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Abstract

Objective: Increased rates of pro-inflammatory and metabolic-related disorders, plus perinatal death and other pregnancy
complications such as gestational diabetes (GDM), are consistently reported among women of Indian ethnicity. This study
compares lipid profiles and early pregnancy biomarkers associated with metabolic dysfunction between healthy nulliparous
pregnant women of Indian and European ethnicity. Design: a prospective cohort study. Setting: Australia, Ireland, New
Zealand and the United Kingdom; 2004-2011. Population: 138 and 5,240 women of Indian and European ethnicity were
included from the prospective Screening for Pregnancy Endpoints cohort study. Methods: Early pregnancy biomarkers were
selected a priori on the basis of a potential association with the metabolic syndrome, diabetes/GDM or obesity, and compared
between ethnic groups. Biomarkers that differed significantly between ethnic groups were adjusted for maternal age, body
mass index, smoking, alcohol use and socioeconomic status. Main outcome measures: Mean values for 21 placental, metabolic,
inflammatory and cardiovascular biomarkers, plus blood lipids, measured at 1541 weeks gestation. Results: Ten biomarkers were
significantly different by ethnicity, mostly consistent with a pro-inflammatory and less favourable metabolic profile in Indian
women: PIGF (p=0.02), adiponectin (p<0.01), NGAL (p<0.01), TNFR1A (p<0.01), CXCL10 (p=0.01), ICAM-1 (p<0.01),
ST2 (p<0.01), angiogenin (p<0.01), and proANP (p<0.01). We additionally found increased triglycerides (1.640.6 vs 1.5+0.6,
p<0.01) and reduced HDL cholesterol (1.740.4 vs 1.9404, p<0.01) in Indian mothers, compared with European. Conclusions:
Low-risk mothers of Indian ethnicity have an overall less favourable metabolic health profile at early gestation compared with

European women. Future research should investigate the association with pregnancy outcomes.
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Abstract:

Objective: Increased rates of pro-inflammatory and metabolic-related disorders, plus perinatal death and
other pregnancy complications such as gestational diabetes (GDM), are consistently reported among women
of Indian ethnicity. This study compares lipid profiles and early pregnancy biomarkers associated with
metabolic dysfunction between healthy nulliparous pregnant women of Indian and European ethnicity.

Design: a prospective cohort study.



Setting: Australia, Ireland, New Zealand and the United Kingdom; 2004-2011.

Population: 138 and 5,240 women of Indian and European ethnicity were included from the prospective
Screening for Pregnancy Endpoints cohort study.

Methods: Early pregnancy biomarkers were selected a priorion the basis of a potential association with
the metabolic syndrome, diabetes/GDM or obesity, and compared between ethnic groups. Biomarkers that
differed significantly between ethnic groups were adjusted for maternal age, body mass index, smoking,
alcohol use and socioeconomic status.

Main outcome measures: Mean values for 21 placental, metabolic, inflammatory and cardiovascular biomark-
ers, plus blood lipids, measured at 15+1 weeks gestation.

Results: Ten biomarkers were significantly different by ethnicity, mostly consistent with a pro-inflammatory
and less favourable metabolic profile in Indian women: PIGF (p=0.02), adiponectin (p<0.01), NGAL
(p<0.01), TNFR1A (p<0.01), CXCL10 (p=0.01), ICAM-1 (p<0.01), ST2 (p<0.01), angiogenin (p<0.01),
and proANP (p<0.01). We additionally found increased triglycerides (1.6+0.6 vs 1.5£0.6, p<0.01) and
reduced HDL cholesterol (1.740.4 vs 1.9404, p<0.01) in Indian mothers, compared with European.

Conclusions: Low-risk mothers of Indian ethnicity have an overall less favourable metabolic health profile
at early gestation compared with European women. Future research should investigate the association with
pregnancy outcomes.
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Introduction:

Multiple reports demonstrate that women of Indian ethnicity in high-income countries experience more
adverse perinatal outcomes than women of other ethnic groups.'”” In a recent study we confirmed that
South Asian women in New Zealand (NZ), the majority of whom are of Indian ethnicity, have an approximate
50% independently increased risk of perinatal death compared with women of NZ European ethnicity, with
most excess perinatal deaths occurring at extremely preterm gestations <24 weeks.® It is furthermore well-
established that women of Indian ethnicity are more likely to develop gestational diabetes (GDM),% 12 even
at a lower BML'3-'6 Other metabolic disorders are also more common among Indian peoples, such as type
II diabetes,!”18 cardiovascular disease,' the metabolic syndrome (MetS),2° polycystic ovarian syndrome,?!

thyroid disease,?>23and anaemic disorders.?*

There is a growing body of evidence suggesting that women with features of the metabolic syndrome have
an increased risk of pregnancy complications, possibly caused by a pro-inflammatory phenotype.2> The me-
tabolic syndrome is defined by a combination of risk factors which can lead to chronic health conditions such
as diabetes or cardiovascular disease, including abdominal obesity, hypertension, high fasting blood glucose
and an abnormal lipid profile.?® Typically a favourable lipid profile is characterised by lower triglycerides
and low-density lipoprotein (LDL) cholesterol, with increased high-density lipoprotein (HDL) cholesterol.
A study by Grieger et al. found that the risk of GDM was 3.5 to 4 times higher among women with the
metabolic syndrome, utilising data from the same prospective cohort as in the current study.?” In addition to
clinical risk factors, we previously identified that South Asian women with perinatal death <28 weeks gesta-
tion were significantly more likely to have features of chorioamnionitis in placental histology compared with
NZ European women (aOR 1.87, 95%CI 1.19-2.94).28 Acute chorioamnionitis is a maternal inflammatory
response of the chorionic plate of the placenta and chorioamniotic membranes,?? and the pro-inflammatory
metabolic syndrome may contribute to this by providing a poorin-utero environment.3?:3! Smaller studies
have shown an association between diabetes or GDM and chorioamnionitis.3?-34



Considering the consistent findings of pro-inflammatory and metabolic disorders amongst women of Indian
(or South Asian) ethnicity, we hypothesise that a less favourable metabolic health profile may contribute to
the increased risk of adverse pregnancy outcome among these mothers. The aim of this study was to compare
early pregnancy (15+1 weeks) lipid profiles and biomarkers associated with metabolic dysfunction between
healthy pregnant women of Indian and European ethnicity.

Methods:

In this study we used demographic, clinical and biobank data from the Screening for Pregnancy Endpoints
(SCOPE) study (trial registration ACTRN 12607000551493).3° Ethical approval was obtained from local
ethics committees. SCOPE was a prospective multicentre cohort study of healthy nulliparous women, under-
taken between 2004 and 2011 in study centres in Australia (Adelaide), Ireland (Cork), NZ (Auckland) and the
United Kingdom (Leeds, London and Manchester). Informed consent was obtained from each individual par-
ticipant. The primary objective of the SCOPE study was to develop screening tests to predict pre-eclampsia,
small for gestational age births and spontaneous preterm birth, based on a detailed set of clinical risk fac-
tors and early pregnancy biomarkers measured at 15+1 weeks gestation. Therefore, all women with major
clinical risk factors for one of these adverse outcomes were excluded from SCOPE, including women with
pre-existing hypertension or diabetes. Other exclusion criteria were based on obstetric and gynaecological
history, and complications of the index pregnancy.3®*Women with uncomplicated singleton pregnancies were
recruited before 15 weeks gestation and assessed for a wide range of demographic, psychological and lifestyle
factors.3¢ Physical measures (such as height, weight, waist and hip circumference, and blood pressure) and
the collection of peripheral blood samples, was performed at two time points: at 15+1 and 20+1 weeks
gestation. All women were followed until delivery.

Maternal body mass index (BMI) was calculated as per the international World Health Organization
definitions.?” In addition, ethnic-specific BMI criteria for Asian populations were reported,®® to adjust for
variations in body composition by ethnicity such as the ratio of body fat and lean tissue mass.?? In the
SCOPE study the maternal socioeconomic index was calculated using the NZ Socioeconomic Index 1996,4°
including for the non-NZ study centres. Socioeconomic status is described by this index on a continuous scale
from 10 to 90, with 10 being the lowest socioeconomic score and 90 the highest. This continuous score is
subsequently divided into six classes, with women of lowest socioeconomic status in the 6'2class (score <24).
Maternal anaemia at 15+1 weeks gestation was defined as haemoglobin <110 g/L. Diet was categorised
as not vegetarian, demi-vegetarian (i.e. does not eat meat, but may eat fish; as defined by SCOPE), and
vegetarian (a diet without meat or fish). GDM was diagnosed based on national guidelines of the respective
countries included in SCOPE. At the time of recruitment it was universal practice to screen for GDM in
Australia and NZ, but not in the United Kingdom or Ireland, where only risk factor screening was performed.
The composite variable for hypertensive disorders diagnosed during pregnancy included chronic hyperten-
sion, gestational hypertension, preeclampsia and superimposed preeclampsia. Birthweight was adjusted for
maternal height, booking weight, parity, ethnicity and infant sex, to create customised birthweight centiles.*!

Serum samples were tested by Luminex or ELISA immunoassays (Alere, San Diego) on 57 biomarkers. In
2014, stored samples were additionally tested for serum lipids, insulin, adiponectin and alanine aminotrans-
ferase. For this study we were interested in early pregnancy biomarkers in relationship to metabolic health.
Placental, metabolic, inflammatory and cardiovascular biomarkers were therefore selecteda priori on the
basis of a possible association with the metabolic syndrome, diabetes or GDM. Five biomarkers were sub-
sequently excluded, as over 50% of women had a value below the lowest limit of detection (insulin, human
placental growth hormone, pentraxin-3, plasminogen activator inhibitor-1, and endothelin-1). See supple-
mental table S1 for a list of biomarkers included in this study, with more detail on immunoassay methods.
Finally, 21 original biomarkers were included, plus lipid variables. Not all tests were performed on all women
(see table 2 for n per biomarker), but data missingness appeared to be random by study centre. Women
of Indian ethnicity were analysed as the population of interest, and mothers of European ethnicity were
included as the referent group.

Statistical methods



Statistical analyses were performed using SAS Enterprise Guide 8.2. Maternal and infant demographics
were analysed using t-tests or Mann-Whitney U tests for continuous variables. Chi-square or Fisher’s Exact
tests were performed on categorical data. Early pregnancy biomarkers were assessed for normality and log-
transformed where the data was skewed. Outliers were not deleted, as the referent values for pregnant
women are currently unknown for the chosen biomarkers. This resulted in wide confidence intervals for some
biomarkers. In addition, the lowest limit of detection was used for observations that fell below this level.
Biomarker univariable analysis was performed using t-tests. Significant biomarkers in univariable analyses
were included in a multivariable model, adjusting for maternal characteristics associated with metabolic
health (age, BMI, smoking, alcohol use and socioeconomic status). We performed two additional sensitivity
analyses excluding all women who (1) developed GDM or hypertensive disease during pregnancy, and (2)
those with low haemoglobin (defined as <110 g/L) at 15+1 weeks gestation.

Results:

One hundred and thirty eight women of Indian, and 5,240 women of European ethnicity were included in
this study.

Demographic characteristics

Maternal and infant demographics are described in table 1. BMI and hip circumference were higher among
European women (p<0.01), although there were no differences in waist circumference or waist-hip ratio
between ethnic groups. Only 1.5% and 2.9% of Indian women smoked or drank alcohol at 15+1 weeks
gestation, compared with 11.1% and 10.9% among European women, respectively (p <0.01 for each).

Women of Indian ethnicity were more likely to have been treated for anaemia before the index pregnancy
(19.6% vs 12.9%, p=0.02) and have anaemia at 15+1 weeks gestation (haemoglobin <110 g/L; 6.5% vs 1.8%,
p<0.01). A vegetarian diet was also significantly more likely in Indian (15.2%) compared with European
(1.5%, p<0.01). There was a 1 g/L difference in haemoglobin levels between non-vegetarian and vegetarian
women of Indian ethnicity (124.2 vs 123.2 g/L, p=0.67). Almost double the number of Indian mothers
compared with European reported having polycystic ovarian syndrome (11.6% vs 6.3%, p=0.01). However,
there were no differences in history of infertility or fertility treatment to conceive the index pregnancy. Finally,
Indian women were more often diagnosed with GDM (8.7% vs 2.3%, p<0.01), while rates of hypertensive
disorders diagnosed during pregnancy were not significantly different. For infants, mean birthweight was
lower among those born to Indian mothers (3,065g), compared with those born to European (3,412g, p<0.01
adjusted for gestational age alone), but there was no difference in customised birthweight centiles. Although
European women had a higher mean gestational age at birth, there was no difference in the prevalence of
preterm birth <37 weeks gestation (p=0.38).

Early pregnancy biomarkers

Table 2 shows early pregnancy biomarkers between women of Indian and European ethnicity. Mean haemo-
globin was significantly lower among women of Indian ethnicity, compared with European (123.9 vs 129.0
g/L respectively, p<0.01). Random blood glucose at 15+1 and 2041 weeks gestation was similar between
groups. Indian mothers had an overall less favourable lipid profile, including increased triglycerides (1.6+0.6
vs 1.540.6, p<0.01), and reduced HDL cholesterol (1.740.4 vs 1.94+04, p<0.01). Indian women also had a
higher total cholesterol/HDL ratio after adjustment for confounding factors (p<0.01).

We observed statistically significant differences between Indian and European women in univariable analysis,
for the following 11 biomarkers: adiponectin (p<0.01), placental growth factor (P1IGF; p=0.02), plasma speci-
fic neutrophil gelatinase-associated lipocalin (NGAL; p<0.01), periostin (p=0.03), matrix metalloproteinase-
9 (MMP-9; p=0.04), intracellular adhesion molecule-1 (ICAM-1; p<0.01), tumour necrosis factor receptor
superfamily member 1A (TNFR1A; p=0.01), CXC motif chemokine 10 (CXCL10; p=0.04), interleukin-1
receptor-like 1 (ST2; p=0.01 and p=0.03), angiogenin (p=0.01), and atrial natriuretic peptide propeptide
(proANP; p=0.01). After adjustment for maternal characteristics this effect remained for all biomarkers
except TNFR1A (p=0.14). Particularly large differences in mean values were observed for adiponectin (4.1



ug/ml [+1.6], Indian vs 4.6 [£2.1], European) and ICAM-1 (1,032 ng/ml [£2,559], Indian vs 704 [£682],
European). In addition, neither sensitivity analyses significantly changed the results as presented in table
2. See supplemental table S2 for a correlation matrix of the included biomarkers (lipids excluded). As is
expected, correlations between many of the biomarkers were observed, with adiponectin showing the least
correlations with other biomarkers.

Discussion:
Main findings

In this novel study we compared the levels of early pregnancy biomarkers associated with metabolic health
between healthy nulliparous women of Indian and European ethnicity. We found that even in low-risk pre-
gnancies at early gestations, Indian women have a less favourable metabolic health profile than European.
The relationship between these findings and adverse pregnancy outcomes should be further investigated,
which might extend to the pre-conception period.

Strengths and limitations

The strengths of this study are the novel approach and the use of high-quality prospective clinical and
biobank data incorporating a large number of early pregnancy biomarkers. To our knowledge, this is the first
study to investigate a range of metabolic and inflammatory-related biomarkers in a multi-centre cohort of
low-risk nulliparous women, by ethnicity. The main limitation of this study was the relatively small number
of Indian participants in SCOPE. Stratification by ethnicity did therefore not allow us to investigate the
association between early pregnancy biomarkers and adverse pregnancy outcome. We did, however, observe
remarkable differences in metabolic profile by ethnicity and further research is therefore needed to investigate
this relationship. It should be noted that the reported mean values for some biomarkers may be different than
expected, as we did not exclude outliers from this study; however, data was transformed prior to analysis and
checked for normality. Secondly, as Indian women are more likely to have various types of anaemia and are
more likely to be vegetarian,*? it would have been helpful to investigate the association between ferritin and
biomarker profile. Unfortunately ferritin testing was not routinely performed in the SCOPE study, and only
37% of Indian women were tested. Similarly, over a quarter of women were not routinely screened for GDM.
Finally, while biomarkers were significantly different between ethnicities, many were correlated. This is to be
expected as an inflammatory response encompasses multiple pathways that lead to an overall adverse milieu,
which can consequently result in poor outcomes. Each biomarker, therefore, is unlikely to exert influence
on outcomes independently of other biomarkers. The presented biomarker profiles rather show an overall
picture of inflammation and/or adverse metabolic health.

Interpretation
Lipid profile

We observed differences in lipid profiles between ethnicities. Pregnancy is a state of physiologic hyperlipi-
daemia to accommodate the growing fetus,*® but reference values for serum cholesterol during pregnancy
have not been established. Values for both ethnicities fell within a ‘normal’ range reported in a single
cross-sectional pregnancy study.** The overall lipid profile was less favourable among Indian women with
increased triglycerides and lower HDL levels, which are considered important components of the metabolic
syndrome.?6:4% In line with our findings and hypothesis, a systematic review and meta-analysis showed that
triglyceride levels were significantly increased in women with GDM, compared with those without insulin
resistance (across all three trimesters). In that study, HDL was also reduced among those with GDM (in the
284 and 3™ trimesters), while there were no differences in LDL and total cholesterol levels.“®¢ In addition
to a less favourable lipid profile, our study showed that adiponectin (i.e. an adipokine protein with insulin-
sensitising and ani-inflammatory effects) was lower among mothers of Indian ethnicity. Reduced adiponectin
has been associated with obesity, diabetes and components of the metabolic syndrome,*”*® and the findings
in this study may be of clinical importance to Indian mothers.

Placental biomarkers



As infants of Indian women are generally born with a lower mean birthweight compared with other ethnic
groups,'849-%land as birthweight and placental weight are highly correlated,?® one may expect lower levels
of PIGF among Indian mothers. Nonetheless we observed the contrary, in line with an Asian study that
found significantly higher PIGF levels among Indian, compared with Chinese and Malay women [?]18 weeks
gestation (although not between 11 and 14 weeks).?® PIGF belongs to the vascular endothelial growth factor
family, and is highly expressed in the placenta throughout pregnancy.’* PIGF promotes vascular placen-
tal growth, but is also found in other organs and stimulates angiogenesis during inflammatory response.?®
Limited clinical data shows increased PIGF in obese non-pregnant adults and children with the metabolic
syndrome and diabetes.?6->® While studies are small and data sometimes conflict, a positive association be-
tween elevated PIGF and GDM has been established.??6! A recent literature review concludes that although
large-scale research is missing, most studies agree with this observation.%? Similarly, increased levels of PIGF
have been detected in the placentas of anaemic women, compared with non-anaemic controls.% In both dia-
betic disease and anaemia the increase in PIGF is thought to be caused by an adaptive angiogenic response
to a relatively hypoxic placental environment, seen with hyperglycaemia and low haemoglobin.53:64 While
placental hypoxia is considered physiological during first trimester pregnancies,%® biomarkers were collected
at 15+4-1 weeks gestation in this study. As women of Indian ethnicity have higher rates of both disorders,
these pathways may explain some of the differences seen in PIGF in our study.

Metabolic/obesity biomarkers

Certain adipokines such as NGAL have been positively associated with low-level systemic inflammation in
the metabolic syndrome, obesity, hyperglycaemia and insulin resistance in human studies.’%-67 We found
significantly lower levels of NGAL among Indian women compared with European. Animal studies, however,
show conflicting results, with some reporting diet-induced obesity and insulin resistance in NGAL knockout
mice, accompanied by an increase in pro-inflammatory mediators.58:59 The latter finding is consistent with
our hypothesis, that lower NGAL in Indian women is associated with a less favourable metabolic health
profile. Further research needs to be done into the relationship between NGAL and metabolic health, to
fully understand our findings by ethnicity.

Other significant metabolic biomarkers in multivariable analysis were periostin and MMP-9. Periostin is an
extracellular matrix protein involved with tissue remodelling and repair,” and has been positively associated
with obesity, type II diabetes, insulin resistance, cardiovascular disease, lipids, chronic inflammation, and
polycystic ovarian syndrome.”"""* Periostin levels were significantly increased among Indian women in this
study, compared with European. MMP-9 is also responsible for tissue remodelling, and is particularly
overexpressed with diabetes and the metabolic syndrome, as a consequence of oxidative stress in endothelial
cells.”™ 76 In our analysis MMP-9 levels were significantly reduced among Indian, compared with European
mothers, which is in contrast to our hypothesis. The reason for this is unknown.

Inflammatory biomarkers

In a recent study we reported that Indian mothers have higher rates of perinatal death at extremely preterm
gestations.® We hypothesised that a pro-inflammatory environment during these early weeks may lead to
preterm birth, as an important antecedent factor for perinatal death.”” In the current study, several important
pro-inflammatory biomarkers were increased among women of Indian ethnicity, compared with European.
For example, levels of ICAM-1 were significantly higher, which has been associated with an increased risk of
preterm birth when analysed in serum,’®®cervicovaginal fluid,! and amnion.®? Of these studies, only Chen
et al. included serum samples at early gestation (mean=16 weeks), granted with a standard deviation of +-4.5
weeks.”® ICAM-1 is a surface glycoprotein expressed on endothelium and immune cells which regulates several
inflammatory pathways.®? It is elevated in activated endothelium,®? in the metabolic syndrome,3%%5 and
seems to be inversely correlated to HDL.®® Another biomarker with pro-inflammatory properties, CXCL10,
was significantly increased among Indian mothers compared with European. CXCL10 has been associated
with a range of chronic inflammatory disorders, including type II diabetes and the metabolic syndrome.36-88
Some studies even suggest that CXCL10 is a potential biomarker for the onset of adipose tissue inflammation
in obese people.89:99



Cardiovascular biomarkers

ANP is mostly known for its properties in cardiovascular, endocrine and renal functions, and is stored
as the biologically inactive variant proANP in atrial myocytes.”! In addition, ANP indirectly influences
glucose metabolism.???3 In this study we observed significantly lower levels of proANP among women of
Indian ethnicity. This is in line with our hypothesis, as other studies report an inverse relationship between
different fragments of proANP (NT-ANP, MR-ANP) and the risk of developing diabetes.?*? Furthermore,
a Turkish study found progressively lower ANP levels in women with GDM,?%although non-significant, while
another study was able to confirm this.?”

Furthermore, our findings are consistent with a previous study observing overall higher angiogenin levels
among South Asian subjects, compared with European ethnicities in the United States.’® Angiogenin levels
rise during pregnancy with increasing gestation,”® and seem to promote placental vascular development
during the prenatal period.?'%° Although not widely investigated, a meta-analysis found decreased levels
of angiogenin among patients with type II diabetes, but this was not statistically significant.'®* It is unclear
whether this also occurs with GDM. We hypothesise that relative placental hypoxia (e.g. due to maternal
hyperglycaemia or low haemoglobin) may play a role in the observed increased angiogenin level in pregnant
Indian women in our study. Finally, ST2, a cardiovascular biomarker positively associated with diabetes and
the metabolic syndrome (including related markers such as triglycerides, liver function and glucose),!02-104
was found in lower levels among Indian women compared with Furopean in the current study. The reason
for this is unclear.

Routine testing

Although it is widely recognised that women of Indian ethnicity have higher rates of pre-existing
diabetes,®1718 and increased odds of developing GDM,% %16 random blood glucose levels at 15+-1 and
20+-1 weeks did not differ between groups. This is not surprising, as women with pre-existing diabetes were
excluded from enrolment in the SCOPE study. Additionally, there was a statistically significant difference in
mean haemoglobin between ethnic groups. It is, however, unclear whether this finding is of clinical relevance
as both mean values fell within normal range for pregnant women (>110 g/L). It may indicate that women
of Indian ethnicity have a lower threshold for developing anaemia and associated disorders, as pregnancy
progresses further into a physiologic anaemic state. In this study there was no difference in haemoglobin lev-
els between non-vegetarian and vegetarian women of Indian ethnicity. While we observed a large difference
in rates of anaemia between Indian and European (6.5% vs. 1.8% respectively), when anaemic women were
excluded in sensitivity analyses biomarker profiles between Indian and European women did not change.
This may be due to the low number of women with anaemia in each ethnic group, and further investigation
is warranted.

Conclusion:

In conclusion, within a cohort of low-risk nulliparous pregnant women we observed significant differences in a
wide range of metabolic and inflammatory-related early pregnancy biomarkers between women of Indian and
FEuropean ethnicity. Overall, women of Indian ethnicity had a less favourable metabolic health profile based
on both serum lipids and biomarkers at 15+-1 weeks gestation. Future investigation should be performed
to confirm our findings in a larger cohort, and to assess the relationship between these biomarkers and
pregnancy outcome.
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