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Abstract

Objective
Gender plays a role in the development of a number of cardiovascular and metabolic diseases

and it has been suggested that females may be more insulin resistant in utero. We sought to
assess the relationship between infant gender and insulin resistance in a large pregnancy cohort.

Study Design

This is a secondary analysis of a cohort from the ROLO randomized control trial of low Gl
diet in pregnancy. Serum insulin, glucose and leptin were measured in early pregnancy and
at 28 weeks. At delivery cord blood C-peptide and leptin were measured. A comparison of
maternal factors, fetal biometry, insulin resistance and leptin was made between male and
female offspring. A multivariate regression model was built to account for the possible
effects of maternal BMI, birthweight and original study group assignment on findings.

Results

A total of 582 women were included in this secondary analysis, of whom 304 (52.2%) gave
birth to male and 278 (47.8%) gave birth to female infants. Compared to male infants at
birth, female infants were significantly lighter, (3945 + 436 vs. 4081+ 549¢, p<0.001),
shorter in length (52.36 + 2.3 vs. 53.05 + 2.4cm, p<0.001) and with smaller head circumfer-
ences (35.36 + 1.5 vs. 36.10 £ 1.1cm, p<0.001) than males. On multiple regression analy-
sis, women pregnant with female fetuses were less insulin resistant in early pregnancy, i.e.
had lower HOMA indices (B =-0.19, p = 0.01). Additionally female fetuses had higher con-
centrations of both cord blood leptin and C-peptide at birth when compared to male offspring
(B =0.38, p<0.001 and B = 0.31, p = 0.03 respectively).

Conclusion

These findings suggest gender is a risk factor for insulin resistance in—utero. Additionally,
carrying a female fetus decreases the risk of insulin resistance in the mother, from as early
as the first trimester.
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Introduction

Significant sex differences exist in the propensity to develop metabolic dysfunction and, in
particular, type 2 diabetes [1-2]. In adult populations, the prevalence of diabetes is nearly
twice as high in men as in women [2], and coronary heart disease is consistently associated
with greater mortality rates and risks in male compared to female populations [3]. In younger
populations, however, a contrasting gender association is becoming apparent. Measurements
of insulin resistance in both children and adolescents from a variety of ethnic backgrounds
have been demonstrated to be higher in girls when compared to boys [4-7]. This gender dis-
parity may be assumed to reflect genetic variations in fat and fat free mass, which may not
translate to clinically relevant differences; however it is increasingly evident that this is
unlikely to be the case. The rising prevalence of obesity worldwide has been accompanied by
an increase in the incidence of type 2 diabetes in younger populations [8, 9]. Interestingly, it
is being increasingly and consistently demonstrated that among this group, the incidence of
the disease in females is higher than that in males [7-9].Most recently evidence is emerging
that this gender disparity may be programmed in utero. Female newborns have been shown
to have higher insulin concentrations at birth than male newborns, despite being smaller,
suggesting intrinsic insulin resistance in girls [10, 11]. It has also been suggested that during
pregnancy, a mother’s degree of insulin resistance may be influenced by the gender of the
fetus she is carrying, though these data are inconsistent in the existing literature. Though one
recent paper suggested that pregnancy with a female fetus is associated with greater maternal
insulin resistance at 24 to 28 weeks gestation [12], a number of larger and population based
studies have suggested the opposite; that women carrying a male fetus have a higher likeli-
hood of developing gestational diabetes [13-15].We recently conducted a randomised con-
trol trial of low glycaemic index diet in pregnancy for the prevention of recurrence of
macrosomia [16,17]. This trial, the ROLO study, included a large cohort of euglycaemic
women who had previously given birth to infants weighing greater than 4000g. As part of
this study, assessments of fetal adiposity and neonatal anthropometry were recorded, and
longitudinal assessments of maternal and fetal insulin resistance, and leptin concentrations,
were performed. These assessments have enabled us to further probe the role of gender in the
programming of obesity and metabolic dysfunction, by examining the relationships between
infant gender and fetal adiposity, insulin resistance and leptin in this large, well-characterised
pregnancy cohort.

Materials and Methods
Study sample

This is a secondary analysis of a cohort of women and infants from the ROLO randomized
control trial. ROLO was a trial of low glycaemic index diet in pregnancy versus no dietary
intervention for the prevention of macrosomia. Women were recruited in early pregnancy at
first antenatal consultation at a mean gestational age of 12.9 + 3.0 weeks. As per the study pro-
tocol, all women were secundigravid having previously delivered an infant weighing greater
than 4000g. Women were excluded if they had pre-existing or previous gestational diabetes.
We also excluded those <18 years of age and those unable to give full informed consent. For
the purposes of this analysis, women with laboratory assessments of insulin resistance

(n =582/781, 75%) were included. There were no differences in the baseline characteristics
between those who did and those who did not have laboratory analyses performed. Detailed
methodology of the ROLO study has been previously published [16, 17]. The controlled trial
was registered as ISRCTN54392969.
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Ethics statement

The ROLO study was approved by the Ethics Committee of the National Maternity Hospital
(June 2006); written informed consent was obtained.

Assessments

At first antenatal consultation (baseline), women had their height and weight recorded and
body mass index (BMI) calculated. Women were then randomly allocated to low glycaemic
index (GI) dietary advice or routine care. At this visit and again at 28 weeks gestation fasting
serum glucose, insulin, and leptin concentrations were measured. Fetal ultrasound at 34 weeks
gestation assessed fetal biometry including estimated fetal weight (EFW), abdominal circum-
ference (AC) and fetal adiposity (anterior abdominal wall width, AAW). AAW was measured
in the traditional abdominal circumference view and included fetal skin and subcutaneous tis-
sue. Three measurements were taken and the mean recorded. This measurement has been used
in populations both with and without diabetes as a marker of fetal adiposity [18,19]. One of
two sonographers performed the ultrasound measurements using a Voluson 730 Expert (GE
Medical Systems, Germany). At delivery, we recorded infant birth weight, gestational age
(days), infant length, head circumference and placental weight. Cord blood concentrations of
fetal leptin and C-peptide were also measured.

Laboratory Methods

Multianalyte profiling was performed on the Luminex Magpix system (Luminex Corporation).
Plasma concentrations of leptin, insulin and C-peptide were determined by the Human Endo-
crine Panel. Maternal insulin resistance was calculated using the homeostasis model assess-
ment (HOMA) index [20, 21]: HOMA score = (fasting insulin pUml'l x fasting glucose mmoll’
1)/22.5. Fetal insulin resistance was assessed by cord blood C-peptide estimation. Cord blood
haemolysis occurred in approximately 17% of samples prohibiting analysis of leptin and C-
peptide in these cases.

Statistical Analysis

A comparison of maternal factors, fetal biometry, insulin resistance and leptin was made
between male and female offspring. Data were assessed for normality using Shapiro-Wilk and
PP plot and visualisation of histograms. Skewed data were log transformed prior to analysis. A
multivariate regression model was built to account for the possible effects of maternal BMI,
birthweight and original study group assignment on findings. Statistical analysis was per-
formed using SPSS version 21.0 (IBM, Armonk, NY, USA). A two-tailed P value of less than
0.05 was considered significant.

Results

A total of 582 women were included in this secondary analysis, of whom 304 (52.2%) gave
birth to male and 278 (47.8%) gave birth to female infants. The baseline characteristics of the
cohort are contained in Table 1. The mean BMI of the group was 26.8 + 4.9kg/m” in early preg-
nancy and the mean gestational age at delivery was 281 days for each gender. There were no
differences in maternal characteristics at baseline between those who subsequently delivered
male or female infants. Overall the mean birthweight at delivery was 4016 + 502g. Compared
to male infants, females in utero had lower EFW at 34 weeks, (2569 + 347 vs. 2663 * 340g,

p =0.01) and smaller AC’s (313 + 18.8 vs. 316 + 16.9mm, p = 0.03). Despite these differences,
no difference in abdominal wall fat (AAW) was observed (5.04 + 1.1 vs. 5.06 + 1.3mm,
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Table 1. Baseline characteristics.

Baseline characteristic Overall Female fetus Male fetus P-value
BMI (kg/m?) 26.78 (4.9) 26.35 (4.6) 27.17 (5.1) 0.05
Early pregnancy glucose (mmol\l) 4.41 (0.3) 4.37 (0.3) 4.44 (0.3) 0.06
Smoking (n) 31 14 17 0.7
Gestation at delivery (days) 281.53 (9.7) 281.62 (8.6) 281.43 (10.6) 0.7

Data presented as mean and standard deviations or N. BMI is body mass index as calculated at first antenatal consultation. A p-value of less than 0.05
considered statistically significant.

doi:10.1371/journal.pone.0137215.1001

p = 0.8). At birth, female infants were significantly lighter, (3945 + 436 vs. 4081+ 549g,
p<0.001), shorter in length (52.36 + 2.3 vs. 53.05 + 2.4cm, p<0.001) and with smaller head cir-
cumferences (35.36 + 1.5 vs. 36.10 + 1.1cm, p = 0.001) than males. Placental weights were also
lighter in females (752.9 + 163 vs. 787.9 + 176g, p = 0.01). Table 2. All women included in this
analysis had early pregnancy HOMA indices measured (n = 582.) Early pregnancy leptin was
available in 98.1% (n = 571, 297 male and 274 female). Leptin at 28 weeks was available in
95.3% of the cohort (n = 555, 288 male and 267 female), and the HOMA index in 95.5% at

the same time (n = 556, 288 male and 268 female). In cord blood at delivery C-peptide results
were obtained in 82.5% of the cohort (n = 480, 254 male and 226 female) and leptin in 80.9%
(n =471, 248 male and 223 female). On simple unadjusted analysis, women pregnant with
female offspring had lower insulin resistance (HOMA) in early pregnancy. At delivery, female
infants had higher concentrations of cord blood leptin when compared to males, with a trend
toward higher cord C-peptide concentrations also. Table 3. Following adjustment for maternal
early pregnancy BMI, birthweight, smoking and original study group assignment on multiple
regression analysis three significant differences between male and female offspring were appar-
ent. Women pregnant with female fetuses were less insulin resistant in early pregnancy, i.e. had
lower HOMA indices (B =-0.19, p = 0.01). Additionally female fetuses had higher concentra-
tions of both cord blood leptin and cord blood C-peptide when compared to male offspring

(B =0.38, p<0.001 and B = 0.31, p = 0.03 respectively). Table 3.

Discussion

Our findings have confirmed that the female fetus is more insulin resistant in-utero with higher
leptin and C-peptide concentrations in cord blood despite weighing less at birth. These

Table 2. A comparison of fetal and neonatal anthropometry between female and male offspring.

Female Male P-value

EFW (grams) 2569 (347) 2663 (340) 0.01*

AC (mm) 313 (18.8) 316 (16.90) 0.03*

AAW (mm) 5.04 (1.1) 5.06 (1.3) 0.8

Birthweight (grams) 3945 (436) 4081 (549) <0.001*
Length at birth (cm) 52.36 (2.3) 53.05 (2.4) <0.001*

Head circumference at birth (cm) 35.36 (1.5) 36.10 (1.1) 0.001*

Placental weight (grams) 752.9 (163) 787.9 (176) 0.01*

Data presented as mean and standard deviations. EFW is estimated fetal weight, AC is abdominal
circumference and AAW is anterior abdominal wall width, all at 34 weeks.
* A p-value of less than 0.05 considered statistically significant.

doi:10.1371/journal.pone.0137215.t002

PLOS ONE | DOI:10.1371/journal.pone.0137215 September 14,2015 4/8



@’PLOS ‘ ONE

Fetal Gender and Maternal and Fetal Insulin Resistance

Table 3. A comparison of maternal and fetal insulin resistance and leptin between female and male offspring.

Female
Mean £ SD
Early pregnancy 1.66+1.14
HOMA
Early pregnancy leptin  15250.81+625.62
(pg/mi)
HOMA at 28 weeks 2.32+2.99
Leptin at 28 weeks 19713.37
(pg/ml) +15056.77
Cord blood C-peptide  562.82+698.01
(pg/ml)
Cord blood leptin 29768.54
(pg/ml) +23140.75

Male Crude p- Beta Adjusted p- 95% CI for
value value Beta
Median Mean * SD Median
1.14 2.34+3.0 1.69 0.002 -0.19 0.011* -0.34,-0.05
12240.81 17280.84 13868.31 0.710 0.07 0.274 -0.06,+0.19
+19702.78
1.77 3.04+4.97 2.05 0.067 -0.09 0.217 -0.24,+0.06
16401.46 20327.68 16682.04 0.816 0.02 0.741 -0.11,+0.16
+15046.76
259.76 454.65+639.71 164.68 0.061 0.31 0.027* +0.04,+0.59
24017.33 24094.15 18669.77 0.001 0.38 <0.001* +0.23,+0.53
+20468.04

Data presented as mean and standard deviations and median. Crude p-value derived from students T-test of log transformed data. Beta represents
strength and direction of adjusted relationship. Adjusted p-value adjusted for maternal BMI, infant birthweight, smoking status and original study group
assignment with multiple regression analysis. Regression coefficients (beta) based on log-transformed data.

* A p-value of less than 0.05 considered statistically significant.

doi:10.1371/journal.pone.0137215.1003

findings are in keeping with the recent growing body of evidence suggesting that in both child-
hood and adolescence, girls are intrinsically more insulin resistant than boys. Among over-
weight and obese African American 5-10 year olds, girls were more likely to be insulin
resistant than boys, already demonstrating early signs of metabolic decompensation in
response to a glucose load [4]. Similar findings were confirmed in the Early Bird cohort study
of over 300 healthy children. The authors found in their cohort at 5 years of age, girls were
intrinsically more insulin resistant than boys. Insulin resistance was 35% higher in girls than in
boys. Girls carried 26% more subcutaneous fat despite similar body weights. However, after
correcting for anthropometric variables and physical activity, girls remained 33% more insulin
resistant than boys [7]. Studies such as ours, which involve assessments of cord blood and neo-
natal anthropometry at birth, provide evidence that this increased tendency toward insulin
resistance in females may be genetically rather than environmentally dictated. To date there
are a small number of studies which confirm our findings [10, 11]. Our cohort of over 500, well
characterised healthy pregnant women is larger than previous studies, and our findings are
adjusted to account for possible confounders, in particular the possible effects of the study
intervention, maternal BMI and infant birthweight. This adjustment for birthweight is of par-
ticular importance in any study involving infant gender, as female infants have a tendency to
weigh less at birth than their male counterparts. In this instance simple non-adjusted analyses,
resulted in identical conclusions to the adjusted findings. The addition of leptin adds biological
plausibility to our findings in relation to insulin resistance. Leptin is an adipocytokine involved
in satiety and energy regulation through appetite control [22]. Elevated plasma leptin levels are
observed in obesity and insulin resistance [23]. Fetal leptin is derived primarily from fetal adi-
pose tissue, with 98% of placental leptin entering the maternal circulation [24], making cord
blood leptin levels particularly representative of levels in intrauterine life. Despite the higher
concentrations of cord leptin in females, we did not identify a corresponding gender difference
in fetal adiposity, as might have been expected. At 34 weeks, males and females had similar
anterior abdominal wall widths, albeit that males were larger, and therefore may have been
expected to have more adiposity. Fetal fat deposition is maximal in the later stages of preg-
nancy and as such, there may have been differences in fat deposition between males and
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females at birth that were not apparent at our 34-week assessment. It is undoubtedly a limita-
tion that neonatal fat mass was not assessed as part of this study. Nonetheless, ultrasound
examination is a validated method for measurement of fetal subcutaneous tissue, and has been
shown to be predictive of mechanical neonatal skinfold thickness measurements [25]. These
findings have potential implications for clinical practice. The rising prevalence of type 2 diabe-
tes, traditionally considered a disease of later adulthood, in childhood and adolescence, is an
increasing public health concern [26]. It is becoming clear that when type 2 diabetes does
occur in childhood, it is significantly more common in girls than boys. The knowledge that this
increased tendency may be programmed from early fetal life might suggest that any interven-
tions to reduce its incidence, such as the encouragement of regular physical activity and a
healthy diet should be instituted early in life, particularly in girls. A number of studies have
identified that girls are less likely to engage in regular exercise in childhood than males [27,28].
These findings would suggest that efforts should be made to reverse this tendency. Our findings
in relation to maternal insulin resistance in early pregnancy are particularly interesting as this
is a source of recent conflicting reports in the literature. We are aware of one recent study that
did identify, for the first time, that the female fetus is associated with greater maternal insulin
resistance at 24 to 28 weeks [12]. In contrast, we have identified that carrying a female fetus is
protective of insulin resistance as early as the first and second trimester. Our findings are in
keeping with a recent, large retrospective study of over 600,000 births, which confirmed that
carrying a boy increased the risk of maternal gestational diabetes in both first and second preg-
nancies [13]. The link between a male gender fetus and maternal insulin resistance has been
suggested previously [14, 15], but to the best of our knowledge, ours is the first to establish that
the link between maternal insulin resistance and infant gender may be established as early as
the first trimester of pregnancy. There are a number of hypotheses for this potential gender
effect. A number of placentally derived hormones may affect maternal insulin resistance, in
particular, placental lactogen and oestriol, which may be increased with a larger placental mass
[29,30]. This gender difference in maternal insulin resistance was not identified at 28 weeks.
Though women carrying male offspring did have higher HOMA indices at 28 weeks, this failed
to reach statistical significance. As a secondary analysis of the original ROLO randomised con-
trol trial, this secondary analysis may have been underpowered to detect a difference in insulin
resistance at this time-point. There is a need for further studies to interrogate this relationship
between fetal gender and both fetal and maternal insulin resistance further. The ROLO study
protocol [16] dictated that all women in our cohort had previously given birth to a macrosomic
infant, and half were subject to low GI dietary advice. Though we adjusted for both birthweight
and study group assignment in our analyses, the results need to be validated in a cohort of
women giving birth to infants with a normal range of birthweight. Our cohort was euglycae-
mic, with no previous history of gestational diabetes, which likely limited our ability to estab-
lish a link between later pregnancy insulin resistance and infant gender. Though our results
have suggested a clear link between gender and intrinsic insulin resistance, further work is
needed to probe the underlying cause. There may be variations in placental hormones or
genetic predispositions in particular females that increase sensitivities toward insulin resis-
tance, rather than a predisposition in all. Follow-up studies of this and similar cohorts may in
time reveal if statistical differences in leptin and insulin resistance translate into clinically
meaningful outcomes.

In conclusion, the present study adds to the growing body of evidence linking female gender
and the prenatal programming of intrinsic insulin resistance. It also adds the novel suggestion
that the female fetus confers an decreased risk of insulin resistance to the mother from an early
gestation. Further work is now needed to validate these findings in a more generalised popula-
tion, and to determine the potential clinical implications for childhood and adult health.
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