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Abstract

Background

We aimed to compare risk factors for CVD 10 years postpartum among women who had >
1 compared to no cardio metabolic risk factor in early first pregnancy.

Methods

Women of the SCOPE (Screening fOr Pregnancy Endpoints) study from Adelaide, South
Australia were invited to participate in a cardiovascular risk assessment 10 years after the
delivery of the first child. Data from 141 women who completed all the assessments are
included in the analyses.

Result

Compared to women who did not have any cardio metabolic risk factor at 15 + 1 weeks’ ges-
tation during the first pregnancy, those who had > 1 risk factor were 5.5 times more likely to
have metabolic syndrome 10 years postpartum (aOR = 5.5, 95% Cl 1.8-17.3, p = 0.004).
Women who had > 1cardio metabolic risk factor during the first pregnancy were more likely
to be obese (p = 0.001), have high total cholesterol levels (p <0.001) or have increased insu-
lin resistance (p <0.001) 10 years later compared to women who had no risk factor during
the first pregnancy. 63.5% of the women with no cardio metabolic risk factor compared to
39% of women who had > 1 risk factor in first pregnancy, had neither a complicated first
pregnancy nor was diagnosed with MetS 10 years postpartum (p = 0.023).

Conclusion

Cardio metabolic risk factors at the booking visit in the first pregnancy may be useful in iden-
tifying young women at risk of future CVD.
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Introduction

The past few decades have shown marked improvements in cardiovascular disease (CVD) out-
comes. However, these trends have not been consistent across all populations [1]. The inci-
dence of acute myocardial infarction among young women has been increasing, largely due to
the increased global prevalence of conventional risk factors including obesity, hypertension
and type 2 diabetes mellitus [2]. Data from the United States demonstrates that the annual
death rate attributed to coronary heart disease among women fell by 4.4% from 2000 to 2002,
but increased by 1.5% among women aged 35-54 years [2]. In addition, a history of major
pregnancy complications, including gestational hypertension, preeclampsia, gestational diabe-
tes mellitus, stillbirth, preterm birth, placental abruption, or intrauterine growth restriction is
also more likely to be reported among women who are diagnosed with coronary heart disease
[3]. The consistent evidence that links these pregnancy complications with CVD has been
acknowledged by many professional societies including the American Heart Association, the
American College of Obstetricians and Gynecologists, and the Society of Obstetricians and
Gynaecologists of Canada. A recent advisory committee from the American Heart Association
and the American College of Obstetricians and Gynecologists recommended the need for tar-
geted screening and long term follow up of these women as part of routine postpartum care
[4].

Cardiovascular risk stratification based on major pregnancy complications is likely to iden-
tify many women at risk of CVD at a young age. However, the fact that pregnancy complica-
tions may not be causal of CVD but rather markers of an underlying predisposition, that itself
is associated with the development of major pregnancy complications and CVD needs to be
considered. In fact, both pregnancy complications and CVD share many risk factors including,
genetics and modifiable environmental and lifestyle factors. Therefore, it can be proposed that
some young women may actually have pre-existing cardio-metabolic risk factors and hence
would be at increased risk of developing CVD irrespective of experiencing a major pregnancy
complication [5].

Metabolic syndrome (MetS), a collection of metabolic and vascular risk factors is an estab-
lished risk for coronary heart disease. A meta-analysis of data from 951, 083 patients demon-
strated that MetS is associated with two-fold increased risk of CVD, CVD mortality, all-cause
mortality, myocardial infarction and stroke [6]. More than half the women who are diagnosed
with MetS in early pregnancy develop major pregnancy complications including preeclampsia
and gestational diabetes [7]. Maternal cardiovascular risk factors including hypertension,
hyperlipidaemia and obesity have been shown to be associated with increased prevalence of
CVD risk factors in their children [8, 9]. Therefore, constituents of MetS have adverse out-
comes for both women and children. Although the association between major pregnancy com-
plications and later life CVD in women is well known, at present there is paucity of literature
on the progression of early pregnancy CVD risk factors postpartum. Hence, we aimed to study
the association between early pregnancy cardio-metabolic risk factors and the prevalence of
metabolic syndrome (MetS), a surrogate marker of risk for CVD at 10 years postpartum. Our
primary aim was to compare the prevalence of MetS 10 years postpartum among women who
had one or more pre-defined conventional cardio-metabolic risk factor and those who had no
risk factor at 15 + 1 weeks’ gestation during the first pregnancy. The secondary aim was to
compare individual cardio metabolic risk factors including, obesity, raised blood pressure,
increased fasting blood glucose, adverse lipid profile, and the homeostatic model of insulin
resistance (HOMA-IR) 10 years postpartum, among women who had one or more pre-defined
cardio metabolic risk factor and those who had no risk factor at 15 + 1 weeks’ gestation during
the first pregnancy. As an exploratory aim, we assessed the association between major
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pregnancy complications in first pregnancy and the prevalence of MetS 10 years postpartum
among women.

Materials and methods

The participants of this study were women who were recruited to the SCreening fOr Preg-
nancy Endpoints (SCOPE) and attended a postpartum CVD risk screening assessment 10
years later. The SCOPE study (www.scopestudy.net) is an international, multicentre prospec-
tive cohort study that was conducted with the aim of developing screening tests to predict pre-
eclampsia, small for gestational age (SGA) infants and spontaneous preterm birth (sPTB)
across different populations. Details of the SCOPE study are available in previous publications
[10, 11]. In brief, nulliparous women with singleton pregnancies were recruited to the SCOPE
study at 15 + 1 weeks’ gestation between November 2004 and February 2011 in Adelaide, Aus-
tralia; Auckland, New Zealand; Manchester, Leeds, and London, United Kingdom; and Cork,
Ireland (n = 5628). Those considered at high risk of preeclampsia, SGA infants and sPTB
because of underlying medical conditions (including known preexisting chronic hypertension
on hypertensive medication or having blood pressure > 160/100 mmHg at 15 + 1 weeks’ gesta-
tion), gynecological history, or three or more miscarriages or terminations of pregnancy or
couples who received medical or surgical interventions that could modify pregnancy outcome
were not eligible. At the 15 + 1 weeks’ visit, detailed information was collected including
demography; medical and family history; smoking, alcohol and recreational drug use and
maternal birthweight by research midwives who interviewed the women. The reported birth-
weights of women were verified by checking medical records when possible. At the 15 + 1
weeks’ visit, physical measurements including height, weight, and blood pressure were
obtained. Height was measured (without shoes) using a stadiometer (SECA, Germany) and
weight was measured without shoes or wearing a jacket using a digital scale (SECA, Germany).
Blood pressure was measured using a mercury sphygmomanometer (Reister, Germany). Non
fasting blood glucose and lipids were also measured at 15 + 1 weeks’ gestation. A research mid-
wife obtained data on pregnancy outcome and infant measurements within 72 hours of birth.
A total of 1164 women were recruited to the Adelaide SCOPE cohort between 2005-2008.

Definitions of pregnancy outcomes

Gestational hypertension was defined as systolic blood pressure > 140 mm Hg and/or diastolic
blood pressure > 90 mm Hg on two or more measurements 6 hours apart after 20 weeks’ ges-
tation [12]. Preeclampsia was defined using the revised International Society for the Study of
Hypertension in Pregnancy definition of gestational hypertension or postpartum hypertension
with proteinuria (24-hour urinary protein of 300 mg or spot urine protein/creatinine ratio

of > 30 mg/mmol creatinine or urine dipstick protein > ++) or any multisystem complication
of preeclampsia or utero placental dysfunction as evidenced by intrauterine growth restriction
[12]. An infant with a birthweight below the 10™ customized centile adjusted for maternal
height, weight, parity and ethnicity, gestational age at delivery, and infant sex was classified as
small for gestational age [13]. Birth of an infant prior to completion of 37 weeks’ gestation due
to spontaneous preterm labour or preterm premature rupture of membranes was classified as
sPTB. Gestational Diabetes Mellitus (GDM) was defined using the World Health Organization
classification as fasting glucose > 5.1 mmol/L or a 2-hour level of > 8.5 mmol/L following an
oral glucose tolerance test [14]. Uncomplicated pregnancy was defined as a pregnancy with no
antenatal medical or obstetric complications and resulting in the delivery of an appropriately
grown, healthy baby at > 37 weeks’ gestation. Since all major pregnancy complications includ-
ing preeclampsia, SGA pregnancy, sPTB and GDM have been shown to confer similar risks
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for later life CVD [3], we have included all these complications in one group as “complicated
pregnancies”

SCOPE follow up study

The Human Research Ethics Committees of the University and hospitals [HREC/15/WCHN/192
and HREC/14/TQEH/277] granted ethics approval of the SCOPE follow-up study. All women
who participated in the SCOPE study consented to be contacted for future follow-up studies.
Between 2015-2018, SCOPE women were invited to take part in cardiovascular risk screening 10
years after the first pregnancy. The women were contacted using the phone numbers provided
during the initial SCOPE study and by using new contact information provided to the hospital
after the SCOPE study. All women provided written informed consent. A total of 273 women
attended the follow up visit. This study includes data from 141 women who underwent the addi-
tional blood investigations. At the 10 year follow up visit, data were collected on demography, par-
ity, medical history and smoking at an interview with a member of the research team. The Index
of Relative Socioeconomic Disadvantage (IRDS) was used as a measurement of a woman’s socio-
economic status [15]. The IRDS is derived from the postcode and takes into account data on occu-
pation, income and educational level from a specific area and provides a score between 1 and 8
with a lower score reflecting greater disadvantage. Physical activity was measured by the Interna-
tional Physical Activity Questionnaire Long Form for English (IPAQ). Quality of life was assessed
using the Short Form 12 (SF-12) questionnaire. Psychosocial measures were assessed by the Gen-
eral Anxiety Disorder (GAD-7) and Patient Health Questionnaire (PHQ-9). Height was measured
and weight was measured to the nearest 0.1 kg using the TANITA SC-330 (Tokyo, Japan) bio-
impedance scale, which also calculates BMI. Haemodynamic profile was assessed using the
USCOM BP+ and USCOM 1A ultrasound machines (USCOM, Brisbane, Australia). A fasting
blood sample was taken to measure glucose, insulin and lipids. All blood tests were done ata SA
Pathology laboratory (sapathology.sa.gov.au).

Stratification of cardio-metabolic risk factors at 15 +1 weeks’ gestation
during the first pregnancy

We classified women who attended the 10 year follow up according to the presence or absence
of pre-defined cardio metabolic risk factors at 15 +1 weeks’ gestation during the first preg-
nancy (BMI > 30kg/m?, systolic blood pressure > 130mmHg, diastolic blood

pressure > 85mmHg, total cholesterol >5.5mmol/L, triglycerides >1.7mmol/l, HDL
cholesterol < 1.2mmol/l, random plasma glucose >5.6 mmol/L and smoking) [16].

Primary outcome

metabolic syndrome (diagnosed using the International Diabetes Federation guidelines as
[16]): the presence of central obesity, defined as waist circumference with ethnicity specific val-
ues and/or a body mass index (BMI) >30kg/m?, plus any two of the following four factors:
raised triglycerides: >1.7 mmol/L or specific treatment for this lipid abnormality; reduced
HDL cholesterol: <1.2 mmol/L or treatment for this lipid abnormality; raised blood pressure:
systolic BP >130, or diastolic BP >85 mm Hg, or treatment of previously diagnosed hyperten-
sion; raised random plasma glucose: >5.6 mmol/L, or previously diagnosed type 2 diabetes.

Secondary outcomes

previously diagnosed hypertension or a blood pressure of >130/85 mmHg (detected after a 20
minute rest and a second confirmed reading 1 hour later); body mass index > 30 kg/m?;
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fasting blood glucose >5.6 mmol/l, HbAlc > 6.5% or previously diagnosed type 2 diabetes;
total cholesterol >5.5 mmol/L; triglycerides >1.7 mmol/L; HDL <1.2mmol/L, HOMA-IR was
calculated as fasting plasma glucose (mmol/l) X fasting plasma insulin (IU/1)/22.5. HOMA-IR
score above 3.0 was classified as high [17].

Statistics

Statistical analyses were performed using SPSS version 28 (IBM, Armonk, New York, USA).
Data from women who had one or more cardio metabolic risk factor at 15 + 1 weeks’ gestation
during the first pregnancy were compared with data from women who had no cardio meta-
bolic risk factor at 15 + 1 weeks’ gestation during the first pregnancy. For categorical variables,
Chi-square test was used to compare the groups and the Fisher’s exact test was used when the
expected frequencies were below five. For continuous variables, student’s ¢-test was used.
Binary logistic regression was used to calculate risk for MetS among women who had >1 car-
dio metabolic risk factor at 15 + 1 weeks’ gestation during the first pregnancy compared to
those who had no risk factor adjusting for age and smoking status at the 10 year follow up
visit. These two confounders were selected apriori based on previous literature. The number of
covariates that were included in the model were restricted by the sample size.

Results

The socio-demographic characteristics of the participants according to the presence or absence
of cardio metabolic risk factors at 15 + 1weeks’ gestation during the first pregnancy are shown
in Table 1. Of the 141 women who completed all assessments and investigations, 41 (29.1%)
did not have any cardio-metabolic risk factors and 100 (70.9%) had > 1 risk factor at 15 +1
weeks’ gestation during the first pregnancy. Of the 100 women who had > 1 risk factor at 15
+1 weeks’ gestation, 26 (26%) had MetS during pregnancy. Women who had >1 cardio meta-
bolic risk factor during first pregnancy were ~2 years older than women who did not have any
risk factor (37.7 years vs 35.1 years, Table 1). No significant differences were detected between
the two groups in other socio-demographic characteristics (Table 1).

Risk for metabolic syndrome 10 years postpartum based on presence or
absence of cardiometabolic risk factors during early first pregnancy

Compared to women who did not have any cardio metabolic risk factor at 15 + 1 weeks’ gesta-
tion during the first pregnancy, those who had > 1 risk factor were 4.8 times more likely to

Table 1. Characteristics of the study population at 10 years postpartum.

Characteristic No risk factor in first pregnancy (n = 41) > 1 risk factor in first pregnancy (n = 100) P value
Age 35.1+4.1 37.7+53 0.004
Gravidity 2(2,3) 2(2,4) 05
SEI 27 (25) 30 (12) 0.9
GAD-7 score 2 (0, 5) 2(1,5) 0.4
PHQ-9 score 3(1,6) 3(2,6) 0.7
Hours of exercise per week 33+24 2.6+ 1.7 0.15
Family history of hypertension 27 (65.9%) 51 (51%) 0.11
Family history of type 2 diabetes mellitus 15 (36.6%) 45 (45.5%) 0.33
Family history of ischaemic heart disease 16 (39%) 39 (39%) 0.99

GAD-7, General Anxiety Disorder; PHQ-9, Patient Health Questionnaire; SES, Socioeconomic index; results are number (%), mean + SD or median and inter quartile

range. Categorical variables were compared using Chi-square test and the Fisher’s exact test. Continuous variables were compared using student’s t-test.

https://doi.org/10.1371/journal.pone.0280451.t001
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Table 2. Risk for metabolic syndrome 10 years postpartum based on presence or absence of cardio metabolic risk factors during early first pregnancy.
MetS 10 years postpartum No risk factor in early pregnancy (n = 41) > 1 risk factor in early pregnancy (n = 100) OR (95% CI) aOR (95% CI)

No MetS n (%) 37(90.2) 66 (66.0) 1 1
MetS n (%) 4(9.8) 34 (34.0) 4.8 (1.6-14.5) 5.5 (1.8-17.3)

aOR, adjusted for age and smoking status at 15 + 1 weeks’ gestation during first pregnancy.

https://doi.org/10.1371/journal.pone.0280451.t1002

have MetS 10 years postpartum (OR = 4.8 (95% CI 1.6-14.5, p = 0.005)). This result remained
significant after adjusting for age and smoking status (aOR = 5.5, 95% CI 1.8-17.3, p = 0.004,
Table 2).

Individual risk factors for CVD 10 years postpartum based on presence or
absence of cardio metabolic risk factors during early first pregnancy

Prevalence of individual CVD risk factors 10 years postpartum were higher among women
who had > 1 cardio-metabolic risk factor during the first pregnancy (Table 3). Women who
had > 1 risk factor at 15 + 1 weeks’ gestation during the first pregnancy were significantly
more likely to be obese (p = 0.001), have high total cholesterol levels (p <0.001) or have
increased insulin resistance (p <0.001) 10 years later compared to women who had no risk fac-
tor at 15 + 1 weeks’ gestation during the first pregnancy (Table 3).

Risk for metabolic syndrome 10 years postpartum based on presence or
absence of cardio metabolic risk factors during early first pregnancy and
presence or absence of pregnancy complications

Of the women who had no cardio metabolic factor 237 at 15 + 1 weeks’ gestation during the
first pregnancy, 63.5% did not develop any pregnancy complication and were not diagnosed
with MetS 10 years postpartum (Table 4). Of the women who had > 1 cardio metabolic risk
factor at 15 + 1 weeks’ gestation during the first pregnancy, 39% did not develop any preg-
nancy complication and were not diagnosed with MetS 10 years postpartum (Table 4).
Approximately 27% of women in both groups developed at least one pregnancy complication
but were not diagnosed with MetS 10 years later (Table 4). 13% of women who had > 1 risk

Table 3. Individual risk factors for CVD at 10 years postpartum among women who had one or more CVD risk factor and those who did not have any risk factor in
early first pregnancy.

CVD Risk factor 10 years postpartum No risk factor in first pregnancy (n = 41) > 1 risk factor in first pregnancy (n = 100) P value
Elevated SBP 4(9.8%) 14 (14%) 0.35
Elevated DBP 4(9.8%) 14 (14%) 0.35
Obesity 10 (24.4%) 56 (56%) 0.001
Increased total cholesterol 1(2.4%) 42 (42%) <0.001
Increased triglycerides 2 (4.9%) 16 (16%) 0.058
Low HDL cholesterol 8 (19.5%) 32 (32%) 0.13
Increased fasting plasma glucose 1(2.4%) 12 (12%) 0.07
Smoking 3(7.3%) 10 (10%) 0.4
High HOMA-IR* 3(7.5) 33 (34.7) <0.001

Results are number (%), *Insulin levels were available from 135 women. SBP, systolic blood 533 pressure; DBP, diastolic blood pressure; HDL, high density lipoprotein
cholesterol, HOMA-IR, homeostatic model of insulin resistance. Categorical variables were compared using Chi-square test and the Fisher’s exact test. Continuous

variables were compared using student’s ¢-test.

https://doi.org/10.1371/journal.pone.0280451.t003
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Table 4. Prevalence of pregnancy complications and or metabolic syndrome stratified by cardio metabolic risk factors during early first pregnancy.

Risk factor in first pregnancy No PC + No MetS PC + No MetS No PC + MetS PC + MetS
No risk factor (n = 41) 26 (63.5%) 11 (26.8%) 1(2.4%) 3(7.3%)
> 1 risk factor (n = 100) 39 (39.0%) 27 (27.0%) 13 (13.0%) 21 (21.0%)

Results are number (%); PC, pregnancy complication; MetS, metabolic syndrome.

https://doi.org/10.1371/journal.pone.0280451.t1004

factors at 15 + 1 weeks’ gestation during the first pregnancy compared to 2.4% who had no
risk factor did not develop any pregnancy complication but were diagnosed with MetS 10
years postpartum (Table 4). 21% of women who had > 1 risk factor at 15 + 1 weeks’ gestation
during the first pregnancy compared to 7.3% who had no risk factor developed one or more
pregnancy complications and were also diagnosed with MetS 10 years postpartum (Table 4).

Discussion

This study demonstrates that cardio metabolic risk factors during early first pregnancy associ-
ate with the risk for MetS 10 years postpartum. Our results show that women who have one or
more cardio metabolic risk factor at 15 + 1 weeks gestation during the first pregnancy have 5.5
times higher odds of being diagnosed with MetS 10 years later compared to women who have

no cardio metabolic risk factor at 15 + 1 weeks gestation during the first pregnancy.

The association between MetS and risk for cardiovascular disease has been examined in
numerous epidemiologic studies. Individuals with MetS, compared to those without are
known to have increased mortality from all causes and CVD and have increased incidence of
CVD [18]. The relative risk of cardiovascular disease associated with MetS is also known to be
higher in women compared with men [18]. In our cohort of young women, 34% of women
who had >1 cardio metabolic risk factor during the first pregnancy had MetS by the age of
37.7 £ 5.3 years, demonstrating an increased risk for CVD at a relatively young age.

Cardiovascular diseases including coronary heart disease and stroke are the leading non-
communicable diseases globally and accounted for an estimated 17.8 million deaths in 2017
[19]. Traditionally considered a disease that predominantly affects men, CVD remains the
number one mortality among women around the world [2]. Regardless of the age at diagnosis,
within one year of a first acute myocardial infarction, more women compared to men die
(26% of women vs 19% of men) and within 5 years of a first acute myocardial infarction more
women than men die (47% of women vs 36% of men), have heart failure or experience a stroke
[20].

In Australia, cardiovascular diseases (predominantly ischaemic heart disease and stroke)
resulted in 43,477 deaths (27%) and 42.6 deaths per 100,000 among females in 2017 [21].
Based on the 2011-12 Australian National Health Measures Survey, ~14% of Australian
women aged 45-74 (522,000 women) were at high absolute risk of a future CVD event such as
myocardial infarction, stroke or death from CVD over the following 5 years. A further 2.9%
(108,000 women) were estimated to be at moderate risk of CVD [22]. Of the women at high
absolute risk who already had CVD, only 48% were receiving lipid-lowering medication, 63%
were receiving blood pressure-lowering medication, and only 34% were receiving both blood
pressure and lipid-lowering medication [22] demonstrating the importance of early identifica-
tion and targeted interventions in those at high risk.

With the goal of reducing CVD, in 2010 the American heart Association established a sim-
plified 7-item tool including smoking status, physical activity, healthy dietary intake, body
mass index, blood pressure, total cholesterol and fasting plasma glucose to promote ideal car-
diovascular health [23]. Since then, many studies have assessed the association between ideal
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cardiovascular health metrics and risk for CVD. A recent meta-analysis of nine prospective
cohort studies involving 12,878 participants showed that achieving the greatest ideal cardiovas-
cular health metrics was associated with lower risk of all-cause mortality (RR 0.55; 95% CI
0.37-0.80), cardiovascular mortality (RR 0.25; 95% CI 0.10-0.63), cardiovascular disease (RR
0.20;95% CI 0.11-0.37), and stroke (RR 0.31; 95% CI 0.25-0.38) [24]. The above results are
indicative of the importance of management of modifiable CVD risk factors.

In our study obesity, total cholesterol, and high HOMA-IR index were significantly more
prevalent among women who had >1 cardio metabolic risk factor during first pregnancy com-
pared to women who had no risk factor (Table 3). The high prevalence of obesity (56%), ele-
vated total cholesterol (42%) and insulin resistance (34.7%) among these young women in
their late 30’s is of significant concern.

According to 2019 data from the Australian Institute of Health and Welfare, in Australia,
among the major CVD risk factors, only smoking levels have declined substantially in recent
decades [25]. The prevalence of smoking among Australian women aged 18 years and over
decreased from 24% in 1989-90, to 11% in 2017-18. However, other risk factors including
overweight and obesity among women have increased from 49% in 1995 to 60% in 2017-2018
[25]. In our study, of women who had >1 cardio metabolic risk factor during first pregnancy,
obesity was detected at 15 + 1 weeks’ gestation during the first pregnancy among 40% of
women and this percentage had increased to 56% at 10 years postpartum demonstrating that
pregnancy provides a good opportunity to identify women at risk of CVD.

The consistent evidence that links major pregnancy complications with later life CVD has
resulted in some countries recommending postpartum follow up of women who experience
gestational hypertensive diseases and gestational diabetes mellitus. However, no universal
guidelines exist on the ideal time to commence follow up and no follow up is available for
women who experience other major pregnancy complications. There is also debate as to
whether pregnancy complications result in an adverse cardio metabolic profile or whether
women who embark on a pregnancy with pre-existing CVD risk factors experience pregnancy
complications and subsequent CVD.

Our findings show that 64% of women who have no cardio metabolic risk factor in early
first pregnancy have uncomplicated first pregnancies and maintain healthy cardio metabolic
metrics 10 years postpartum. Of women who have > 1 cardio-metabolic risk factor during
first pregnancy, 13% do not experience major pregnancy complications during the first preg-
nancy but have MetS 10 years later and 21% experience a major pregnancy complication dur-
ing the first pregnancy and also have MetS 10 years later. These findings suggest that basic
screening for CVD at the booking visit in early pregnancy may identify women at risk of later
life CVD. Based on the eligibility criteria, women with BMI > 35kg/m2, those with pre-exist-
ing hypertension, type 2 diabetes mellitus and high blood pressure at the booking visit were
not recruited to the SCOPE study. Therefore, the actual number of women with risk factors
for CVD in early pregnancy in the study population would be higher than reported in this
study.

Consistent with our findings, data from 3510 women from the Generation R study demon-
strated that early pregnancy lipids associated with lipid levels six years postpartum, indepen-
dent of pregnancy complications. Gestational triglycerides and remnant cholesterol in the
highest quartile and HDL cholesterol in the lowest quartile were associated with the highest
risk for metabolic syndrome, independent of smoking and BMI [26].

We do acknowledge the limitations in our study. From a cohort of 1161 women who took
part in the SCOPE study in Adelaide, we were only able to recruit 273 women for the 10 year
follow up study and only 141 completed the blood tests, therefore, some degree of selection
bias would exist. The main reason for the large number of women being lost to follow up was
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due to women being not contactable using the phone numbers provided during the initial
SCOPE study, changing place of residence and not being in close proximity to the recruitment
hospital and moving interstate. However, as reported in a previous publication, women who
participated in the follow up were of a higher socio-economic background than the ones that
did not participate [27]. Therefore, considering that adverse cardio metabolic parameters are
more prevalent among the lower socio-economic strata, we would expect even a higher preva-
lence of CVD risk factors including MetS among the non-respondents. Many genetic, environ-
mental and lifestyle factors affect both pregnancy complications and metabolic syndrome. We
could not include many potential confounders in our models due to non-availability of some
data and due to the sample size. However, the main strength of this study is that the SCOPE
pregnancy cohort was a prospective, well characterised cohort. A post-hoc power calculation
was performed using G*Power version 3.1 (Post-hoc Z-tests for Logistic regression, S1 Fig)
[28]. Using an odds ratio of 5.5, a total of 141 participants and prevalence of metabolic syn-
drome in 27% of the study population, this study has 99% power to detect the differences
between the groups. A two-tailed alpha level of 0.05 was used, and a Binomial distribution for
a predictor variable with 70% of women having >1 risk factor in early pregnancy.

Conclusion

Overall, this study shows that cardio metabolic risk factors that can easily be detected at the
booking visit in the first pregnancy may be useful in identifying young women at risk of future
cardiovascular disease.

Supporting information

S1 Fig. Power calculation.
(PNG)

Acknowledgments
The authors wish to thank all the SCOPE follow up study participants.

Author Contributions

Conceptualization: Prabha H. Andraweera, Gus A. Dekker, Claire T. Roberts, Margaret A.
Arstall.

Data curation: Prabha H. Andraweera, Michelle D. Plummer, Amy Garrett, Melanie R.
Wittwer, Emily Aldridge, Maleesa M. Pathirana.

Formal analysis: Prabha H. Andraweera, Shalem Leemagqz.

Funding acquisition: Prabha H. Andraweera, Claire T. Roberts, Margaret A. Arstall.
Investigation: Prabha H. Andraweera.

Methodology: Prabha H. Andraweera, Michelle D. Plummer, Margaret A. Arstall.
Project administration: Prabha H. Andraweera, Amy Garrett.

Resources: Prabha H. Andraweera.

Supervision: Prabha H. Andraweera.

Writing - original draft: Prabha H. Andraweera.

PLOS ONE | https://doi.org/10.1371/journal.pone.0280451  January 20, 2023 9/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280451.s001
https://doi.org/10.1371/journal.pone.0280451

PLOS ONE

Cardio metabolic risk factors in pregnancy and risk for metabolic syndrome

Writing - review & editing: Prabha H. Andraweera, Shalem Leemaqz, Melanie R. Wittwer,

Gus A. Dekker, Claire T. Roberts, Margaret A. Arstall.

References

1.

10.

11.

12

13.

14.

15.

16.

Benjamin EJ, Virani SS, Callaway CW, Chamberlain AM, Chang AR, Cheng S, et al. Heart Disease and
Stroke Statistics-2018 Update: A Report From the American Heart Association. Circulation. 2018; 137
(12):e67—-e492. Epub 2018/02/02. https://doi.org/10.1161/CIR.0000000000000558 PMID: 29386200.

Mehta LS, Beckie TM, DeVon HA, Grines CL, Krumholz HM, Johnson MN, et al. Acute Myocardial
Infarction in Women: A Scientific Statement From the American Heart Association. Circulation. 2016;
133(9):916-47. Epub 2016/01/27. https://doi.org/10.1161/CIR.0000000000000351 PMID: 26811316.

Andraweera P, Dekker G, Arstall M, Bianco-Miotto T, Roberts C. Complications of pregnancy and
future, cardiovascular risk. In: Vasan R SD, eds. Encyclopedia of cardiovascular research and medi-
cine. Oxford:, 643-650. E.

ACOG Practice Bulletin No. 212: Pregnancy and Heart Disease. Obstetrics and Gynecology. 2019; 133
(5):e320—e56. Epub 2019/04/26. https://doi.org/10.1097/a0g.0000000000003243 PMID: 31022123.

O’Kelly AC, Michos ED, Shufelt CL, Vermunt JV, Minissian MB, Quesada O, et al. Pregnancy and
Reproductive Risk Factors for Cardiovascular Disease in Women. Circulation research. 2022; 130
(4):652—72. Epub 2022/02/18. https://doi.org/10.1161/CIRCRESAHA.121.319895 PMID: 35175837;
PubMed Central PMCID: PMC8870397.

Mottillo S, Filion KB, Genest J, Joseph L, Pilote L, Poirier P, et al. The metabolic syndrome and cardio-
vascular risk a systematic review and meta-analysis. Journal of the American College of Cardiology.
2010; 56(14):1113-32. Epub 2010/09/25. https://doi.org/10.1016/j.jacc.2010.05.034 PMID: 20863953.

Grieger JA, Bianco-Miotto T, Grzeskowiak LE, Leemaqgz SY, Poston L, McCowan LM, et al. Metabolic
syndrome in pregnancy and risk for adverse pregnancy outcomes: A prospective cohort of nulliparous
women. PLoS medicine. 2018; 15(12):e1002710. Epub 2018/12/05. https://doi.org/10.1371/journal.
pmed.1002710 PMID: 30513077; PubMed Central PMCID: PMC6279018.

Miliku K, Bergen NE, Bakker H, Hofman A, Steegers EA, Gaillard R, et al. Associations of Maternal and
Paternal Blood Pressure Patterns and Hypertensive Disorders during Pregnancy with Childhood Blood
Pressure. Journal of the American Heart Association. 2016; 5(10). Epub 2016/10/16. https://doi.org/10.
1161/JAHA.116.003884 PMID: 27742617; PubMed Central PMCID: PMC5121490.

Gaillard R, Steegers EA, Duijts L, Felix JF, Hofman A, Franco OH, et al. Childhood cardiometabolic out-
comes of maternal obesity during pregnancy: the Generation R Study. Hypertension (Dallas, Tex:
1979). 2014; 63(4):683-91. Epub 2014/01/01. https://doi.org/10.1161/HYPERTENSIONAHA.113.
02671 PMID: 24379180.

Andraweera PH, Dekker G, Leemaqgz S, McCowan L, Myers J, Kenny L, et al. Effect of Birth Weight and
Early Pregnancy BMI on Risk for Pregnancy Complications. Obesity (Silver Spring). 2018. Epub 2018/
12/20. https://doi.org/10.1002/0by.22375 PMID: 30565423.

Andraweera PH, Dekker GA, Thompson SD, Nowak RC, Zhang JV, McCowan LM, et al. Association of
vascular endothelial growth factor +936 C/T single-nucleotide polymorphism with pregnancies compli-
cated by small-for-gestational-age babies. Archives of pediatrics & adolescent medicine. 2011; 165
(12):1123-30. Epub 2011/12/08. https://doi.org/10.1001/archpediatrics.2011.796 PMID: 22147779.

Tranquilli AL, Dekker G, Magee L, Roberts J, Sibai BM, Steyn W, et al. The classification, diagnosis and
management of the hypertensive disorders of pregnancy: A revised statement from the ISSHP. Preg-
nancy hypertension. 2014; 4(2):97-104. Epub 2014/04/01. https://doi.org/10.1016/j.preghy.2014.02.
001 PMID: 26104417.

McCowan L, Stewart AW, Francis A, Gardosi J. A customised birthweight centile calculator developed
for a New Zealand population. The Australian & New Zealand journal of obstetrics & gynaecology.
2004; 44(5):428-31. Epub 2004/09/25. https://doi.org/10.1111/j.1479-828X.2004.00272.x PMID:
15387864.

World Health Organization. Diagnostic criteria and classification of hyperglycaemia first detected in
pregnancy WHO/NMH/MND/13.2. Geneva: World Health Organization; 2013. [cited 2022 March 28].
Available from http://apps.who.int/iris/bitstream/10665/85975/1/WHO_NMH_MND_13.2_eng.pdf

Walker R, Hiller JE. The index of relative socio-economic disadvantage: general population views on
indicators used to determine area-based disadvantage. Australian and New Zealand journal of public
health. 2005; 29(5):442—7. Epub 2005/11/01. https://doi.org/10.1111/j.1467-842x.2005.tb00224.x
PMID: 16255446.

Alberti KG, Zimmet P, Shaw J. Metabolic syndrome—a new world-wide definition. A Consensus State-
ment from the International Diabetes Federation. Diabetic medicine: a journal of the British Diabetic

PLOS ONE | https://doi.org/10.1371/journal.pone.0280451  January 20, 2023 10/11


https://doi.org/10.1161/CIR.0000000000000558
http://www.ncbi.nlm.nih.gov/pubmed/29386200
https://doi.org/10.1161/CIR.0000000000000351
http://www.ncbi.nlm.nih.gov/pubmed/26811316
https://doi.org/10.1097/aog.0000000000003243
http://www.ncbi.nlm.nih.gov/pubmed/31022123
https://doi.org/10.1161/CIRCRESAHA.121.319895
http://www.ncbi.nlm.nih.gov/pubmed/35175837
https://doi.org/10.1016/j.jacc.2010.05.034
http://www.ncbi.nlm.nih.gov/pubmed/20863953
https://doi.org/10.1371/journal.pmed.1002710
https://doi.org/10.1371/journal.pmed.1002710
http://www.ncbi.nlm.nih.gov/pubmed/30513077
https://doi.org/10.1161/JAHA.116.003884
https://doi.org/10.1161/JAHA.116.003884
http://www.ncbi.nlm.nih.gov/pubmed/27742617
https://doi.org/10.1161/HYPERTENSIONAHA.113.02671
https://doi.org/10.1161/HYPERTENSIONAHA.113.02671
http://www.ncbi.nlm.nih.gov/pubmed/24379180
https://doi.org/10.1002/oby.22375
http://www.ncbi.nlm.nih.gov/pubmed/30565423
https://doi.org/10.1001/archpediatrics.2011.796
http://www.ncbi.nlm.nih.gov/pubmed/22147779
https://doi.org/10.1016/j.preghy.2014.02.001
https://doi.org/10.1016/j.preghy.2014.02.001
http://www.ncbi.nlm.nih.gov/pubmed/26104417
https://doi.org/10.1111/j.1479-828X.2004.00272.x
http://www.ncbi.nlm.nih.gov/pubmed/15387864
http://apps.who.int/iris/bitstream/10665/85975/1/WHO_NMH_MND_13.2_eng.pdf
https://doi.org/10.1111/j.1467-842x.2005.tb00224.x
http://www.ncbi.nlm.nih.gov/pubmed/16255446
https://doi.org/10.1371/journal.pone.0280451

PLOS ONE

Cardio metabolic risk factors in pregnancy and risk for metabolic syndrome

17.

18.

19.

20.

21.
22.

23.

24,

25.

26.

27.

28.

Association. 2006; 23(5):469-80. Epub 2006/05/10. https://doi.org/10.1111/j.1464-5491.2006.01858.x
PMID: 16681555.

Shashaj B, Luciano R, Contoli B, Morino GS, Spreghini MR, Rustico C, et al. Reference ranges of
HOMA-IR in normal-weight and obese young Caucasians. Acta diabetologica. 2016; 53(2):251-60.
Epub 2015/06/14. https://doi.org/10.1007/s00592-015-0782-4 PMID: 26070771.

Galassi A, Reynolds K, He J. Metabolic syndrome and risk of cardiovascular disease: a meta-analysis.
The American journal of medicine. 2006; 119(10):812—-9. Epub 2006/09/27. https://doi.org/10.1016/j.
amjmed.2006.02.031 PMID: 17000207.

World Health Organization cardiovascular disease risk charts: revised models to estimate risk in 21
global regions. The Lancet Global health. 2019; 7(10):e1332—e45. Epub 2019/09/07. https://doi.org/10.
1016/52214-109X(19)30318-3 PMID: 31488387; PubMed Central PMCID: PMC7025029.

Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, et al. Heart disease and stroke
statistics—2015 update: a report from the American Heart Association. Circulation. 2015; 131(4):e29—
322. Epub 2014/12/19. https://doi.org/10.1161/CIR.0000000000000152 PMID: 25520374.

Changing Patterns of Mortality in Australia 1968—-2017, Australian Bureau of Statistics.

Banks E, Crouch SR, Korda RJ, Stavreski B, Page K, Thurber KA, et al. Absolute risk of cardiovascular
disease events, and blood pressure- and lipid-lowering therapy in Australia. The Medical journal of Aus-
tralia. 2016; 204(8):320. Epub 2016/04/30. https://doi.org/10.5694/mja15.01004 PMID: 27125809.

Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van Horn L, et al. Defining and setting

national goals for cardiovascular health promotion and disease reduction: the American Heart Associa-
tion’s strategic Impact Goal through 2020 and beyond. Circulation. 2010; 121(4):586-613. Epub 2010/

01/22. https://doi.org/10.1161/CIRCULATIONAHA.109.192703 PMID: 20089546.

Fang N, Jiang M, Fan Y. Ideal cardiovascular health metrics and risk of cardiovascular disease or mor-
tality: A meta-analysis. International journal of cardiology. 2016; 214:279-83. Epub 2016/04/17. https://
doi.org/10.1016/j.ijcard.2016.03.210 PMID: 27085116.

Australian Institute of Health and Welfare 2019. Cardiovascular disease in women. Cat. no. 15, Can-
berra, AIHW.

Adank MC, Benschop L, van Streun SP, Smak Gregoor AM, Mulder MT, Steegers EAP, et al. Gesta-
tional lipid profile as an early marker of metabolic syndrome in later life: a population-based prospective
cohort study. BMC medicine. 2020; 18(1):394. Epub 2020/12/24. https://doi.org/10.1186/s12916-020-
01868-4 PMID: 33353543; PubMed Central PMCID: PMC7756942.

McAninch D, Bianco-Miotto T, Gatford KL, Leemaqz SY, Andraweera PH, Garrett A, et al. The meta-
bolic syndrome in pregnancy and its association with child telomere length. Diabetologia. 2020; 63
(10):2140-9. Epub 2020/07/31. https://doi.org/10.1007/s00125-020-05242-0 PMID: 32728890.

Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using G*Power 3.1: tests for corre-
lation and regression analyses. Behavior research methods. 2009; 41(4):1149-60. Epub 2009/11/10.
https://doi.org/10.3758/BRM.41.4.1149 PMID: 19897823.

PLOS ONE | https://doi.org/10.1371/journal.pone.0280451  January 20, 2023 11/11


https://doi.org/10.1111/j.1464-5491.2006.01858.x
http://www.ncbi.nlm.nih.gov/pubmed/16681555
https://doi.org/10.1007/s00592-015-0782-4
http://www.ncbi.nlm.nih.gov/pubmed/26070771
https://doi.org/10.1016/j.amjmed.2006.02.031
https://doi.org/10.1016/j.amjmed.2006.02.031
http://www.ncbi.nlm.nih.gov/pubmed/17000207
https://doi.org/10.1016/S2214-109X%2819%2930318-3
https://doi.org/10.1016/S2214-109X%2819%2930318-3
http://www.ncbi.nlm.nih.gov/pubmed/31488387
https://doi.org/10.1161/CIR.0000000000000152
http://www.ncbi.nlm.nih.gov/pubmed/25520374
https://doi.org/10.5694/mja15.01004
http://www.ncbi.nlm.nih.gov/pubmed/27125809
https://doi.org/10.1161/CIRCULATIONAHA.109.192703
http://www.ncbi.nlm.nih.gov/pubmed/20089546
https://doi.org/10.1016/j.ijcard.2016.03.210
https://doi.org/10.1016/j.ijcard.2016.03.210
http://www.ncbi.nlm.nih.gov/pubmed/27085116
https://doi.org/10.1186/s12916-020-01868-4
https://doi.org/10.1186/s12916-020-01868-4
http://www.ncbi.nlm.nih.gov/pubmed/33353543
https://doi.org/10.1007/s00125-020-05242-0
http://www.ncbi.nlm.nih.gov/pubmed/32728890
https://doi.org/10.3758/BRM.41.4.1149
http://www.ncbi.nlm.nih.gov/pubmed/19897823
https://doi.org/10.1371/journal.pone.0280451

