Clinical Endocrinology (2015) 83, 352–356

doi: 10.1111/cen.12665

ORIGINAL ARTICLE

Increasing maternal prepregnancy body mass index is associated
with reduced insulin sensitivity and increased blood pressure in
their children
 G. B. Derraik*, Ahila Ayyavoo*,†, Paul L. Hofman*,†, Janene B. Biggs* and Wayne S. Cutfield*,†
Jose
*Liggins Institute, University of Auckland, Auckland, New Zealand and †Gravida: National Centre for Growth and Development,
Auckland, New Zealand

Summary
Objective We aimed to assess the effects of maternal prepregnancy body mass index (BMI) on insulin sensitivity, metabolism and blood pressure in the offspring.
Methods We studied 70 prepubertal children aged
89  19 years (range 4–11 years), born 38–40 weeks of gestation and appropriate-for-gestational-age birthweight. Maternal
prepregnancy body mass index (MPP BMI) was calculated from
self-reported weight. Children’s insulin sensitivity was measured
using intravenous glucose tolerance tests and Bergman’s minimal
model. Other clinical assessments included auxology, fasting
lipid and hormonal profiles, DXA-derived body composition
and 24-h ambulatory blood pressure monitoring. Data were
analysed using random effect mixed models, adjusting for
important confounders and a random factor to account for sibling clusters.
Results Increasing MPP BMI was correlated with increasing
BMI standard deviation scores (SDS) (r = 030; P = 0012) and
lower insulin sensitivity in their children (r = 034; P = 0004).
In multivariate regression models, increasing MPP BMI was
associated with lower insulin sensitivity (b = 0040;
P = 0005), with every 1 kg/m2 increase in MPP BMI associated
with a 40% decrease in offspring insulin sensitivity. Greater
MPP BMI was associated with higher systolic blood pressure in
the daytime (b = 0794; P = 0010) and night-time (b = 0800;
P = 0017), as well as higher 24-h mean arterial pressure
(b = 0508; P = 0025) in the offspring.
Conclusion Greater maternal prepregnancy BMI is associated
with lower insulin sensitivity and higher blood pressure in their
children, effects that were independent of offspring adiposity.
Thus, higher maternal BMI prior to pregnancy (even among
women of normal BMI) may contribute to increased risk of
type 2 diabetes and other metabolic diseases in the subsequent
generation.

(Received 25 September 2014; returned for revision 17 October
2014; finally revised 24 October 2014; accepted 6 November 2014)

Introduction
The prevalence of obesity among pregnant women is increasing
worldwide, in both developed and developing countries.1 Maternal prepregnancy obesity is associated with poorer pregnancy
outcomes, including higher rates of caesarean section and longer
hospital stay.2 Maternal overweight or obesity during pregnancy
are risk factors for higher birthweight and macrosomia,3,4 and
with increasing maternal body mass index (BMI), there is an
associated increase in the risk of foetal and infant mortality.5,6
Numerous animal studies have shown that maternal obesity
during pregnancy is associated with adverse offspring outcomes
(particularly obesity), but these effects are often mediated by
other factors such as postnatal diet.7 Nonetheless, a number of
human studies have shown that maternal obesity is associated
with adverse effects in the offspring, including obesity, and
increased fat mass.7 One study in particular, showed that the
offspring of obese mothers were more insulin resistant in young
adulthood than those born to normal-weight mothers.8
Among 1727 Dutch children, increasing maternal prepregnancy BMI (MPP BMI) was associated with increased BMI and percentage body fat in the offspring at 5–6 years of age.9 However,
it seems that no studies have examined the association of MPP
BMI with glucose metabolism (as measured by a gold-standard
technique) in the offspring in childhood. Further, studies have
focused on the offspring of obese mothers, so that it is not clear
whether increased adiposity within the normal-weight range also
adversely affects the offspring. Thus, we aimed to assess the
potential effects of MPP BMI on insulin sensitivity, metabolism
and blood pressure in the offspring prior to puberty.

Methods
Ethics approval

Correspondence: Jose G. B. Derraik, Liggins Institute, University of
Auckland, Private Bag 92019, Auckland, New Zealand. Tel.: +64 9 923
3794; E-mail: j.derraik@auckland.ac.nz

352

Ethics approval for this study was provided by the Northern Y
Regional Ethics Committee (Ministry of Health, New Zealand).
© 2014 John Wiley & Sons Ltd

Maternal BMI and offspring metabolism 353
Written informed consent was obtained from parents or guardians, as well as verbal or written consent from each child as was
appropriate to their age.
Participants
This study involved the retrospective analyses of a cohort of
children recently studied to identify the effects of birth order on
insulin sensitivity.10 Recruited children were healthy, naturally
conceived, born at term (38–40 weeks of gestation) from singleton pregnancies and with birthweights appropriate-for-gestational-age. Participants with signs of puberty (Tanner stage 2
breast development in girls and testicular volume >3 ml in boys
or evidence of adrenarche) were excluded. Other exclusion criteria were genetic syndromes, receiving medication that could
affect insulin sensitivity, as well as having a first-degree relative
or grandparent with diabetes, the metabolic syndrome or any of
its features other than central adiposity. Children were also
excluded if born to mothers with gestational diabetes, preeclampsia, gestational or pre-existing hypertension, chronic illnesses or maternal drug use during pregnancy (including
tobacco and alcohol).
Clinical assessments
All children were assessed at the Maurice & Agnes Paykel Clinical Research Unit (Liggins Institute) during a single visit following an overnight fast. Neonatal parameters were recorded, and
birthweights were transformed into standard deviation scores
(SDS).11
Current maternal weights and heights were measured.
Maternal prepregnancy weight was obtained from medical
files, having been recorded based on maternal recall during
the first antenatal clinic. One study on 6632 Australian
women showed a very high correlation (r = 095) between
self-reported prepregnancy weight and weight measured at the
first antenatal clinic.2 Therefore, self-reported maternal weight
as adopted in this study should be considered a reliable measurement. Maternal prepregnancy and current BMI were consequently calculated.
Children’s heights were measured using a Harpenden stadiometer. Weight and body composition were obtained using
whole-body dual-energy X-ray absorptiometry (DXA, Lunar
Prodigy 2000, General Electric, Madison, WI, USA). Height
SDS, weight SDS and body mass index (BMI) SDS were derived
as per appropriate standards.11–13
Insulin sensitivity was assessed using a 90-min modified frequently sampled intravenous glucose test (FSIGT), modified
with insulin and analysed using Bergman’s minimal model software.14 Three baseline samples were drawn at 20, 10 and
0 min. A 25% dextrose infusion (at 03 g/kg) started at 0 min
and lasted for one minute. Blood samples were drawn at 2, 3, 4,
5, 6, 8, 10, 12, 14, 16 and 19 min. Insulin (0015 units/kg) was
then intravenously administered as a bolus at 20 min, and further samples were drawn at 22, 23, 24, 25, 27, 30, 35, 40, 45, 50,
60, 70, 80 and 90 min.
© 2014 John Wiley & Sons Ltd
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Baseline blood samples were also drawn to measure serum
total cholesterol, high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), insulin-like growth
factor I (IGF-I), leptin, adiponectin, glucose and insulin concentrations. Assays were performed as described in Ayyavoo et al.10
24-h ambulatory blood pressure was assessed following the
clinical visit, when participants were fitted with a Spacelabs
90217 monitor (Spacelabs Medical Inc., Redmond, WA, USA)
on the nondominant arm. Measurements were performed every
20 min from 07:00 to 22:00 and every 30 min from 22:00 to
07:00.
Statistical analyses
Simple linear associations between MPP BMI and outcomes
were assessed using Pearson’s correlation coefficients. Subsequently, random effect mixed models were used to examine possible associations between MPP BMI and outcomes of interest.
Models included maternal identification number as a random
factor to account for the clustering of siblings. Important confounding factors were adjusted for in the analyses, including sex,
age, birthweight SDS, birth order and maternal age at childbirth,
as well as height (instead of age) for blood pressure parameters.
Multivariate analyses were performed using SAS v.9.3 (SAS Institute Inc. Cary, NC, USA). All outcomes were tested for normality, and parameters associated with glucose homoeostasis were
log-transformed. For these parameters, b was exponentiated to
obtain the percentage change in outcome response for every one
unit increase in MPP BMI. All statistical tests were two-tailed
and maintained at a 5% significance level. Descriptive data are
presented as means  standard deviations.

Results
We studied 70 children (27 girls and 43 boys) who were the offspring of 54 mothers (Table 1). Twelve children were born of
overweight mothers (17%) and four of obese mothers (6%).
Prepregnancy weight and BMI were highly correlated with present maternal weight (r = 075; P < 00001) and BMI (r = 071;
P < 00001). Only five of the 54 mothers were lighter than prior
to pregnancy, so that at the time of the study they were on average ~70 kg heavier (P < 00001) and of BMI 26 kg/m2 greater
(P < 00001; Table 1).
Increasing MPP BMI was correlated with increasing BMI SDS
in the offspring (r = 030; P = 0012) and tended to be correlated with greater abdominal adiposity as measured by the
android fat to gynoid fat ratio (r = 023; P = 0051). Greater
MPP BMI was correlated with lower insulin sensitivity in their
children (r = 034; P = 0004) and tended to be correlated
with increased acute insulin response (r = 023; P = 0057).
Increasing MPP BMI was also correlated with higher leptin
(r = 029; P = 0016) concentrations in the offspring.
Multivariate models showed that increasing MPP BMI
was associated with lower insulin sensitivity (b = 0040; P =
0005) in their children (Table 2; Table S1), indicating that every
1 kg/m2 increase in maternal BMI was associated with a 40%
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Table 1. Demographic characteristics of mothers and children who
participated in this study. Where appropriate, data are means  SD,
with ranges in brackets
Mothers
n
Age at childbirth (years)
Prepregnancy weight (kg)
Prepregnancy BMI (kg/m2)
Current weight (kg)
Current BMI (kg/m2)

54
330
631
232
700
259







49 (179–420)
93 (460–870)
35 (168–341)
128 (515–1156)
43 (198–360)

Children
n
Age (years)
Sex ratio (boys/girls)
Ethnicity (New Zealand European)
Birthweight SDS
Height SDS
BMI SDS

70
89  19 (40–119)
43/27
83%
020  081 ( 147–177)
044  081 ( 135–223)
025  096 ( 196–374)

decrease in offspring insulin sensitivity. Notably, this association
was observed independently of children’s adiposity, that is when
total body fat percentage was added to the model as a mediator
(Table S2). Heavier mothers also tended to have children with
greater BMI SDS (b = 0071; P = 0042). As observed in simple
linear correlations, increasing MPP BMI was associated with
higher leptin (b = 0389; P = 0003) concentrations in their children (Table 2). There were no observed associations between
MPP BMI and other hormones and lipids measured (Table 2).
Maternal prepregnancy BMI affected the offspring blood pressure, particularly systolic. Greater MPP BMI was associated with
higher systolic blood pressure in their children in the daytime
(b = 0794; P = 0010) and night-time (b = 0800; P = 0017)
(Table 2; Table S1). The offspring of mothers with greater prepregnancy BMI also had higher 24-h mean arterial pressure
(b = 0508; P = 0025) and tended to have elevated daytime diastolic blood pressure (b = 0438; P = 0056) (Table 2; Table S1).
Exploratory analyses were carried out examining potential sex
differences in the main outcome responses (Table 3). The association between increased MPP BMI and lower insulin sensitivity
was only statistically significant among boys (Table 3). In contrast, the association of MPP BMI with increasing blood pressure was particularly marked among girls (Table 3).
Note that although MPP BMI was not associated with birthweight SDS when the cohort was assessed as a whole (P = 025),
there was a significant interaction indicating a sex-specific effect
(P = 0020). When assessed separately, increasing MPP BMI
appeared to have no effect on the birthweight of boys
(P = 064), but it was associated with greater birthweight SDS
among girls (b = 0107; P = 0007).

Discussion
This study shows that increased MPP BMI was associated
with lower insulin sensitivity and higher blood pressure in

their children, effects that were independent of offspring fat
mass and important confounders. MPP BMI was also positively associated with offspring BMI SDS. There appears to be
progressive effects of increased MPP BMI on these offspring
parameters. Importantly, 77% of the children we studied were
born to mothers of normal BMI, and we also excluded mothers who developed gestational diabetes. Thus, our findings
show that higher maternal BMI prior to pregnancy (even
among women of normal BMI) may contribute to increased
risk of type 2 diabetes and other metabolic diseases in the
subsequent generation.
Our findings corroborate previous observations on the association of maternal obesity and glucose metabolism in the offspring. Babies born of obese mothers were found to be more
insulin resistant than offspring of lean mothers.15 In childhood,
maternal obesity was associated with increased metabolic syndrome risk.16 In young adulthood, the offspring of obese mothers were more insulin resistant than those of normal-weight
mothers.8
A number of studies have focused on the impact of weight
gain during pregnancy on offspring obesity.7 While an association between maternal weight gain and offspring obesity has
been shown to occur,17–19 our data suggest that the impact of
maternal adiposity on offspring health begins prior to pregnancy.
There is strong evidence that maternal obesity is associated
with the developmental programming of adverse effects in the
offspring.7,20 However, the underpinning mechanisms are
poorly understood and may include alterations in foetal nutrient supply combined with genetic and epigenetic mechanisms.20 Our findings suggest that these mechanisms are
associated with a gradual change in BMI and not only
observed in mothers who are overweight or obese at the time
of pregnancy.
Subgroup analysis indicated that adverse effects of increasing
MPP BMI were observed in both sexes, but this exploratory
analysis suggested differential effects among boys and girls.
Unfortunately, the study was not sufficiently powered to adequately assess sex differences in outcome responses, as we examined a relatively small cohort of 70 children born to 54 mothers.
Another limitation of our study was the fact that it was not
based on actual prospective data measured prior to pregnancy,
but relied on maternal weight recall. However, as previously discussed, self-reported prepregnancy weight and weight measured
at the first antenatal clinic are highly correlated.2 Lastly, we also
do not have measurements of weight gain during pregnancy.
Nonetheless, our study is unique for associating MPP BMI with
insulin sensitivity in children as measured by a gold-standard
technique.
In conclusion, our study shows that maternal prepregnancy
BMI is an important factor associated with offspring adiposity,
glucose metabolism and cardiovascular status during childhood.
Notably, the association was also observed across the normal
BMI range. Thus, effective strategies are required to optimize a
woman’s diet and weight during the reproductive years and
prior to pregnancy to improve childhood health.
© 2014 John Wiley & Sons Ltd
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Table 2. Estimated changes in outcome responses per unit increase in maternal prepregnancy body mass index (b), with associated 95% confidence
intervals. Note that parameters of glucose homoeostasis have been log-transformed for analyses. Multivariate models included adjustments for age, sex,
birth order, birthweight standard deviation scores and maternal age at childbirth, as well as height (instead of age) for blood pressure parameters
Unadjusted
b
Anthropometry
BMI SDS (kg/m2)
Total body fat (%)
Android fat to gynoid fat ratio
Glucose homoeostasis
Insulin sensitivity [910 4/min (mU/l)]
Acute insulin response (mU/l)*
Fasting insulin (mU/l)
24-h ambulatory blood pressure
Daytime systolic (mmHg)
Daytime diastolic (mmHg)
Night-time systolic (mmHg)
Night-time diastolic (mmHg)
Mean arterial pressure (mmHg)
Lipid profile
Total cholesterol (mmol/l)
LDL-C (mmol/l)
HDL-C (mmol/l)
Hormones
IGF-I (ng/ml)
Leptin (ng/ml)
Adiponectin (lg/ml)

Adjusted
95% CI

P-value

b

95% CI

P-value

0067
0529
0012

0000–0135
0002–1055
0000–0024

0050
0049
0046

0071
0248
0007

0003–0140
0278–0774
0005–0019

0042
035
027

0044
0048
0002

0069 to 0018
0001–0097
0039–0035

0001
0048
092

0040
0030
0006

0067 to 0013
0020–0081
0047–0034

0005
023
075

0428
0267
0552
0109
0333

0139–0995
0168–0703
0048–1152
0334–0551
0091–0758

014
0223
007
062
012

0794
0438
0800
0196
0508

0199–1389
0012–0888
0151–1450
0271–0663
0068–0947

0010
0056
0017
040
0025

0014
0027
0001

0068–0040
0071–0017
0020–0022

061
022
092

0007
0026
0000

0065–0050
0072–0020
0023–0023

080
026
098

3007
0555
381

1837–7851
0224–0887
311–235

022
0001
078

2826
0389
927

1673–7325
0137–0640
371–185

021
0003
051

Statistically significant values at P < 005 are shown in bold.
*indicates an interaction between MPP BMI and sex at P < 005.

Table 3. Results from subgroup analyses by sex. Data are estimated changes in outcome responses per unit increase in maternal prepregnancy body
mass index (b), with associated 95% confidence intervals. Note that parameters of glucose homoeostasis have been log-transformed for analyses. Data
are from multivariate models including adjustments for age, birth order, birthweight standard deviation scores and maternal age at childbirth, as well
as height (instead of age) for blood pressure parameters
Boys (n = 43)
b
Anthropometry
BMI SDS (kg/m2)
Total body fat (%)
Android fat to gynoid fat ratio
Glucose homoeostasis
Insulin sensitivity [910 4/min (mU/l)]
Acute insulin response (mU/l)
Fasting insulin (mU/l)
24-h ambulatory blood pressure
Daytime systolic (mmHg)
Daytime diastolic (mmHg)
Night-time systolic (mmHg)
Night-time diastolic (mmHg)
Mean arterial pressure (mmHg)

95% CI

P-value

b

95% CI

P-value

0035
0043
0005

0047–0117
0694–0610
0010–0021

039
090
051

0131
0226
0010

0019–0282
0835–1287
0014–0034

008
066
041

0029
0016
0007

0056 to 0001
0080–0049
0049–0063

0040
063
081

0049
0089
0003

0116–0017
0007–0185
0064–0070

014
0067
093

0532
0225
0508
0178
0243

0362–1425
0462–0913
0302–1317
0725–0369
0338–0825

023
051
021
051
040

1458
1101
1281
0827
1108

0642–2273
0555–1646
0024–2585
0119–1772
0511–1704

Statistically significant values at P < 005 are shown in bold.
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Girls (n = 27)

0002
00005
0054
008
0001
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