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Abstract

Background To study effect of pregnancy on obese women's maternal cardiometabolic biomarkers as a signature
for maternal morbidity and complications.

Methods This cross-sectional cohort study involved pregnant Emirati women who had regular menstrual cycles
and had normal blood pressure. Pre-pregnancy body mass index was calculated using height and weight meas-
urements recorded within three months before current pregnancy. Average systolic and diastolic blood pressure
measurements were calculated from each visit. Blood samples were collected randomly once and following cardio-
metabolic biomarkers were measured.

Results We enrolled 178 pregnant women, with a mean age + standard deviation of cohort was 29.9+4.97 years

and Pre-pregnancy body mass index 28.11 +£6.58 kg/m2. None of blood pressure measurements or biomarkers serum
concentrations were statistically different across Pre-pregnancy body mass index groups except for soluble intercellu-
lar cytoadhesive molecule-1levels which were the highest in underweight women. Pregnant women with pre-gesta-
tional obesity had higher systolic and diastolic blood pressure levels compared to women with normal or overweight.
All variables were statistically significantly different by trimesters except systolic blood pressure, random blood glu-
cose, lipoprotein-A, and high-sensitivity C-Reactive Protein. After adjusting, in a multivariate linear regression model,
for maternal age, trimester of pregnancy, education level, parity and smoking, none of biomarkers or blood pressure
were found to be significantly associated with Pre-pregnancy body mass index. In a multivariate linear regression
model adjusting for maternal age, Pre-pregnancy body mass index, education level, parity and smoking, gamma-
glutamyl transferase, total cholesterol, high density lipoprotein, low-density lipoprotein, triglycerides, apolipoprotein
A & B, interleukin-6, tumor necrosis factor-alpha and insulin-like growth factor-1 concentrations remained significantly
associated with advancing trimester of pregnancy. There was a significant interaction between Pre-pregnancy body
mass index and trimester of pregnancy for serum gamma-glutamyl transferase and soluble intercellular cytoadhesive
molecule-1concentration.

Conclusion This study emphasizes how pregnancy has a significant impact on cardiometabolic markers in obese

women, indicating both hyperlipidemic status of pregnancy and diabetogenic tendency in obese patients who are
not diabetics. These findings may suggest that pregnancy in obese patients increases risk of developing metabolic
.
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Plain Language Summary

syndrome in the future.

syndrome in future, therefore more attention is recommended of pregnant obese women and further study of estab-
lishing specific cardiometabolic biomarkers screening program.

Keywords Pregnancy, Obesity, Inflammation, Cardiometabolic biomarkers

The World Health Organization (WHO) has recommended a prevention strategy to reduce the maternal complications
of obese pregnant women. This study assesses the effect of pregnancy on obese women'’s maternal cardiometabolic
biomarkers (CMBs) as risk of increase maternal morbidity and complications. The women Pre-pregnancy body mass
index (pBMI) was calculated and their blood pressure measured. Blood samples were collected randomly once dur-
ing maternal clinical visits and the cardiometabolic biomarkers were analyzed. Many variables were significantly differ-
ent by pregnancy trimesters that emphasizes the negative impact of pregnancy on cardiometabolic markers in obese
women. These findings may suggest that pregnancy in obese patients increases the risk of developing metabolic

Introduction

With the increase in body mass index (BMI) in women
of reproductive age, the World Health Organization
(WHO) has recommended a prevention strategy aimed
at reducing associated risks of maternal complications
[1].

Maternal pre-pregnancy obesity, defined as a BMI
> 30 kg/m? is recognized as one of factors that nega-
tively affect maternal health [2]). Although the precise
mechanisms with which maternal obesity led to adverse
outcomes are not yet fully elucidated, it is likely that asso-
ciated changes in metabolic, inflammatory and cardio-
vascular biomarkers during pregnancy play a major role
[3-7]. Maternal obesity has been proven to increase the
risk of co-morbidities such as insulin resistance, preg-
nancy induced hypertension, increased rates of fetal
anomalies and abnormal fetal growth, as well as the rates
of instrumented vaginal deliveries and cesarean sections
[8]. Severe maternal morbidity has also been associated
with an immediate and late elevated risk of severe mater-
nal morbidity and/or mortality [9].

Metabolic factors play an essential role. Blood hemo-
globin Alc (HbAlc) levels are significantly higher in
obese mothers [10, 11]. Complications such as pre-
eclampsia, gestational diabetes mellitus, atherosclero-
sis, preterm delivery, are known to be associated with
maternal dyslipidemia and diabetes mellitus [12, 13].
Apoprotein-A (APO-A) and apoprotein-B (APO-B)
are involved in lipid transport and their dysregulation
is associated with atherosclerosis. APO-A is a protein
carried in high-density lipoprotein-C, facilitates its
removal, thus helping lower risk for cardiovascular dis-
ease. APO-B is a protein involved in lipid transport and
is the primary apolipoprotein found in various lipo-
protein particles. Elevated levels are associated with an
increased risk of developing atherosclerosis, heart and

vascular disease. Insulin-like growth factor 1 (IGF-1)
plays a crucial role in embryonic and placental devel-
opment, regulating placenta growth. In pregnancy, the
main source of IGF-I is the decidua.

Other mechanisms involved include endothelial dys-
function which is associated with diminished availability
of nitric oxide and/or an imbalance in the relative con-
tribution of endothelium-derived relaxing and contract-
ing factors. During pregnancy, endothelial function is
critical for placentation, maternal volume expansion,
and placental perfusion. Markers of endothelial dysfunc-
tion are associated with adverse birth outcomes. Lev-
els of endothelial biomarkers, such as soluble vascular
adhesion molecule 1 (sVCAM-1) and intercellular adhe-
sion molecule 1 (ICAM-1) rise following stimulation by
interleukins and tumor necrosis factor-a released during
inflammation. Soluble intercellular adhesion molecule-1
(SICAM-1), a circulating form of ICAM-1, plays a role in
neutrophil recruitment and trafficking into various tis-
sues. ICAM-1is expressed on endothelial cells and cells
of the immune system. Elevated levels of inflammatory
and endothelial dysfunction biomarkers also contribute
to chronic inflammation, obesity, atherosclerosis, abnor-
mal fetal growth, preterm delivery, difficulties estab-
lishing exclusive breastfeeding after birth, and immune
dysregulation in the offspring [1, 3, 6, 7, 14—17]. Inflam-
mation also plays a role in pregnancy outcomes, with ele-
vated serum concentrations of high-sensitivity C-reactive
protein (Hs-CRP) in the second trimester of pregnancy
demonstrated to be associated with lower birth weight of
their offspring [6, 7, 14, 16, 18].

Pre-gestational obese women also tend to have higher
arterial blood pressure (BP) compared to those with
a normal pre-pregnancy BMI (pBMI), an important
additional indicator of maternal cardiovascular com-
plications, including pregnancy-induced hypertension,
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preeclampsia, preterm birth, and intrauterine growth
restriction [3, 12, 13, 19].

The population in the Middle East has higher cardio-
vascular disease (CVD) risk factors (97%) than rest of
world (90.4%), of which, 80% are preventable [20]. Age-
adjusted prevalence rate for CVD worldwide in 2020 was
7354.1 per 100,000, compared to 10,148 per 100, 000 in
the Middle East. In the United Arab Emirates (UAE), the
prevalence of overweight and obesity has been rapidly
increasing, particularly among young females of repro-
ductive age [21-25].

the study’s objective and hypothesis are exploring the
direct relationship between pBMI and cardiovascular
biomarkers in expectant mothers at different stages of
pregnancy. Additionally, assessing whether there was any
interaction (effect modifier) between the pBMI and the
pregnancy trimesters.

Material and methods

This cross-sectional study enrolled Emirati pregnant
mothers who were receiving care at obstetric clinic in
two tertiary hospitals located in Al Ain city, namely Al
Wagan and Tawam hospitals. They are part of Abu Dhabi
Health Services Company, which serves a total popula-
tion of 600,000. Prior to their participation, each woman
was provided with detailed information about study and
gave informed written consent.

All participants received regular antenatal care, which
included consultations and follow-ups with obstetri-
cians, ultrasound assessments to monitor fetal growth
and detect anomalies, education on maternal health
and nutrition, guidance on physical activity, and advice
on avoiding environmental hazards as per international
guidelines, specifically those established by National
Institute for Health and Care Excellence (NICE) and
American College of Obstetricians and Gynecologists
(ACOG).

The study received approval from Tawam Human
Research Ethics Committee, with approval number
THREC-627.

Sample size calculation

Previous studies of individual biomarkers during preg-
nancy have included a relatively small number of par-
ticipants. This is not suitable for the calculation of the
required sample size when several of these biomarkers
are simultaneously investigated. However, as only hyper-
tension was consistently reported in several larger stud-
ies, we based the calculation of the required sample size
on their reported prevalence of gestational hypertension.
Based on a recent reported prevalence of gestational
hypertension of 13.8% in 137,389 pregnancies [26], the
sample size required for this study with an estimated that
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prevalence + 5% with a 95% confidence level was calcu-
lated as 174 participants (OpenEpi, Version 3, 2024).

Inclusion criteria

Between June 2019 and May 2022, pregnant Emirati
women within age range of 18 to 35 years, with a live
singleton pregnancy were enrolled before 12 weeks’
gestation if they had regular menstrual cycles, accurate
knowledge of first day of their last menstrual period
(LMP), and normal blood pressure. Recruitment process
involved random selection, with selection of every sec-
ond woman visiting either one of two hospitals if they
met inclusion criteria.

Exclusion criteria

Women were excluded from study if they have any
known risk factors other than obesity such as current
smokers, diabetes mellitus, hypertension, kidney disease,
any type of cancer, autoimmune disorders, hematologic
diseases, infection with human immunodeficiency virus,
hepatic diseases, or pregnancy-associated complications
such as gestational diabetes, preeclampsia, multiple ges-
tation or fetal anomaly.

Maternal characteristics

During the selected antenatal visit for each participant,
after obtaining consent, their baseline characteristics
were gathered using a standardized questionnaire. They
included: maternal age, parity, smoking history, educa-
tion level, consanguineous marriage, and medical, surgi-
cal and obstetric history. Gestational age was confirmed
by ultrasound measurement of fetal crown—rump length
at 12-13 weeks of gestation. Routine fetal ultrasound
measurements were performed in second and third tri-
mesters, or as recommended by obstetrician [21, 27, 28].
Gestational age was categorized into first (0-13 week
+ 6 days), second (14-27 week + 6 days) and third
(28-42 week.) trimester [29]. Mean values of pre-preg-
nancy weight (kg) and height (cm) of each participant
were obtained from their medical record within three
months preceding current pregnancy. BMI was calcu-
lated [weight (Kg)/height® (m?)] and was used to classify
participants into four groups, based on US Centers for
Disease Control and Prevention (CDC), National Insti-
tutes of Health (NIH) and WHO criteria: underweight
(< 18.5 kg/m?), normal weight (18.5-24.9 kg/m?), over-
weight (25-29.9 kg/m?), and obese (> 30 kg/m?) [30].

Maternal biochemical markers

A computer-based random selection assigned partici-
pants, in each trimester of pregnancy, to submit a single
venous sample of whole blood after overnight fasting.
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Table 1 Characteristics of 178 pregnant women enrolled in analysis by pre-pregnancy body mass index (pBMI)

Variable Underweight n=5 Normal weight Overweightn=52 Obesen=62 Totaln=178 P value
n=59
Age (y) mean+SD 274+6.06 284+423 286+4.72 30.0+5.69 29.9+4.97 0.25%
Preconcep- 445+7.0 56.5+6.38 67.9+5.00 87.9+1365 70311667 <0.001%
tion weight (kg)
mean+SD
Pre-conception 163+7.03 158.8+545 157.8+4.51 157.5+4.42 158.2+493 0.212
height (cm)
mean +SD
Preconception BMI 16.65+1.17 2235+1.76 27.22+131 33.37+498 28.11+6.58 <0.001
(kg/m2) mean+SD
Trimester n (%) First 1 (20) 11(186) 14 (36.9) 16 (25.8) 42 0.58°
Second 2 (40) 23(39.0) 16 (30.7) 28 (45.1) 69
Third 2 (40) 25 (42.3) 22 (42.3) 18 (29.0) 67
Consanguinity n (%) 1st Degree 0(0) 21(356)7(11.9 14 (6.9) 21(33.9) 56 0.20P
2nd Degree 0(0) 31(52.5) 13 (25.0) 14 (22.6) 34
None 0(0) 25(48.0) 27 (435) 88
Parity n (%) Multi 3(60) 53(89.8) 41(78.9) 52 (83.9) 149 0.116°
Primi 2 (40) 6(10.2) 11210 10 (16.1) 29
Mother education Less than high 0(0) 0(0) 0(0) 5(8.0) 5 0.02°
n (%) school 2 (50) 24 (40.7) 28(384) 29(37.3) 75
High school 2 (40) 35 (42.5) 25 (48.1) 25 (40.3) 87
University
Smoking n (%) 0(0) 14 (23.7) 10(19.2) 12(19.3) 31 0.65°

Underweight (BMI < 18.5 kg/m2), normal weight (BMI 18.5-24.9 kg/m2), overweight (BMI 25-29.9 kg/m2), and obese (BMI>30 kg/m2); BMI (body mass index)

2 One-way analysis of variance (ANOVA)
b Pearson’s chi-square or Fisher’s exact test

Thus, each woman was selected only once throughout
her pregnancy. Blood was collected in two vacutainer
tubes, one containing EDTA as an anticoagulant, and
another plain tube with Gel Clot Activator. Blood sam-
ples were thoroughly mixed at room temperature and
transferred to laboratory in an ice box. Both tubes were
then centrifuged at 3600 RPM for 10 mins and serum
and plasma were separated and stored at — 80 'C. Auto-
mated analyzer Integra 400 Plus (Roche Diagnostics,
Mannheim, Germany) was used for measurements of
following blood biomarkers: HbA,_ blood glucose, tri-
glycerides (TG), total cholesterol (Total-C), high-density
lipoprotein (HDL), low-density lipoprotein (LDL), Apo-A
& Apo-B, lipoprotein- a (Lp-a), Hs-CRP and gamma-glu-
tamyl transferase (GGT). Commercially available method
enzyme linked immunosorbent assay (ELISA) from R&D
Systems from USA was used for measurements of blood
levels of (IGF-1, DG100B), interleukin-6 (IL-6, D6050),
tumor necrosis factor-alpha (TNF-a, DTA00C), (SICAM-
1, DCD540) and (sVCAM-1, DVCO00).

Maternal blood pressure measurements

A manual mercury sphygmomanometer was used to
measure BP by trained nurses based on American Col-
lege of Cardiology and American Heart Association
guidelines. For each participant, both systolic and

diastolic BP were measured three times during each tri-
mester, resulting in nine measurements of arterial BP
during pregnancy. The average systolic BP and diastolic
BP measurements in each trimester were used in the
analysis.

Statistical analysis

Data was saved in Microsoft Excel (Office 2019) and ana-
lyzed using IBM SPSS Statistics software (version 28.0,
IBM Corporation, Armonk, NY, USA) and Stata version
18 (Stata Corps, Texas). Only samples with complete
data were included in the analyses and no imputation
was performed. The independent or explanatory vari-
ables that we studied were pBMI, trimester of pregnancy,
age, parity, smoking, and education level. The dependent
or outcome variables measured across the three trimes-
ters of pregnancy were hemodynamic (BP) and several
biomarkers. The metabolic biomarkers included HbA,,
blood glucose, TG, Total-C, HDL, LDL, Apo-A & Apo-B,
and Lp-a. Inflammatory markers included Hs-CRP. IL-6,
TNF-a and liver biomarker included gamma-glutamyl
GGT. Endothelial biomarkers included sICAM-1 and
sVCAM-1 serum concentrations. Results of continuous
variables were expressed as mean value + standard devia-
tion (SD) and frequencies as number and percentage.
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Table 2 Blood pressure and cardiometabolic biomarkers measurement results (mean + SD) by pre-pregnancy body mass index
classification in 178 pregnant women

Biomarkers Underweight Normal weight ~ Overweight Obesen=61 Totaln=178 P-value® Significant p-value®
n=5 n=59 n=>52 differences
between?
Systolic BP 110+79 110469 112468 113478 112473 012 NA NA
(mmHg)
Diastolic BP 71+36 70+5.04 71+4.83 72+52 71450 027 NA NA
(mmHg)
HbA, - (%) 4.79+0.28 4.88+045 4.89+0.48 498+043 492+045 055 NA NA
RBG (mmol/L) 3974025 434+1.01 4.17+0.75 443+0.89 431+£088 034 NA NA
GGT (IU/L) 9.78+6.59 11.86+8.07 11.79+7.51 10.32+4.02 11.25£669 052 NA NA
Total-C (mmol/L) 563+1.09 576+1.23 579+1.09 5.70+£0.99 574+£099 097 NA NA
HDL (mmol/L) 1.53+£040 1.84+£042 1.88+0.44 1.88+£044 1.86+£043 034 NA NA
LDL (mmol/L) 3.54+0.67 415+£1.29 391+1.08 3.95+1.09 399+1.15 054 NA NA
TG (mmol/L) 213+1.22 1.86+0.86 1.84+1.00 1.75+£0.81 182+089 076 NA NA
LP-a (nmol/L) 5720+55.63 78.94+69.26 75.66+63.10 76.12+67.65 7639+66.17 091 NA NA
APO-A (g/L) 200044 2.15x£0.37 220£0.39 2.16+044 216+040 0.72 NA NA
APO-B (g/L) 123+£032 1.37+£040 1.33+£0.38 1.30+£0.34 133+£037 073 NA NA
Hs-CRP (mg/l) 5.56+8.62 6.83+£6.02 572+4.94 6.61+£543 639+557 072 NA NA
IL-6 (pg/ml) 2714258 299+2.15 264+1.76 2741177 279+191 080 NA NA
TNF-a (pg/ml) 496+3.95 4.50+2.82 411247 4.36+247 4351+262 083 NA NA
IGF-1 (ng/ml) 1752147692 1122145596 104.83£53.61 100.59+6242 11091+5882 0.08 NA NA
SICAM-1 (ng/ml) 336.81+78.27 262.27+57.79 248.30£71.09 26531+£6255 261.34+64.65 0.025 Under- 0.045
weight vs
overweight
sVCAM-1 (ng/ml)  640.62+168.78 623.79+£119.88 635.73+£132.55 628.08+126.33 629.25+126.26 0.96 NA NA

Normal weight (BMI=18.5-24.9 kg/m2), overweight (BMI=25-29.9 kg/m2), obese (BMI= >30 kg/m2)

SD: standard deviation; NA: not applicable. BP: blood pressure. HbA, : hemoglobin A, ; RBG: Random blood glucose; GGT: gamma-glutamyl transferase; Total-C: total
cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein; TG: triglycerides; Lp-a: lipoprotein- a; Apo-A: apolipoprotein-A; Apo-B: apolipoprotein-B;
Hs-CRP: high-sensitivity C-reactive protein; IL-6: interleukin-6; TNF-a: tumor necrosis factor-alpha; IGF-1: Insulin-like growth factor-1; sICAM-1: soluble intercellular

cytoadhesive molecule-1; sVCAM-1: soluble vascular cytoadhesive molecule-1

2 One-way analysis of variance (ANOVA) with Bonferroni post hoc correction

One-way analysis of variance (ANOVA) was used
to compare means of continuous quantitative vari-
ables across pBMI groups and trimesters, with post-hoc
pairwise comparisons with the Bonferroni test which
adjusts the significance level to determine which spe-
cific groups differ from each other and reduces the likeli-
hood of Type I errors (false positives). Two-way ANOVA
was performed to evaluate the interaction between the
independent variables (factors), where the effect on the
dependent variable of one factor should be always inter-
preted in light of the other factor. Variables associated
with the outcomes with a p-value <0.10 in the univariate
model were included in a linear multivariate regression
model to adjust for confounders as well as for interaction.
Pearson’s chi-square test was used to compare qualita-
tive variables (e.g., dichotomous variable vitamin D defi-
ciency) across BMI groups. When this test was not valid
due to low expected frequencies, Fisher’s Exact test was
used instead. For all analyses, a p-value < 0.05 defined
statistical significance.

Results

From one hundred eighty-eight pregnant women initially
enrolled in study, ten (5.6 %) were excluded, because
of gestational diabetes mellitus and miscarriages. The
remaining one hundred seventy-eight women were
included in study. The mean age -+ standard deviation
of the cohort was 29.9 + 4.97 years. and pBMI 28.11 +
6.58 kg/m2. The number of participants in each trimester
of pregnancy was not statistically significantly different.
Except for the pre-pregnancy weight and BMI, there were
no significant differences between study participants’
characteristics (age, trimester of pregnancy, consanguin-
ity, and parity) across pBMI groups, except for mother’s
education with the highest prevalence of university edu-
cation in overweight woman (Table 1).

Participants’ blood pressure and biomarker measure-
ments across pBMI are presented in Table 2, Fig 1 and
Fig 2. None of the blood pressure measurement or bio-
markers serum concentrations were statistically different
across the pBMI groups except for SICAM-1 levels which
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Fig. 1 Biomarkers concentrations by pre-pregnancy body mass index (p-bmi) in 178 pregnant women. Horizontal lines indicate mean values

and standard deviations

were the highest in underweight women with the signifi-
cant statistically difference observed between them and
overweight women in the Bonferroni post hoc correction.

Throughout pregnancy, all variables except systolic
blood pressure, random blood glucose (RBG), LP-a, and
Hs-CRP were statistically significantly different through-
out pregnancy (Table 3, Figs 2 and 3).

After adjusting, in a multivariate linear regression
model, for maternal age, trimester of pregnancy, educa-
tion level, and parity in a multivariate linear regression
model, none of the biomarkers or BP were found to be
significantly associated with pBMIL. (Table 4). In a mul-
tivariate linear regression model adjusting for maternal
age, pBMI, education level, parity and smoking, GGT,
total-C, DL, LDL, TG, APO-A, APO-B, IL-6, TNF-a
and IGF-1 concentrations remained significantly associ-
ated with trimester of pregnancy (Table 4). There was a
significant interaction between pBMI and trimester of
pregnancy only for serum GGT and sSICAM—-1 concen-
trations (Table 4, Fig. 4).

Discussion

Pregnancy-related significant hormonal and metabolic
changes can lead to a state of hyperlipidemia, prothrom-
bosis, pro-inflammatory, and extreme insulin resistance
[31]. Furthermore, early pregnancy’s elevated levels of
progesterone, cortisol, and estrogen encourage the pro-
duction of fat and lipogenesis [32]. A person may be
more susceptible to developing metabolic syndrome as a
result of these alterations Table 5.

The goal of the current study was to determine how
changes in maternal biomarkers during pregnancy
increased the risk of metabolic disorders in obese
women. The current study revealed statistically signifi-
cant changes in hemodynamic and metabolic markers
throughout pregnancy.

It has been demonstrated that pBMI is a predictive
value for abnormal concentration of cardiometabolic
markers during pregnancy, which have been linked to
adverse effects on both maternal cardiovascular system
and perinatal outcomes [1-7, 12].

Although not achieving statical significance, this study
reveals some associations between pBMI, pregnancy tri-
mesters, cardiometabolic markers, and BP levels. We did
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Fig. 2 Biomarkers concentrations by trimester of pregnancy in 178 pregnant women. Horizontal lines indicate mean values and standard

deviations

not observe a statistically significant association between
overweight women and elevated levels of systemic
inflammatory markers during pregnancy compared to
those with lower or higher pBMI, in contrast to previous
studies that have shown different results [1, 3, 6, 7, 12,
14-17]. Women who were either pre-gestational over-
weight or obese did not exhibited higher levels of IL-6
and TNF-a compared to other pBMI groups, although
not achieving statistical significance, contrasting with
results of a previous meta-analysis [33]. The biological
reasons for these differences remain unclear.

Regardless of pBMI, we found that advanced preg-
nancy, particularly during third trimester, although
not achieving statical significance was associated
with increased concentrations of lipid levels, HbAlc,
Apo A and B, but not LP-a, confirming previous stud-
ies [10-14, 16, 34]. HbA,  levels were increased in
the third trimester and decreased in the second tri-
mester compared to the first trimester, confirming
previous reports. This variation can be attributed to
physiological changes in blood cell concentration dur-
ing pregnancy [10]. Although, it has been shown that
pre-gestational obesity is associated with elevated
blood glucose during pregnancy, our study randomly

measured these biomarkers only once during each tri-
mester, precluding our understanding of their trajec-
tory in individual pregnant women throughout entire
pregnancy. Furthermore, this study revealed an asso-
ciation, although mot statistically significant, between
increasing p-BMI and higher systolic and diastolic
blood pressure in pregnant women, confirming previ-
ous studies [3, 12, 13, 19, 24, 34].

The novel finding of a statistically significant interac-
tion effect between pBMI and trimester of pregnancy,
as main effects, on the levels of GGT and ICAM-1 urges
caution in the interpretation of these results. It would
thus be incorrect to interpret separately the concentra-
tion of each of these biomarkers in each trimester or for
each pBMI group (main effects) but to interpret them
instead and exclusively by their interaction effect, as their
respective concentration varies simultaneously with the
pBMI and the trimester when the blood was collected.
The relationship between pBMI and GGT or ICAM-1
levels changes depending on the trimester of pregnancy
and vice versa [35, 36].

Strengths of this study include focusing only on mater-
nal pBMI in association with the various biomark-
ers, removing possible confounding effect by other
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Table 3 Blood pressure and cardiometabolic biomarkers measurement results (mean +SD) in 178 pregnant women by trimester of

pregnancy
Biomarkers First trimester Second trimester Third trimester Totaln=178 p-value® Significant p-value®
n=42 n=69 n=67 differences
between®
Systolic BP (mmHg) 114+73 111+68 1M+x77 112+73 0.18 NA NA
Diastolic BP (mmHg) 73+534 70+49 71+48 71450 0.03  1stvs2nd trimester 0.045
HbA, - (%) 494+034 480+041 5.02+0.51 4.92+0.88 0.01 2nd vs 3rd trimester  0.011
RBG (mmol/L) 445+101 418+0.83 436+0.83 431+0.88 025  1stvs2nd trimester <0.001
1stvs 3rd trimester ~ <0.001
2nd vs 3rd trimester  <0.001
GGT (IU/L) 1446+9.48 1048+5.52 10.01+£4.91 11.25+6.69 0.001 1stvs 2nd trimester  <0.001
Total-C (mmol/L) 461+0.87 5794081 6.40+091 574+1.10 <0.001 1stvs2nd trimester <0.001
HDL (mmol/L) 1.59+0.34 1.94+043 1.94+042 1.86+043 <0.001 Tstvs2nd trimester <0.001
Tstvs 3rd trimester  <0.001
2nd vs 3rd trimester  <0.001
LDL (mmol/L) 294+0.81 3.86+0.85 4.79+1.00 399+1.15 <0.001 1stvs2nd trimester <0.001
1stvs 3rd trimester ~ <0.001
2nd vs 3rd trimester  <0.001
TG (mmol/L) 1.18+0.51 1.70+0.63 235+1.00 1.82+0.89 <0.001 Tstvs3rdtrimester  <0.001
LP-a (nmol/L) 76.95+69.14 83.41+6941 68.80+60.82 76.39+66.17 043 1stvs2nd trimester  <0.001
1stvs 3rd trimester ~ <0.001
2nd vs 3rd trimester  <0.001
APO-A (g/L) 1.83+0.31 221+037 232+037 2.16+040 <0.001 2ndvs 3rd trimester  0.045
APO-B (g/L) 0.96+0.26 1.28+0.28 1.60+0.28 1.33+0.37 <0.001 1stvs3rd trimester  0.041
2nd vs 3rd trimester  0.012
Hs-CRP (mg/l) 6.41+5.88 691+5.19 585+5.76 6.39+557 0.54  1stvs2nd trimester  0.034
1stvs 3rd trimester ~ 0.009
IL-6 (pg/ml) 3.11+2.08 3.08+202 229+157 2.79+1.91 0.02  2ndvs 3rd trimester  0.011
TNF-a (pg/ml) 4814272 484+272 356+2.27 4354262 0.006 1stvs 2nd trimester  <0.001
1stvs 3rd trimester ~ <0.001
2nd vs 3rd trimester  <0.001
IGF-1 (ng/ml) 86.96+50.13 115.75+65.22 120.93+53.32 110.91+58.82 0.008 1stvs2nd trimester  <0.001
SICAM-1 (ng/ml) 263.27+75.07 255.56+60.29 266.09+62.47 261.34+64.65 062 NA NA
SVCAM-1 (ng/ml) 647.07+142.20 610.71+116.89 637.17+12445 629.25+126.26 027 NA NA

SD: standard deviation; BP: blood pressure; HbA, : hemoglobin A, RBG: Random blood glucose; GGT: gamma-glutamyl transferase; Total-C: total cholesterol; HDL:
high-density lipoprotein; LDL: low-density lipoprotein; TG: triglycerides; Lp-a: lipoprotein- a; Apo-A: apolipoprotein-A; Apo-B: apolipoprotein-B; Hs-CRP: high-
sensitivity C-reactive protein; IL-6: interleukin-6; TNF-a: tumor necrosis factor-alpha; IGF-1: Insulin-like growth factor-1; sICAM-1: soluble intercellular cytoadhesive

molecule-1; sVCAM-1: soluble vascular cytoadhesive molecule-1; NA: not applicable

2 One-way analysis of variance (ANOVA) with Bonferroni post hoc correction

comorbidities, such cardiovascular or renal risk factors
or diabetes. The analysis of interaction effect between
pBMI and trimester of pregnancy is useful as for the
involved biomarkers, the significance of their serum lev-
els cannot be interpreted according to pBMI or trimester
of pregnancy, but only by the predicted values obtained
with their interaction. Such analysis has been lacking in
many previous reports, therefore making their interpre-
tation and the resulting recommendations suboptimal.
We acknowledge that a potential selection bias may
exist in this study, as women attending these two ante-
natal clinics may not be fully representative of gen-
eral population. It is also possible that women who
are obese or have other comorbidities may be more

inclined to seek medical care during pregnancy, which
could introduce a selection bias. Furthermore, meas-
urement bias cannot be completely ruled out, as assess-
ment of cardiometabolic biomarkers can be influenced
by various factors, including timing of blood sampling,
fasting status and variations throughout pregnancy. An
important limitation is that no longitudinal trajectory
of the biomarkers was made serially in each pregnant
woman, but blood sampling was performed only once
in each woman randomly in each trimester of preg-
nancy, similar to three separate descriptive cohort stud-
ies, one in each trimester of pregnancy. Furthermore,
this study did not look at morbidity and mortality rates
in both mothers and offspring and their association
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Fig. 3 Blood pressure by pBMI and trimester of pregnancy. SBP (systolic blood pressure); DBP (diastolic blood pressure). Horizontal lines indicate

mean values and standard deviations

with pBMI or maternal cardiometabolic biomarkers.
We also acknowledge that there are several confound-
ing factors that were not included although they could
potentially influence the association between pBMI and
maternal cardiometabolic biomarkers. These include
socioeconomic status, physical activity and diet, which
have been shown to also have an impact, but unfortu-
nately were not evaluated in present study. Addition-
ally, it is necessary to consider possibility of reverse
causation, as relationship between pBMI and maternal
cardiometabolic biomarkers may be bidirectional: it is
equally plausible that elevated levels of cardiometabolic
biomarkers could contribute to obesity, or conversely,
obesity could influence cardiometabolic biomarkers
levels. We acknowledge that generalizability of these
findings may be limited, as association between pBMI
and maternal cardiometabolic biomarkers could vary
among different racial/ethnic groups and geographi-
cal regions. The lack of statistical difference may be
attributed to the limited sample size, the inclusion of
only Emirati women, the exclusion of pregnant women
known to be hypertensive or diabetic, or with a multi-
ple pregnancy.

While this study provides valuable evidence of an
association and interaction effect, the design does not
allow for establishing causality, and therefore, evi-
dence-based recommendations cannot be made solely
based on these results. Future studies, with larger sam-
ple size and serial measurements of biomarkers in each
individual participant throughout pregnancy, should
strive to address our limitations in order to gain a bet-
ter understanding of relationship between pBMI and
maternal cardiometabolic health during pregnancy.

Conclusions

While this study does not establish causality, it highlights
the hyperlipidemic state of pregnancy and the diabe-
togenic tendency in obese, non-diabetic pregnant women
without other pre-existing risk factors for metabolic syn-
drome. These findings suggest that pregnancy in obese
women may contribute to an elevated risk of developing
metabolic syndrome. However, further research through
larger longitudinal cohort studies with serial biomarker
measurements in obese women throughout pregnancy
is essential. Such studies could uncover the underly-
ing mechanisms driving these associations and inform
the development of targeted intervention strategies to
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Table 4 Association between biomarkers concentrations and blood pressure with pre—pregnancy body mass index (pBMI) in 178
pregnant women

Univariate model®

Multivariate model®

Response variable Coefficient (95% ci) p —value Coefficient (95% ci) p —value Interaction between pBMI
and trimester of pregnancy
(p-value)

Systolic BP (mmHg) 23(—2.68,0.21) 0.093 0.047 (—0.14,0.24) 0626 NA
Diastolic BP (mmHg) 0.75(=0.10, 1.61) 0.085 —0.003 (-0.13,0.13) 0.965 NA
HbA1C (%) 0.050 (—0.02,012) 0.184 NA NA NA

RBG (mmol/L) 0.006 (—0.081,0.21) 0379 NA NA NA

GGT (IU/D) —0.56 (- 1.67,0.55) 0.320 NA NA 0.05
Total—C (mmol/L) —0.02 (-0.20,0.16) 0.848 NA NA NA

HDL (mmol/L) 0.039(-0.03,0.11) 0.283 NA NA NA

LDL (mmol/L) —0.05(-0.24,0.14) 0.608 NA NA NA

TG (mmol/L) —007( 0.21,0.78) 0.351 NA NA NA
LP—a (nmol/L) 75(=10.86,11.21) 0975 NA NA NA
APO—A (g/L) 7 (=0.050, 008) 0.621 NA NA NA
APO-B (g/L) —0.021 (-0.08, 0.04) 0.507 NA NA NA
Hs—CRP (ma/l) —0.031 (=096, 0.89) 0.947 NA NA NA

IL—6 (pg/ml) —0.098 (-041,0.22) 0.542 NA NA NA
TNF—a (pg/ml) —0.09 (-0.53,0.33) 0.656 NA NA NA
IGF—1 (ng/ml) —569(—1547,4.07) 0.252 NA NA NA
SICAM =1 (ng/ml) —4.00(-14.77,6.76) 0464 NA NA 0.008
SVCAM -1 (ng/ml) 0966( 20.09,22.26) 0.867 NA NA NA
Systolic BP (mmHg) 3(—268,021) 0.093 0.047 (—0.14,0.24) 0.626 NA
Diastolic BP (mmHg) 0.75(=0.10,1.61) 0.085 —0.003(-0.13,0.13) 0.965 NA

ci: confidence intervals; BP: blood pressure; HbA1c: hemoglobin A, ; RBG: Random blood glucose; GGT: gamma-glutamyl transferase; Total-C: total cholesterol; HDL:
high-density lipoprotein; LDL: low-density lipoprotein; TG: triglycerides; Lp-a: lipoprotein-a; Apo-A: apolipoprotein-A; Apo-B: apolipoprotein-B; Hs-CRP: high-sensitivity
C-reactive protein; IL-6: interleukin-6; TNF-a: tumor necrosis factor-alpha; IGF-1: Insulin-like growth factor-1; sICAM-1: soluble intercellular cytoadhesive molecule-1;
sVCAM-1: soluble vascular cytoadhesive molecule-1; NA: not applicable

? Linear regression model

P linear regression adjusting for maternal age, trimester of pregnancy, education level, and parity
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Fig. 4 Interaction effect between pBMI and trimester of pregnancy on serum GGT and iCAM-1 concentrations. GGT: gamma-glutamy! transferase,
sICAM-1: soluble intercellular cytoadhesive molecule-1. Testing for interaction evaluates the simultaneous effect of trimester of pregnancy and pBMI
on GGT (panel A) and sICAM-1 (panel B), as well and any interaction effect between trimester of pregnancy and pBMI where the effect of one
variable depends on the other. Each plot displays the trimesters of pregnancy on the x-axis, the fitted values of GGT and iCAM-1 levels on the y-axis,
and separate lines for each category of pBMI. Parallel lines would have indicated the absence of interaction between trimester of pregnancy

and pBMI, but the presence of different slopes and nonparallel lines indicate the presence of a statistically significant interaction between trimester
of pregnancy and pBMI (p=0.05 and 0.008 respectively), indicating that the effect of trimester on the concentrations of GGT and iCAM-1

is not constant but depends on the value of pBMI

Table 5 Association between blood pressure and biomarkers concentrations with trimester of pregnancy in 178 pregnant women

Interaction between
pBMI and trimester of

Response variable Univariate model® Multivariate model®

pregnancy
Coefficient (95% ci) p-value Coefficient (95% ci) p-value p-value
Systolic BP (mmHg) 23 (—2.68,0.208) 0.093 —1.08(—2.74,0.58) 0.21 NA
Diastolic BP (mmHg) 00 (= 2.00, — 0.006) 0.049 —1.11 (= 2.27,0.053) 0.061 NA
HbA, - (%) 7005( 0.27,0.14) 0.184 NA NA NA
RBG (mmol/L) —0.024 (- 0.19,0.14) 0.779 NA NA NA
GGT (U/L) —2.06(-331,-081) 0.001 —1.67(-296,-038) 0.011 0.05
Total-C (mmol/L) 0.87(0.70,1.04) <0.001 0.97(0.78,1.16) <0.001 NA
HDL (mmol/L) 5(=0.07,023) <0.001 0.18(0.09, 027) <0.001 NA
LDL (mmol/L) 0.92 (0.75,1.09) <0.001 1.03 (0.84,1.22) <0.001 NA
TG (mmol/L) 0.59 (0.42,0.76) <0.001 0.59 (042, 076) <0.001 NA
LP-a (nmol/L) —504(-17.7,7.68) 0435 NA NA NA
APO-A (g/L) 0.23(0.16,0.30) <0.001 0.23(0.16,0.31) <0.001 NA
APO-B (g/L) 0.32(0.26,0.37) <0.001 0.35(0.29,041) <0.001 NA
Hs-CRP (mg/l) —0.03 (- 0.96,0.89) 0.947 NA NA NA
IL-6 (pg/ml) — 044 (- 0.80, - 0.08) 0.016 —049 (- 0.88,—0.092) 0.016 NA
TNF-a (pg/ml) —068 (- 1.18,-0.19) 0.007 -0.77(=131,-022) 0.006 NA
IGF-1 (ng/ml) 15.90 (4.82, 26.99) 0.005 15.39(2.91,27.87) 0.016 NA
sICAM-1 (ng/ml) 224 (- 10.20, 14.70) 0.722 NA NA 0.008
SVCAM-1 (ng/ml) —2.06 (- 26.38,22.26) 0.867 NA NA NA

ci: confidence intervals; BP: blood pressure; HbA1c: hemoglobin A, RBG: Random blood glucose; GGT: gamma-glutamyl transferase; Total-C: total cholesterol;

HDL: high-density lipoprotein; LDL: low-density lipoprotein; TG: triglycerides; Lp-a: lipoprotein- a; Apo-A: apolipoprotein-A; Apo-B: apolipoprotein-B; Hs-CRP: high-
sensitivity C-reactive protein; IL-6: interleukin-6; TNF-a: tumor necrosis factor-alpha; IGF-1: Insulin-like growth factor-1; sSICAM-1: soluble intercellular cytoadhesive
molecule-1; sVCAM-1: soluble vascular cytoadhesive molecule-1; NA: not applicable

? Linear regression model

b linear regression adjusting for maternal age, pre-pregnancy body mass index, education level
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identify significant cardiometabolic risk factors and pre-
vent or mitigate serious health complications for both
mother and fetus.

Abbreviations

pBMI Pre-pregnancy body mass index

BP Blood pressure

HbAlc Hemoglobin Alc

RBG Random blood glucose
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total-C Total cholesterol
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LDL Low-density lipoprotein

TG Triglycerides

Lp-a Lipoprotein- a

Apo-A Apolipoprotein-A

Apo-B Apolipoprotein-B

Hs-CRP High-sensitivity C-reactive protein

IL-6 Interleukin-6

TNF-a Tumor necrosis factor-alpha

IGF-1 Insulin-like growth factor-1

SICAM-1 Soluble intercellular cytoadhesive molecule-1
SVCAM-1  Soluble vascular cytoadhesive molecule-1
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