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Evaluation of cardiovascular risk markers in hypertensive pregnant
women

Abstract

Cardiovascular disease is the leading cause of death in developed
countries. Dyslipidemia has been the main risk factor for cardiovascular
disease which may be due to increased lipoproteins and/or decreased
plasma clearance. Pregnancy is marked with changes in metabolism in
preparation for the developing fetus and lactation after delivery.
Pregnancy induces long term metabolic and vascular abnormalities that
might increase the overall risk of cardiovascular. ]This study was aimed
at evaluating changes in cardiovascular markers in different stages in
pregnancy among hypertensive pregnant women in Port Harcourt. This
study was aimed at comparing levels of cardiovascular risk markers in
different changes in pregnancy among hypertensive pregnant women in
Rivers state University Teaching Hospital.\ A total of 150 subjects

participated in the study and were classified into three groups; non-
pregnant hypertensive women  (50subjects), 1% trimester (50
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hypertensive pregnant women) and 2" trimester (50hypersive pregnant
women). Subjects were selected in a simple random technique after they
gave their consent. Blood sample were collected into plain bottles under
fasting condition via venipuncture technique for laboratory analysis of

showed that there were significant differences in the studied parameters
(P<0.05) lexcept in HDL, TG and VLDL (P>0.05). This study has shown

that hypertensive pregnant women are potential future candidates of
cardiovascular disease.
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1.0 Introduction

Atherosclerosis, a cardiovascular disease is the leading cause of death in
developed countries. Atherosclerosis, a disease affecting large arteries
](Hussain et al., 2013), occurs due to environment and genetic interaction

which modulate the activity of various cell types and inflammatory
molecules within the wall of the arteries (Dashti et al.,, 2011).
Dyslipidemia has been the main risk factor for cardiovascular disease
which may be due to increased lipoproteins and/or decreased plasma
clearance. One key role of lipoproteins is the transport of hydrophobic
lipid compounds (Farkas-Epperson and Le, 2012). The intestine and
liver are implicated in assembling lipoproteins. The liver is responsible
for the synthesis of VLDLs (mainly apoB100- containing lipoproteins in
humans) which is transported and eventually catabolized to produce
LDL. It is a known fact that LDL cholesterol is an atherogenic
lipoprotein. Therefore, it is believed that lipoproteins of hepatic origin
are the sole contributors to atherosclerosis (Hussain et al., 2013).
ApoB100 is reported to be an independent risk marker for ischaemic
heart  disease  and  identifies  high-risk  phenotypes in
normocholesterolaemic diabetic patients. This could be used to assess
the lipidaemic pattern of these patients (American Diabetes Association
(ADA), 2010).

C-reactive protein (CRP), a positive acute phase protein is synthesized
by the liver in the events of inflammation (Casas et al., 2008). It
suggested that smooth muscles of the coronary arties can synthesize
CRP in response to cytokines inflammatory action (Liu et al., 2013).
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The implication of CRP in atherosclerosis makes it serve as a marker for
vascular inflammation.

Pregnancy is marked with changes in metabolism in preparation for the
developing fetus and lactation after delivery. Pregnancy induces long
term metabolic and vascular abnormalities that might increase the
overall risk of cardiovascular, cerebrovascular and kidney diseases as
well as diabetic mellitus later in life (Mannisto et al., 2013). Increased
risk for ischaemic heart disease, myocardial infarction, heart failure and
ischaemic stroke has also been observed among women with gestational
hypertension (Mannisto et al., 2013). Changes in nutrient composition
were reported in lactating mothers due to changes in maternal
metabolism and environment (Biambo et al., 2021; Catherine et al.,
2021). Changes in lipid and lipoprotein concentrations have been
implicated during pregnancy and these changes are reported to be
positively related with gestation such that increase in gestation should
result to increase in lipid and lipoprotein concentrations. Hypertension in
pregnancy is a common phenomenon among pregnant women which
may present with varying metabolic changes compared to healthy
normotensive women. Therefore, this study was conducted to evaluate
changes in cardiovascular markers in hypertensive pregnant women in
Port Harcourt with the view of assessing the impact or effect of gestation
on the cardiovascular risk markers.

2.0 Materials and Methods
2.1  Study Design

The cross-sectional study was designed is such a way that the total (Comment [110J:

participant of 150 females were divided into two groups; control group



which composed 50 non-pregnant hypertensive women and case group
which was divided into second and third trimester groups. Each of the
trimesters comprised 50 hypertensive pregnant women.

2.2 Study Location

This study was conducted at Rivers State University and Rivers State
University Teaching Hospital in Port Harcourt, the capital city of
Rivers State in Nigeria. Port Harcourt is the capital city of Rivers State
with population strength of roughly two million people.

2.3 Eligibility Criteria
Inclusion criteria

All hypertensive pregnant women registered for antenatal care were
eligible for participation but control subjects were hypertensive non-
pregnant women. Subjects who were within the ages of 20 and 45 years
and gave written informed consent were also selected.

Exclusion Criteria

Subjects in prehypertension stage or unconfirmed hypertensive by
clinician were excluded. Also, subjects with previous record of
cardiovascular disease or other origin were excluded. Subjects with
history of other metabolic syndrome were equally excluded.

2.4 Sampling method

With the aid of a numbering system as described by Catherine et al.
(2021) and Faith et al. (2021), subjects were randomly selected from
Rivers State University and Rivers State University Teaching Hospital.

2.5 Sample Collection Method

Venipuncture technique was employed for blood sample collection into
plain vacutainer tubes and samples were spun for 10 minutes at 1500rpm
after clotting to separate serum from clotted blood (Oladapo-
Akinfolarin et al., 2017; Oladapo- Akinfolarin et al., 2018). Serum was



stored at -4°C until the time for laboratory analysis of the studied
parameters; CRP, apoAl, apo B, uric acid, total cholesterol, triglycerides
and high density lipoprotein cholesterol. LDL and VLDL were
calculated (Friedewald et al.,1972). For the estimation of uric acid, Apo
Al and B, CRP, TG, HDL and total Cholesterol blood was taken in
fasting condition.

2.6

2.7 Biochemical Determinations
All laboratory tests were done in Chemical pathology laboratory of the
Department of Medical Laboratory Science, Rivers State University.

Determination of High Sensitive C-reactive Protein Concentration
in Human Serum.

The method of Nazir & McQueen, 1993 was used.

Procedure

2ul of sample was added to the test tubes, and 5 other tubes for

calibration. 250ul of R1 assay buffer was added to all the tubes. It was

mixed by tilting the bottom of the tubes and then incubated at 37°C for 5
minutes and read as absorbance OD1. 50]u|\ of R2 antibody reagent (see

composition in appendix) was added to all the tubes. It was mixed by
tilting the bottom of the tubes and then incubated at 37°C for 3 minutes
and read as absorbance OD2.

Determination of Apo Lipoprotein Al in Human Serum

The method of Nazir and McQueen, 1993 was used.

Procedure

2 pl of serum was placed in the test tubes and 5 other tubes for

calibration. 250 pl of buffer (R1) was added to all the tubes, mixed by
tilting the bottom of the tubes, and allowed for 5 minutes at 37°C in a
water bath. It was then read in a spectrophotometer at 340 nm. The
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absorbance was recorded as OD1. 50 uL of the antibody reagent (R2)
was added to the reaction and allowed for 5 minutes at 37°C in a water
bath. It was then read at 340]nm\ using the spectrophotometer. The

absorbance was recorded as OD2. The absorbance was taken as [OD2—
OD1] of standard and sample.

Determination of Apolipoprotein B in Human Serum
The method of Nazir and McQueen, 1993 was used.

Procedure
]2 ul of serum was placed in the test tubes and 5 other tubes for

calibration. [250 pl of buffer (R1) was added to all the tubes, mixed by

tilting the end of the tubes and allowed for 5 minutes at 37°C in a water
bath. It was then read in a spectrophotometer at 340 nm wavelength. The
absorbance was recorded as ODL. ]50\ pl of the antibody reagent (R2)

was added to the reaction and allowed for 5 minutes at 37°C in a water
bath. It was then read at 340]nm, using the spectrophotometer. The

absorbance was recorded as OD2. The absorbance was taken as (OD2 —
OD1) for samples and standard. A standard curve was plotted and the
concentration of controls, standard and sample was read.

Determination of Total Cholesterol in Serum
The method of Allain et al., 1974 was used.

Procedure

The assay conditions were considered. The instrument was zeroed with
distilled water. One ml of the cholesterol reagent was transferred by
pipetting into clean dry test tubes labelled as blank, standard and tests
and 10 pl of distilled water, standard and sample were added to their
respective tubes. It was properly mixed, by tilting the bottom of the
tubes and incubated in a waterbath at 37°C for 5 minutes. The
absorbance of the standard and test samples was measured against the
blank in a spectrophotometer at 540nm wavelength.
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Determination of High-Density Lipoprotein (HDL) Cholesterol in
Serum
The method of Tietz, 1987 was used.

Procedure

The blood samples were transferred into tubes and centrifuged for five
minutes at 12,000 rpm. The supernatant (sera) was separated and
arranged according to the labelled tubes as control,

standard and samples. \200\ ul of precipitating reagent (R) and 20 ul of

sample were transferred into the tubes for test, 20]u|\ of standard for

standard tube and distilled water for blank. It was mixed properly by
tilting the bottom of the tubes and allowed to stand for 10 minutes at
room temperature. The contents of the tubes were centrifuged for 2
minutes at 12,000 rpm. Thereafter, the clear supernatant was separated
and determined for HDL cholesterol.

Determination of Triglycerides in Serum
The method of Fraser & Hearne, (1981) was used.

Procedure
The assay conditions were considered. The instrument was zeroed with
distilled water. dml of triglyceride reagent was added to the tubes as

blank, standard and test. 10 pl of standard and sample were added to the
tubes, mixed and incubated for 5 minutes at 37°C. The absorbance was
read using 1cm light path (cuvette) for samples against blank at 505 nm

wavelength.

Determination of Low-Density Cholesterol (LDL-C)
The method of Friedwald et al., 1972 was used.

Calculation

Comment [122]: Use word and not figure to
start a sentence.

" [Comment [I23]: Space

Comment [124]: Use word and not figure to
start a sentence.

[Comment [I25]: Space

|
]

[Comment [I26]: Space

)




LDL cholesterol values in the serum sample were calculated as a
difference in the results of the total cholesterol, triglycerides and HDL.
LDL — Cholesterol = Total Cholesterol — (TG/2.2) - HDL

(3.8 - 4.9)mmol/l

Determination of Uric Acid in Serum
The enzymatic method of Barr (1990) was used.

Procedure

Tubes were arranged according to labels as blank, standard and test. 20
ul of distilled water was added into the blank tube, 20 ul of standard to
standard tube and 20 pl of serum to test tubes and properly mixed by
tilting the bottom of the tubes. It was incubated for 5 minutes at 37°C. It
was then read in a spectrophotometer at 520 nm wavelength.

3.0 |Results

[Comment [127]: space

Comment [I28]: Author (s) should give detail
description of results obtained and show the trend
of significance (P>0.05) difference. For example;
Concentration of CRP in 2™ and 3" trimester
hypertensive women was significantly (P>0.05)
greater than that of normal control non pregnant
women.




Parameters

Hypertensive Women

Non- 2" 3" P-value F-
pregnant  Trimester Trimester value
n=>50 n=>50 n=>50
TC(mmol/l) 458+0.65 491+£0.34 490+ 0.0012 6.949
0.45
HDL(mmol/l) 0.95+0.21 0.98+0.21 0.95% 0.7034 0.3527
0.20
TG(mmol/l) 146+0.30 157+030 153z 0.2248 1.508
0.35
LDL(mmol/l) 3.00£0.65 3.21+£0.26 3.27+ 0.0064 5.227
0.30
VLDL(mmol/l) 0.66+0.14 0.71+0.14 0.70 = 0.2248 1.508
0.16
UA(mg/l) 5.074 + 470+£0.37 4.68+ <0.0001 14.82
0.444 0.40
CRP(mg/l) 3.70+£1.06 744+182 786+ <0.0001 82.57




2.26

APOAL(mg/l) 346.80+ 36130+  379.70+  <0.0001 25.24
21.74 27.35 19.94

APoB(mg/l) 11860+ 12200+  137.90+ <0.0001 29.90

11.87 12.75 15.08

The results in Table 1. showed that there were significant differences in
TC, LDL, LDL,UA, CRP, ApoAl, and ApoB levels among non-
pregnant, 2" trimester and 3™ trimester groups of normotensive
pregnant women (P<0.05) except for HDL, VLDL and TG that showed
no significant difference.

|

h’able 1.: Maternal Characteristics of Hypertensive Pregnant
Women
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Table 2.: The ANOVA Post — Hoc Findings Using Turkey Multiple
Comparison Test for Maternal Characteristics (Hypertensive)
Within the Study Groups

Parameters NP vs 2"° T NPvs3fPT  2NPTys3RPT
TC(mmol/l) 0.0041 0.0046 0.9991
HDL(mmol/l) 0.7215 0.9949 0.7787

TG(mmol/l) 0.2066 0.493 0.8371
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LDL(mmol/l) 0.0434 0.0073 0.7981

VLDL(mmol/1) 0.2066 0.493 0.8371
UA(mg/dl) <0.0001 <0.0001 0.9534
CRP(mg/dl) <0.0001 <0.0001 0.4711
APoAL(mg/dI) 0.0061 <0.0001 0.0003
APoB(mg/dl) 0.4056 <0.0001 <0.0001

NP- Non Pregnant, 2nd T — second Trimester, 3" T- third trimester.

The above Post hoc analysis revealed no significant difference in studied
parameters between 2" and 3" trimester groups except APoA1 that was
significant between all groups compared. HDL and TG levels were
completely non-significant between the groups compared.

4.0 Discussion

The analysis of the mean values of the maternal characteristics of the
hypertensive women in the 2™ and 3" trimester, and comparing with
non-pregnant showed that there was a significant difference in TC, LDL,
UA, CRP, Apo Al and Apo B. This finding is in consonance with a
study conducted in 2016. The study reported significant changes in lipid
profile between 2" and 3" trimester among pregnant women (Raghuram
et al., 2016). The changes in the concentrations of these lipids and

lipoproteins above or below the normal range are potential indication of



CVD candidacy. This agrees with ADA,

(2010), that an increase in Apo

B is associated with Ischaemic heat disease and that women who suffer

from severe gestational hypertension (> 160 / 110 mm Hg) are at a
greater risk of progressing to the development of pre-eclampsia and may

be at increased risk for developing cardiovascular disease later in life.

The HDL level was lower in 3" trimester than non-pregnant and second
trimester, but was not significantly increased in this work. The TG level
was also not significant but within the normal range. Again, VLDL
levels showed no significant change in the non-pregnant, 2™ trimester
and 3™ trimester groups. These findings are not in agreement with
different studies that have reported significant changes in lipid profile
(Islam, 2010; Charlton, 2014; Raghuram et al., 2016). A study by Shen
et al. 2016 reported that there were no consistent significant changes in
TG in 1% 2" and 3™ trimester among pregnant women. Also, another
work by Oladapo-Akinfolarin et al. (2018) showed that certain lipid

levels may not necessarily change following pregnancy.

]Historically, adverse CAD effects of pre-eclampsia and other
hypertensive pregnancy disorders were limited to the time of pregnancy,
but there is a growing consensus that cardiovascular disease risks persist

to later in life far beyond the affected pregnancy.|

The LDL was significantly increased but was within the normal range.
This also agrees with Charlton, (2014) and lIslam, (2010) that LDL
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increases in pregnant hypertensive women compared to non-pregnant

women and as such are at risk of CAD.

The level of uric acid was consistently significantly decreased as the
pregnancy progressed in this group of subjects. The level of uric acid in
the non-pregnant women was significantly higher than both second and
third trimesters while the second trimester was not significantly higher
than the third trimester. The values were all within the normal range. In
agreement with Richard et al. (2011), the drop in uric acid in pregnancy

may be due| estrogen activity and rise in renal blood flow. This may be

The CRP was outrageously high in all the subjects in this group. This
finding is in consonance with related work on pregnant women
(Oladapo-Akinfolarin et al., 2017). This agrees with Bock, (2011), that
CRP plays an active role in atherosclerosis in addition to being a marker
for vascular inflammation. The values were far above the value of 2.50
mg/dl as suggested by Ernest et al. (2011). This implies that, in addition
to being a marker for inflammation, hypertension favoured the

inflammatory response.
Conclusion

This study has revealed that hypertensive pregnant women are at risk of

developing cardiovascular disease later in life if not properly managed.
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