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Abstract

Background

Hyperglycaemia first detected during pregnancy(HFDP) has far-reaching maternal conse-
guences beyond the pregnancy. Our study evaluated the cardiometabolic outcomes in
women with prior HFDP versus women without HFDP 3-6 years post-partum in urban
South Africa.

Design and methods

A prospective cohort study was performed of 103 black African women with prior HFDP and
101 without HFDP, 3—-6 years post-partum at Chris Hani Baragwanath Academic Hospital,
Soweto. Index pregnancy data was obtained from medical records. Post-partum, participants
were re-evaluated for anthropometric measurements, body composition utilizing dual energy
X-ray absorptiometry(DXA) and biochemical analysis (two-hour 75gm OGTT fasting insulin,
lipids, creatinine levels and glucose levels). Cardiovascular risk was assessed by Framing-
ham risk score(FRS). Carotid intima media thickness(cIMT) was used as a surrogate marker
for subclinical atherosclerosis. Factors associated with progression to cardiometabolic out-
comes were assessed using multivariable logistic and linear regression models.

Results

Forty-six(45.1%) HFDP women progressed to diabetes compared to 5(4.9%) in non HFDP
group(p<0.001); only 20(43.4%) were aware of their diabetic status in the whole group. The
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odds(OR, 95% confidence interval(Cl)) of progressing to type 2 diabetes(T2DM) and meta-
bolic syndrome(MetS) after correcting for confounders in the HFDP group was 10.5(95% CI
3.7-29.5) and 6.3(95%CI 2.2—18.1), respectively. All visceral fat indices were found to be
significantly higher in the HFDP group after adjusting for baseline body mass index. Ten-
year estimated cardiovascular risk(FRS) and mean cIMT was statistically higher in the
HFDP group(8.46 IQR 4.9-14.4; 0.48 mm IQR 0.44-0.53 respectively) compared to the
non-HFDP group(3.48 IQR 2.1-5.7; 0.46mm IQR 0.42—-0.50) respectively and this remained
significant for FRS but was attenuated for cIMT after correcting for confounders. HIV did not
play a role in progression to any of these outcomes.

Conclusion

Women with a history of HFDP have a higher risk of cardiometabolic conditions within 6
years post-partum in an urban sub-Saharan African setting.

Introduction

The non-communicable diseases(NCD) burden remains the leading cause of death worldwide,
with diabetes and cardiovascular diseases(CVD) accounting for almost half the burden. In
South Africa, diabetes and CVD are the second and third leading cause of death since 2014. In
high-income countries, hyperglycaemia first detected during pregnancy(HFDP) has been asso-
ciated with a sevenfold higher overall incidence of type 2 diabetes mellitus(T2DM) within the
first decade following delivery [1] and an increased risk of CVD [2] and the metabolic syn-
drome(MetS) [3].

Prevalence figures for HFDP in Africa remain limited, with a few studies in South Africa
demonstrating that 9-25% of women have HFDP [4-6]. These figures may underrepresent the
disease burden since risk-factor based screening and varying diagnostic tests and strategies are
currently employed. Whilst numerous studies have explored the short term maternal and neo-
natal outcomes following HFDP, long-term outcomes for the African continent remain lim-
ited to a mere three studies. One study performed amongst a predominantly mixed ethnic
ancestral group in Cape Town, South Africa demonstrated a 48% progression rate to T2DM at
5-6 years following the index pregnancy [7], although no control group was included. A high
CVD risk and prevalence of MetS(60.9%) was demonstrated in the same cohort [8]. A further
smaller study amongst the same ethnic group from the same region established that the preva-
lence of T2DM at six-weeks post-partum was 27% [9].

Though racial and ethnic disparities for progression to T2DM following HFDP is well
known with African American women being particularly vulnerable [10] owing to accultura-
tion, lifestyle factors arising from social determinants in addition to genetic susceptibility and
traditional risk factors [11], to our knowledge, the long-term CVD and metabolic impact of
HFDP has not previously been explored in Black African women or compared to women in
this setting without a history of HFDP.

Obesity, a well-known risk factor of HFDP, T2DM and CVD, is commonly encountered
amongst black South African women(40.9%) and accounts for an estimated 87% of their dia-
betic risk [12,13]. Obesity and weight-related characteristics including pre-pregnancy body
mass index (BMI), post-pregnancy BMI and weight gain following the pregnancy, all have been
shown to increase the risk of progression to T2DM following HFDP [14]. The
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pathophysiological mechanism behind this lies in the differential impact of regional fat deposi-
tion, with upper body(android and visceral fat) and lower body fat (gynoid and leg fat) showing
directionally opposite associations with these risks [15] which too has been appreciated in black
SA women [16,17]. However, the impact of body composition characteristics on progression to
T2DM, MetS and CVD following an HFDP pregnancy has yet to be explored in this setting.

Moreover, little is known about the impact of human immunodeficiency virus (HIV),
which the healthcare sector in Africa is faced with, in addition to the growing burden of
NCDs, on CVD and metabolic risk in the context of HFDP. The additional metabolic risk
attributable to HIV is debatable, with an overall prevalence of glucose metabolism disorders in
HIV-infected individuals on antiretroviral therapy(ART) in Africa ranging from 3-33.5% [18].
A meta-analysis of 5 case-control studies in Africa did not demonstrate a significant relation-
ship between HIV and exposure to ART and the prevalence of T2DM, as encountered in other
studies in Europe and North America.

Given the growing prevalence of HFDP in South Africa and its well-known role in the inter-
generational transmission of NCD, we sought to explore its impact on maternal CVD risk, devel-
opment of T2DM and MetS in a group of Black African women with and without a prior history
of HFDP. Secondary aims of our study were to explore how body composition differs between the
two groups and if HIV-infection impacted the development of these outcomes following pregnan-
cies with and without HFDP. To our knowledge this is the first study of its kind in Africa.

Study design and population

The study setting was the Chris Hani Baragwanath Academic Hospital(CHBAH), located in
urban Soweto, South Africa. Between March and November 2019, we conducted a prospective
cohort study in women previously diagnosed with HFDP (HFDP group) and women who
tested negative for HFDP (non-HFDP group) using the same diagnostic test and criteria
between February 2014 to January 2017. Both groups of women were derived from the same
specialist clinic though were identified differently. The HFDP group were selected first and
consisted mostly of women who were identified by risk-factor based screening and had
attended a specialised gestational endocrine clinic at CHBAH for HFDP with their pregnancy
characteristics and outcomes have been previously published [19]. A subgroup of the HFDP
women were referred to the specialist clinic as a result of universal screening being performed
by a research study [5]. The “control group”, were women who tested negative for HFDP for
the same time period and had undergone universal screening as part of a previous study [5].
Women were diagnosed using a 75-gram 2-hour oral glucose tolerance test(OGTT) with Inter-
national Association of Diabetes in Pregnancy Study Group(IADPSG) criteria. HFDP com-
prised of “true” gestational diabetes mellitus (GDM) and “overt” diabetes in pregnancy (DIP).

Participants were recruited telephonically and if unsuccessful traced by visiting their home
address. Of the initial 319 HFDP cases identified, 206 were non-contactable/traceable, 4
declined to participate, 6 were pregnant. Difficulties tracing participants following delivery
was mostly due to relocation or change of contact details. There were 845 women who
screened negative for HFDP identified from the database of the previous study of which 103
women were contacted in a random order until the number of mothers were the same as those
in the HFDP group. Two hundred and four participants were enrolled at follow up, of which
103 had confirmed HFDP and 101 did not.

Sample size calculation

Sample size calculations were calculated for each of the three main outcomes(T2DM, MetS
and CVD risk) using a two-sample proportion test based on population parameters using a 5%
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margin of error, a confidence interval of 95% and power of 80% to detect the effect. Given the
reported estimated risk of developing T2DM following a HFDP pregnancy of 20-60% and
12% [1,20] in the background population a sample size of 15 per group was calculated. The
minimum total sample size calculated for the outcome MetS was 64 given the risk of 40% fol-
lowing HFDP [3] and background prevalence of MetS of 10%. A size of 98 per group was
needed based on a reported estimated risk of developing CVD of 17.6% [2] following HFDP
vs. 7% in the background population. The sample size needed to establish CVD risk informed
our final sample size.

Data collection

a) Questionnaire. A self-reported questionnaire was captured at the follow-up visit and
incorporated maternal demographics, marital status, various socioeconomic parameters (SES),
obstetrical history, maternal complications and outcomes and postnatal factors (history of CVD
risk factors, any vascular event/s, risk factors for the development of T2DM including recurrent
HFDP pregnancies, breastfeeding following the index pregnancy, family history of diabetes or
the presence of diabetes). Use of cholesterol-lowering or antihypertensive medication, smoking
status and pack year history and ethanol consumption(ml/day) based on the quantity and fre-
quency and physical activity was captured. Contraceptive use was self-reported and was catego-
rized as none, oral contraceptives or injectable contraceptives and type. HIV status and therapy
were noted where applicable. (See S1 Table for relevant definitions of maternal variables noted).
The questionnaire (S1 Appendix)) was informed by the literature and adapted from several
existing standard and recognised sources [21] in order to incorporate relevant factors.

b) Anthropometrics. Subjects underwent a physical examination for weight, height, waist
and hip circumference and blood pressure measurements utilising standardised methods by
qualified trained research assistants. Height (cm) was recorded to one decimal place using a
wall mounted Holtain stadiometer(Crymych, UK) with subjects standing on a flat surface at a
right angle to the vertical board of the stadiometer. Weight(kg) was measured on a SECA digi-
tal scale (Hamburg, Germany), to the nearest 0.1kg, which was calibrated and standardised
using a weight of known mass. Participants wore light clothing and were asked to remove their
shoes and socks. Blood pressure(mmHg) measurements were taken. Details pertaining to each
measurement is outlined in S1 Table.

Dual-energy x-ray absorptiometry (DXA)(Hologic Discovery-A (S/N83145), Bedford,
MA, USA) was used to determine whole-body composition since BMI alone is not an accurate
indicator of body composition. This included subtotal(whole-body minus head) fat mass and
fat-free soft tissue mass. Regional body fat, namely trunk, arm, leg, android, and gynoid fat
mass(expressed in kg and as a percentage of subtotal fat mass, (% FM)) were measured using
DXA cut-off lines positioned at standard anatomical positions, as defined in the software (soft-
ware version apex 4.2.0). FMI (kg/m?) was calculated using height and body fat mass which
offers superiority over BMI as a marker of obesity since the index is based on fat mass, not
body weight, which is a combination of fat and lean components. In addition, abdominal vis-
ceral adipose tissue(VAT) and subcutaneous adipose tissue(SAT) were estimated using algo-
rithms included in the DXA software, which have been shown to perform as well as clinical
computed tomography [22]. During data collection, a phantom scan was performed each
morning to) determine the coefficient of variance of the DXA machine and the coefficient of
variance (CV) was less than 0,5% for all parameters. CVs for DXA parameters were <2% for
total fat mass, and 1% for fat—free soft tissue mass(FFSM).

c) Biological samples and OGTT. Point of care testing was performed for haemoglobin
(Hemocue" Hb 201) and HIV(Homemed HIV1/2 rapid test kit). An early morning midstream
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urine sample was collected from each participant to exclude pregnancy and to perform bedside
testing with a urine dipstick(Roche Combur) screening for glycosuria, albumin/protein, evi-
dence of infection or renal disease.

A finger prick(OneTouch) fasting capillary glucose was performed at baseline and the OGTT
was commenced irrespective of the result. At baseline, blood samples were drawn by a trained
nurse after an 8-hour overnight fast for measurement of serum creatinine, lipogram, Hbalc, fast-
ing insulin and glucose. This was followed by ingestion of 75g glucose in 250ml water, Blood sam-
ples for glucose were drawn at baseline and 2 hours. Those with self-reported diabetes diagnosis,
which was confirmed by either medical card record or drugs in-use only had fasting bloods
drawn. Specimens were centrifuged and stored at -80°C within 30 min of being drawn. Catego-
ries of glucose intolerance were defined applying the 2006 WHO criteria [23]. (S1 Table).

d) Carotid and femoral imaging. Ultrasonographic assessment of the common carotid
artery(CCA) and femoral artery(CFA) was performed(Linear-Array 12L-RS transducer with a
B-mode Logic E Ultrasound machine, GE healthcare, CT, USA), to assess for intima media
thickness(IMT) and for the presence of plaque. The IMT measurement was then performed
on the posterior wall of the common carotid artery and common femoral artery in an area free
of plaque, defined as the distance between two echogenic lines represented by the lumen-
intima interface and media-adventitia interface of the arterial wall. The ultrasound machine
software then detected the intima-lumen and the media-adventitia interfaces and calculated
the minimum, maximum, and mean common carotid IMT(cIMT) and femoral IMT in milli-
metres and to 2 decimal places [24,25]. All patients were positioned supine with the neck
slightly hyperextended and rotated in the opposite direction to the probe. A 45-degree angle
wedge pillow was used to standardize lateral rotation. Measurements were performed by one
observer with intra-observer variability 1.1%.

e) Biochemistry and lab analyses. Plasma glucose was measured using Randox Rx Day-
tona chemistry analyser using enzymatic methods(Randox Laboratory Ltd, London, UK) glyco-
sylated haemoglobin alc(HbA1c) was measured using the Bio-Rad D-10™ Haemoglobin
analyser using the HPLC method (catalogue number, 2200101) (Bio-Rad Laboratories, Inc. CA,
USA). The precision and trueness of the Randox Rx Daytona chemistry analyser were verified
using the clinical and laboratory standards institute document EP15. Coefficients of variation
calculated from running 30 separate samples at 3 different times were 0.7% for glucose and
1.8% for HbA1lc. Lipids including HDL, low-density lipoprotein(LDL), triglycerides(TG), total
cholesterol concentrations were analysed on the Randox Rx Daytona chemistry analyser using
enzymatic colorimetric (catalogue number, CH8311(HDL), CH8312(LDL), TR8332(trigs),
CHB8310(Chol)) Randox Laboratories Ltd., London, UK). Enzymatic colorimetric assays were
used to measure TG, total cholesterol and HDL cholesterol using the Roche modular auto ana-
lyser, while low-density lipoprotein cholesterol was calculated using direct methods/Friedewald
formula. Fasting serum insulin concentrations were measured on the Immulite® 1000 Immu-
noassay system using the chemiluminescent method(catalogue number lkinl/ catalogue num-
ber, 10381429) (Siemens) chemiluminescent healthcare GMBH, Henkestr, Germany). Serum
creatinine concentrations were analysed on the Randox Rx Daytona chemistry analyser using
enzymatic methods (catalogue number, CR8317) (Randox Laboratories Ltd., London, UK).
CVs calculated from running 40 separate samples in duplicate were, 0.8% for HDL and total
cholesterol, 1.19% for TG and 3.9% for insulin and 0.7% creatinine.

Outcomes

The primary outcome was progression to and time to developing T2DM between women with
HFDP(sub-categorised; GDM and DIP) and women without HFDP following their index
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pregnancy. Secondary outcomes included comparison of body composition measures, pro-
gression to MetS and CVD risk(utilising two surrogate measure, Framingham Risk Score
(FRS) and cIMT between the groups. MetS was defined using the harmonised criteria [26].
Gender specific prediction for 10-year CVD risk was calculated using the modified Framing-
ham risk score 2008 (FRS) [27] (See S1 Table for definitions).

Ethics

This study was approved by the Human Research Ethics Committee at the University of the
Witwatersrand(M180316). Informed consent, both verbal and written, was obtained from par-
ticipants prior to enrolment in the study.

Statistical analysis

Data was captured using REDCap [28] (Vanderbilt University, Nashville, USA) and analysed
using Stata software 13.0(College station, USA) [29]. Sensitivity analysis to address potential
bias of missing data was performed. Mean and standard deviations were reported for normally
distributed continuous variables(anthropometric parameters) and medians and interquartile
ranges for non-normally distributed measured data (all other continuous variables). Number
and percentages for categorical variables(chronic hypertension, family history of diabetes etc).
Statistical differences between three groups(control, GDM and DIP), were tested using Analy-
sis of Variance(ANOVA) or Kruskal-Wallis test. For categorical variables, Chi-squared test
and Fischer’s exact(small frequencies) was utilised. The statistical significance level was set at
two-sided p-value <0.05.

Crude odds ratio(OR 95% CI) and multivariable adjusted odds ratio(aOR 95% CI) for
T2DM, MetS, and 10-year cardiovascular risk calculated using FRS were estimated from logis-
tic regression models. Covariates evaluated as potential confounders based on a priori hypoth-
eses are included in Table 3. Covariates were excluded as confounders if they were not
associated with both the dependent and independent variable (exposure to HFDP), p<0.05.

Further multivariable models were designed to explore the relationship of maternal factors
associated with the relevant outcomes adopting a chronological approach in which maternal
factors present either at pre-pregnancy(distal model 1), index pregnancy(intermediate model
2) and post-partum(proximal model 3) were assessed using logistic or linear regressions. The
final model combined all variables from the three models. The outcomes explored in these
multivariate models were fat mass index FMI(continuous, as surrogate for adiposity), T2DM
(binary) and cIMT(continuous). The independent variables were identified using univariate
analysis for each outcome. HFDP, an independent variable for all models, was categorised
according to degree of dysglycaemia as GDM and DIP. Both BMI and WHR were used as con-
tinuous variables for the purposes of the models. For logistic regression model diagnostics,
results are expressed as OR and 95% confidence intervals(CI) and we assessed the following:
linearity assumption using the Lowes graph, multicollinearity using variance inflation factors,
model specification using the C-statistic, and confirmed the fit of the model using the Hos-
mer-Lemeshow goodness-of-fit test. We also checked for outliers. For linear regressions cIMT
was log-transformed to increase normality of residuals. Results are expressed as beta coeffi-
cient and 95% CI. In order to assess the influence of HIV on the outcomes, it was included as
binary variable into each of the multivariate models exploring maternal factors and outcomes.
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Results

There were 103 women recruited in the HFDP group and 101 in the non-HFDP group after all
exclusions were applied. There was <1% missing data and no biases detected through the sen-
sitivity analyses. Details are shown in the study flow diagram (Fig 1).

a) Baseline and follow up demographics, maternal factors,
anthropometrics, and biochemical parameters between the groups

The majority of the cohort was of Black African ancestry (n = 198, 97%). Relevant baseline
characteristics during the index pregnancy and at follow-up for the HFDP group and non-
HFDP groups are shown in Table 1. Of the participants with prior HFDP, 45(43.7%) had
“overt” diabetes in pregnancy (DIP) with the remaining 58(56.3%) classified as “true” GDM
(GDM). When comparing the HFDP vs. non-HFDP groups at first booking during their index
pregnancy, the median age was higher for the HFDP group, 32.5(29-38 IQR) vs. 29.5 (25-34
IQR) respectively, with a median follow-up period of 3 years (IQR3-4) and their median BMI
were 35.2(IQR30.6-39.8) and 29.5(IQR 25.0-32.9). Baseline prevalence of HIV during preg-
nancy was lower in the HFDP group 13(12.7%) vs. 20(19.8%) amongst the non-HFDP group
and this remained the case at follow-up. All women with HIV were on fixed dose combination
of treatment whilst the majority(80%) were diagnosed at or before their index pregnancy.
Forty-five(43.7%) of the women in the HFDP group experienced an obstetric complication
vs.16(15.8%) in the non-HFDP group. When comparing the DIP and GDM groups, the only
variables significantly different at baseline were glucose values on OGTT testing and exposure
to therapeutic agents, with more in the DIP group being exposed to insulin 22(48.9%) vs. 8
(14.8%).

At follow-up, the HFDP group remained obese (32.8 (29.1-39.2)) with elevated anthropo-
metric measures, higher blood pressure measurements and glucose profiles when compared to
the non-HFDP group. Their overall socioeconomic status was lower than those for the non-
HFDP group.

b) Stratified analysis of maternal outcomes including diabetes,
cardiovascular risk and metabolic syndrome by HFDP subtypes: DIP and
GDM (Table 2)

Of the HFDP group, 46(44.6%) progressed to diabetes compared with 5(4.9%) in the non
HFDP group(p<0.001). Only 20(42.5%) of the entire group were aware of their diabetes status
and the average time to event was 30 months (SD +/-1.32). Both dysglycaemia(57 (55.9%)
vs.14 (13.9%)) and insulin resistance (92 (90.2%) vs. 69 (68.3%), p<0.001)) were significantly
higher in the HFDP group. Within the HFDP group, all measures of dysglycaemia, insulin
resistance and progression to T2DM were higher among the DIP group compared to the
GDM group.

All CVD risk factors were higher in the HFDP group including diabetes 46(44.6%), hyper-
tension 27(26.1%), dyslipidemia 85(82.5%), family history of CVD 20(19.4%), history of ever
smoking 10 (9.7%) and central obesity 66(64.1%), though smoking and family history of CVD
were not significantly different between the groups. Overall, the calculated FRS was signifi-
cantly higher in the HFDP group 8.46(4.9-14.4) vs. 3.48(2.1-5.7) p<0.001, with an intermedi-
ate to high-risk score being present in over 40% of the HFDP individuals 42 (42%) vs. 8 (8%)
p<0.001. Within the HFDP subtypes, DIP displayed a significantly higher intermediate-high
risk category cardiovascular score of 26 (60.4%) vs. 16 (28%) in the GDM group. The overall
median cIMT measurement, though within normal limits in all participants, was significantly
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Study design

Index pregnancy February 2014-January 2017
Retrospective analysis

e I

HFDP group Non-HDFP group
n=319 n=103

* Exclusion criteria

HFDP participants 1. Participants not willing or able to consent HDFP nonexposed
excluded to participate in the study, or untraceable, participants excluded
n=216" - = - n=2
206 non-contactable or 2. Participants who have had any 2 pregnant

cardiovascular event preceding their index
pregnancy (including stroke, transient
ischaemic attack, heart attack, angina or
peripheral vascular disease), participants
confirmed pregnant,

traceable, 4 declined to
participate, 6 pregnant

3. Participants confirmed with Type 1
diabetes or other subtype of diabetes

n=103 n=101

Enrolment and consent
Prospective study

4

Data collection March-November 2019

Outcomes measured
Type 2 diabetes mellitus
Cardiovascular disease risk
Body composition
Metabolic syndrome

Fig 1. Flow diagram of the study and eligible participants.
https://doi.org/10.1371/journal.pone.0263529.9001
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higher in the HFDP group, with a cIMT of 0.48 (IQR 0.44-0.53) vs. 0.46 (IQR 0.42-0.5)
p = 0.037, though this was no longer significant after adjusting for age. No atherosclerotic pla-
que was noted at either carotid or femoral sites in any of the participants and there was only
one reported event of CAD and one of cerebrovascular accident. Though these measured out-
comes may be attenuated after correcting for differences in maternal age and BMI at index
pregnancy, this has been explored in the subsequent regression models (Tables 5-7).

The prevalence of the MetS was higher in the HFDP group, 42(40.8%) vs. non-HFDP group
6(5.9%) p<0. 001.Between the two subtypes of HFDP, more women in the DIP arm had MetS
25(55.6%) vs 17(29.3%).

¢) Body composition measures between the groups (Table 3)

Ninety-nine HFDP and 96 of the non HFDP women(n = 195) had a DXA scan performed. All
body composition variables, except total percent body fat, were significantly higher in the
exposed vs. nonexposed groups, including the fat mass index (FMI) 13.9(11.7-16.3) vs.12.3
(8.9-14.6) p = 0.0008 and VAT:SAT ratio 0.20 vs.0.16. p<0.001. In particular, measures of vis-
ceral adipose tissue(VAT) were elevated in HFDP women. VAT volume was
517cm’(IQR372.6-610.2) vs. 322 cm’(IQR 219.2-469.2) p <0.001 and percentage trunk fat of
39.8%(IQR 35-43.6) vs 36.5%(IQR 29.4-42.5) p = 0.0066 with android:gynoid ratio at 0.93
(0.86-1.02) vs 0.86(0.75-0.95) p <0.0001.After adjusting for BMI at baseline, only visceral adi-
posity indices remained significant between the groups.

d) Strength of association of prior HFDP and progression to diabetes, MetS
and CVD risk (Table 4)

The crude OR(15.5(CI 5.8-41.3, p<0.001)) for progressing to T2DM in the HFDP group
remained significant(adjusted aOR 10.5(CI 3.7-29.5) p<0.001) after correcting for confound-
ers. This significant risk persisted within the subtypes of HFDP, with a greater aOR 27.6(8.7-
87.4) in the DIP group. The crude OR for prior HFDP and its association with MetS was 10.9
(4.3-27.1 p<0.001) vs. aOR of 6.3(CI 2.2-18.1), which remained significant (p = 0.004) after
adjusting for factors present at the index pregnancy including maternal age, parity, systolic
blood pressure(SBP) and BMI. Additionally, the aOR within the HFDP subtypes and MetS
risk remained significant. In the HFDP group, the association with an intermediate-high
10-year estimated CVD risk based on FRS was significant for crude OR 8.4(3.6-19.1) p<0.001;
and when adjusting for confounders including factors at index pregnancy including age, BMI,
SBP(aOR of 4.3(1.6-11.5, p = 0.003) and this significance was retained in the DIP group.

e) Factors associated with FMI and progression to type 2 diabetes and
cardiovascular risk using multiple variable logistic and linear regression

i) Factors associated with FMI. Linear regression models of relevant independent mater-
nal factors present at pre-pregnancy(distal), pregnancy(intermediate) and post-partum(proxi-
mal) associated with log FMI is shown in Table 5. In the distal model only multiparty was
significantly associated with FMI. In the intermediate model, BMI measured at first visit in
pregnancy was significantly associated with the outcome, with BMI difference (post-partum
BMI- pregnancy BMI) being the only significant factor in the proximal model. In the final
model, only initial BMI in pregnancy and BMI difference was significantly associated with the
outcome log FML

ii) Progression to T2DM (Table 6). Multivariate logistic regression models examining
the association between relevant maternal risk factors and progression to diabetes found that
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Table 1. Maternal demographics, characteristics and outcomes at index pregnancy and follow-up.

Index pregnancy HFDP group Non-HEDP group
Total group GDM DIP
n=103 n=>58 n =45 n=101
Age(years) (median/IQR") 32.5 (29-38) 33(29-38) 32(30-37) 29.5 (25-34)
Primigravida n (%) 8(7.8) 5(8.8) 3(6.8) 54 (53.4)
n =102 n=>57 n=45 n =101
GA' at presentation (weeks)
(median/IQR") 30(26-33) 30(27-33) 30(24-32) 26(25-27)
n =96 n=>53 n =43 n =101
BMI? at first visit (median/IQRT) 35.2 (30.6-39.8) 34.3(30.5-38.2) 37.2(31.6-40.9) 29.5(25.0-32.9)
BP’, (mmHg) n=98 n=>53 n=43 n=101
Systolic BP (median/IQR") 121(112-129) 124(112-129) 119(113-129) 109(102.5-114.5)
DBP BP 73(64-79) 71(62-77) 74(66-79) 69(64-73)
HIV* positive n (%) 13(12.7) 11(18.9) 2(4.4) 20(19.8)
OGTT results, mmol/L n=95 n=55 n=40 n=101
Fasting plasma glucose (median IQR") 6.1(5.3-7.4) 5.6(5.16-6.1) 7.6(6.5-9.3) 4.0(3.6-4.4)
60 mins 10.6(8.6-11.9) 9.25(8.1-10.65) 12.2 (11.4-14.3) 5.8 (5.0-6.7)
120 mins 10.0(8.0-11.9) 9.0(7.4-10) 12.2 (11.35-15.05) 5.2(4.5-6.3)
n =100 n=>55 n=45 n=90
GA at delivery weeks (median/IQR") 38(37-38) 38(37-38) 37(36-38) 39(37-40)
Delivery <37 weeks n (%) 24(24) 12(21.8) 12(26.7) 13(14.4)
Obstetric complications n (%) 45(43.7) 21(36.2) 24(53.3) 16(15.8)
Caesarian section 67(66.3) 39(68.4) 28(63.6) 59(58.4)
HDP® 12(11.6) 6(10.3) 6(10.3) 11(10.9)
Exposure to OHA” n=99 n=>54 n =45
n (%)
Metformin 65(65.7) 38(70.4) 27(60) N/A
Glibenclamide 31(31.3) 12(22.2) 19(42.2) N/A
Exposure to insulin 34(33.0) 8(14.8) 22(48.9) N/A
Neonatal outcomes n=99 n=>56 n=43 n =100
(median/IQR")
Birth weight n (%) 3065 (2665-3430) 3042.5(2650-3345) 3140(2765-3685) 3040(2792.5-3357.5)
LBW? 18(18.1) 11(19.6) 7(16.3) 17(17)
Macrosomia 5(5.0) 3(5.3) 2(4.6) 5(5)
Anomalies 3(2.9) 2(3.5) 1(2.2) 2(2.1)
Demographic, anthropometric and biochemical status HFDP group Non- HFDP group
at 3-6 years after the index pregnancy
Total group GDM DIP
n=103 n=>58 n=45 n=101
Age (years) (median/IQR") 37.3 (33.1-42.7) 38.1(32.8-42.7) 37.1(33.9-41.7) 34.0(29.2-37.3)
Primigravida n (%) 6(5.8) 3(5.2) 3(6.7) 13(12.8)
Time at follow-up (years) (median/IQR") 3(3-4) 3(3-4) 3(3-4) 3(3-4)
SES’
1)Marital status, n(%) 38(36.9) 20 (34.4) 18(40) 15(14.8)
married (mean SD ¥)
2) Education 66(65.3) 40(71.4) 26(57.8) 73(23)
Secondary and
higher
3) Household items (median/IQR") 7.9(2.1) 7.8(2.0) 7.9(2.3) 8.3(1.9)
4) Housing density 2.5(2-3) 2.5(2-4) 2.5(2-3) 2.0(1.5-3)
(Continued)
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Table 1. (Continued)

BP’, (mmHg)
Systolic BP (median/IQR*) 115.1(108-126.6) 115(106.6-125) 117.5(112.-131.8) 113.7(104.6-120.3)
Diastolic BP 82.6(76.6-90.6) 81(73.3-89.6) 84.8(77.6-90.6) 79(73.3-86.6)
n =102 n=>57 n =45 n =101
HIV positive n(%) 19(18.6) 14(24.1) 5(11.1) 25(24.7)
Anthropometrics
(mean/SD ¥)
Waist circumference 102(15.0) 100.2(14.4) 104.2(15.5) 90.9(16.6)
Hip circumference 115.1(12.2) 115.3(11.8) 114.9(12.8) 110.6(15.0)
(median/IQR™)
BMI? 32.8(29.1-39.2) 31.9(28.8-36.1) 33.8(29.5-39.7) 29.2(24.2-33.4)
BMI diff -1.7(-3.7-0.3) -1.5(-3.7-1.3) -2.08(-3.2-(-0.56) 0.45(-2.7-3.3)
Weight diff -3.6(-9.6-0.3) -1.85(-9.6-3.3) -5.2(-8.5-(-1.4) -0.4(-8.7-10)
Glucose profiles
n=>58 n=44 n=101
Fasting glucose (median /IQR") n =102 4.9(4.6-5.2) 7.5(5.7-11.8) 4.9(4.6-5.3)
5.9(5.1-9.0)
120 mins glucose n=25 n=>53 n=99
n=78 5.5(4.8-6.1) 8.4(6.3-13.2) 5.5(4.8-6.1)
7.1(5.6-9.1)

"IQR: Interquartile range
*$D: Standard deviation
'GA: Gestational age.
*BMI: Body mass index
*BP: Blood pressure.

4 - . .
HIV: Human immunodeficiency virus.

> OGTT: 75gm 2-hour oral glucose tolerance test

SHDP: Hypertensive disorders in pregnancy including gestational hypertension, pre-eclampsia, eclampsia.

7OHA: Oral hypoglycaemic agents
SLBW: Low birth weight.

°SES: Socioeconomic status.
'YIFG: Impaired fasting glucose.
"'T2DM: Type 2 diabetes

2 IGT: Impaired glucose tolerance

FPG: Fasting plasma glucose.

https://doi.org/10.1371/journal.pone.0263529.t001

higher parity, family history of T2DM, and positive HIV status were significant in the distal
model. Prior HFDP was significant in the intermediate model, with absence of exclusive
breastfeeding being significant in the proximal model. However, in the combined final model
only prior history of HFDP, a family history of T2DM and an elevated VAT:SAT ratio were
independently associated with risk of progression to T2DM.

iii) Carotid intima media thickness (Table 7). Linear regression models examining mater-
nal factors associated with log cIMT in the various models are displayed in Table 7. These analy-
ses show that of the variables included in the distal model, no variables were significant. In the
intermediate model; maternal age, initial SBP remained significant with triglyceride levels and
BMI difference being significant in the distal model. In the combined final model, maternal age
and SBP at pregnancy and BMI difference were significantly associated with cIMT thickness.

HIV influence on outcomes

The prevalence of HIV within our cohort was 21.6%(n = 44), of which 18.5%(n = 19) were
HIV reactive in the HFDP exposed group. The independent influence of HIV on the measured
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Table 2. Stratified analysis of maternal outcomes by HFDP groups.

Outcomes at follow-up HFDP group Non-HFDP group p-value
Total group GDM DIP
n =103 n =58 n =45 n=101

Diabetes status

Type 2 diabetes mellitus n(%) 46(44.6) 16(27.6) 30(66.7) 5(4.9) 20.0001°0.016

Status unknown 27(57.4) 13(81.2) 14(45.2) 4(100) *220.001*°<0.001

14(13.9) *220.001 *°<0.001

Dysglycaemia 57(55.9) 23(39.6) 34(77.3) 69(68.3) *220.001 *<0.001

Insulin resistance 92(90.2) 50(87.7) 42(93.3)

Cardiovascular

Cardiovascular risk factors

Historical

1.Age median(IQR) 37.3(33.1-42.7) 37.1(33.9-41.7) 38.1(32.8-42.7) 34.0(29.2-37.3) **20.001*°0.001

2.Smoking
Smoker-current/ever n(%) 10(9.7) 6(10.3) 4(8.9) 8(7.9) #20.65 *°0.901

3. Family history CVD* 20(19.4) 10(17.2) 10(22.2) 17(17.1) %0.65.20.90

Blood pressure n(%) 27(26.1) 10(17.2) 12(11.9)

Chronic HTN? > 140/90 22(21) 8(13.8) 17(37.8) 11(10.9) 20,009 *°0.001
Known HTN 5(4.8) 2(3.5) 14(31.1) 1(0.9) *20.03°0.005
Newly diagnosed 3(6.7)

85(82.5) 46(79.3) 73(72.2)

Biochemistry n(%) 0.8(0.6-.1.14) 0.79(0.6-1.1) 0.58 (0.44-0.8) *#20,02 **°0.005

1. Proportion with dyslipidaemia median(IQR) 1.1(0.9-1.3) 1.1(0.9-1.3) 39(86.7) 1.1(0.91-1.36) 20.080*°0.146

2. Triglycerides 4.2(3.6-4.8) 4.2(3.6-4.8) 0.9(0.6-1.2) 3.6(3.1-4.4) 20,000 <0.001

3. High density lipoprotein 2.7(2.1-3.1) 2.7(1.9-3.2) 1.1(1-1.2) 2.2(1.7-2.7) 20.894 *°0.8770

4. Total cholesterol 4.2(3.8-4.8) +20.002*°0.002

5. Low density lipoprotein n =100 n=57 2.7(2.2-3.1) n=101 %0.003*°0.002

median(IQR)

Cardiovascular risk 8.46(4.9-14.4) 7.17(4.4-10.7) n=43 3.48(2.1-5.7)

a) Framingham risk score n(%) *220.001 *<0.001
(FRS) 13(13) 5(8.7) 11.7(5.8-16.7) 0
Categories median(IQR) 29(29) 11(19.3) 8(7.9) 220,001 *°<0.001
« High risk(>20%) 58(58) 41(71.9) 8(18.6) 93(92.1)

« Intermediate(10-20%) 18(41.8)
« Low(<10%) 43.9(25>30-62.8) 35.1(21.1-48.9) 17(239.5) 20.7(12.0-32.7) *220.001 *°<0.001
n(%)
Non-lab based FRS score 53.2(35.5-70.2)
median(IQR)

b) Carotid intima media 0 0 0 0

thickness(cIMT)

« Thickened IMT (>0.8mm)

« Overall mean CIMT 0.48(0.44-0.53) 0.48(0.44-0.52) 0.49(0.43-0.55) 0.46(0.42-0.50) *20.0371 °0.113
« Right CCA® 0.47(0.43-0.51) 0.47(0.42-0.52) 0.46(0.42-0.55) 0.46 (0.42-0.51) 20.35 %0590

« Left CCA 0.49(0.44-0.54) 0.5(0.45-0.54) 0.49(0.44-0.55) 0.46(0.43-0.51) *20.007*%0.0274

3. Metabolic syndrome

Metabolic Syndrome

Harmonized criteria n(%) 42(40.8) 17(29.3) 25(55.6) 6(5.9) 2<0.001 *°<0.001

BMI® > 30 n(%) 71(68.9) 39(67.2) 32(71.1) 46(45.5) 2 £0.001°°<0.003

‘Waist circumference > 80cm 95(92.2) 54(93.1) 41(91.1) 77(77) *220.001 *°<0.001

Waist: hip ratio (>0.85) 66(64) 33(56.9) 33(73.3) 26(26) *220.001 *°<0.010

“p-value for control vs. hyperglycemia detected in pregnancy;
®p-value for control vs GDM and DIP.

*indicates significance <0.05.

* indicates chi exact test.
"IQR: Interquartile range

*SD: Standard deviation 'CVD: Cardiovascular disease.

> HTN: Hypertension.
? BML: Body mass index.

* CCA: Common carotid artery.

https://doi.org/10.1371/journal.pone.0263529.t1002

PLOS ONE | https://doi.org/10.1371/journal.pone.0263529 February 9, 2022 12/21


https://doi.org/10.1371/journal.pone.0263529.t002
https://doi.org/10.1371/journal.pone.0263529

PLOS ONE

Diabetes in pregnancy and cardiometabolic outcomes

Table 3. Maternal body composition outcomes by exposure to HFDP vs. non-exposure to HFDP group.

Follow up

Fat-free soft tissue mass median
(FFSM)/kg (IQR)
Total body fat mass/kg mean(SD)
Total lean body mass/kg mean(SD)
Total body fat %
Android fat/kg median
(IQR)
Visceral fat/kg median
(IQR)
Visceral fat % median
(IQR)
Arm(right) fat mass/kg median
(IQR)
Leg(right) fat mass/kg median
(IQR)
VAT! (volume) cm? median
(IQR)
SAT?*(volume) cm® median
(IQR)
Ratios
VAT:SAT

Android: Gynoid
Trunk: limb fat mass
FMI® (Fat mass/heightz)
Lean mass//height”

*indicates significance <0.05

HFDP group

Total
n=99

44.9(39.2-51.0)

36.1(9.6)

48.1(7.2)
44.1(40-46.1)
2.6(2.0-3.4)

1.5(1.2-1.9)

39.8(35-43.6)

2.1(1.8-2.7)

7.4(5.7-9.1)

517.6(372.6-610.2)

2334.6
(2005.1-3003.6)

HFDP group

0.20(0.16-0.24)
0.93(0.86-1.02)
0.82(0.73-0.98)
13.9(11.7-16.3)
18.7(17.1-20.8)

p-value for control vs. hyperglycemia detected in pregnancy;

®p-value for control vs GDM and DIP
"VAT: Visceral adipose tissue.

2SAT: Subcutaneous adipose tissue
*EMLI: Fat mass.

https://doi.org/10.1371/journal.pone.0263529.t003

GDM
n=>55

44.1(38.7-49.2)

34.9(9.2)

46.9(6.2)
44.3(40.2-47.1)
2.4(1.9-3.4)

1.3(1.2-1.9)
38.4(35.4-43.6)
2.1(1.8-2.6)
7.4(5.6-9.0)
510.6(361-594)

2316.2
(1995.4-2949.2)

GDM

0.20(0.15-0.24)
0.93(0.85-1.02)
0.81(0.70-0.94)
13.4(11.3-15.9)
18.4(17.1-20.3)

DIP
n=44

45.5(41.6-53.7)

37.5(10.1)

49.7(8.3)
43.7(40.3-45.3)
2.9(2.1-3.7)

1.6(1.3-2.0)
40.2(35.8-43.2)
2.4(2.0-2.9)
7.1(5.8-8.9)
570.5(407.9-655.5)

2492.6
(20240.8-3121.8)

DIP
0.21(0.17-0.24)
0.98(0.86-1.02)
0.86(0.76-1.01)
14.6(12.2-18.0)
19.6(17.0-21.8)

Non-HEDP group

n =96
41.9(36.2-46.1)

31.1(10.7)

44.1(6.9)
43.5(38.9-46.9)
1.9(1.3-2.7)

1.1(0.7-1.6)

36.5(29.4-42.5)

1.8(1.3-2.2)

6.9(5.2-8.5)

322(219.2-469.2)

1943.9
(1430-2678.6)

Non-HEDP group
0.16(0.12-0.20)
0.86 (0.75-0.95)
0.72(0.60-0.83)
12.3(8.9-14.6)
17.1(16.7-18.9)

p-value

* 20.0006*°0.0007

*20.0008 ** 0.0011

*20.0001 ** 0.0005
20.42 % 0.6146

*220.001 *°
0.0001

*220.001 *°0.0001
*20.0066 *°0.0237

*2.20.001
20,0001

20.130.3178

*220.001 *°
0.0001

*20.0003 ®0.0001

p-value
*<0.001
#*<0.001
#*<0.001
#0.0008
#*<0.001

outcomes assessed in multivariate regression models was not found to be significant between
women with a prior history of HFDP vs those without (Tables 5-7).

Discussion

We found that Black African women with compared to those without a history of HFDP have
a (a) 10.5-fold increased risk for developing T2DM(4.6 and 27.6-fold for GDM and DIP
groups respectively) (b) 6-fold increased risk of having MetS together with higher visceral adi-
posity; and (c) higher cardiovascular risk. HIV infection did not influence any of these

outcomes.

The rate of progression to T2DM we found was similar to that reported from Cape Town

(48% at 5-6 years post-partum) in predominantly mixed-ancestral women using the same
diagnostic criteria [7]. This is over 3-fold higher than the background prevalence rates of
T2DM for black South African women [30], and identifies a highly vulnerable population.
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Table 4. Frequency of the outcome’s diabetes, metabolic syndrome and CVD event as predicted by FRS and the adjusted odds ratio for the association with a history
of HFDP.

Diabetes Metabolic syndrome Predicted cardiovascular risk (FRS)®

Crude OR* Adjusted OR” (95% CI) | p-value |Crude OR® Adjusted OR" (95% CI) | p-value |Crude OR® Adjusted OR* (95% CI) | p-value

(95% CI) (95% CI) (95% CI)
HFDP | 15.5(5.8-41.3) 10.5(3.7-29.5) *<0.001 | 10.9(4.4-27.9) | 6.3(2.2-18.1) <0.001 |8.4(3.6-19.1) | 4.3(1.6-11.5) *0.003
GDM | 7.3(2.5-21.3) 4.6(1.5-14.4) 0.008 6.5(2.4-17.8) | 3.9(1.2-12.5) *0.021 4.5(1.7-11.4) | 1.7(0.52-5.55) 0.373
DIP | 38.4(12.9-114.4) | 27.6(8.7-87.4) *<0.001 | 19.7(7.2-54.5) | 10.5(3.3-32.8) *<0.001 | 17.7(6.9-45.7) | 1.5(0.23-10.0) *<0.001

* p-values for all unadjusted OR was p <0.001.

P FRS categorized as intermediate and high (10-year risk of >10% risk for CVD event).
*Confounders: Post-partum variables: Maternal age, BMI, Parity and family history diabetes.
"Confounders: Index pregnancy variables: Maternal age, parity, SBP, BML

*Confounders: Index pregnancy variables: Maternal age, SBP, BMI.

https://doi.org/10.1371/journal.pone.0263529.t004

This risk was significantly higher both in women with GDM, the less severe form of dysglycae-
mia in pregnancy, as well as women with DIP. Comparisons of our findings with international
studies are challenging, as different study designs, lengths of follow-up, definitions and diag-
nostic criteria are employed. Nevertheless, a recent meta-analysis [31] identified the time
period with the highest risk of progression as 3 to 6 years following the pregnancy, which
aligns with our findings.

The modifiable risk factors associated with progression and risk of progression to T2DM
have best been explored in high income countries(HIC) [32-34] with limited data for low to
middle-income countries(LMIC) and very little African representation [35]. Identification of
these factors play a key role when implementing strategies to delay or prevent the onset of
T2DM. The post-partum period offers a critical window of opportunity to implement such
strategies and screen for diabetes in these high-risk individuals. In our study, though a history
of HFDP and family history of T2DM and visceral adiposity were significantly associated with
progression to T2DM, only adiposity is modifiable. Though these factors have been associated
with progression in previous studies, two other studies in South Africa found that a range of
measures of the extent of dysglycaemia to be significant predictors: fasting and 2-hr plasma
glucose on OGTT in pregnancy, diagnosis of HFDP before 24 weeks indicative of undiag-
nosed/unrecognized pregestational diabetes, and exposure to insulin and OHA in pregnancy
[7,9], all of which are non-modifiable. The protective role of breastfeeding for T2DM [36], was
not found to be significant in our study. The high number of women with HFDP who were
unaware of their diabetes status indicates that postnatal assessment for diabetes is necessary
even in an already overwhelmed LMIC health infrastructure.

Our study highlighted that, in addition to the high risk of progression to T2DM, women
with a history of HFDP are more vulnerable to CVD as evidenced by their higher CVD risk
scores and greater cIMT. Though their risk scores remained significantly elevated after cor-
recting for obvious confounders, their cIMT, a surrogate marker for identifying pre-clinical
atherosclerosis and hence often used as a surrogate CVD measure [37] was independent of
prior HFDP and rather influenced by age, SBP and BMI difference. Though no cardiovascular
events were reported in our study, their higher cardiovascular risk is likely to translate into
CVD events with time as our cohort was young with a relatively short period of follow-up.
Consequently, our study did not corroborate the findings of a recent metanalysis [2] demon-
strating that women exposed to HFDP have a two-fold higher risk of cardiovascular events
independent of the development of T2DM 10-25 years post-delivery.
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Table 5. Linear regression model for log-transformed FMI.

Outcome: Fat mass index M1: Distal model M2: Intermediate model M3: Proximal model M4:M1+M2+M3
B (95% CI) p value | B (95% CI) p value | B (95% CI) p value | B (95% CI) p value

Maternal pre-pregnancy factors
Parity-multiparous 0.18(0.07-0.29) 0.001
Education: secondary and higher | 0.03(-0.46-0.53) | 0.890
SES' score 0.004 (-0.02-0.03) | 0.718
Smoking -0.04(-0.21-0.13) | 0.654
Alcohol 0.08(-0.04-0.21) 0.182
HIV? positive -0.04(-0.16-0.07) | 0.476
Maternal pregnancy factors
Age -0.001(-0.008-0.005) | 0.748
Initial BMI? 0.031(0.02-0.03) <0.001
Prior HFDP* 0.019(-0.07-0.11) 0.683
Maternal post-partum factors
Exclusive breastfeeding -0.086(-0.27-0.10) 0.374
BMI difference” 0.009(0.003-0.016) 0.005
Exercise -0.086(-0.224-0.062) | 0.266
Combined models
Parity 0.023(-0.065-0.112) | 0.599
Education: secondary and up 0.167(-0.139-0.474) | 0.283
SES score 0.002(-0.015-0.020) | 0.818
Smoking 0.053(-0.066-0.172) | 0.379
Alcohol 0.001(-0.892-0.091) | 0.976
HIV positive 0.092(-0.012-0.198) | 0.082
Age -0.000(-0.006-0.006) | 0.982
Initial BMI 0.045(0.039-0.051) <0.001'0.539
Prior HFDP 0.029(-0.06-0.124) 0.581
Exclusive breastfeeding 0.033(-0.085-0.151) <0.001'0.527
BMI difference 0.043(0.034-0.051)
Exercise -0.030(-0.126-0.065)

Adj. R* = 0.02 AdjR*=0.36 Adj. R* = 0.04 Adj. R* = 0.66

N=191 N =187 N =151 N =144

'SES: Socioeconomic asset score,

2HIV: Human immunodeficiency virus,

*BMI: Body mass index, * >"HFDP: Hyperglycaemia first detected in pregnancy.

*BMI diff: The difference between BMI measured at post-partum visit minus BMI at pregnancy.

Values are standardized regression coefficients (B) with 95% confidence interval, and p-values.

https://doi.org/10.1371/journal.pone.0263529.t005

The rates of obesity were high across both groups during the index pregnancy and follow-
up, in keeping with high rates of obesity amongst Black women in SA [30]. However, fat distri-
bution differed in those with and without a history of HFDP; with the former having signifi-
cantly greater upper body fat distribution, in particular, the visceral area. Visceral adiposity is
known to be a strong predictor of diabetes and CVD independent of overall fatness [17,38].
South African studies have demonstrated that visceral depots are generally lower in black Afri-
can women compared to their white female counterparts, despite the higher insulin resistance
and high rate of obesity in this group [30,39,40]. Pregnancies complicated by both obesity and
HFDP are known to independently influence immediate and long-term maternal outcomes.
In our study, initial BMI at index pregnancy and weight gain post-pregnancy were not signifi-
cantly associated with progression to diabetes or cardiovascular risk outcomes, but visceral
adiposity was a significant predictor of progression to T2DM. A better appreciation of the role
of obesity and body composition on our measured cardiometabolic outcomes would have
been possible if it weren’t for our lack of knowledge relating to fat distribution pre- and during
pregnancy and BMI measurement at pre-pregnancy and early post-delivery, known to be
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Table 6. Multivariate analysis of factors associated with risk of progression to diabetes.

Outcome Diabetes

Maternal pre-pregnancy factors
Parity

Education: secondary and higher
SES' score

Alcohol

Smoking

HIV?

Family history diabetes

Maternal pregnancy factors
Age

Initial BMI?

Initial SBP*

Prior HFDP®

Maternal post-partum factors
Exclusive breastfeeding

Exercise

Progesterone only contraception
VAT:SAT® ratio

Combined models

Parity

Education: secondary and up
SES score

Alcohol

Smoking

HIV

Family history diabetes

Age

Initial BMI

Initial SBP

Prior HFDP

Exclusive breastfeeding
Exercise

Progesterone only contraception
VAT:SAT ratio

1 . .
SES: Socioeconomic asset score,

M1: Distal model

OR (95%CI)

5.14(1.82-14.50)
0.20 (0.09-4.31)
0.88(0.74-1.05)

0.60(0.211-1.71)
0.40(0.09-1.68)

0.29(0.108-0.82)
4.67(2.15-10.13)

2 . . .
HIV: Human immunodeficiency virus,

*BMI: Body mass index,
“SBP: Systolic blood pressure,

*HFDP: Hyperglycaemia first detected in pregnancy,

p value OR (95% CI)
0.002
0.309
0.180
0.341
0.213
0.019
<0.001
1.01(0.94-1.08)
1.04(0.98-1.09)
0.99(0.96-1.02)
12.9(4.33-38.45)
N =200
Adj. R*=0.18

SVAT:SAT ratio: Visceral adipose tissue: Subcutaneous adipose tissue ratio.

Values are standardized odds ratios (OR) with 95% confidence interval, and p-value.

https://doi.org/10.1371/journal.pone.0263529.1006

M2: Intermediate model

p value

0.704
0.151
0.886
<0.001

N=193
Adj. R*=0.23

OR (95%CI)

0.141(0.04-0.48)
2.28(0.86-6.05)
1.11 (0.49-2.53)
10.70(2.53-45.25)

M3: Proximal model

P value

0.002
0.097
0.794
<0.001

N =151
AdjR*=0.15

M4: M1+M2 +M3

OR (95%CI) P value
0.94(0.19-4.55) 0.944
0.32(0.01-8.50) 0.498
0.75(0.56-1.01) 0.062
0.79(0.18-3.51) 0.763
0.31(0.04-2.07) 0.230
0.40(0.07-2.29) 0.307
4.37(1.80-15.80) | 0.010°
0.96(0.88-1.06) 0.482
1.03(0.94-1.13) 0.407
0.99(0.95-1.04) 0.840
7.84(1.37-44.6) 0.020
0.23(0.05-0.96) 0.057
1.00(0.25-4.01) 0.998
0.96(0.33-2.81) 0.955
7.98(1.09-57.94) | 0.004
N =142
Adj. R* = 0.37

independent risk factors for progression to T2DM [30]. It is therefore plausible that our study
confirmed a high prevalence of MetS in women with HFDP with a 6-fold increased risk after
adjusting for age, parity, BMI and SBP. Overall, altered body composition favouring visceral

adiposity, together with the increasing burden of HFDP and its cardiometabolic consequences

is the setting for the perfect storm in which the coexistence of these entities may perpetuate a
vicious cycle fueling the NCD burden.
Of interest, the offspring for this cohort of women were evaluated for childhood adiposity
at 3 to 6 years post-partum in another study [41]. Measurements included various anthropo-
metric measures(BMI) and FMI as measured by deuterium dilution method. Maternal BMI
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Table 7. Linear regression model for log-transformed carotid intima media thickness (cIMT).

Outcome CIMT M1: Distal variables

B (95% CI) p value
Maternal pre-pregnancy factors
Parity 0.02(-0.011-0.070) | 0.163
Education: secondary and higher | 0.02(-0.175-0.207) | 0.868
SES! score 0.003(-0.005-0.013) | 0.432
HIV? status 0.035(-0.011-0.081) | 0.142
Smoking -0.019(-0.085-0.046 | 0.557
Family history CcvD? 0.009(-0.039-0.059) | 0.695
Maternal pregnancy factors
Age
Initial BMI*
Initial SBP
Prior HFDP

Maternal post-partum factors
Exclusive breastfeeding
Exercise

BMI difference

TGS level

HDL’ level

Combined models
Parity
Education
SES score
HIV status
Smoking
Family history CVD
Age
Initial BMI
Initial SBP
Prior HFDP
Exclusive breastfeeding
Exercise
BMI difference
TG level
HDL level
N =197
Adj. R? = -0.005

'SES: Socioeconomic asset score,
*HIV: Human immunodeficiency virus
* CVD: Cardiovascular disease

*BMI: Body mass index,

>SBP: Systolic blood pressure,

® TG: Triglyceride,

"HDL: High density lipoprotein.

M2: Intermediate model

B (95% CI) p value
0.01(0.007-0.013) <0.001
0.002(-0.002-0.004) | 0.075
0.001(0.000-0.003) | 0.015
-0.03(-0.07-0.006) 0.095
N =192
Adj. R*=0.23

Values are standardized regression coefficients (B) with 95% confidence interval, and p-value.

https://doi.org/10.1371/journal.pone.0263529.t007

M3: Proximal model

B (95% CI) p value
-0.01(-0.081-0.06) | 0.779
0.008(-0.044-0.06) | 0.757
0.002(0.000-0.004) | 0.048
0.042(0.000-0.085) | 0.047
-0.02(-0.089-0.037) | 0.419

N =156

Adj R* = 0.02

M4: M1+M2 +M3

B (95% CI) p value
-0.015(-0.060-0.035) | 0.555
-0.011(-0.187-0.165) | 0.900
0.007(-0.002-0.016) | 0.146
0.041(-0.020-0.103) | 0.187
0.021(-0.046-0.089) | 0.533
0.000(-0.050-0.050) | 0.973
0.009(0.006-0.013) <0.001"
0.002(-0.000-0.006) | 0.099
0.002 (0.000-0.003) 0.018"
-0.014(-0.074-0.045) | 0.632
-0.001(-0.069-0.066) | 0.969
0.016(-0.037-0.071) | 0.540
0.006(0.002-0.105) 0.001’
0.002(-0.004-0.047) | 0.929
0.011(-0.051-0.075) | 0.712
N=147
Adj. R* = 0.21

during pregnancy was found to play a more significant role than maternal hyperglycaemia in
relation to the outcome.
Though numerous confounders such as BMI, age and parity were identified in relation to
the measured outcomes (T2DM, MetS and overall CVD risk), these were found to be non-sig-
nificant, however only weight based parameters (initial BMI and post-partum weight gain)
and not a history of HFDP significantly influenced FML
Strengths of our study were the inclusion of a control group of women with confirmed nor-
moglycaemia on OGTT from the same time period and setting as the HFDP group. The
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sample was adequately powered for establishing both the primary and secondary outcomes for
our study. The use of DXA to assess maternal body composition at 3-5 years post-partum has
not previously been reported from Africa. Lastly, exploring the impact HIV had on these out-
comes which was insignificant contributes to the limited existing data.

A major limitation of our study was that this was a single centre study which limits the
applicability and generalisability. Further limitations included missing pre-pregnancy BMI
values for participants leading to difficulty in exploring this variable as a confounder. Difficulty
tracing participants resulted in a small sample size and hence less power for sub-group com-
parisons in particular within the HFDP group (GDM vs. DIP). Self-reporting bias was a poten-
tial problem in the administered questionnaire. Cardiovascular risk and body composition
outcomes were not measured in pregnancy for longitudinal comparison. However, these
parameters are often influenced by the normal physiological adaptations of pregnancy, making
interpretation difficult. The use of FRS to calculate cardiovascular risk in these women may
have underestimated their risk since the formula doesn’t take into account other unique poten-
tial risk factors relating to HFDP such as recurrent HFDP and hypertensive disorders of preg-
nancy. The time of diabetes diagnosis is unclear as women did not have a 6-week post-partum
OGTT, in some cases, HFDP may have never resolved post-partum. The small number of
women who were HIV positive may have accounted for the lack of effect it had on the mea-
sured outcomes. The lack of data surrounding ART regimes was a further limitation as well as
the fact that this was a single centre study.

The ever-growing epidemic of diabetes, obesity, and CVD, particularly amongst LMIC pop-
ulations, poses a significant public health burden, occurring alongside the burden of chronic
infectious diseases. Our study identifies a group of young women at high risk of cardiometa-
bolic outcomes, in whom the postpartum period offers a window of opportunity to implement
targeted screening, counseling and lifestyle and/or pharmacologic interventions. Future pro-
spective studies are needed to explore the best timing and impact of these interventions in cur-
tailing the adverse outcomes and improving cardiometabolic health in this vulnerable group of
women.
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