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Abstract

Background and Aims: Pregnancy-induced hypertension is one of the top three
ranked diseases during pregnancy that cause maternal, fetal, and neonatal morbidity
and mortality worldwide. To provide adequate information to clinicians and
researchers who are striving for potential interventions, biochemical profiling of
such patients is required.

Methods: A hospital-based case-control study design was conducted from August
2020 to May 2021 to evaluate serum lipid profile, uric acid, and high sensitivity C-
reactive protein (hs-CRP) among women with pregnancy-induced hypertension
compared to normotensive pregnant women. Data were entered and analyzed using
SPSS version 25. Independent t-test and x? were used to compare the relationship of
variables between the two groups. A p-value less than 0.05 was used to test
statistical significance.

Results: The result of this study showed that while the levels (mean = SD) of serum
total cholesterol (TC), triglyceride (TG), low-density lipoprotein-cholesterol (LDL-C),
TC/high-density lipoprotein-cholesterol (HDL-C), TG/HDL-C, LDL-C/HDL-C were
significantly elevated, HDL-C was decreased among women with pregnancy-induced
hypertension than normotensive pregnant women (p < 0.0001). The levels (mean +
SD) of uric acid and hs-CRP were significantly higher among women with pregnancy-
induced hypertension compared to normotensive pregnant women (p < 0.0001).
Conclusion: This study indicated that pregnancy-induced hypertension women have
lipid abnormalities, increased systemic inflammatory markers, and hyperuricemia
compared to normotensive pregnant women. Thus, women with PIH showing high
dyslipidemia, hyperuricemia, and inflammation are likely to develop hypertension.
Therefore, evaluation of these potential biomarkers during early antenatal care
services may help seek interventions in PIH.
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1 | INTRODUCTION

Hypertension (HTN) in pregnancy is an elevation of systolic (BP = 140
mmHg) or diastolic (BP = 90 mmHg) blood pressures. Pregnancy-induced
hypertension (PIH) is characterized by high blood pressure, with/without
protein in the urine, and pathological edema during pregnancy.! Elevated
diastolic or systolic blood pressure is an important marker of PIH and its
reduction helps reduce the risk of HTN.2 The American society of
hypertension guidelines classified hypertensive disorder of pregnancy as
follows®: Pre-eclampsia-eclampsia, chronic HTN (of any cause), gesta-
tional HTN, and chronic HTN with superimposed pre-eclampsia.

PIH is one of the top three leading causes of maternal, fetal, and
neonatal morbidity and mortality.* The World Health Organization
(WHO) states that severe HTN in pregnancy will increase both the
mother's and fetus' risks>® such as poor placenta transfer, growth
restrictions, preterm birth, placenta abortion, and neonatal death.

Even though PIH has multifarious risk factors, its patho-
physiology and etiology are not well understood. Placental implanta-
tion with abnormal tissue layer invasion of uterine vessels and
immunologic intolerance between maternal, placental, and fetal
tissues are a number of the etiological factors for PIH.”

Reduction in placenta blood flow results in ischemia and hypoxia,
which releases ischemic factors and dysregulates immune cells.
Placental ischemic factors released on the maternal endothelial
system cause vascular endothelial dysfunction that enhances the
formation of vasoconstrictors (endothelin-1 and thromboxane),
increased vascular sensitivity to angiotensin Il, increased free-
radical (superoxide), and decreased formation of vasodilators (nitric
oxide and prostacyclin).®

Metabolic disturbances of lipids are believed as the risk of PIH by
inducing endothelial cell dysfunction next to oxidative stress and
insulin resistance. Insulin resistance reduces lipoprotein lipase activity
resulting in decreasing the hydrolysis of triglycerides from lipopro-
teins.® Thus, women with PIH are at greater risk of developing HTN,
cardiovascular disease (CVD), diabetes mellitus (DM), and kidney
diseases in later life.?~1

Uric acid is one of the foremost consistent and earliest notable
changes in PIH and has been indicated as a higher predictor of
maternal and fetal risk than blood pressure level.'? The potential
origin of uric acid is renal dysfunction, excessive tissue breakdown,
acidosis, and excessive activity of the xanthine oxidase enzyme.
Elevated serum uric acid is not a straightforward marker for the
disease's severity but rather contributes directly to the pathological
process of the disorder.'? In pre-eclamptic women, uric acid damages
the placenta vascular structure and enters the smooth muscle via an
organic ion transporter then it activates the intracellular mitogen-
activated protein (p38) and nuclear transcription factors (NFK-B).
This stimulates overproduction and expression of platelet-derived

growth factors, thromboxane, angiotensin I, C-reactive protein, and

pro-inflammatory cytokines resulting in the loss of the endothelial
cell structure and function.>1%

Acute-phase proteins (APPs) are used as diagnostic markers and
C-reactive proteins are observed to increase more than 50% in
APPS.15 High sensitivity C-reactive protein (hs-CRP) is an acute-
phase reactant protein produced in the liver by stimulation of
interleukin-6 (IL-6) and can be a marker for tissue damage and
systematic inflammation. An increased level of inflammatory markers
including IL-6, tumor necrosis factor-a (TNF-a), and C-reactive
proteins play a key role in vascular inflammation in hypertensive
patients in the early and advanced stages.'® C-reactive protein
activates inflammatory immune cells like monocytes and macro-
phages, which, in turn, promotes low-density lipoprotein (LDL)
scavenging to form foam cells in the intima of endothelial cells.
Moreover, C-reactive protein lowers the production of vasodilating
substances including nitric oxide and activates vascular smooth
muscle cells to become highly proliferative.'”

PIH is often diagnosed in late pregnancy when few clinical
manifestations such as high blood pressure, urinary protein, and
edema are presented.* Early detection and intervention reduce the
hypertensive crisis of the mother and fetal complications,'® which is
possible through an understanding of its risk factors, pathological
process, and clinical presentations. A study done by Parmar et al.* has
proved that metabolic modification and biochemical alterations occur
in the early phase of pregnancy or precede clinical manifestations
of PIH.

Assessing metabolic abnormalities and inflammatory markers for
pregnant women starting from the early phase of antenatal care
(ANC) services suggested that women are at risk making the
assessment and potential intervention challenging.® For better PH
management and to prevent its complication, early detection of the
case is the most crucial approach. Assessing these biomarkers for
pregnant women during ANC service follow-up is helpful for the early
detection of diseases and to take timely intervention for hypertensive
disorders that complicate pregnancy. Therefore, to overcome the
challenges of PIH and its complications, and most importantly to take
our part in support of Ethiopia's campaign “No Woman or Child
should Die of Pregnancy,” we evaluate serum lipid profile, uric acid,
and hs-CRP levels among women with PIH compared to NTP women

who attended Ambo University Referral Hospital, Ambo, Ethiopia.

2 | METHODS

2.1 | Study design, areas, and periods

A hospital-based case-control study was conducted from August
2020 to May 2021 at Ambo University Referral Hospital (AURH),
Ambo, Ethiopia.
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2.2 | Study population and sampling techniques

The study populations were women who attended ANC clinics at
AURH during the study period. By using a convenient sampling
technique, 140 eligible study participants (70 cases and 70 controls)
who visited ANC clinics at AURH hospital during the data collection

period were selected.

2.3 | Inclusion criteria

e PIH group (cases): Pregnant women diagnosed with HTN
(BP= 140/90 mmHg) by an obstetrician.

e Normotensive pregnant (NTP) group (control): Pregnant women
diagnosed with no HTN (<140/90 mmHg) by an obstetrician.

e Both groups are age and gestation (20 weeks) matched.

24 | Exclusion criteria

Based on the investigation information (patient medical history,
clinical data, ultrasound, and laboratory investigations), we excluded
pregnant women before 20 gestational weeks and who were on
antihypertensive drugs, khat chewing, smoking, and alcohol abuse.
We also excluded pregnant women with a history of renal and CVDs,
gestational diabetes, gout, obesity, systemic lupus erythematosus,
dyslipidemia, rheumatoid arthritis, thyroid disorders, multiple preg-
nancies, cervical and breast cancers, asthma, and infection (like
hepatitis B virus [HBV], human immunodeficiency virus [HIV], and
Urinary tract infection [UTI]).

2.5 | Sample size

The sample size was calculated using the double population formula
by considering the mean + standard deviation (SD) of serum high-
density lipoprotein-cholesterol (HDL-C). While it was 39.68 + 7.5 mg/
dl for the cases, it was 43.72 +7.35 mg/dl| for healthy controls. We
took 95% of a confidence interval, 80% of power, 1:1 ratio, and the
critical value, a=5% (a=0.05). About 10% of the nonrespondents
rate was considered. Using the G*Power statistical software for
Windows (version 3.1.2.9), the sample size was calculated as 122.
Having added a 15% nonrespondent rate, the final sample size was
140, in which we enrolled each 70 PIH and 70 NTP women.

2.6 | Variables

Lipid profiles and their ratios, uric acid, and hs-CRP were the
dependent variables whereas gestational age, age, gravidity, parity,
family history of HTN, history of multipartners, and blood pressure

were the independent variables.
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3 | MEASUREMENTS AND DATA
COLLECTION

3.1 | Data collection procedures

Written informed consent was obtained from the study partici-
pants involved in this study. General practitioners and obstetri-
cians have checked the detailed medical history of the study
participants (whether they have renal and CVDs, gout, known
dyslipidemia, DM, rheumatoid arthritis, and infection like HBV,
HIV, and UTI) and did physical examinations as well. Further,
laboratory and ultrasound investigations were used to confirm the
above medical complications and if found, were excluded from the
study. The information related to obstetrics and medical status was
obtained by data collectors using a pretested semistructured
questionnaire through face-to-face interviews. Gestational age

was estimated by ultrasound.

3.2 | Blood pressure measurement

The blood pressure was measured with a mercury sphygmo-
manometer. After the study, participants were allowed to rest for
about 5min, and a cuff of an Accoson mercury sphygmomanometer
was applied around the upper left arm at the level of the heart. The
systolic blood pressure was accepted as the first sound heard
(Korotkoff sound 1) and the diastolic blood pressure was the
disappearance of sounds completely (korotkoff sound 5).2° Elevated
blood pressure was repeated after at least 4 h to take the average.
The cut-off points for elevated systolic and diastolic blood pressure

were equal and above 140 and 90 mmHg, respectively.?°

33 |
analysis

Blood sample collection, processing, and

About 3-5 milliliter (ml) volume of blood was withdrawn from the
antecubital vein by well-experienced and trained medical laboratory
technologists who followed aseptic techniques.

The collected blood sample was transferred into a serum
separator tube (SST) and allowed to keep for 30min to form
complete clotting and clot retraction. The serum sample was
separated by centrifugation at 4000 rpm for 5min by centrifuge
Humax 4K (Human; 2017). The serum sample was stored in a
refrigerator 0593 (Techno Diagnostics; 2017) at -20°C temperature
until the day of use. Meanwhile, lipid profiles (triglyceride [TG], total
cholesterol [TC], HDL-C, and LDL-C) and uric acid levels were
measured by Cobas C-311 analyzer for Clinical Chemistry (Roche,
2020), and serum hs-CRP was analyzed by Fluorescence Immuno-
assay based Finecare™ FIA meter (Wondfo; 2018) at AURH
Laboratory. Finally, the serum lipid profile ratios (TC/HDL-C, TG/
HDL-C, and LDL-C/HDL-C) were calculated.
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3.4 | Interpretation of the results

The results for lipid profiles were interpreted by using the cut-off value
which is established by the National Cholesterol Education Program
(TC<200mg/dl, TG<150mg/dl, LDL-C<130mg/dl, and HDL-
C < 40 mg/dl) (NIH; 2001). The TC/HDL-C ratio > 5,2 TG/HDL-C ratio >
4.5, and LDL-C/HDL-C ratio > 3.5%%2 were taken as baseline values for
interpretation of the lipid profile ratios. Uric acid's normal reference value
was 2.6-6 mg/dl and its 26 mg/dl was considered an abnormal value.?®
While hsCRP below 1mg/L was considered normal, 1-3mg/L was
considered a moderate increase, and >3 mg/L was considered a high
value.?* Therefore, after the tests have been analyzed the results were

interpreted based on the normal reference values established.

4 | DATA QUALITY ASSURANCE

4.1 | Data collection quality control measures

Data were collected using semistructured questionnaires. The
training was provided to the data collectors on the study objectives,
procedures, confidentiality, respondent's right, and informed consent.
In addition, questionnaires were pretested on the hospital which was
not selected for the study area and some modifications were made.

The data collection process was supervised intensively.

4.2 | Pre-analytical phase

Participants were well-prepared and the SST was coded with the
collection date, a medical record number (MRN), and a unique
identification number. After processing, the serum sample was stored

at below -20°C under daily temperature monitoring.

4.3 | Analytic phase

Laboratory analysis was done at AURH Laboratory, clinical chemistry
section. According to the laboratory quality management system policy,
calibration and daily maintenance were performed. Internal laboratory
quality control was run to ensure the accuracy and reliability of laboratory
testing before running patient samples. The control result was interpreted
using a Levey-Jennings chart. The control result fell within the acceptable
ranges (mean + 2 SD). After the sample was towed and mixed throughout,

it was run by senior laboratory technologists.

4.4 | Post analytical phase

The printed results were checked for the unit of reporting, the
correctness of the MRN, and the unique identification card number.
Then, the printed out or recorded (in the absence of printer paper)
results were approved by the laboratory quality officer. Lipid profile

ratios were calculated and recorded in the resulting form provided.

4.5 | Data processing and analysis

The data were coded and entered into Epi-data statistical
software (version 3.1, 2008), and then it was exported to SPSS
software (version 25.0, 2013) for analysis. While the difference
between the two groups was compared using the independent
student's two-tailed t-test, the difference between categorical
variables between the two groups was compared using the x2 for
independence and Fisher's exact t-test. The percentage (%)
distribution was done for both continuous and categorical
variables. Then the results were presented in tables and figures.
The “p<0.05” at a 95% of confidence level was considered

statistically significant.

5 | RESULTS
5.1 | General characteristics of the study
participants

One hundred and forty (70 of each with PIH and NTP) pregnant
women, ages between 18 and 39 years old, participated in this study.
The age (mean+SD) of women with PIH and NTP was found
27.56 +5.25 and 26.73 £ 5.23 years, respectively. Also, the majority
of women with PIH (82.9%) and NTP (87.2%) were between the ages
of 19 and 35 years. About 82.9% and 91.4% of PIH and NTP women,
respectively, were preterm and 17.1% and 8.6%, respectively, of
them, were term. The mean gestational age distribution (in weeks)
was 34.23 £4.25 for women with PIH and 30.66 +4.78 for women
with NTP. The mean age distribution difference between the groups
was not statistically significant, but the mean difference in gestational
age (in weeks) between groups was statistically significant. The SBP
and DBP of women with PIH were 151.86+10.20 and
101.67 £ 7.67 mmHg, respectively, whereas the SBP and DBP of
the NTP women were 106.97+6.35 and 78.79 +7.58 mmHg,
respectively. In both cases, the data distribution was shown statistical
significance (“p < 0.05"; Table 1).

5.2 | Comparison of obstetric history between PIH
and NTP women

About 37.1% of women with PIH were nulliparous, 25.7% were primipara
and the remaining 37.1% were multipara. In contrast, 40% of NTP women
were nulliparous, 27.1% were primipara, and 32.9% were multipara.
Gravidity status of women with PIH versus NTP women was: primigravida
60% versus 44.3%, 55.7%, and multigravida 40% versus 55.7%,
respectively. Only 5.7% of women with PIH had a history of multipartner
and the remaining had not. Similarly, only 2.9% of the NTP women had a
history of multipartner and 97.1% had not. The difference in parity,
gravidity, and history of multipartner between the two groups were not
statistically significant. Concerning family history, our study showed that
only 8.6% of PIH and 2.9% of NTP women had a family history of high
blood pressure (“p < 0.05”; Table 2) .
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TABLE 1 General characteristics of study participants in both PIH and NTP women
Variables PIH (n=70) NTP (n=70) T value p Value (two-tailed) 95% ClI
Mean Age (years) 27.56 £5.23 26.73+4.94 -0.979 0.329 -2.54, 0.859
Mean GA (weeks) 34.23 £4.25 30.66+4.78 -4.669 0.000* -5.08, -2.06
SBP (mmHg) 151.86 £ 10.20 106.97 £ 6.35 -31.269 0.000* -47.73, -42.04
DBP (mmHg) 101.67 £7.67 78.79 £7.58 -22.285 0.000* -26.07, -21.81

Abbreviations: Cl, confidence interval; DBP, diastolic blood pressure; mmHg, millimeter mercury; NTP, normotensive pregnant; PIH, pregnancy-induced

hypertension; SBP, systolic blood pressure.
*p < 0.001.

TABLE 2 Obstetric history distribution of PIH and NTP women

Variables Category PIH (n =70) (%)
Parity Nulliparous 371
Primipara 25.7
Multipara 371
Gravidity Primigravida 60.0
Multigravida 40.0
History of multipartner Yes 5.70
No 94.3
Family history of high BP Yes 8.60
No 914
Do not know 0.00

NTP (n =70) (%) p Value (two-tailed) 95% ClI
40.0 0.54 0.58, 2.85
27.1
329
44.3 0.27 0.27, 1.04
55.7

2.90 0.36 0.07, 2.56
97.1

2.90 0.03* 0.056, 1.57
90.0

7.10

Abbreviations: BP, blood pressure; Cl, confidence interval; NTP, normotensive pregnant; PIH, pregnancy-induced hypertension.

*p < 0.001.

5.3 | Biochemical parameters
5.3.1 | Comparison of serum lipid profiles, uric acid,
and hs-CRP between PIH and NTP women

The current study result showed that the levels (mean + SD) of TC,
TG, LDL-C, hs-CRP, and uric acid were found significantly higher in
PIH compared to NTP women (“p <0.001"). However, the level
(mean £ SD) of HDL-C was found significantly lower in PIH compared
to NTP (“p < 0.05") as tabulated in Table 3.

5.3.2 | Categorical values of serum lipid profiles and
uric acid between PIH and NTP women as compared to
the baseline value

Having compared PIH versus NTP, we found that whereas TC (31.%
vs. 14.3%), TG (88.6% vs. 57.1%), LDL-C (37.1% vs. 32.9%), HDL-C
(67.1% vs. 42.9%), and uric acid (75.7% vs. 7.1%) were found above

the baseline values (Figure 1).

5.3.3 | Comparison of serum lipid profile ratios
between PIH and NTP women

The ratio of lipid profile is vital in predicting cardiovascular risk. These
ratios reflect the proportion of atherogenic to anti-atherogenic lipids
and lipoproteins. The ratio of TC/HDL-C, TG/HDL-C, and LDL-C/
HDL-C values were found significantly higher in women with PIH
compared to NTP women (“p < 0.001"; Table 4).

5.3.4 | Categorical values of lipid profile ratios for
both PIH and NTP women as compared to the baseline
value

For PIH cases, the ratios were found higher than the baseline: TC/
HDL-C by 51.4%; TG/HLD-C by 74.3%; and LDL-C/HDL-C by 67.1%.
On the other hand, for the NTP cases, the ratios were found higher
than the baseline: TC/HDL-C by 11.4%; TG/HDL-C by 29%; and
LDL-C/HDL-C by 28.3%. For each group, the remaining study

participants were below the baseline value for the listed parameters.
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TABLE 3 Comparison of serum lipid profiles, uric acid, and hs-CRP levels between PIH and NTP women
Parameters (mg/dl) Groups Mean £ SD Minimum Maximum Range p Value (two-tailed) 95% CI
TC PIH 184.80 + 54.07 105.0 453.7 348.7 -47.40, -16.13
0.000*
NTP 153.03+38.12 78.40 245.0 166.6
TG PIH 236.25+71.76 108.5 413.00 304.5 -80.51, -32.60
NTP 179.68 +71.57 80.50 389.5 309.0 0.000
HDL-C PIH 35.52+11.53 12.00 61.20 49.20 2.72,9.44
0.000*
NTP 41.60+8.29 26.00 65.00 39.00
LDL-C PIH 130.20+50.31 58.80 300.0 241.2 -59.06, -31.45
0.000*
NTP 84.94 +£29.46 19.60 171.0 1514
Uric Acid PIH 6.65+1.97 2.900 11.90 9.000 -3.40, -2.30
0.000*
NTP 3.80+£1.20 1.900 8.600 6.700
hs-CRP (mg/L) PIH 12.25+14.12 0.400 70.90 70.50 -14.47, -7.71
NTP 1.16 £1.36 0.100 7.200 7.100 0.000

Abbreviations: Cl, confidence interval; HDL-C, high-density lipoprotein-cholesterol; hs-CRP, high sensitivity C-reactive protein; LDL-C, low-density
lipoprotein-cholesterol; mg/L, milligram per liter; mg/dl, milligram per deciliter; NTP, normotensive pregnant; PIH, pregnancy-induced hypertension; SBP,
systolic blood pressure; TC, total cholesterol; TG, triglyceride; VLDL-C, very-low-density lipoprotein-cholesterol.

*p < 0.001.

PERCENTAGE (%)
o2 B g &5 g 2 32 3
“
“%

CONCENTRATION

FIGURE 1 Categorical values of serum lipid profiles and uric acid
between PIH and NTP groups. HDL-C, high-density lipoprotein-
cholesterol; LDL-C, low-density lipoprotein-cholesterol; mg/dl,
milligram per deciliter; NTP, normotensive pregnant; PIH, pregnancy-
induced hypertension; TC, Total cholesterol; TG, triglyceride; UA,
uric acid.

5.3.5 | Categorical value of serum hs-CRP for both
PIH and NTP women as compared to the baseline value

The levels of hs-CRP were classified as low, moderate, and high
risk to evaluate the inflammatory status of the study participants.
Among PIH women in this study, 11.4%, 35.7%, and 52.9% fall in
<1 mg/dL, 1-3mg/dL, and >3 mg/L levels of hs-CRP, respec-
tively. The NTP women showed that 72.9%, 14.3%, and 12.9%
were found in <1, 1-3, and >3 mg/L levels of hs-CRP, respectively

(Figure 2).

6 | DISCUSSION
PIH is a common complication of pregnancy that contributes to
maternal and perinatal morbidity and mortality.'© Various risk factors
are known in the event of PIH but etiology and pathophysiology are
not yet fully understood. Abnormal placental implantation and
immunologic intolerance between maternal, placenta, and fetus are
some famed etiologic factors.2®> Dyslipidemia adversely affects the
functional and structural walls of arteries and promotes athero-
sclerosis. This change impairs blood pressure regulation, which, in
turn, leads to HTN and CVD events.2%2”

The key findings of the current study are that the levels of serum
TC, TG, LDL-C, UA, and hs-CRP were significantly increased and
HDL-C was significantly decreased in women who were diagnosed
with PIH compared to NTP women which, in both cases, are known
to be associated with major risk factors for HTN.2® Similarly, an
increased level of uric acid (hyperuricemia) damages placenta
vascular structures and enters smooth muscles cells, then it activates
gene expression of platelet-derived growth factors, pro-inflammatory
cytokines, and vasoconstrictor (thromboxane) that results in loss of
the endothelial cell structure and function.'®'* Because pre-
eclampsia is characterized by an intensive inflammation response,
an elevated level of CRP and cytokines including IL-6 and TNF-a role
a major play in causing vascular endothelial cell damage.?®

During normal pregnancy, lipid metabolism is under hormonal
control.?? Maternal estrogen hormone?’ and hyperinsulinemia?’
modulate this metabolic adaption. However, in HTN conditions,
levels of estrogen decline and insulin resistance onset lead to an

increase in several folds of blood lipids and can become atherogenic
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TABLE 4 Comparison of serum lipid profile ratios between PIH and NTP women groups

Parameters Groups Mean = SD Minimum
TC/HDL-C PIH 592+3.13 2.60
NTP 3.93+1.03 1.20
TG/HDL-C PIH 7.43+3.79 2.30
NTP 4.37+1.84 1.26
LDL-C/HDL-C PIH 4.37+253 1.10
NTP 2.57+1.08 0.50

p Value

Maximum Range (two-tailed) 95% ClI

20.0 17.4 0.000* -2.77,-1.21
7.80 5.60

20.0 17.7 0.000* -4.06, -2.06
9.00 7.74

13.7 12.6 0.000* -2.45,-1.15
6.10 5.60

Abbreviations: Cl, confidence interval; LDL-C/HDL-C, the ratio of low-density lipoprotein-cholesterol to high-density lipoprotein-cholesterol; NTP,
normotensive pregnant; PIH, pregnancy-induced hypertension; TC/HDL-C, the ratio of total cholesterol to high-density lipoprotein-cholesterol; TG/HDL-

C, the ratio of triglyceride to high-density lipoprotein-cholesterol.
* p < 0.001.

20 uPIH
- NTP

2

Z
€2

CONCENTRATION

FIGURE 2 Categorical levels of serum hs-CRP between PIH and
NTP women group. hs-CRP, high sensitivity C-reactive protein; mg/L,
milligram per liter; NTP, normotensive pregnant; PIH, pregnancy-
induced hypertension.

dyslipidemia in women with PIH.?” This change in lipid metabolism in
pre-eclampsia causes endothelial dysfunction that reduces vaso-
dilator molecules and rises vasoconstriction molecules as well as will
increase pro-inflammatory molecules and oxidative stress.*°

In this study, TC was significantly elevated in women with PIH
compared to NTP women. About 31.4% of women with PIH were found
above the baseline value. This finding is in agreement with the study done
by a few researchers.>*~3 This may associate with insulin resistance in
HTN disorder in pregnancy that suppresses lipoprotein lipase activity and
will increase free fatty acid mobilization from visceral adipocytes.>* This
could highlight hypercholesterolemia in HTN disorders during pregnancy.

The mean value of TG level was significantly higher in women
with PIH than in NTP women. About 88.6% of women with PIH have
shown that serum TG concentration levels are above the baseline
value. This result is in line with the previous study.®>> The elevation
of serum TG may be due to a decrease in hepatic lipase activity
responsible for the endogenous biosynthesis of TG and diminished
lipoprotein lipase activity that keeps TG in adipocyte tissue.?” This
contributes to an endothelial pathology directly predisposed in
uterine vessels or indirectly via generating small size dense LDL-C
(sLDL-C) and/or it should be related to hypercoagulability.®

Nearly 65.7% of women with PIH have shown higher LDL-C
above the baseline value and the mean value of LDL-C was found to
be higher in PIH when compared to NTP women. This study is in
agreement with the reports.®33%¢ LDL is principally synthesized
within the liver and its main function is providing cholesterol to
peripheral tissues. sLDL particles are more atherogenic because they
have an increased ability to infiltrate tissues.>” The sLDL-C is more
vulnerable to oxidation than the traditional LDL-C. Its oxidation due
to oxidative stress in endothelial cells causes a reduction of
prostacyclin to thromboxane A-2 ratio and scales to back other
vasodilator molecules. Additionally, it upregulates pro-inflammatory
cytokines and intracellular vascular adhesion molecules. Moreover,
sLDL-C peroxidation is involved in the foam cell formation in the
intima of an endothelial cell. This results in an endothelial cell
dysfunction that leads to HTN.38

In this study, we have also evaluated whether serum HDL-C is a
risk factor for PIH. The mean value of HDL-C was significantly lower
in women with PIH than in NTP women. When compared with the
baseline value, around two per three (67.1%) of women in PIH had
serum HDL-C value below the baseline value. This finding is
comparable to the studies done by Singh and colleagues.®¢°
Significantly lowered serum HDL-C is because of the reverse impact
of atherogenic lipoprotein (LDL-C) and inflammatory burden. HDL-
C plays a vital role in protecting from endothelial cell damage by
scavenging cholesterol discharged from macrophages.*® Decreasing
the HDL-C concentration in women with PIH reduces the stimulation
of nitric oxide (NO) that is resulting in placental endothelial cell
dysfunction. Impairment of an endothelial cell could be a general
features of pre-eclampsia and eclampsia. The reduced level of HDL-C
is not only due to hypoestrogenemia but also due to insulin
resistance.?”

The lipid profile ratios which reflect the balance between the risks
and protecting lipoprotein capability have been calculated. These ratios
indicate the proportion of atherogenic to anti-atherogenic lipids.** In
our study, the ratios of TC/HDL-C, TG/HDL-C, and LDL-C/HDL-C were
significantly higher in PIH than in NTP women. Meanwhile, more than
half (51.4%) of PIH women have shown a TC/HDL-C value above the
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cut-off point, and about 67% of them have shown LDL-C/HDL-C value
above the cut-off point. This result is in agreement with the study of
Priyanka and colleagues.®®*? The study done by Sniderman et al.,
indicated that the ratios of TC/HDL-C and LDL-C/HDL-C can be used
as a biomarker to predict future cardiovascular risk and as a prognostic
biomarker to assess the severity of the case. Therefore, lipid ratios are
better predictors of cardiovascular risk assessment than isolated lipid
parameters.43

In the present study, 75.7% of PIH women have been shown serum
uric acid levels above the cut-off point. This indicates a significant
difference between women with PIH and NTP women. This finding
supports previous studies.***> An experimental study suggests that
raising uric acid impairs the renin-angiotensin system and induces
oxidative stress via reducing vasodilators (nitric oxide) molecules. This
links hyperuricemia with the pathological process of HTN.#¢

Placental/maternal tissue ischemia activates xanthine oxidase
which results in the overproduction of uric acid with free radicals
including superoxide (O,”) and is considered a contributor to
oxidative stress.*” In the reduced state of ant-oxidants (vitamin C),
an increased level of uric acid becomes pro-oxidant (urate radicals).
This hyperuricemia activates the immune cells to release pro-
inflammatory cytokines and chemo-attractant molecules that play a
role in endothelial cell dysfunction.*® A previous study on pre-
eclampsia has indicated that uric acid damages placenta tube
structures and it enters smooth muscles resulting in the production
of vasoconstrictor molecules, platelet-derived growth factors and
inflammatory marker (C-reactive protein) leads to functional and
structural loss of endothelial cells.** The elevation of uric acid can
precede clinical manifestations in PIH by several weeks. Thus, its
evaluation is a better indicator of the onset of pre-eclampsia and
predicts the development of eclampsia.*’

The level of the known inflammatory marker, hs-CRP, was
significantly higher in women with PIH compared to NTP women and
comparable results were reported by Deveci et al.>° The elevation of
hs-CRP in women with PIH reveals the presence of systemic
inflammation. An experimental study result has shown that a
significantly higher hs-CRP level has been associated with PIH
women compared to NTP women and it has also been highly
pronounced with aggravation of PIH.> A study done by Veerbeek
et al. indicated that immune imbalance and cytokines, particularly
inflammatory factors, play a vital role in immune regulation as they
are associated with PIH. The extent of hs-CRP directly reflects the
state of the body's inflammatory response.>* With the severity of
pre-eclampsia, hs-CRP levels in peripheral blood will increase.
Therefore, assessing serum hs-CRP will be used as a biomarker to
monitor hypertensive disorder during pregnancy.>? Inflammation
shares a pathophysiologic role in PIH. Therefore, as a component of
inflammatory mediators, an elevated level of C-reactive protein raises
blood pressure by lowering nitric oxide and increasing endothelin-1
production inflicting constriction that, in turn, is causing vascular
endothelial cell damage.>®

Therefore, based on our result, we deduce that antenatal
screening for serum lipids levels, uric acid, and hs-CRP is

indispensable for the early detection and monitoring of the disease
activity of women with PIH. To our best knowledge, this is the first-
ever study in Ethiopia that assessed the lipids profile and markers of
inflammation between pregnant women with PIH and NTP women.
This may fill the gap in seeking potential biomarkers for possible
intervention.

7 | STRENGTHS AND LIMITATIONS OF
THE STUDY

The comprehensive evaluations of serum lipid profile, uric acid, and
hs-CRP in women PIH compared to NTP women were attempted for
the first time in Ethiopia. Even though the data collection period
overlapped with the outbreak of the COVID-19 pandemic, we
managed to overcome the challenge of this pandemic by strict
adherence to the recommended preventive measures to protect
ourselves and study participants during sample collection and
laboratory works. We also recommend a multibiomarker approach
for early diagnosis and intervention. Though the above-mentioned
strengths, the study also has limitations, such as a small sample size
and a lack of assessing dietary habits, which the latter is associated
with dyslipidemia.

7.1 | Recommendation

The findings obtained from this study have shown that raising serum
lipid profiles (except lowering HDL-C), uric acid, and hs-CRP were
associated with PIH. Early evaluation of these biomarkers for
pregnant women starting from the first visit during ANC ser-
vices could help for the early detection of PIH cases or estimate
whether they are at risk or not. We strongly recommend that early
screening of dyslipidemia, hyperuricemia, and inflammation for
pregnant women should be given attention to prevent PIH and its
future complications. It is better to implement an assessment of the
serum lipid profile, uric acid, and hs-CRP as a component of routine
laboratory tests during ANC service in this study area in particular

and in Ethiopia in general for a better pregnancy outcome.

8 | CONCLUSION

Serum TC, TG, LDL-C, TC/HDL-C, TG/HDL-C, and LDL-C/HDL-C
were significantly elevated and HDL-C was decreased in PIH than in
NTP women (p <0.0001). Moreover, our findings confirmed that
hyperuricemia indicator (uric acid), and a potential inflammatory
marker (hs-CRP) were highly pronounced in women with PIH
compared to NTP women (p <0.0001). Therefore, in addition to
being potential biomarkers to understand the pathophysiology of the
PIH, these biomarkers will be used as potential diagnostic/screening
biomarkers in early detection and timely intervention of PIH to

reduce the risk of women during their pregnancy. We also believe
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this study benefits clinicians, researchers, and policy-makers who are
striving to protect against death and morbidity due to PIH worldwide,
particularly in Ethiopia. Finally, the outcome of this study provides an
insight for those at the forefront of the mission of “No Woman or
Child should Die of Pregnancy in Ethiopia.”
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