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The association between maternal insulin resistance in
mid-pregnancy and neonatal birthweight in uncomplicated

pregnancies

Hiroshi Yamashita, Ichiro Yasuhi, Masashi Fukuda, Yukari Kugishima, Yuki Yamauchi, Akiko Kuzume,
Takashi Hashimoto, So Sugimi, Yasushi Umezaki, Sachie Suga and Nobuko Kusuda

Department of Obstetrics and Gynecology, NHO Nagasaki Medical Center, Omura 856-8562, Japan

Abstract. There have been few studies performed to address the association between the degree of physiological increase
in maternal insulin resistance during pregnancy and neonatal birthweight in non-diabetic pregnancy. We attempted to
determine whether maternal insulin resistance, as measured by homeostasis model assessment-insulin resistance (HOMA-
IR), in mid-pregnancy is associated with neonatal birthweight in normal pregnancies. In this retrospective observational
study, we measured HOMA-IR in singleton healthy pregnant women who underwent a 75 g oral glucose tolerance test
(OGTT) in mid-pregnancy because of a positive diabetes screen. Using multivariate analyses to adjust for maternal parity,
pre-gestational obesity, gestational weight gain, plasma glucose levels, and gestational age at delivery, we tested the
association between HOMA-IR and birthweight in their offspring. We also tested the association HOMA-IR and a risk of
large-for-gestational-age (LGA) infants. In 655 Japanese women, HOMA-IR was positively associated with birthweight
after adjusting for these confounders (»p<0.05). A higher HOMA-IR was significantly associated with an increased
incidence of LGA infants with an adjusted odds ratio of 1.53 (95% confidence interval, 1.10-2.15) per 1 unit of HOMA-IR.
The degree of maternal insulin resistance in mid-pregnancy was associated with birthweight and the risk of giving birth to

an LGA infant in normal pregnancies, independent of maternal obesity and glucose levels.

Key words: Insulin resistance, HOMA-IR, Pregnancy, Birthweight, Macrosomia

IN COMPARISON with the non-pregnant state, the
postprandial glucose concentration is elevated in preg-
nant subjects, especially during late pregnancy [1].
Postprandial maternal hyperglycemia is thought to
accelerate glucose transfer from mother to fetus, which
guarantees normal fetal growth during pregnancy. An
increase in maternal insulin resistance during preg-
nancy manifests in early gestation [2], and causes
physiological maternal postprandial hyperglycemia.
Accordingly, the degree of maternal insulin resistance
manifested during pregnancy is theoretically associ-
ated with the degree of glucose flux from mother to
fetus. Gestational diabetes mellitus (GDM) is a typi-
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cal example. Accompanied with beta cell dysfunction,
excessive manifestation of insulin resistance during
pregnancy is associated with the development of GDM
[3]. In women with GDM, it is thought that maternal
hyperglycemia leads to fetal hyperglycemia and hyper-
sulinemia, which cause fetal macrosomia. Excessive
insulin resistance during pregnancy is also observed in
obese subjects without abnormal glucose tolerance [4],
and fetal macrosomia is also common in these patients.

However, to the best of our knowledge, there have
been few studies performed to address the association
between the degree of physiological increase in mater-
nal insulin resistance during pregnancy and neonatal
birthweight in non-diabetic pregnancy. The aim of
this study was to determine whether elevated mater-
nal insulin resistance, as measured by the homeosta-
sis model assessment-insulin resistance (HOMA-IR)
in the second and third trimesters, is associated with
increased neonatal birthweight, and therefore a risk of
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macrosomic infants after controlling for maternal obe-
sity and plasma glucose (PG) levels in uncomplicated
healthy pregnancies.

Material and Methods

This was a retrospective study using our GDM
screening database over a six-year period from 2004
to 2009 at the Nagasaki Medical Center. This study
was approved by the Institutional Review Board of
Nagasaki Medical Center with written informed con-
sent obtained from all subjects. All pregnant subjects
were screened for GDM between the second and third
trimesters using a 50 g glucose challenge test (GCT).
In subjects with a positive GCT (= 135 mg/dL), we per-
formed a 75 g oral glucose tolerance test (OGTT) after
an overnight fast. Among the subjects who underwent
OGTT during the trimesters, we included only those
with healthy singleton pregnancies with normal OGTT
results as determined by Japan Society of Obstetrics
and Gynecology (JSOG) criteria [5]. We defined a
normal OGTT test result as all three normal values
of <100 mg/dL at fasting, <180 mg/dL at 1-hour, and
<150 mg/dL at 2-hour after a 75 g oral glucose loading.
We did not apply the new diagnostic criteria, i.e. the
International Association of Diabetes and Pregnancy
Study Groups (IADPSG) criteria [6] during the study
period, because it was not adopted by the JSOG until
June, 2010. At the time of OGTT, we also measured
serum immunoreactive insulin (IRI) concentrations at
fasting. We used HOMA-IR as a surrogate index of
maternal insulin resistance, which was calculated by
the equation {[fasting PG level](mg/dL) x [fasting IRI
level](uU/mL)/405}. We defined large-for-gestational
age (I.GA) infants by using the 90th percentile of the
standard Japanese infantile growth curve [7].

We excluded patients with GDM in order to avoid
treatment bias, as we treated the patients with the
aim of preventing perinatal complications associated.
with GDM, including neonatal macrosomia. We also
excluded women with hypertensive disorders, other
maternal medical complications, including systemic
lupus erythematosus and thyroid disease, and those
with fetal malformation. In the remaining patients, we
examined the association between the neonatal birth-
weight and predictive variables, including maternal PG
and HOMA-IR at OGTT, parity, pre-pregnancy body
mass index (BMI), and weight gain during pregnancy
by using univariate regression analysis after adjusting

Yamashita ef al.

for gestational age (GA) at delivery. Then we tested
the association between the maternal HOMA-IR and
neonatal birthweight by multivariate regression analy-
sis to adjust for confounding variables, including par-
ity, pre-pregnancy BMI, weight gain during pregnancy,
glucose values at OGTT, and GA at delivery. We also
examined the association between maternal HOMA-IR
and risk for LGA infants by using multiple logistic
regression models after adjusting for these confound-
ers. A p-value <0.05 was considered to be significant.

Results

The maternal characteristics, results of 75 g OGTT,
and neonatal outcomes of the 655 Japanese women
involved in this study are summarized in Table 1.
Mean GA at the time of OGTT was 28.3%6.3 weeks
of gestation, and 224 (34%) and 431 (66%) subjects
had the 75 g OGTT in their second and third trimes-
ter, respectively. Mean HOMA-IR among all subjects
was 1.4+0.8. Since the mean HOMA-IR values were
1.34+0.92 and 1.46+0.79 in the second and third tri-
mesters, respectively, and these were not significantly
different (p=0.38), we combined the data together for
the analysis.

In the univariate analysis after adjusting for GA
at delivery, parity (multipara vs. primipara, °=0.35,
p=0.001), pre-pregnancy BMI (+?=0.36, p<0.001),
weight gain during pregnancy (+*=0.37, p<0.001),

Table 1 Maternal characteristics, results of the 75 g OGTT, and
neonatal outcomes (n=655)

Mean+SD or N (%

 Primipara (%)
Te-pre BMI (
Weight gam during pregnancy

122.8+22.7

GA at delivery (wk)

39.1+1.7

LGA infants (%)

91 (13.9%)

BMI, body mass index; GA, gestational age; PG, plasma glucose;
IRI, immunoreactive insulinj HOMA-IR, homeostasis model
assessment-insulin resistance; LGA, large-for-gestational age.
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Table 2 Adjusted odds ratios of HOMA-IR for giving birth to a large-for-gestational age infant in the multivariate logistic regression

models

Model I
adjusted for FPG

Model I
adjusted for 1-hour PG

Model I
adjusted for 2-hour PG

Model IV
adjusted for all PG

Predictive variables

Pre-pregnancy BMI (kg/m?)

OR, odds ratio; CI, confidence interval; BMI, body mass index; GA, gestationél age; FPG, fasting plasma glucose; PG, plasma glucose;

HOMA-IR, homeostasis model assessment-insulin resistance.

fasting PG (+°=0.35, p<0.001), 1-hour PG (+*=0.34, p
<0.001), 2-hour PG (+*=0.34, p<0.001), and HOMA-IR
(#=0.36, p<0.001) were significantly associated with
neonatal birthweight. We examined the association
between HOMA-IR and neonatal birthweight using
multivariate regression analysis adjusting for these con-
founders including GA at delivery, parity, pre-pregnancy
BMI, weight gain during pregnancy, fasting PG, 1-hour
PG, and 2-hour PG levels. Maternal HOMA-IR was sig-
nificantly and positively associated with neonatal birth-
weight after adjusting for these confounders (p<0.05). In
this multivariate regression model, the parity (p<0.001),
the pre-pregnancy BMI (p<0.0001), and the weight gain
during pregnancy (p<0.001) were also independent vari-
ables associated with neonatal birthweight. On the other
hand, we did not find any association between maternal
PG levels and neonatal birthweight.

Ninety-one women (13.9%) had an LGA infant
(Table 1). We examined multivariate logistic models
regarding the risk of delivery of an LGA infant (Table 2),
in which the GA at delivery, parity, pre-pregnancy
BMI, weight gain during pregnancy, and each PG (in
models I to IT) and all PG (in model IV) were con-
trolled as confounders. In each model, HOMA-IR was
a significant independent risk factor of giving birth to
an LGA infant after controlling for the confounders.
For example, in model IV, HOMA-IR was an inde-
pendent risk factor of giving birth to an LGA infant
with an adjusted odds ratio (OR) of 1.53 (95% confi-
dence interval [CI], 1.10-2.15; p=0.012) per 1 unit of
HOMA-IR. In each model, the pre-pregnancy BMI
and the gestational weight gain remained significantly
associated with giving birth to an LGA infant (Table 2).
However, neither the parity nor the PG levels were
associated with LGA infants in the models.

Discussions

In healthy non-diabetic singleton pregnancies, we
found that the maternal HOMA-IR in the second and
third trimesters was significantly and positively asso-
ciated with the neonatal birthweight after adjusting for
the parity, pre-pregnancy BMI, weight gain during preg-
nancy, and PG levels. Elevated maternal HOMA-IR
was an independent risk factor of giving birth to an LGA
infant after controlling for these confounding variables.
To the best of our knowledge, this is the first report to
demonstrate a significant association between maternal
HOMA-IR and fetal growth independent of maternal
obesity and PG levels in normal pregnancy.

In previous studies, investigators did not find any
independent association between maternal insulin
resistance during pregnancy and neonatal birthweight
in subjects with or without GDM. Voldner et al. [8]
investigated the relationship between fetal macrosomia
and maternal metabolic measures, including their fast-
ing PG, fasting insulin, and HOMA-IR at 30-32 weeks
of gestation in 553 non-GDM Caucasian females. They
found that only the fasting PG, and neither the fasting
insulin nor HOMA-IR, was associated with macroso-
mia after adjusting for covariates including maternal
BMI. Bomba-Opon ef al. [9] examined the association
between maternal HOMA-IR in the third trimester and
neonatal birthweight in 121 patients with GDM, and
could not find any association. Das ef al. found a sig-
nificant association between maternal HOMA-IR and
ultrasonographically-determined fetal growth at 24-28
weeks of gestation in 86 women with normal glucose
tolerance [10]. Although they adjusted for maternal PG
levels, they did not control for maternal obesity and did
not address neonatal birthweight. The Japanese pop-
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ulation is the least obese among developed countries
[11], and in this study the subjects had a mean standard
pre-pregnancy BMI of 22.0 kg/m?. It is possible that
the difference in basic obesity between Japanese and
other ethnic populations may contribute to a difference
between our study and other studies. Maternal BMI
is strongly associated with neonatal birthweight inde-
pendent of maternal glucose levels [12], and obesity
is also significantly associated with insulin resistance.
Therefore, to determine whether maternal insulin resis-
tance is associated with fetal growth independent of
maternal obesity in the obese population rather than
less obese population like Japanese subjects, much
more sample size would be necessary.

We combined the HOMA-IR data from the second
and third trimesters, because there were no significant
differences between them. Maternal insulin resistance
is already increased in early gestation in comparison
with the pre-pregnant state in healthy pregnant subjects
[2]. Although the change in insulin resistance between
the second and third trimesters has not been well doc-
umented in normal pregnancy, some authors have
reported that no significant change was observed in the
maternal HOMA-IR between the trimesters in either
non-obese or obese women with normal glucose toler-
ance [13]. Cohen ef al. reported that the HOMA-IR is
appropriate for use during the second and third trimes-
ters of pregnancy even in obese patients [14].

In terms of the association between maternal hyper-
glycemia and neonatal birthweight, Voldner et al. [8]
reported that the maternal fasting PG was the only
independent risk factor associated with neonatal mac-
rosomia. A large multicenter prospective observational
study called the HAPO study [15] confirmed that each
maternal PG level during 75 g OGTT in mid-preg-
nancy was independently associated with giving birth
to an LGA neonate, and that the fasting PG showed
the strongest association. In the HAPO study, how-
ever, they did not address maternal insulin status. In
the univariate analyses in our study, we also found that
each PG during 75 g OGTT was significantly associ-
ated with neonatal birthweight, and that the fasting PG
was the strongest. However, the association was no
longer significant in the multivariate regression mod-
els including HOMA-IR and the pre-pregnancy BMI
as covariates. While the association between mater-
nal PG levels and neonatal birthweight cannot be inde-
pendent from maternal HOMA-IR, since there is a
link between maternal PG levels and insulin resistance

Yamashita ef al.

in normal pregnancy, HOMA-IR in mid-pregnancy
could well be a better predictive variable for neonatal
birthweight and macrosomia than maternal PG levels
because of its lack of reproducibility during OGTT in
uncomplicated pregnancies. Again, the lack of statisti-
cal power may have affected the identification of such
a modest association in non-diabetic healthy pregnant
subjects in a previous study [8].

It is well-documented that maternal pre-pregnancy
BMI and excessive gestational weight gain are indepen-
dently associated with fetal macrosomia in non-diabetic
pregnancy [16-18]. A subanalysis of the HAPO study
showed that maternal obesity was significantly asso-
ciated with macrosomia, independent of maternal PG
levels [19]. In our study, we found that maternal pre-
pregnancy BMI and gestational weight gain were indi-
vidually associated with having an LGA infant, inde-
pendent of not only maternal glycemic levels, but also
insulin resistance status. Although maternal obesity,
excessive gestational weight gain and insulin resistance
during pregnancy are interrelated [20, 21], our results
showed that these three factors may independently
influence fetal overgrowth during normal pregnancy.

There are several limitations to this study. Firstly,
we did not directly measure insulin resistance.
Although the gold standard used to measure insu-
lin resistance in vivo is the euglycemic glucose clamp
method [22], because of the complexity of the clamp
method, we were obliged to use surrogate indices of
insulin resistance which are often used in the clinical
setting. HOMA-IR is known to show a good linear
correlation to insulin resistance directly measured by
glucose clamp technique in non-pregnant adults [23-
25]. Although HOMA-IR during pregnancy is less cor-
related to directly measured insulin resistance by clamp
method in comparison with females in a non-pregnant
state, it is still a significant predictor of total insulin sen-
sitivity throughout pregnancy and may be a useful tool
to assess maternal insulin status [14, 26]. Secondly,
we did not measure neonatal adiposity. Neonatal adi-
posity is well recognized in infants born from diabetic
and gestational diabetic mothers and is a very sensitive
marker of abnormal fetal overgrowth [27, 28]. Walsh
et al. [29] reported that the maternal fasting PG con-
centration at 24 weeks of gestation was significantly
associated with both infant birthweight and adiposity in
healthy non-diabetic mothers. Although further exami-
nations are necessary, maternal HOMA-IR, a surrogate
marker of insulin resistance, is expected to provide a
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new predictor of neonatal adiposity in diabetic and/or
non-diabetic healthy mothers.

In terms of clinical significance, we were able to use
HOMA-IR levels to assess the risk of having a mac-
rosomic infant in women without GDM. Although
we did not include patients with gestational diabetes
in this study due to therapeutic bias, HOMA-IR levels
may also be useful to estimate the risk of macrosomia
in such patients. It has been reported that the preva-
lence of GDM has increased since applying the new
TADPSG diagnostic criteria [6], and it may be possible
to make triage decisions based on HOMA-IR level in
order to assess the risk of macrosomia.

In summary, maternal HOMA-IR in the second and
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third trimesters was significantly associated with neo-
natal birthweight and the risk of giving birth to an LGA
infant after controlling for GA at birth, maternal par-
ity, pre-pregnancy BMI, weight gain during pregnancy,
and PG levels in uncomplicated pregnancies. Our
findings suggest that the degree of insulin resistance in
mid-pregnancy plays an important role in fetal growth
in normal healthy pregnancies, independent of mater-
nal obesity and glucose levels.
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ABSTRACT

Aims: To determine whether treating mild gestational diabetes mellitus (GDM) is associated
with improvement of pregnancy outcomes in Japan.

Methods: In a multi-institutional retrospective study, we examined pregnant women meet-
ing the criteria for mild GDM (i.e., only one abnormal value [OAV] for 75-g OGTT; fasting
glucose >100 mg/dL, 1-h postprandial glucose >180 mg/dL, and 2-h postprandial glucose
>150 mg/dL), receiving either routine prenatal care (non-treatment group) or dietary inter-
vention alone or dietary intervention with self-monitoring of blood glucose and/or insulin
therapy, if necessary (treatment group). Pregnancy outcomes were compared between these
groups.

Results: Data from 893 eligible women were collected from 30 institutions. Participants
included 542 untreated and 351 treated women. Although there were no significant differ-
ences in baseline clinical characteristics or maternal and perinatal outcomes between these
groups, the incidence of large-for-gestational-age (LGA) infants was lower in the treatment
group (P = 0.07). Multiple logistic regression analysis (MLRA) revealed that pre-pregnancy
BMI and gestational weight gain were associated with LGA infants, while 75-g OGTT results
were unrelated to LGA. When overweight and obese women were the subjects, the number
of LGA infants was significantly lower in the intervention than in the control group, and
gestational weight gain was significantly lower in the treatment than in the control group.
MLRA showed that intervention was significantly related to a lower incidence of LGA
infants.

Conclusions: Our study suggests that maternal BMI impacts fetal growth and that treatment
for overweight or obese mothers with OAV is associated with a lower frequency of LGA

infants.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Gestational diabetes mellitus (GDM) is defined as glucose
intolerance that first occurs or is first identified during
pregnancy [1]. New criteria for diagnosing GDM were recently
proposed by the International Association of Diabetes in
Pregnancy Study Group (IADPSG) [2]. Maternal hyperglycemia
correlates with adverse maternal, fetal, and/or neonatal
outcomes [3]. The new criteria are based primarily on glucose
levels associated with a 1.75-fold increased risk of giving birth
to a large-for-gestational-age (LGA) infant in the Hyperglyce-
mia Adverse Pregnancy Outcome (HAPO) study [3]. The
frequency of this condition is increasing worldwide. In fact,
the new criteria will result in a GDM prevalence of 17.8% [2],
doubling the numbers of pregnant women currently diag-
nosed. LGA infants are well known to be a significant
obstetrical complication of GDM [4,5]. The neonatal complica-
tions of GDM, including hypoglycemia and hypocalcemia, are
due mainly to fetal hyperinsulinemia, which results from
maternal hyperglycemia. The long-term complications of
GDM are type 2 diabetes development in the mother [6,7]
and diabetes and/or obesity in their offspring [8,9].

In 2010, the criteria for diagnosing GDM proposed by the
IADPSG were adopted in Japan. The frequency of GDM
consequently increased 2-4-fold as compared with the
previous criteria [10], ie., meeting at least two of three
threshold values from a 75-g oral glucose tolerance test
(OGTT); fasting glucose >100 mg/dL, 1-h postprandial glucose
>180mg/dL, and 2-h postprandial glucose >150mg/dL, as

proposed by the Japan Society of Obstetrics and Gynecology
(JSOG) [11]. These criteria are similar to those proposed by the
IADPSG (meeting at least two of three threshold values from a
75-g OGTT; fasting plasma glucose >92mg/dL, 1-h plasma
glucose >180 mg/dL, and 2-h plasma glucose >153 mg/dL) [10]
and the American Diabetes Association (meeting at least two
of three threshold values from a 75-g OGTT; fasting plasma
glucose >95 mg/dL, 1-h plasma glucose >180 mg/dL, and 2-h
plasma glucose >155 mg/dL) [12]. Among women with newly
diagnosed GDM, most had only one abnormal value (OAV)
based on the JSOG criteria [our unpublished data, under
submission]. A multi-institutional retrospective review was
thus performed by the Japan GDM Study Group (JGSG) to assess
whether the treatment of mild GDM, i.e., one abnormal OGTT
value, improves pregnancy outcomes in Japan.

2. Materials and methods
2.1.  Study design

The present retrospective study was conducted in 30 general
hospitals in Japan from 2005 to 2010. The protocol was
approved by the ethics committee at each of the 30
collaborating centers. All women with a singleton pregnancy
and no prior diagnosis of diabetes mellitus were included.
Women with multi-fetal gestations, pre-gestational diabetes,
previous treatment for gestational diabetes or an active
chronic systemic disease other than chronic hypertension,
and those with the second of two pregnancies in the same year



