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Abstract

Objective: The prevalence of maternal overweight and fetal macrosomia is increasing. Fetal macroso-
mia is associated with increased risk of maternal and neonatal complications. The objective of the
present study was to investigate if maternal metabolic parameters associated with maternal
overweight were independent determinants of macrosomia (birth weight .4500 g or above the
95 percentile of the z-score for standardized birth weight).
Design: Prospective population based cohort study of 2050 pregnancies and nested case control study.
Methods: Outcome measures were adjusted risks for macrosomia in relation to early second trimester
maternal serum lipids, glucose and insulin (cohort study) and leptin and insulin-like growth factor
(73 cases and 146 matched controls).
Results: Gestational diabetes was not independently associated with fetal macrosomia. First trimester
body mass index (BMI), gestational weight gain and placental weight were associated with macrosomia.
High serum insulin and non-high density lipoprotein (HDL)-cholesterol and low serum HDL-cholesterol
were associated with increased risk of macrosomia independent of BMI, weight gain, placental weight
and gestational diabetes. Slim women with macrosomic infants had higher insulin compared with
those with normal weight infants. This relation was not found among obese women. Leptin was not
associated with macrosomia after adjusting for maternal BMI.
Conclusions: Blood parameters known to be associated with the metabolic syndrome were risk factors for
macrosomia independent of maternal BMI.
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Introduction

Large size infants have become more prevalent in afflu-
ent societies during the last decades. Pregnancies with
macrosomic infants are associated with increased risk
of complications for both the baby and its mother,
such as intrauterine death, artificial induction of
labor, prolonged birth, birth asphyxia, injuries to the
baby and the mother, increased use of operative deliv-
eries, post partum hemorrhages and neonatal hypogly-
cemia, hyperbilirubinemia and the use of neonatal
intensive care (1 –3). In addition, oversized infants
may suffer long term effects because of increased risks
of neurological sequels, adiposity, diabetes and cancer
(4 –8). The causes of the increasing prevalence of
large newborns are complex and insufficiently
explained.

Maternal anthropometric parameters, such as pre-
gestational body size indices and gestational weight

gain have repeatedly been shown to be independent
determinants of the size of the offspring (9–12).
The increasing prevalence of being overweight among
young women as well as the decline in smoking, is cur-
rently considered a major cause of large infants in the
population (13). Overweight is, however, associated
with complex changes in metabolic and endocrine
parameters, changes that may differ among subgroups
of obese individuals (14). Therefore, maternal meta-
bolic and endocrine factors may well be independent
determinants of fetal growth. Glucose intolerance in
pregnancy, including gestational diabetes, has tra-
ditionally been considered a determinant of accelerated
fetal growth independent of maternal size, although the
evidence cannot be considered conclusive on a general
basis (15 –17). With overweight there also follows
changes in lipid metabolism and a variety of accompa-
nying hormonal alterations (14). Apart from maternal
plasma glucose, studies on the role of maternal
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metabolic parameters as independent determinants of
fetal growth are limited (18, 19).

The purpose of the present study was to investigate
prospectively if maternal metabolic parameters associ-
ated with maternal weight were independent determi-
nants of large baby size at term.

Materials and methods

Prospective cohort study

This study was part of a large prospective cohort study
performed at Aker Hospital in 1995–1996, conducted
to assess risk factors for the development of preeclamp-
sia (20). Aker was at that time a university hospital
with all levels of obstetric care. The hospital covered
defined geographical areas of Oslo city, representing
all socio-economic classes. Approximately 95% of the
pregnant women in these areas gave birth at this hos-
pital. The transfer of women to other hospitals because
of medical reasons was exceptional (,0.5%).

All pregnant women in the areas were offered an
ultrasound investigation at 17–19 weeks of gestation.
In a period of 21 months in 1995–1996, women of
Norwegian ancestry who received the offer of ultra-
sound screening were simultaneously asked to provide
a blood sample. Women with pre-gestational diabetes
were not included. Blood samples from 2434 women
were obtained, i.e. from 93.4% of the recruited
women. Women with multiple pregnancies (n ¼ 28)
and preterm births (before 37 completed weeks)
(n ¼ 100) were excluded from the present study.
Seven women were excluded because the medical
records were missing and 5 women because infor-
mation on birth weight was unavailable. Two hundred
and forty-four women were lost for follow-up mainly
because they moved out of the area. Thus the study
population consisted of 2050 pregnant women.

Maternal anthropometry and medical status (age,
parity, smoking, first trimester weight, height, gesta-
tional weight gain, blood pressures) and pregnancy
outcome (preeclampsia, gestational diabetes, birth
weight, birth length, gestational age, gender of the
baby, placental weight) were retrieved from medical
records after delivery by Torun Clawsen. The diagnosis
of gestational diabetes was based on an oral fasting glu-
cose tolerance test (OGTT, serum glucose .7.8 mmol/l
2 h after 75 g glucose). In Norway, OGTT is performed
at 28 weeks of gestation in women at risk for diabetes
mellitus (glucosuria, previous gestational diabetes,
previous fetal macrosomia (birth weight .4500 g),
previous perinatal death, maternal overweight (body
mass index (BMI) . 27 kg/m2), diabetes mellitus in
close family). The diagnosis of preeclampsia was based
on the presence of proteinuria and pregnancy-induced
hypertension. Proteinuria was defined by two readings
of $ þ 1 on a dipstick (300 mg/24 h) with an
interval of $6 h between the tests. Pregnancy-induced

hypertension was defined either as blood pressure
$140/90 mmHg or as an increase in diastolic pressure
of $15 mmHg compared with average measurements
before 20 weeks of gestation. In both cases two
measurements taken $6 h apart were required.

We defined macrosomia as birth weight above 4500 g
or a z-score above the 95 percentile (see Statistical analy-
sis below).

Nested matched case control study among
women with term pregnancies and without
diabetes or preeclampsia

Seventy-three women from the study population who
gave birth to a baby with a birth weight above
4500 g at term and without gestational diabetes or
preeclampsia had frozen blood samples eligible for
leptin and insulin-like growth factor-I (IGF-I) analyses.
The controls (n ¼ 146) were pregnant women from
the study population without gestational diabetes or
preeclampsia and who delivered a baby with a birth
weight of 3000 to #4000 g. For each case, two con-
trols matched for age, parity and gestational age were
selected within the study population.

Blood samples

Blood samples were drawn in the non-fasting state. The
blood samples were allowed to coagulate before centrifu-
gation at 400 g for 10 min. The serum samples were
transferred on ice to a (70 8C freezer within 140 min.
Routine serum chemistries were performed by staff at
Aker University Hospital for all women in the cohort at
the time of collection, to determine serum lipids (trigly-
cerides, total cholesterol, high density lipoprotein
(HDL)-cholesterol, non-HDL-cholesterol) and glucose
concentrations. Serum insulin was assayed by RIA
with a kit from DPC (Los Angeles, CA, USA). The concen-
tration of leptin was assayed with a kit from Linco
Research Inc. (St Charles, MO, USA). Serum levels of
IGF-I were analyzed by IRMA (Nichols Institute, Nijme-
gen, The Netherlands). The intra- and interassay coeffi-
cients of variation were ,11% for all assays.

The study was approved by the Regional Medical
Ethics Committee and written informed consent was
obtained from the participants.

Statistical analysis

For data analysis we used the statistical program 11.0
SPSS for Windows (SPSS Inc, Chicago, IL, USA).

Birth weight was dichotomized as #4500 g and
.4500 g. Since gestational age was significantly
longer among infants .4500 g than infants #4500 g,
we standardized birth weights within weeks of gesta-
tional age and by gender of the offspring.
Standardized birth weights were based on data from
the Medical Birth Registry of Norway (21), and were
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calculated as z-scores by subtracting the calculated
mean of the reference population from the observed
value and dividing by the S.D. We defined macrosomia
as the z-score above the 95 percentile. The 2-sample t-
test or the non-parametric Mann-Whitney test was
used to compare continuous variables between women
with macrosomic and normal weight babies. Proportions
were compared using the x2 test. Correlations were esti-
mated by Pearson correlation coefficient. Relative risks
were evaluated by logistic regression analyses. We used
the odds ratio (OR) to approximate relative risk. In all
regression analyses, covariates were represented by indi-
cator variables to allow for non-linear dose –response
relationships. BMI was defined as kg/m2. The women
were classified according to first trimester BMI as lean
(#20), normal weight (20 to #25), overweight (25 to
#30), and obese (.30). For maternal age we used the
categorization #25, 25 to #30, 30 to #35 and .35
years. Maternal first trimester weight, height, weight
gain, placental weight and the blood sample variables
were categorized according to quartiles of their distri-
butions. For variables with a high number of missing
values (above 30) those cases were included in the ana-
lysis as a separate category. Tests for linear trends were
used to assess graded associations (missing category
excluded).

In the nested case control part of the study, OR for birth
weight above 4500 g was evaluated by use of conditional
logistic regression analysis. Stratified Cox regression

models were used to fit the conditional logistic regression
model, because these two models give the same likeli-
hood function and thus the same estimates (22). Also,
in these regression analyses the covariates were rep-
resented by indicator variables to allow for non-linear
relationships. P , 0.05 was considered significant.

Results

Cohort study

Background characteristics are presented in Table 1.
Eighty-eight (4.3%) of the 2050 women in the cohort
gave birth to a baby with a birth weight above
4500 g, whereas 104 women had a z-score for birth
weight above the 95 percentile.

Women who delivered a baby with a birth weight
above 4500 g were taller, had a higher first trimester
weight, higher first trimester BMI, higher weight gain
during pregnancy and higher placental weight than
women who delivered a baby of 4500 g or less. Gesta-
tional diabetes was more frequent among women deli-
vering a baby with a birth weight above 4500 g than
in women giving birth to a baby with a lower birth
weight (5.7% compared with 1.9%, P , 0.05).
Early second trimester serum concentrations of insulin,
glucose, triglycerides and non-HDL-cholesterol were
higher and HDL-cholesterol was lower in women
delivering babies of high birth weight (Table 1). Using

Table 1 Cohort study. Characteristics, pregnancy outcomes and blood parameters at 18 weeks of gestation in 2050 pregnant women.
Results for age, blood pressure, height and weight parameters are expressed as mean (S.D.), these for category variables as n (%) and
those for blood parameters as median (25–75 percentile).

All (n ¼ 2050) Birth weight # 4500g (n ¼ 1962) Birth weight > 4500g (n ¼ 88)

Age (years) 29.9 (4.4) 29.9 (4.5) 30.6 (4.2)
Systolic BP Ist trimester (mmHg) 112.7 (10.4) 112.7 (10.3) 112.2 (11.4)
Diastolic BP Ist trimester (mmHg) 67.9 (7.8) 67.9 (7.8) 69.0 (7.9)
Systolic BP at delivery (mmHg) 117.8 (11.9) 117.7 (11.9) 119.2 (12.0)
Diastolic BP at delivery (mmHg) 74.2 (9.5) 74.2 (9.5) 75.9 (9.0)
Maternal height (cm) 168.3 (5.7) 168.1 (5.7) 171.0 (5.7)***
Maternal weight Ist trimester (kg) 65.0 (11.2) 64.7 (11.0) 72.2 (13.9)***
Maternal BMI Ist trimester (kg/m2) 23.0 (3.7) 22.9 (3.7) 24.8 (4.3)***
Weight gain (kg) 15.4 (9.7) 15.3 (9.8) 18.2 (5.7)**
Placental weight (g) 667.8 (144.3) 659.7 (138.8) 845.5 (149.1)***
Gestational age (weeks) 39.7 (1.3) 39.7 (1.3) 40.5 (1.1)***
Birth weight (g) 3637.9 (39.7) 3589 (443) 4739 (218)***

Nullipara n ¼ 1030 (50.3) n ¼ 1000 (51.0) n ¼ 30 (34.1)**
Smoking n ¼ 440 (22.2) n ¼ 425 (22.5) n ¼ 15 (17.0)
Preeclampsia n ¼ 53 (2.6) n ¼ 50 (2.5) n ¼ 3 (3.4)
Gestational diabetes n ¼ 42 (2.1) n ¼ 37 (1.9) n ¼ 5 (5.7)*
Male offspring n ¼ 1066 (52.1) n ¼ 999 (51.0) n ¼ 67 (76.1)***

Insulin (pmol/l) 80.0 (39.0–154.0) 79.0 (38.0–150.0) 126.0 (61.0–234.5)***
Glucose (mmol/l) 4.1 (3.8–4.6) 4.1 (3.8–4.6) 4.4 (3.8–5.1)**
Triglycerides (mmol/l) 1.5 (1.2–1.9) 1.5 (1.2–1.9) 1.7 (1.4–2.1)**
Total cholesterol (mmol/l) 5.3 (4.8–5.9) 5.3 (4.8–5.9) 5.5 (4.8–6.0)
HDL-cholesterol (mmol/l) 1.8 (1.5–2.0) 1.8 (1.5–2.0) 1.6 (1.4–1.9)*
LDL-cholesterol (mmol/l) 2.8 (2.3–3.3) 2.8 (2.3–3.3) 3.0 (2.4–3.6)*

*P , 0.05, **P , 0.001, ***P , 0.001 (Student’s t-test or Mann–Whitney test (blood parameters) for continuous variables and x2-test for categorical
variables). BP, blood pressure; HDL, high density lipoprotein; LDL, low density lipoprotein.
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standardized birth weights gave similar findings as
absolute birth weight (data not shown).

There was a positive correlation in the cohort between
first trimester BMI and concentrations of insulin
(r ¼ 0.23, P , 0.001), glucose (r ¼ 0.21, P , 0.001),
triglycerides (r ¼ 0.26, P , 0.001), total choles-
terol (r ¼ 0.08, P , 0.001) and non-HDL-cholesterol
(r ¼ 0.11, P , 0.001), and an inverse correlation
between BMI and HDL-cholesterol (r ¼ (0.21,
P , 0.001). Body mass index was also correlated to pla-
cental weight (r ¼ 0.12, P , 0.001) and to gestational
weight gain (r ¼ (0.09, P , 0.001).

Among lean women (BMI # 20) insulin and glucose
concentrations were higher for women who delivered
macrosomic babies (birth weight above 4500 g)
compared with those who had non-macrosomic infants
(Table 2). In contrast, there were no differences in insulin
and glucose levels among obese women (BMI . 30) who
had normal weight and high weight babies (.4500 g).
Similar results were obtained when macrosomia was
defined as a z-score for birth weight above the 95 percen-
tile (data not shown). Maternal weight gain was also
higher at all BMI levels except for those women with
BMI above 30. Placental weight was higher at all BMI
levels for women delivering macrosomic (.4500 g)
infants compared with those with non-macrosomic
infants.

By univariate logistic regression analyses, we found
that first trimester BMI, maternal weight gain, gesta-
tional diabetes, placental weight, insulin, glucose,
triglycerides, HDL-cholesterol and non-HDL-cholesterol
were positively associated with risk of macrosomia
(birth weight .4500 g) (Table 3). Multiple logistic
regression analyses (blood parameters not included)
showed that first trimester maternal BMI, maternal
weight gain and placental weight were independent
risk factors for macrosomia (both defined as birth
weight .4500 g at term and z-scores . the 95 percen-
tile) (Table 3, data for z-score not shown). After includ-
ing each blood parameter separately into the model, the
effect of BMI remained essentially unchanged (data not

shown). High levels of insulin and non-HDL-cholesterol
and low levels of HDL-cholesterol were associated with
increased risk of high birth weight independent of
maternal BMI, weight gain, placental weight and gesta-
tional diabetes (Table 3).

Nested case control study

There was no difference in age, gestational age and parity
between cases and controls (matched parameters)
(Table 4). Maternal weight gain and placental weight
were higher among cases compared with controls. The
proportion of smokers was lower, whereas the proportion
of male infants was higher among the cases.

As in the cohort study, we found that serum insulin,
triglycerides and non-HDL-cholesterol was higher and
that HDL-cholesterol was lower in women with high
birth weight babies. In this part of the study, we
found no statistically significant difference in glucose
levels between cases and controls (data not shown).
The serum levels of lipids, insulin and glucose in
women giving birth to babies with a birth weight
above or below 4500 g were similar in the cohort and
the case control study (data not shown).

Women with macrosomic babies had higher second
trimester leptin concentrations compared with women
with normal weight babies. IGF-I concentrations were
similar in the two groups (Table 4).

By conditional univariate logistic regression analyses
high levels of leptin were associated with a birth weight
above 4500 g. After adjusting for maternal BMI, leptin
was not associated with high birth weight (data not
shown).

Discussion

Recent studies have consistently shown that maternal
BMI is a strong independent predictor of the birth
weight of the offspring (23–26). In the present study,
we have prospectively studied markers of maternal
metabolism and fetal growth as predictors of large

Table 2 Cohort study. Maternal serum insulin and glucose levels at 18 weeks of gestation in women with different levels of first
trimester body mass index (BMI).

Birth weight #4500g Birth weight .4500g

n Median (25–75 perc) n Median (25–75 perc) P value†

Insulin (pmol/l) BMI # 20 306 60.0 (30.8–117.3) 8 154.0 (103.8–268.0) 0.005
BMI 20 to #25 1118 77.0 (38.0–148.0) 38 97.0 (59.0–217.0) 0.026
BMI 25 to #30 265 100.0 (50.0–179.0) 24 196.5 (70.5–254.5) 0.0013
BMI . 30 92 126.5 (71.5–220.3) 11 117.0 (54.0–255.0) 0.864
BMI missing 133 74.0 (38.02152.5) 7 40.0 (33.0–427.0) 0.664

Glucose (mmol/l) BMI #20 313 4.0 (3.6–4.3) 8 4.6 (4.0–5.1) 0.009
BMI 20 to #25 1146 4.1 (3.7–4.6) 38 4.1 (3.7–4.7) 0.733
BMI 25 to #30 269 4.3 (3.9–4.7) 24 4.7 (3.8–5.7) 0.043
BMI . 30 94 4.5 (4.0–5.0) 11 4.3 (4.0–5.1) 0.597
BMI missing 137 4.1 (3.7–4.5) 7 4.3 (3.7–4.7) 0.622

Perc, percentile; †Mann–Whitney test.
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Table 3 Cohort study. Risk of macrosomia (birth weight above 4500 g) in relation to metabolic factors.

All
.4500g
n (%)

OR (95% CI)
unadj

aOR (95% CI)
Model A†

aOR (95% CI)
Model B‡

aOR (95% CI)
Model C§

aOR (95% CI)
Model Dk

First trimester body mass index (BMI)
, 20 321 8 (2.5) 1.0 1.0 1.0
20–25 1186 38 (3.2) 1.3 (0.6–2.8) 1.3 (0.6–2.8) 0.9 (0.4–2.1)
25–30 293 24 (8.2) 3.5 (1.5–7.9) 3.5 (1.5–7.9) 2.5 (1.1–6.0)
. 30 105 11 (10.5) 4.6 (1.8–11.7) 4.8 (1.9–12.4) 4.3 (1.5–12.1)
P trend ,0.001 ,0.001 ,0.001

Weight gain
Q1 474 9 (1.9) 1.0 1.0 1.0 1.0 1.0
Q2 495 14 (2.8) 1.5 (0.6–3.5) 1.9 (0.8–4.5) 1.5 (0.7–3.6) 1.6 (0.7–3.8) 2.1 (0.8–5.1)
Q3 494 26 (5.3) 2.9 (1.3–6.2) 4.0 (1.8–8.8) 2.9 (1.3–6.2) 2.5 (1.1–5.4) 3.5 (1.5–8.0)
Q4 501 35 (7.0) 3.9 (1.8–8.1) 4.9 (2.3–10.7) 4.3 (2.0–9.1) 3.3 (1.5–7.0) 4.3 (1.9–9.8)
P trend ,0.001 ,0.001 ,0.001 ,0.001 ,0.001 ,0.001

Gestational diabetes
No 1995 83 (4.1) 1.0 1.0 1.0 1.0 1.0
Yes 42 5 (2.5) 3.1 (1.2–8.1) 2.5 (0.9–6.6) 2.9 (1.1–7.7) 3.2 (1.1–9.3) 2.4 (0.8–7.2)
P trend 0.020 0.07 0.031 0.036 0.125

Placental weight
Q1-2 1028 5 (0.5) 1.0 1.0 1.0 1.0 1.0
Q3 494 22 (4.5) 9.5 (3.6–25.3) 9.5 (3.5–24.8) 9.0 (3.4–24.0) 8.1 (3.0–21.5) 7.6 (2.8–20.2)
Q4 498 61 (12.2) 28.6 (11.4–71.6) 26.9 (10.7–67.5) 27.0 (10.8–67.8) 24.8 (9.7–61.4) 22.6 (8.9–57.1)
P trend ,0.001 ,0.001 ,0.001 ,0.001 ,0.001

Insulin
Q1 497 11 (2.2) 1.0 1.0 1.0 1.0 1.0
Q2 509 17 (3.3) 1.5 (0.7–3.3) 1.5 (0.7–3.2) 1.5 (0.7–3.3) 1.5 (0.7–3.4) 1.6 (0.7–3.5)
Q3 499 22 (4.4) 2.0 (1.0–4.2) 1.8 (0.9–3.8) 2.1 (1.0–4.5) 2.2 (1.0–4.8) 1.9 (0.9–4.2)
Q4 497 38 (7.6) 3.7 (1.8–7.2) 3.1 (1.5–6.2) 3.8 (1.9–7.6) 4.1 (2.0–8.3) 3.4 (1.6–7.1)
P trend ,0.001 0.003 ,0.001 ,0.001 ,0.001

Glucose
Q1 502 21 (4.2) 1.0 1.0 1.0 1.0 1.0
Q2 539 15 (2.8) 0.7 (0.3–1.3) 0.6 (0.3–1.2) 0.7(0.3–1.3) 0.6 (0.3–1.3) 0.6 (0.3–1.2)
Q3 461 11 (2.4) 0.6 (0.3–1.2) 0.5 (0.2–1.0) 0.5 (0.3–1.1) 0.7 (0.3–1.4) 0.6 (0.3–1.3)
Q4 545 41 (7.5) 1.9 (1.1–3.2) 1.5 (0.9–2.6) 1.9 (1.1–3.3) 1.9 (1.1–3.4) 1.6 (0.9–2.9)
P trend 0.010 0.073 0.010 0.010 0.048

Triglycerides
Q1 437 10 (2.3) 1.0 1.0 1.0 1.0 1.0
Q2 668 28 (4.2) 1.9 (0.9–3.9) 1.7 (0.8–3.6) 1.9 (0.9–3.9) 1.6 (0.7–3.3) 1.4 (0.7–3.1)
Q3 394 15 (3.8) 1.7 (0.8–3.8) 1.4 (0.6–3.2) 1.7 (0.7–3.8) 1.4 (0.6–3.2) 1.3 (0.5–2.9)
Q4 551 35 (6.4) 2.9 (1.4–5.9) 2.2 (1.1–4.6) 2.9 (1.4–5.9) 2.5 (1.2–5.2) 1.9 (0.9–4.1)
P trend 0.004 0.062 0.004 0.016 0.121

Total cholesterol
Q1 497 20 (4.0) 1.0 1.0 1.0 1.0 1.0
Q2 565 19 (3.4) 0.8 (0.4–1.6) 0.8 (0.4–1.5) 0.8 (0.4–1.6) 0.7 (0.4–1.4) 0.7 (0.3–1.3)
Q3 448 25 (5.6) 1.4 (0.8–2.6) 1.4 (0.7–2.5) 1.4 (0.8–2.5) 1.3 (0.7–2.4) 1.4 (0.7–2.6)
Q4 540 24 (4.4) 1.1 (0.6–2.0) 1.0 (0.5–1.8) 1.1 (0.6–2.0) 0.9 (0.5–1.7) 0.9 (0.5–1.7)
P trend 0.397 0.610 0.451 0.751 0.737

High density lipoprotein cholesterol
Q1 509 38 (7.5) 1.0 1.0 1.0 1.0 1.0
Q2 498 18 (3.6) 0.5 (0.3–0.8) 0.5 (0.3–0.9) 0.5 (0.3–0.8) 0.5 (0.3–0.9) 0.6 (0.3–1.0)
Q3 527 18 (3.4) 0.4 (0.2–0.8) 0.5 (0.3–1.0) 0.4 (0.2–0.7) 0.5 (0.2–0.8) 0.5 (0.3–1.0)
Q4 516 14 (2.7) 0.3 (0.2–0.6) 0.4 (0.2–0.8) 0.3 (0.2–0.6) 0.4 (0.2–0.7) 0.4 (0.2–0.8)
P trend ,0.001 0.008 ,0.001 0.001 0.009

Non-high density lipoprotein cholesterol
Q1 519 16 (3.1) 1.0 1.0 1.0 1.0 1.0
Q2 530 19 (3.6) 1.2 (0.6–2.3) 12 (0.6–2.3) 1.2 (0.6–2.3) 1.0 (0.5–2.0) 1.0 (0.5–2.1)
Q3 500 21 (4.2) 1.4 (0.7–2.7) 1.3 (0.7–2.5) 1.4 (0.7–2.7) 1.2 (0.6–2.5) 1.3 (0.7–2.7)
Q4 499 32 (6.4) 2.2 (1.2–4.0) 1.9 (1.0–3.5) 2.1 (1.2–3.9) 1.8 (1.0–3.5) 1.9 (1.0–3.6)

P trend 0.009 0.034 0.011 0.036 0.035

OR, odds ratio; CI, confidence interval; unadj, unadjusted; aOR, adjusted odds ratio; Q, quartile.
Variables in † model A: first trimester BMI; ‡ model B: age, parity, smoking; § model C: age, parity, smoking, weight gain, placental weight, gestational
diabetes; k model D: as C and in addition first trimester BMI.
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fetal size independent of maternal BMI. The main find-
ing was that circulating metabolic factors known to be
associated with the metabolic syndrome (increased
non-HDL-cholesterol, decreased HDL-cholesterol and
increased insulin) were independent determinants of
macrosomia.

The study was considered population based even
though it was performed in a hospital setting. The
reason is that the obstetric care in Oslo at the time of
the study was based on the principle that each hospital
took care of all deliveries in defined geographical areas.
The study population has been described elsewhere
(20). Briefly, biases due to socio-economic selection,
transfer to other hospitals or moving are unlikely. The
study population included, however, only Scandinavian
speaking (Caucasian) women. Validity of the anthropo-
metric and clinical data was ascertained by a review of
each medical record.

All the women in the current study were non-fasting
mainly because it was impracticable to obtain fasting
blood samples from all the participants. However, by
testing non-fasting samples we eliminated the possi-
bility to assess an indicator of insulin sensitivity. Thus
the effect of insulin sensitivity as an independent deter-
minant of fetal macrosomia remains to be clarified in
the current context. Non-fasting blood values may,
however, better reflect the normal physiological state.
However, a consequence of using non-fasting samples
is larger variation in the values measured due to diffi-
culties in standardization, thereby increasing the risk
of type 2 errors. It is also possible that blood values
may be predictive in fasting but not in non-fasting
states but also vice versa. Serum levels of triglycerides,
glucose and insulin are especially sensitive to prandial
status (food intake). The blood parameters analyzed
in the current study were selected because they are
generally closely related to BMI and the metabolic syn-
drome. We found that triglycerides, glucose and insulin

were all closely correlated to maternal BMI indicating
also that in a non-fasting state these variables reflect
differences in metabolism in pregnant women accord-
ing to their BMI.

Gestational diabetes has generally been considered
an independent predictor of high birth weight although
not all reports are consistent when adjusting for
maternal BMI (15 –17). The discrepancies between
the studies may reflect differences in the prevalence of
type II diabetes in the background population and vari-
ation in screening practices, diagnostic criteria and
treatment modalities. In the present study, the effect
of gestational diabetes on high birth weight after
adjustment for BMI did not reach statistical signifi-
cance. We cannot exclude a certain effect of gestational
diabetes in the present population because after adjust-
ment the odds ratio (95% confidence interval) was 2.4
(0.8 –7.2). However, the main message to be taken
from the majority of the studies performed is, in our
opinion, that on a population basis high maternal
BMI is a more important determinant of large size at
birth than gestational diabetes.

Serum insulin was apparently an independent pre-
dictor of high birth weight (Table 3). However, insulin
may be an effect modifier because among low BMI
women insulin was higher for those delivering high
birth weight babies. For those with high BMI there
was no difference in the levels of insulin. Thus it may
be questioned if adjustment for BMI is justifiable. To
the extent that high serum insulin reflects reduced
insulin sensitivity our finding indicates that slim
women with insulin resistance are at increased risk of
having a baby of large size. Interestingly, none of
these women had gestational diabetes. On a population
basis, slim women with high serum insulin do not,
however, contribute markedly to the prevalence of
macrosomic newborns. Our finding does, however,
show that maternal insulin levels may, under given

Table 4 Nested case control study. Clinical characteristics of non-diabetic/non-preeclamptic women with term macrosome babies
(.4500 g) compared with age-, parity-, and gestational age-matched non-diabetic/non-preeclamptic women with term normal weight
babies (3000–4000 g). Results for age and weight parameters are expressed as means and S.D. Results for leptin and IGF-I are
expressed as median (25–75 percentiles).

Birth weight #4500g
(n ¼ 146)

Birth weight .4500g
(n ¼ 73) P value

Age (years) 31.0 4.8 31.0 4.2 0.97*
Gestational age (weeks) 40.6 1.0 40.6 1.0 0.90*
Birth weight (g) 3573 278 4730 200 ,0.001*
BML (kg/m2) 22.6 3.7 24.6 4.3 0.001*
Placenta weight (g) 651.1 109.2 846.1 150.7 ,0.001*
Weight gain (kg) 15.0 4.6 17.4 5.2 0.001*

Smoking n ¼ 39 27.3% n ¼ 12 16.4% 0.07†
Nullipara n ¼ 49 34% n ¼ 25 34% 0.88†
Male n ¼ 74 51.4% n ¼ 56 76.7% ,0.001†

Leptin (ng/ml) 16.0 (9.3–22.9) 20.2 (13.2–28.1) 0.01‡
IGF-I (ng/ml) 154.0 (13.0–173.5) 158.5 (140.8–183.5) 0.12‡

*Student’s t-test, †Chi-square test, ‡Mann–Whitney test.
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metabolic conditions, be independently involved in fetal
growth.

In the current study, the serum glucose level was
only a borderline, independent, risk factor of having a
macrosomic infant. The relation between glucose and
maternal BMI in relation to the size of the baby
showed a similar trend as for insulin. This finding sup-
ports our notion (see above) that slim women with
large babies may have decreased insulin sensitivity.

A high triglyceride level was not an independent risk
factor for macrosomia in our study. We are not aware of
previous studies where maternal serum insulin and tri-
glyceride levels before 20 weeks of gestation have been
related to birth weight. Later in pregnancy (24–28
weeks of gestation), however, triglyceride levels have
been found to be independently correlated to birth
weight, even after adjustment for maternal BMI (18).
Similarly, obese women with macrosomic infants had
higher serum triglyceride levels late in pregnancy
than those without macrosomia (27). Thus, maternal
triglyceride levels may be a significant determinant of
fetal size in late but not in early pregnancy.

Serum leptin was, as expected, related to maternal
BMI but not to the size of the baby after adjustment
for BMI. This finding is in accordance with previous
reports (28). This does not exclude the possibility that
leptin may be an important mediator of the obesity-
induced fetal macrosomia. Maternal serum levels of
IGF-I have previously been shown not to be directly
related to birth weight (29). IGF-I was, however,
included in the present study because it is related to
maternal weight and because we specifically wanted
to study the risk of delivering a baby with weight in
the upper percentiles (28). Not even with the design
of the current study did we find any relation between
maternal IGF-I in the first half of pregnancy and the
risk of a large sized infant.

Schaefer-Graf et al. reported that pre-pregnancy
obesity (BMI . 30) and a previous history of macroso-
mia were the only early predictors of large-for-gesta-
tional age infants among women with impaired
glucose tolerance in pregnancy (30). From gestational
week 28 fasting glucose level was also an independent
predictor. In accordance with the results of the present
study, the authors put forward the notion that different
risk factors for macrosomia are predominant at differ-
ent gestational ages. In particular, constitutional
factors as reflected by a high BMI seem to be early
determinants of large babies, whereas more specific
metabolic parameters such as glucose and triglyceride
levels become more important in the last trimester.

Placental weight was correlated both to maternal
BMI and to infant size in our study. This finding may
indicate that part of the effect of the altered physiology
underlying high maternal weight may be mediated by
an effect on placental nutritional capacity.

Interestingly, triglycerides and non-HDL-cholesterol
were correlated to placental weight. It is therefore poss-

ible that the metabolic changes associated with
maternal overweight may promote placental growth.

The mechanisms underlying the strong association
between maternal BMI and other anthropometric
parameters and birth weight of the offspring remain
elusive. A better insight into these mechanisms is
needed especially given the increasing rate of newborns
of large size in many countries (12). The short term
(perinatal and obstetrical) risks of overweight mothers
and fetuses are well documented (11, 24, 31). More
obscure are the long term effects on the health of the
next generation. There is, however, increasing evidence
that fetal over-nutrition (like under-nutrition) may
have adverse effects on health of the next generation
(32) This is clearly illustrated by the data indicating
that exposure to a diabetic state in utero, apparently
independent of genetic factors, increases the risk of
obesity and diabetes in the next generation (33, 34).
As pointed out by Catalano, a vicious cycle may be
established with profound consequences for the
health of future generations (7). This perspective is
strengthened by the growing insight into the role of
nutritional factors in epigenetic regulation of genes
during fetal development (35).

In conclusion, the present prospective study of a
normal population of 2050 term deliveries showed
that blood parameters generally related to maternal
overweight and metabolic syndrome were indepen-
dently associated with the risk of having large sized
newborns, even when adjustment was made for
maternal body mass index. High maternal insulin
levels among slim but not overweight women were pre-
dictive of macrosomic infants. The current evidence
indicates that the biological mechanisms causing the
relationship between maternal overweight and large
sized infants involve a complex interaction between
hormonal, placental and metabolic factors that may
act differently at different stages of pregnancy.
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