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OBJECTIVE — A relationship between birth weight and the insulin resistance syndrome has
been reported in adults but has not been defined in adolescents.

RESEARCH DESIGN AND METHODS — Data were analyzed in 296 children (132
girls and 164 boys) mean age 15.0 � 1.2 years who had euglycemic insulin clamp studies
(intravenous administration of 1 mU � kg–1 � min–1 of insulin balanced by a variable infusion of
20% glucose to maintain blood glucose at 100 mg/dl). Insulin sensitivity (MLBM) was determined
by glucose uptake per kg lean body mass (LBM), and parents reported birth weight.

RESULTS — Birth weight ranged from 1,021 to 4,848 g (mean � SD 3,433 � 551), with
4.0% �2,500 g. Fat mass and BMI had U-shaped relations with birth weight after adjustment for
race, age, sex, and blood pressure. Lean mass index (lean mass/height squared) was stable across
birth weight quartiles. Fasting insulin decreased nonsignificantly across birth weight quartiles
but became significant after adjustment for adolescent weight (P � 0.008). Although MLBM was
highest in the highest birth weight quartile, the pattern was not significant. Triglycerides tended
to increase with birth weight, whereas LDL cholesterol (LDL-C) and HDL cholesterol (HDL-C)
tended to decrease. Blood pressure was unrelated to birth weight.

CONCLUSIONS — In this cohort, fat mass was greater in adolescents with low and high
birth weight; fasting insulin was lower with higher birth weight after adjustment for adolescent
weight. Insulin sensitivity increased nonsignificantly with birth weight.
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Low (1–5) and high (6) birth weight
are both associated with an increased
risk for type 2 diabetes and cardio-

vascular disease in adults. The relation-
ship of birth weight to these diseases is
thought to represent the influence of fetal
nutrition on the prenatal programming of
processes that effect long-term growth
and metabolism (7,8). Studies in children
and adolescents from different cultures
suggest that an association between birth
weight and the insulin resistance syn-

drome also can be identified early in life
(9–11).

Previous studies in children have
used fasting and postload glucose and in-
sulin to relate birth weight to estimates of
�-cell insulin production and insulin re-
sistance (9 –11). However, serum and
plasma insulin and glucose levels repre-
sent an integrated response to secretion,
metabolism, and clearance of insulin and
glucose, and it is generally agreed that the
hyperinsulinemic-euglycemic clamp is a

more accurate measure of insulin resis-
tance (12). In the present study, the rela-
tionship of birth weight to factors
associated with the insulin resistance syn-
drome was examined in adolescents who
had hyperinsulinemic-euglycemic
clamps performed as part of a longitudi-
nal study on cardiovascular risk.

RESEARCH DESIGN AND
METHODS — This study was ap-
proved by the Institutional Review Board:
Human Subjects Committee of the Uni-
versity of Minnesota. Written consent was
obtained from all children and their par-
ents/guardians.

The children participating in this
study were recruited after a blood pres-
sure screening of 12,043 5th- through
8th-grade Minneapolis Public School stu-
dents. This sample represents 93% of all
eligible students in those grades. Recruit-
ment letters were mailed to 2,915 ran-
domly selected black and non-Hispanic
white children with stratification accord-
ing to sex- and race-specific systolic blood
pressure percentile (half from the upper
25 percentiles and half from the lower 75
percentiles to enrich the study population
with potentially higher-risk children). Of
these, 537 attended an information meet-
ing (held in groups of 20–30 children and
their parents) where the study was ex-
plained in detail and an incentive of $75
was offered for participation. A total of
401 participants gave informed consent.
The present cohort consists of the 296
children who completed an insulin clamp
study at mean age 15 years (range 13–17),
2 years after completing a clamp at base-
line. There were no significant differences
in blood pressure, height, and weight (the
only measurements made during the
school screening examination) between
this cohort and the 2,915 randomly se-
lected children, the 537 who attended the
information session, or the 401 who pro-
vided informed consent. The participants
included in the current analyses were
more likely to be black (40 vs. 21% black,
P � 0.0003) and have higher birth weight
(3,268 vs. 3,421 g, P � 0.03).
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Birth weight and length were re-
ported by the parents of the participants.
Validity of parent-reported birth weight
has been previously confirmed (13,14).
Tanner staging was completed during a
complete physical examination by a pedi-
atrician. Anthropometric measurements
were made with participants in study
gowns and without shoes. Height was
measured using a wall-mounted stadiom-
eter. Weight was measured using a bal-
ance scale. Waist and hip circumferences
were measured to the nearest 0.5 cm. The
mean of two triceps and subscapular skin-
fold measurements was used in the anal-
yses. Lean body mass (LBM), i.e., fat-free
mass, was calculated by the method of
Slaughter (15), based on skinfold mea-
surements, sex, race, and Tanner stage.
To assess the relative weight for height,
we calculated BMI as kilograms per
meters squared. We computed indexes
parallel to BMI for lean mass and fat mass
(kilograms lean mass/meters squared and
kilograms fat mass/meters squared). The
measures fat mass, percent body fat, and

fat mass index provide highly overlapping
information (r � 0.95 for each pair). The
lean mass index was presented because it
was the only measure of lean mass that
accounted for height. For consistency
with BMI, we present the fat mass index as
well as the lean index and omitted specific
mention of the percent body fat. Blood
pressure was determined from the aver-
age of two blood pressure measures (sys-
tolic and fifth-phase Korotkoff diastolic)
taken twice on the right arm using a ran-
dom-zero sphygmomanometer with sub-
jects in the seated position.

The euglycemic insulin clamp studies
were conducted in the University of Min-
nesota Clinical Research Center. Partici-
pants were admitted after a 10-h
overnight fast. An intravenous catheter
was inserted into an arm vein 1 h before
the clamp studies, and a blood sample
was obtained immediately for measure-
ment of serum lipids. This catheter was
used for infusion of potassium phosphate,
insulin, and glucose. A contralateral vein
was cannulated for blood sampling, and

the hand was placed in a heated box
(65°C) to arterialize venous blood for
measurement of glucose levels. Insulin
was infused at a rate of 1 mU � kg–1 � min–1

for 3 h. A variable infusion of 20% glucose
was adjusted based on plasma glucose
levels measured every 5 min to maintain
euglycemia, i.e., plasma glucose at 100
mg/dl (5.6 mmol/l). Insulin sensitivity
(M) was determined from the amount of
glucose required to maintain euglycemia
over the final 40 min of the euglycemic
clamp study and was expressed as MLBM
(milligrams per kilograms of LBM per
min) for whole-body glucose utilization.

Plasma glucose was measured imme-
diately at the bedside with a Beckman
Glucose Analyzer II (Beckman Instru-
ments, Fullerton, CA). Blood samples for
serum insulin levels were obtained at
baseline (–5 and 0 min before starting the
insulin infusion). The samples were col-
lected on ice and centrifuged within 20
min. Insulin levels were measured in the
Fairview-University Medical Center labo-
ratory using a radioimmunoassay kit.

Table 1—Anthropometric and physiological characteristics for boys and girls (N � 296)

Variable Boys Girls P* Black White P

n
Black 37 17
White 127 115 0.03

Birth data
Birth weight (g) 3,484 � 47 3,371 � 42 0.07 3,259 � 60 3,473 � 36 0.003
Birth length (cm) 52.3 � 0.3 51.8 � 0.2 0.1 52.2 � 0.5 52.1 � 0.2 0.8
Ponderal index (kg/m3) 24.3 � 0.3 24.2 � 0.3 0.8 23.3 � 0.5 24.5 � 0.23 0.11

Adolescent data
Age at clinic (years) 15.0 � 0.1 14.9 � 0.1 0.2 14.4 � 0.2 14.9 � 0.1 0.05
Tanner Stage 4.5 � 0.1 4.6 � 0.1 0.6 4.3 � 0.1 3.9 � 0.1 0.0006
Height (cm) 174.2 � 0.6 164.6 � 0.6 �0.0001 169.3 � 0.1 170.1 � 0.5 0.5
Weight (kg) 71.1 � 1.3 64.5 � 1.4 0.0007 68.5 � 2.2 68.1 � 1.0 0.9
LBM (kg) 48.8 � 0.6 40.1 � 0.6 �0.0001 46.1 � 1.0 44.6 � 0.5 0.2
Fat mass (kg) 22.3 � 1.3 24.4 � 1.5 0.3 22.3 � 1.3 23.4 � 1.5 0.7
BMI (kg/m2) 23.3 � 0.4 23.8 � 0.4 0.6 23.9 � 0.7 23.4 � 0.3 0.5
LMI (kg/m2) 16.0 � 0.2 14.8 � 0.2 �0.0001 15.9 � 0.3 15.4 � 0.1 0.05
FMI (kg/m2) 7.3 � 0.4 9 � 0.5 0.01 7.9 � 0.8 8.1 � 0.4 0.8
Systolic BP 111.4 � 0.6 105.4 � 0.7 �0.0001 110.3 � 1.1 108.3 � 0.5 0.1
Diastolic BP 54.3 � 1.1 59.6 � 1.2 0.001 58.5 � 1.9 56.3 � 0.8 0.3

Laboratory data
Insulin (mU/l) 15.3 � 0.7 15.1 � 0.8 0.8 15.5 � 1.3 15.2 � 0.6 0.8
MLBM (mg � kg LBM�1 � min�1) 12.8 � 0.3 11.7 � 0.4 0.05 12.4 � 0.6 12.3 � 0.3 0.9
Cholesterol (mmol/l) 3.8 � 0.06 3.8 � 0.06 0.8 3.8 � 0.1 3.8 � 0.05 0.6
HDL-C (mmol/l) 1.2 � 0.02 1.1 � 0.02 0.003 1.2 � 0.03 1.1 � 0.02 0.02
LDL-C (mmol/l) 2.2 � 0.06 2.2 � 0.05 0.9 2.2 � 0.05 2.2 � 0.05 0.8
Triglycerides (mmol/l) 1.03 � 0.04 0.89 � 0.04 0.03 0.8 � 0.07 1.0 � 0.03 0.01

Data are means � SE unless otherwise indicated. Birth data, race, tanner stage, and age are unadjusted means. Other values are adjusted by linear regression for age,
sex, Tanner stage, race, and screening blood pressure strata. *P for F-test. BP, blood pressure; FMI, fat mass index; LBM, lean body mass; LMI, lean mass index.
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Cross-reactivity was 20% with pro-
insulin and split products and was 0%
with C-peptide. The average of the two
baseline measurements was used in the
analyses. Blood samples for fasting serum
lipids were analyzed in the Fairview-
University Medical Center laboratory us-
ing a Cobas FARA. Cholesterol was
determined by a standard enzymatic-
cholesterol oxidase-based method; HDL
cholesterol (HDL-C) was determined af-
ter precipitation of non-HDL lipoproteins
with magnesium/dextran precipitating
reagent; triglycerides were determined
using a standard glycerol blanked, enzy-
matic, triglyceride method. LDL choles-
terol (LDL-C) was calculated by the
Friedewald equation.

All analyses were conducted using
SAS version 8.1, (SAS Institutes, Cary,
NC). Multiple linear regression was used
to assess the relationship of birth weight
quartile to risk factors as dependent vari-
ables, as well as to adjust for potential
confounders. All models were at least

minimally adjusted for age, Tanner stage,
screening blood pressure strata, and race
and were sex adjusted. Further adjust-
ments were made for 1) weight, 2) BMI, or
3) lean mass index, fat mass index, and
height simultaneously.

RESULTS — The characteristics of the
study population are listed by sex and
race in Table 1; 82% were white and 55%
were male. The birth weight ranged from
1,021 to 4,848 g (mean 3,403 � 573)
with 4% of birth weights �2,500 g. Boys
weighed more than girls at birth (P �
0.07). Blacks weighed less at birth than
whites (P � 0.003), and weight for length
(kilograms per meters cubed) was nonsig-
nificantly lower in blacks. At average age
15 years, the boys were taller (P �
0.0001) and heavier (P � 0.002) with
greater lean BMI (P � 0.0001) and lower
fat mass index (P � 0.01) than girls, but
they had similar BMI compared with girls.
Systolic blood pressure was higher (P �
0.0001) and diastolic blood pressure was

lower (P � 0.001) in boys than girls.
MLBM was greater in boys (P � 0.05), but
fasting insulin was not different between
sexes. HDL-C and triglycerides were
higher in boys than in girls. HDL-C was
higher in blacks than whites (P � 0.004),
and triglycerides were lower in blacks
than whites (P � 0.01).

Birth weight was related to adolescent
body size (Table 2). Height increased with
birth weight quartile (P for linear trend �
0.001). Weight decreased nonsignifi-
cantly from the first to the second quartile
and then increased significantly to the
fourth quartile. BMI decreased from the
first quartile to the second and then in-
creased to the fourth quartile; it was sig-
nificantly lower in the second quartile
than the third and fourth quartiles (P �
0.04 and 0.03, respectively, Fig. 1). Fat
mass index (Fig. 1), fat mass, waist cir-
cumference, and subscapular skinfolds
(all Table 2) followed a similar pattern.
Lean mass increased significantly across
quartiles (Table 2, P for linear trend �

Table 2—Anthropometric and physiological characteristics by birth weight quartile

Birth weight quartile

*P1 2 3 4

n
Boys 35 38 40 51
Girls 36 40 33 23
Black 20 14 12 8
White 51 64 61 66

Birth data
Birthweight (g) 2,730 � 29 3,266 � 28 3,635 � 29 4,087 � 29
Birth length (cm) 49.9 � 0.3 51.4 � 0.3 52.8 � 0.3 54.4 � 0.3
Ponderal index (kg/m3/1000) 22.1 � 0.4 24.4 � 0.4 24.9 � 0.4 25.6 � 0.4

Adolescent data
Age at clinic (years) 14.8 � 1.2 15.0 � 1.3 15.0 � 1.3 15.0 � 1.2
Height (cm) 167.4 � 0.8 168.2 � 0.7 170.6 � 0.8 173.7 � 0.8 �0.0001
Weight (kg) 66.8 � 1.9 63.2 � 1.8 70.11 � 1.8 72.6 � 1.9 0.004
LBM (kg) 43.6 � 0.8 44.3 � .8 45.4 � 0.9 46.3 � 0.9 0.02
Fat mass (kg) 23.2 � 1.9 19.0 � 1.8 24.7 � 1.9 26.3 � 1.8 0.09
BMI (kg/m2) 23.7 � 0.6 22.3 � 0.5 24.1 � 0.6 24.1 � 0.6 0.3
Lean mass index (kg/m2) 15.5 � .3 15.6 � 0.2 15.5 � 0.3 15.3 � 0.3 0.6
Fat mass index (kg/m2) 8.2 � 0.6 6.7 � 0.6 8.6 � 0.6 8.7 � 0.6 0.2
Waist circumference (cm) 80.6 � 1.5 77.2 � 1.4 81.1 � 1.5 81.8 � 1.5 0.2
Subscapular skinfold (mm) 17.6 � 1.2 14.4 � 1.1 17.7 � 1.1 18.6 � 1.2 0.2
Systolic BP (sitting) 109.1 � 0.9 107.2 � 0.9 109.2 � 0.9 109.5 � 0.9 0.4
Diastolic BP (sitting) 56.2 � 1.6 56.1 � 1.6 56.4 � 1.6 58.2 � 1.6 0.4
HDL-C (mmol/l) 1.1 � 0.03 1.2 � 0.03 1.1 � 0.03 1.1 � 0.03 0.2
Triglyceride (mmol/l) 0.93 � 0.06 0.94 � 0.06 0.98 � 0.06 1.02 � 0.06 0.7
LDL-C (mmol/l) 2.3 � 0.08 2.2 � 0.07 2.1 � 0.08 2.2 � 0.08 0.5

Data are means � SE unless otherwise indicated. Birth data are unadjusted. Data measured during adolescence are adjusted by linear regression for age, Tanner stage,
sex, ethnicity, and screening blood pressure strata, except for age, which is adjusted for Tanner stage, sex, ethnicity, and screening blood pressure strata. BP, blood
pressure. *P for the linear trend across the four categories of birth weight.

Murtaugh and Associates

DIABETES CARE, VOLUME 26, NUMBER 1, JANUARY 2003 189

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/26/1/187/648152/dc0103000187.pdf by guest on 17 April 2024



0.02), but lean mass index did not differ
by birth weight quartile (Fig. 1). The pat-
terns of height, weight, and body compo-
sition across birth weight quartiles were
similar in boys and girls (data not shown).

Serum lipids and blood pressure were
not different among birth weight quartiles
in either sex-adjusted (Table 2) or sex-
specific analyses (data not shown). Ad-
justments for current weight, lean and fat
mass indexes, and height did not change
these relationships.

Fasting insulin adjusted for race, sex,
Tanner stage, and screening blood pres-
sure stratum was lowest in the second
quartile (Table 3). Adjustment of fasting
insulin for adolescent body weight
yielded lower insulin levels at the higher
birth weight quartiles and a significant
downward trend in insulin across birth
weight quartiles (P � 0.008, Table 3 and
Fig. 2). Although other body measure-
ments were also higher in the higher birth

weight quartiles, adjusting for BMI or si-
multaneously for lean mass index, fat
mass indexes, and height (the latter not
shown) only slightly increased fasting in-
sulin in the highest quartile, and the de-
crease across quartiles was not (10)
significant. No significant differences
were found in MLBM across quartiles, al-
though MLBM was highest in the highest
quartile of birth weight (Table 3, Fig. 2).
Adjustment for adolescent weight (Fig.
2), BMI, or simultaneous adjustment for
lean mass index, fat mass index, and
height (Table 3, the latter adjustment not
shown) did not substantially change the
relationship of birth weight to MLBM.

CONCLUSIONS — In the present
study, low birth weight is associated with
higher insulin levels in adolescence, and
the effect is independent of current ado-
lescent weight. Despite the modest asso-
ciation statistically, the difference in

fasting insulin between the first and
fourth quartiles of birth weight after ad-
justing for adolescent body weight is
�20% of the average concentration (�2
mU/l). Although the relationship of birth
weight to fasting insulin has been re-
ported to be inconsistent among younger
children (9,16), the two were directly re-
lated among older children after adjust-
ment for size at the time of insulin
measurement (10,11). After adjusting for
weight and height, fasting insulin was
higher in Pima Indian children with both
low (�2.5 kg) and high (�4.5 kg) birth
weight (11). In the present report, the re-
lationship also was significant when ad-
justing for current weight but not
significant when adjusting for height or
for BMI. Differences in results may relate
to genetic characteristics of the children,
particularly the predisposition to type 2
diabetes in Pima Indians.

The reported relation between birth
weight and body size in children and
adolescents also is not consistent. In the
present study, a U-shaped relation be-
tween birth weight and BMI, fat mass
index, waist circumference, and sub-
scapular skinfold was observed. Studies
of younger children report a positive re-
lationship between birth weight and
childhood BMI (9,16) or ponderal in-
dex (10). When the relationship of birth
weight to BMI in Pima Indians was ex-
amined in children and adolescents, the
results were similar to ours in children
aged 10 –14 years but not among ado-
lescents aged 15–19 years (11). In
adults, a reduction in waist circumfer-
ence (implying lower abdominal fat)
with increasing birth weight is reported
by some (17,18) but not others (8). Dif-
ferences in the relation between birth
weight and adolescent size may be re-
lated to a number of factors, including

Figure 1—Means of BMI (—� —), fat mass index (—Œ —), and lean mass index (---�---)
according to birth weight quartile, adjusted for race, age, Tanner stage, sex, and screening blood
pressure group.

Table 3—Relationship of birth weight quartile to fasting insulin and MLBM with and without adjustments for weight and body size

Birth weight quartile

*P1 2 3 4

Fasting insulin (mU/l) 16.8 � 1.1 13.5 � 1.1 15.6 � 1.0 15.1 � 1.1 0.2
Fasting insulin (mU/l)† 17.2 � 0.9 15.2 � 0.9 15.0 � 0.9 13.6 � 0.9 0.008
Fasting insulin (mU/l)‡ 16.6 � 0.9 14.8 � 0.9 15.0 � 0.9 14.5 � 0.9 0.3
MLBM (mg � kg LBM�1 � min�1) 12.1 � 0.5 12.1 � 0.5 11.9 � 0.5 13.1 � 0.5 0.2
MLBM (mg � kg LBM�1 � min�1)† 12.1 � 0.5 12.0 � 0.5 12.0 � 0.5 13.2 � 0.5 0.3
MLBM (mg � kg LBM�1 � min�1)‡ 12.1 � 0.5 12.1 � 0.5 12.0 � 0.5 13.1 � 0.5 0.3

Data are means � SE. Data are adjusted by linear regression for age, Tanner stage, sex, ethnicity, screening blood pressure strata, and additional covariates as
indicated. *P for the linear trend across the four categories of birth weight; †adjusted for weight; ‡adjusted for BMI.
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age, ethnicity, maternal glucose toler-
ance during pregnancy (19,20), chang-
ing body composition in adolescence,
childhood exposures to diet and physi-
cal activity, and hormonal influences
such as IGF-1 (21).

The pattern of the association of birth
weight to insulin sensitivity (MLBM) in this
study suggests greater insulin sensitivity
with greater birth weight. However, the
relationship was not strong. Previous
studies in children and young adults us-
ing the homeostasis model to estimate in-
sulin resistance (HOMA estimate) report a
greater association with lower birth
weight after adjusting for weight or some
index of body fat (9–11). Previously re-
ported data from this study (22) indicate
that the HOMA estimate of insulin resis-
tance is closely related to fasting insulin
(r � 0.99, P � 0.0001) but less strongly
related to MLBM (r � 0.42, P � 0.0001).
Therefore, the apparent difference be-
tween these results and results reported in
the literature might be related to the dif-
ference between the fasting insulin or
HOMA estimate and the direct measure-
ment of insulin sensitivity from the hyper-
insulinemic-euglycemic clamp.

Several studies used the hyperinsu-
linemic-euglycemic clamp to demon-
strate an inverse (4,23) or J-shaped (24)
relation of birth weight to insulin resis-
tance in adults. This relation was inde-
pendent of measures of BMI (24) and
abdominal obesity (4,24). Greater insulin
resistance has been found in adults born
with intrauterine growth retardation than
those born with normal birth weight (3))

and in men born preterm when compared
with those born at term (24). We are un-
able to distinguish size for gestational age
in the present report. Therefore, our fail-
ure to adjust for gestational age could ex-
plain the relation of birth weight to fasting
hyperinsulinemia but not to insulin resis-
tance. Alternatively, it seems reasonable
to suggest that the modest but nonsignif-
icant insulin resistance/birth weight rela-
tion seen in these adolescents will grow
stronger with aging.

Significant relations of birth weight to
traditional cardiovascular risk factors
(blood pressure, LDL-C, HDL-C, and
triglycerides) or the insulin resistance
syndrome were not observed in this
study, perhaps related to the age or devel-
opmental stage of the cohort. The LDL-C
finding in this study is nevertheless con-
sistent with the relation of birth weight to
LDL-C in adults (5,25). These results are
also similar to the findings of a meta-
analysis suggesting that an inverse rela-
tion of birth weight to systolic blood
pressure is present in children and adults
but is weaker in adolescents (26).

The finding in this study of higher
fasting insulin, but not other cardiovascu-
lar risk factors, in children with the lowest
birth weight is consistent with prior
observations that hyperinsulinemia pre-
cedes the development of other cardio-
vascular risk factors (27). Thus, the
relation between low birth weight and in-
sulin metabolism in children may be
important to understanding the mecha-
nisms influencing early expression of car-
diovascular disease.
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