0.260 to 0.120)

.47

Systolic blood pressure 159 −1.08
(−2.461 to 0.294)

.12 0.461
(−2.202 to 3.124)

.73 1.825
(−1.760 to 5.411)

.32 −2.704
(−2.925 to 6.224)

.18

Abbreviation: CI, confidence interval.
aAll associations were corrected for gestational age, sex, age, socioeconomic status, and height growth in the same period. A negative � score means that when 1 SD in weight

is gained, for example, insulin sensitivity reduces with 0.223 (log-transformed) unit at 0 to 3 months. A positive � score means that when 1 SD in weight is gained from 0 to 3
months, for example, waist circumference increases with 1.4 cm in early adulthood.

bCalculated as weight in kilograms divided by height in meters squared.
c Indicates log-transformed variables.
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defined as an SD score of more than
0.67 of weight gain in the first year of
life because SD scores of 0.67 repre-
sent the width of each percentile band
on standard growth charts (second to
ninth percentile, ninth to 25th per-
centile, etc).16 Of the group with first-
year rapid weight gain, 2 subgroups
were formed based on rapid (SD

�0.5) or slow (SD �0.5) weight gain
during the first 3 months. A cutoff SD
score of 0.5 was chosen because clini-
cians can easily detect an SD score
change of 0.5 on a growth chart.

Differences in clinical characteris-
tics between the 2 subgroups were
determined by an independent t test.
Differences in determinants of car-

diovascular disease and type 2 diabe-
tes between these 2 subgroups were
determined by regression analyses,
with corrections for first-year height
growth to investigate the association
between weight gain and the vari-
ab les independent ly of he ight
growth. Additional adjustments were
made for gestational age, sex, age,
and socioeconomic status. Eighty-
seven young adults fulfilled the
inclusion criteria for the subgroup
analyses. According to a power
analysis performed prior to the study
(� level of .05 and a power level of
80%), at least 72 participants should
be included in the regression analy-
ses to enable detection of an R2

change of 0.10. The variables tested
were adjusted for an additional 5
independent variables (gestational
age, sex, age, socioeconomic status,
and height growth in the first year of
life). The SPSS statistical package
version 15.0 (SPSS Inc, Chicago, Illi-
nois) was used for the analyses. All
statistical tests were performed
2-sided and results were regarded as
statistically significant if the P value
was less than .05.

RESULTS
The clinical characteristics of the study
population are shown in TABLE 1. The
mean (SD) age in early adulthood was
20.8 (1.67) years.

Weight Gain in the First Year of Life
and Determinants of Cardiovascular
Disease and Type 2 Diabetes
in Early Adulthood

Associations between first-year
weight gain and several determinants
of cardiovascular disease and type 2
diabetes in early adulthood are
shown in TABLE 2. Adjustments were
made for gestational age, sex, age,
socioeconomic status, and SD score
for height growth in the similar
3-month period. Height growth was
adjusted for to investigate the asso-
ciation between weight gain and the
outcome variables independently of
height growth. Weight gain in the
first 3 months of life had an inverse

Table 3. Clinical Characteristics and Determinants of Cardiovascular Disease and Type 2
Diabetes of Young Adults With Rapid vs Slow First-Year Growtha

Rapid Growth
(n = 65)

Slow Growth
(n = 22)

P
Value

Male sex, No. (%) 23 (35) 11 (50) .23

Gestational age, mean (SD), wk 38.5 (1.51) 39.0 (1.97) .16

At birth, mean (SD)
Length, cm 45.8 (2.8) 46.3 (3.5) .52

SD score −2.22 (1.28) −2.13 (1.62) .78

Weight, kg 2.26 (0.39) 2.37 (0.56) .31

SD score −2.23 (0.74) −2.05 (1.04) .38

At 3 mo, mean (SD)
Height, cm 57.7 (2.4) 56.6 (2.6) .10

SD score −1.13 (1.06) −1.66 (1.23) .06

Weight, kg 5.27 (0.62) 4.52 (0.55) �.001

SD score −0.76 (0.93) −2.12 (1.05) �.001

Weight SD score minus height SD score 0.37 (0.82) −0.46 (0.54) �.001

Change from birth to 3 mo, mean (SD)
Length, cm 11.8 (2.4) 10.3 (2.5) .02

SD score 1.07 (1.02) 0.47 (1.01) .02

Weight, kg 3.01 (0.47) 2.15 (0.35) �.001

SD score 1.47 (0.62) −0.07 (0.47) �.001

Change from 3 mo to 1 y, mean (SD)
Length, cm 16.5 (1.5) 16.3 (1.6) .54

SD score 0.58 (0.62) 0.57 (0.66) .96

Weight, kg 4.22 (0.61) 4.65 (0.68) .007

SD score 0.43 (0.67) 1.37 (0.57) �.001

At 1 y, mean (SD)
Height, cm 74.2 (2.7) 72.9 (2.8) .07

SD score −0.55 (0.97) −1.08 (1.09) .03

Weight, kg 9.48 (0.91) 9.17 (1.05) .18

SD score −0.33 (0.79) −0.74 (1.02) .05

Weight SD score minus height SD score 0.22 (0.77) 0.34 (0.77) .51

Change from birth to 1 y, mean (SD)
Length, cm 28.4 (2.9) 26.6 (3.0) .02

SD score 1.68 (1.17) 1.05 (1.11) .03

Weight, kg 7.23 (0.77) 6.80 (0.78) .03

SD score 1.90 (0.68) 1.31 (0.53) �.001

Adult measures
Height, mean (SD), cm 170.2 (9.6) 171.6 (9.3) .55

SD score, mean (SD) −0.74 (1.02) −0.79 (1.14) .83

Weight, mean (SD), kg 67.5 (12.5) 64.2 (10.3) .27

SD score, mean (SD) −0.09 (1.16) −0.59 (1.05) .08

Weight SD score minus height
SD score, mean (SD)

0.65 (1.25) 0.19 (0.91) .13

Body mass index, mean (SD)b 23.2 (3.46) 21.7 (2.27) .10c

(continued)
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association with insulin sensitivity
and HDL cholesterol levels in early
adulthood. Positive associations were
found between weight gain in the
first 3 months of life and waist cir-
cumference, acute insulin response,
ratio of total cholesterol to HDL cho-
lesterol, and levels of triglycerides in
early adulthood. Weight gain from 3
to 6 months was only positively
related to acute insulin response. The
other 3-month periods in the first
year of life showed no significant
associations. The proportion of
explained variance of the models was
3.5% to 43%. The same analyses
were performed without adjustment
for height growth in the 3-month
period, which showed similar results.

To investigate whether the associa-
tions between weight gain in the first
3 months and determinants of cardio-
vascular disease and type 2 diabetes
were explained by fat mass in early
adulthood, an additional adjustment
was performed for percentage of body
fat. The associations between weight
gain in the first 3 months and insulin
sensitivity (�, −0.163; 95% confi-
dence interval [CI], −0.312 to −0.014),
HDL cholesterol level (�, −0.053; 95%
CI, −0.091 to −0.014), and ratio of total
cholesterol to HDL cholesterol (�,
0.054; 95% CI, 0.011 to 0.096) re-
mained significant. The associations
with waist circumference (�, 0.947;
95% CI, −0.015 to 1.909), acute insu-
lin response (�, 0.154; 95% CI, −0.023
to 0.330), and level of triglycerides (�,
0.057; 95% CI, −0.006 to 0.119) be-
came nonsignificant.

The study population consisted of a
relatively large sample of young adults
born small for gestational age and
young adults with short adult stature.
Therefore, birth length and adult
height also were adjusted for to elimi-
nate the effect of selection bias. Simi-
lar results were found because weight
gain in the first 3 months also was
inversely related to insulin sensitivity
(�, −0.216; 95% CI, −0.381 to −0.051)
and HDL cholesterol level (�, −0.056;

95% CI, −0.093 to −0.018), and posi-
tively associated with ratio of total
cholesterol to HDL cholesterol (�,
0.053; 95% CI, 0.011 to 0.095), and
acute insulin response (�, 0.185; 95%
CI, 0.002 to 0.368).

Whether differences in body mass
index per 3 months were associated
with the determinants of cardiovascu-
lar disease and type 2 diabetes in early
adulthood also was investigated.
These associations were similar as the

Figure 2. Height and Weight During Early Adulthood Relative to Height and Weight in the First Year of Life
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The comparison is between young adults with slow weight gain vs young adults with rapid weight gain during the first 3 months of life. Values are expressed as mean (SEM).

Table 3. Clinical Characteristics and Determinants of Cardiovascular Disease and Type 2
Diabetes of Young Adults With Rapid vs Slow First-Year Growtha (continued)

Rapid Growth
(n = 65)

Slow Growth
(n = 22)

P
Value

Adult measures
Body fat percentage, mean (SD) 27.4 (9.2) 19.4 (11.6) .006c

Ratio of trunk fat to total fat, mean (SD) 0.49 (0.05) 0.48 (0.07) .04c

Waist circumference, mean (SD), cm 80.6 (10.6) 75.0 (8.3) .03c

Waist-to-hip ratio, mean (SD) 0.90 (0.07) 0.87 (0.09) .07c

Insulin sensitivity, No. (%), µU/mL 5.38 (3.75) 8.13 (4.76) .04c

Acute insulin response, No. (%), mU/L 920 (853) 564 (324) .07c

Disposition index, No. (%) 3371 (2102) 3567 (1245) .71c

Cholesterol, mean (SD), mg/dL
Total 83.4 (19.8) 78.9 (16.3) .54c

Low-density lipoprotein 49.7 (18.9) 45.1 (11.4) .46c

High-density lipoprotein 24.8 (6.1) 26.2 (8.5) .27c

Ratio of total cholesterol to high-density
lipoprotein cholesterol, mean (SD)

3.56 (1.20) 3.17 (0.80) .19c

Apolipoprotein, mean (SD), mg/dL
B 85 (27) 75 (18) .12c

A-I 129 (21) 127 (26) .73c

Ratio of apolipoprotein B to A-I,
mean (SD)

0.68 (0.26) 0.60 (0.16) .29c

Triglycerides, mean (SD), mg/dL 20.0 (9.2) 17.1 (5.9) .66c

Systolic blood pressure, mean (SD),
mm Hg

110.6 (9.4) 109.7 (10.3) .67c

SI conversion factors: To convert apolipoprotein A-I and B to g/L, multiply by 0.01; cholesterol to mmol/L, multiply by
0.0259; glucose to mmol/L, multiply by 0.0555; triglycerides to mmol/L, multiply by 0.0113.

aAll young adults had a first-year weight gain of more than 0.67 SDs. They were divided into 2 subgroups based on
rapid (�0.5 SDs) or slow (�0.5 SDs) weight gain in the first 3 months.

bCalculated as weight in kilograms divided by height in meters squared.
cAfter correction for gestational age, sex, age, standard errors, and growth in height during the first year.
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associations between first-year weight
gain and several determinants in early
adulthood.

Tempo of Weight Gain in the First
Year of Life and Determinants
of Cardiovascular Disease and
Type 2 Diabetes in Early Adulthood

To assess if tempo of weight gain was
associated with determinants of car-
diovascular disease and type 2 diabe-
tes in early adulthood, subgroups were
formed based on rapid or slow weight
gain in the first 3 months of life. Of all
young adults with a clinically relevant
weight gain of at least 0.67 SDs in the
first year of life, some had a weight gain
of more than 0.5 SDs in the first 3
months (rapid growth, n=65), while
others had a weight gain in the first 3
months of less than 0.5 SDs (slow
growth, n=22). The clinical character-
istics of these 2 subgroups are shown
in TABLE 3. The SD scores for birth
length and birth weight were not sig-
nificantly different between the sub-
groups. First-year growth patterns and
the SD scores for adult height, weight,
and weight minus height are shown in
FIGURE 2. Both subgroups attained a
similar adult height SD score. How-
ever, the rapid growth group attained
a nonsignificantly higher adult weight
SD score than the slow growth group
(mean difference, 0.50; 95% CI, −0.05
to 1.06; FIGURE 3). When weight for
height was expressed as weight SD mi-
nus height SD, the rapid growth group
had more weight gain than height
growth in the first 3 months, while the

slow growth group had more height
growth than weight gain (mean differ-
ence, 0.94; 95% CI, 0.38 to 1.50).

The rapid growth group had a sig-
nificantly higher percentage of body fat
(�, 6.00; 95% CI, 1.77 to 10.24), a
greater waist circumference (�, 6.19;
95% CI, 0.67 to 11.71), a higher ratio
of trunk fat to total fat (�, 0.029; 95%
CI, 0.001 to 0.056), and a reduced in-
sulin sensitivity (�, −0.69; 95% CI,
−0.02 to 1.38) in early adulthood than
the slow growth group after adjust-
ment for gestational age, sex, age, so-
cioeconomic status, and height growth
in the first year of life (Table 3). After
adjustment for adult percentage of body
fat, the difference in waist circumfer-
ence (�, 0.96; 95% CI, −3.27 to 5.19),
fat distribution (�, 0.014; 95% CI,
−0.013 to 0.041), and insulin sensitiv-
ity (�, −0.297; 95% CI, −0.954 to 0.360)
between the 2 subgroups disappeared.
This indicates that percentage of body
fat explained the differences in these
variables between the 2 subgroups. Ad-
justment for birth weight SD and birth
length SD did not change the results.

COMMENT
Our study shows that increased
weight gain relative to height growth
in the first 3 months of life is associ-
ated with reduced insulin sensitivity
and serum HDL cholesterol level, and
an increased waist circumference,
acute insulin response, ratio of total
cholesterol to HDL cholesterol, and
serum level of triglycerides in early
adulthood. These are all important
determinants of cardiovascular dis-
ease and type 2 diabetes later in life.
Even after adjustment for adult per-
centage of body fat, the associations
with insulin sensitivity, HDL choles-
terol level, and ratio of total choles-
terol to HDL cholesterol remained sig-
nificant. A subgroup analysis showed
that of all young adults with first-year
rapid weight gain (�0.67 SDs), those
with rapid weight gain in the first 3
months of life had a higher percentage
of body fat, more central adiposity,
and reduced insulin sensitivity in
early adulthood than those with

slower growth. Percentage of body fat
explained the differences in central
adiposity and insulin sensitivity in
early adulthood between the 2 sub-
groups.

Low birth weight has previously been
associated with an increased risk of car-
diovascular disease and type 2 diabe-
tes later in life.17-19 Although this was
initially thought to be due to an unfa-
vorable fetal environment,1 other stud-
ies reported that postnatal catch-up
growth influenced the risk as well.4-6,20-22

Our study shows that increased weight
gain in the first 3 months of life is sig-
nificantly associated with several de-
terminants for cardiovascular disease
and type 2 diabetes in early adult-
hood. Of all young adults born small
for gestational age, 90% experience
catch-up growth in the first 2 years of
life.23 We previously showed that young
adults with catch-up growth between
birth and adulthood had a higher risk
for cardiovascular disease or type 2 dia-
betes, while young adults born small
for gestational age without catch-up
growth did not have an increased
risk.14,15,24 This indicates that having a
low birth weight for gestational age is
not directly related with an unfavor-
able cardiovascular and metabolic pro-
file, but increased weight gain during
early childhood is.

To investigate whether tempo of
weight gain is associated with cardio-
vascular or metabolic determinants,
we performed a subgroup analysis
based on rapid or slow weight gain in
the first 3 months of life for all young
adults with first-year rapid weight
gain. Of the participants who showed
postnatal weight gain in the first year
of life, those with rapid weight gain
during the first 3 months had a
higher percentage of body fat, more
central adiposity, and reduced insu-
lin sensitivity in early adulthood,
while both subgroups reached a simi-
lar adult height. The rapid weight
gain group was fatter in early adult-
hood and this explained the differ-
ence in central adiposity and insulin
sensitivity. Therefore, it is important
to investigate which factors deter-

Figure 3. Height, Weight, and Weight
Minus Height at 21 Years
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mine weight gain in early life because
this might lead to intervention strate-
gies to prevent cardiovascular events
later in life.

Currently it is unclear whether epi-
genetic factors are involved. Early nu-
trition might be a major factor. Gener-
ally, nutrient-enriched diets lead to
rapid weight gain in early life, and sub-
sequently have adverse effects on car-
diovascular risk factors later in life.4,25,26

Also, formula-fed infants grow at a faster
rate than breast-fed infants and have a
higher risk of being overweight later in
life.27,28 Unfortunately, our study did not
have nutritional data to investigate the
relationship between early nutrition,
growth in infancy, and cardiovascular
determinants later in life. Neverthe-
less, our findings suggest that the use
of nutrient-enriched formulas, which
induce rapid weight gain in early life,
might increase the risk for cardiovas-
cular disease and type 2 diabetes later
in life.25 Nutritional intervention, like
initiating breastfeeding during the first
3 months of life, might decrease the
prevalence of cardiovascular disease and
type 2 diabetes.

In this study, the association be-
tween early weight gain and several de-
terminants was investigated, but other
periods in life might be important as
well. As shown in reports of the Hel-
sinki Birth Cohort Study, young adults
with slow weight gain from birth to 2
years followed by catch-up in weight
during childhood also had an in-
creased risk for the development of car-
diovascular disease and type 2 diabe-
tes.3,29,30 Similar results have been found
in a cohort study in India.31 These study
participants experienced growth retar-
dation in weight in early life before they
showed catch-up growth in weight dur-
ing childhood. This might indicate that
excessive weight gain after a period of
growth retardation, either intrauter-
ine or in early life, increases the risk for
the development of cardiovascular dis-
ease and type 2 diabetes later in life. Our
study suggests that the tempo of weight
gain might be more relevant than the
timing. This merits further study of fac-
tors influencing tempo of growth.

Our study population consisted of a
relatively large sample of young adults
born small for gestational age. We
have deliberately chosen this design
because the wider range of birth size
created greater contrast in the study
population, which contributed to a
better statistical model in which rela-
tionships between various factors
(first-year growth and determinants of
cardiovascular disease and type 2 dia-
betes) could be detected with more
statistical power. To eliminate poten-
tial selection bias, adjustments were
made for the selection criteria of birth
length and adult height but these
results were similar to the unadjusted
findings.

Nevertheless, the findings in this
study need to be confirmed in
population-based cohort studies with
standardized early life measurements.
Such studies also should investigate
associations with parental factors,
such as inheritance of cardiovascular
disease, and maternal health factors
during pregnancy, because these fac-
tors were not available in this study
and might provide further insight into
which factors are associated with
birth size, first-year growth, and the
increased risk for developing cardio-
vascular disease and type 2 diabetes
later in life. This study assessed an
extensive set of determinants of car-
diovascular disease and type 2 diabe-
tes later in life, but this also led to a
relatively high number of compari-
sons. Therefore, in 5% of the compari-
sons, false-positive associations might
be found (type I error). However, sig-
nificant associations were found in
more than 5% of the comparisons.

In conclusion, rapid weight gain in
the first 3 months of life is associated
with an unfavorable cardiovascular and
metabolic profile in early adulthood.
Furthermore, rapid weight gain in the
first 3 months of life is more detrimen-
tal than slow weight gain. More stud-
ies are required to investigate which fac-
tors determine rapid weight gain in
early infancy because those results
might lead to interventions that could
decrease the risk for development of

cardiovascular disease and type 2 dia-
betes later in life.
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Confidence that one is of value and significance as a
unique individual is one of the most precious posses-
sions which anyone can have.

—Anthony Storr (1920-2001)
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