American Journal of

Biomedical Sciences

ISSN: 1937-9080
nwpii.com/ajbms

Assessing Lipoprotein Levels in Normotensive and Hypertensive Pregnant
Women in Port Harcourt, Nigeria

*Oladapo-Akinfolarin, Tomaziga Tomiloba; Bartimeaus, Ebirien-Agana Samuel; Nwachuku,
Edna.Ogechi and Nduka, Nsirim

Department of Medical Laboratory Science, Rivers State University, PM.B. 5080, Nkpolu—Oroworukwo, Port
Harcourt, Nigeria.

=Corresponding Author

Oladapo-Akinfolarin, Tomaziga Tomiloba

Department of Medical Laboratory Science

Rivers State University

PM.B. 5080, Nkpolu — Oroworukwu

Port Harcourt

Nigeria

Email: ola_atomaziga@yahoo.com

Received:15 December 2017 ; | Revised:28 December 2017; | Accepted: 12 March 2018

Abstract

Background: Lipids and lipoproteins are central to the energy metabolism of the liver, and have
continued to be important in clinical practice; basically because of their association with Coronary Heart
Disease (CHD). Abnormal lipid metabolism is linked to atherosclerosis due to rising incidence of abdominal
obesity.

Objective: To evaluate some cardiovascular disease risk status such as lipid profile of pregnant
Normotensive and Hypertensive women and compare it with the corresponding levels in Non pregnant
Normotensive women.

Method: This study was conducted in the Department of Medical Laboratory Science, Rivers State
University, Port Harcourt, Nigeria .A total of 300 women were registered for the study after taking informed
consent. 100 of them were pregnant hypertensives,100 pregnant Normotensives and 100 Non pregnant
normotensives as control. All relevant information was recorded on a predesigned questionnaire. Serum total
cholesterol (TC), High-density lipoprotein (HDL-C), low density lipoprotein cholesterol (LDL-C), very
lowdensity lipoprotein cholesterol(VLDL-C) and Triglyceride levels were measured in the 200 women,
including systolic and diastolic blood pressure (SBP & DBP) and BMI; and compared with that of the 100
non pregnant Normotensive women.

Result: Total Cholesterol levels were not statistically significant between the subject groups and control.
Mean values of TG, HDL-C, LDL-C and VLDL-C were significant at p<0.05. Age, BMI, SBP and DBP
were also significant at p<0.05. BMI, SBP and DBP, TG, HDL and VLDL were statistically significant when
HPW were compared with NPW. Age, BMI, SBP and DBP, TG, HDL-C and LDL-C were statistically
significant when HPW were compared with NNPW. Only, BMI and TG were statistically significant at 19
P<0.05 when NPW were compared with NNPW. 90% of HPW at 38.72+6.56, 14% of NPW at 36.16+12.74,
and 2% of NNPW at 31.38+0.88 were obese. HPW and NPW had higher ratios of TG: HDL (75% and 74%)
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compared to NNPW of 10%. NPW and NNPW had higher ratios of TC: HDL (65% and 48%) compared to

HPW of 4%. NPW and HPW had higher ratio of LDL: HDL (17% and 14%) compared to NNPW of 13%.
Conclusion: Lipoprotein levels and ratios are higher in hypertensive and Normotensive pregnant women,

than in Normotensive Non pregnant women; thereby, exposing them to cardiovascular risks in the near

future.
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1. Introduction

WHO predicts 11.1 million deaths globally as
well as 71% deaths in developing countries of the
world due to Coronary Artery Disease (CAD) by
the year 2020 ™. Several risk factors have been
found to be associated with CAD such as, Age, sex,
and Hypertension .Lipids and lipoproteins are
central to the energy metabolism of the liver, and
have continued to be important in clinical practice,
basically because of their association with coronary
Heart Disease (CHD) . Studies have demonstrated
that in countries where high fat consumption is high
like Port Harcourt where carbohydrate and fat are
our stable food; there is a clear association between
the blood lipid levels and the development of
atherosclerosis due to rising incidence of abdominal
obesity .

Dyslipidaemia has been identified as one of the
most important risk factors associated with CAD by
the INTER-SOUTH ASIA STUDY . Over the
years, studies have added value to knowledge
concerning the nature of lipoproteins and their lipid
and protein parts, as well as their role in the
pathogenesis of the atherosclerotic process .
During pregnancy, maternal metabolism must
satisfy the demands of the developing fetus as well
the energy requirements of the mother. In early
pregnancy, there is usually an increased hepatic
production of triglyceride and facilitated removal of
triglycerides from the circulation, resulting in an
increased deposition of fat in maternal adipose
tissue ™. In late pregnancy, however, there is an
enhanced release of fatty acid from adipocytes as a
result of resistance by insulin and stimulation of
hormone-sensitive lipase by placental hormone.
These metabolic changes result in the metabolism
of the gravid female to store energy in pregnancy in
order to coPe with the energy requirements of late
gestation /. The outcome is the specific alteration

of the maternal lipid metabolism during pregnancy.
Studies have shown that Total Cholesterol and
phospholipids are moderately increased while TG is
highly increased /. Low HDL-C, High TG and
high LDL-C levels have also been associated with
increased incidence of CAD ®. High amounts of
triglycerides are also found in the very low density
lipoprotein and High density lipoprotein fractions
during late pregnancy " The mechanism of action
for this alteration is in two phases. Firstly, increased
levels of estrogen during pregnancy lead to an
increased hepatic synthesis of VLDL highly rich in
Triglyceride . Secondly, lipoprotein triglyceride
are removed slowly as a result of impaired or
reduced capacity of lipoprotein lipase(LPL) and
Hepatic triglyceride Lipase (HL),with HL being
mostly affected . The surplus VLDL triglycerides
causes a further push of triglycerides to lipoproteins
of higher density by the cholesteryl ester transfer
protein (CETP) % thereby, shifting HDL subclass
toward larger, triglyceride-rich species in late
gestation "', During pregnancy, LDL particles get
buoyant in TG too; but, to some extent become
smaller and denser compared to HDL .
Researchers have shown that two patterns of LDL
subclass distribution A and B could be
differentiated using non denaturing gradient gel
electrophoresis. Austin and his collegues in 1988
showed in their demonstration that Pattern A had
predominant LDL particles that are large and
buoyant, while pattern B had predominantly small,
dense LDL particles ™. The larger more buoyant
subclass of LDL is predominantly in healthy
females of reproductive age, while smaller, denser
LDL occurs after menopause . The small dense
LDL particles are usually more susceptible to
oxidation, and show stronger adhesion to
proteoglycans of the vessel wall, thereby exhibitin

a reduction in the uptake by the LDL receptor %
Plasma triglycerides account for about 40-60% of
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the diversity in small, dense LDL concentrations in
men and women who are not pregnant **.. Studies
have shown that, there is a correlation between
increased levels of plasma triglyceride, small dense
LDL " and decreased HDL cholesterol levels
[12], a metabolic situation termed atherogenic
lipoprotein phenotype ™. Elevated triglycerides and
the accumulation of small dense LDL during
pregnancy are thou?ht to increase the risk for
endothelial damage ", and thus Cardiovascular
Disease. This work is aimed at assessing lipoprotein
levels in Normotensive and Hypertensive pregnant
women in Port Harcourt, Nigeria.

2. Materials and Methods

The study was conducted in the Department of
Medical Laboratory Science, Rivers State
University, Nkpolu Oroworukwo, Port Harcourt.
300 women were enrolled in our study after
informed consent. The study subjects were divided
into three groups. 100-pregnant hypertensive
women(HPW), 100- Normotensive pregnant
women (NPW) attending antenatal care at
Braithwaite Memorial Specialist Hospital (BMSH),
Port Harcourt, and 100 Normotensive non pregnant
Women (NNPW) as control. The control group
comprised healthy non pregnant women between 18
and 30 years. All subjects were non-smokers, non
alcoholics and there was no positive family history

of CAD. Hypertension was defined as BP =

140/90mmHg on several occasions. Anthropometric
assessment was done which included, Height (m),
Weight (kg), and calculation of Body Mass Index
(BMI) = Weight (kg) / Height (m2). A detailed
history, clinical examination was recorded for all
study subjects. 2ml of peripheral venous blood was
collected from anticubital vein wusing a dry,
disposable syringe under sterile conditions, in a
sterile plain bottle. Serum was separated by
centrifugation at 3000rpm, for 15minutes. Serum
was stored in refrigerator till ready for use; and used
for estimation of total cholesterol, HDL-C, TG, and
VLDL-C. The tests were carried out in a semi-
automated clinical chemistry auto analyzer
(MAPLAP PLUS) using standard reagent Kkits

(ATLAS). The following tests were done as part of
routine lipid profile: Serum Total cholesterol (TC),
Triglyceride (TG), HDL cholesterol (HDL-C), Very
low density lipoprotein (VLDL-C) and LDL
cholesterol (LDL-C) calculated using Freidwald
formula. The atherogenic ratios were calculated as
follows: Atherogenic Index of plasma (AIP) =log
(TG/HDL-C)

Castelli Risk Index (CRI-1) = TC /HDL-C
Castelli Risk Index (CRI-2) = LDL-C/HDL-C.

Statistical analyses were performed with the
IBM SPSS version 20.0 software. Comparism of
variables, mean and standard deviation, ANOVA
Post Hoc and Pearson’s coefficient of determination
were used.

3. Results

Anthropometric and biochemical indices
among the study groups are described in Table 1;
Age, BMI, Systolic and Diastolic blood pressures
were significantly high in HPW and NPW
compared to the control (NNPW) at p<0.05. TG,
HDL-C, LDL-C were significant in HPW and NPW
at p<0.05 compared to NNPW. TC was not
statistically different between the case groups and
control.

Table 2 reflects the results of Anthropometric
and biomedical indices using post-Hoc findings

within the study groups. This table shows
biochemical predictions between two different
groups indicating  significant  association.

Comparing p values for NNPW vs NPW; BMI and
TG were significant at p<0.05. TC, HDL-C, and
LDL-C and other anthropometric parameters
including age, were not significant. Comparing the
values for NNPW vs HPW; TG, HDL-C, LDL-C
and other anthropometric parameters(Age, BMI,
SBP and DBP) were significant at p< 0.05. TC was
not significant. Comparing the anthropometric and
biochemical parameters for NPW vs HPW; All
including age were significant at p<0.05 except TC.
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Table 1: Anthropometric and Biochemical indices among the study groups

Parameter NNPW(n=100) NPW(n=100) HPW/(n=100) Fvalue Pvalue
Age (yrs) 28.68 + 6.60 30.25+£9.74 32.70 £5.30 11.93 <0.001
BMI (Kg/m?) 23.74+2.85 27.36 £ 1.46 37.59+7.10 136.44 <0.001
SBP(mm/Hg) 100.80 £ 3.94 104.10 £5.48 153.40 £ 19.24 306.4 <0.001
DBP(mm/Hg) 70.20+1.41 66.80 + 6.20 96.10 + 14.35 194.701 <0.001
TC(mmol/l) 499+1.19 5.19+0.79 543+1.75 2.24 0.108
TG(mmol/L) 0.89+0.42 1.92+0.71 2.46 £0.80 132.63 <0.001
HDL-C(mmol/L) 1.76 £ 0.56 158 +1.34 227+1.22 13.35 <0.001
LDL-C(mmol/L) 2.78+1.25 2.74+4.16 210+1.71 6.4 0.001
VLDL-C(mmol/l) 0.18 £ 0.08 0.38+0.16 0.49+0.16 37.45 <0.001

NNPW—Normotensive Non-Pregnant Women, NPW—Normotensive Pregnant Women, HPW—Hypertensive
Pregnant Women, TC-Total cholesterol, TG-Triglyceride, HDL-High density lipoprotein, LDL-Low density

lipoprotein, VLDL-Very low density lipoprotein.

Table 2:The ANOVA Post-Hoc findings within the study group

NNPW NNPW NNPW NNPW NPW NPW

Parameters vs NPW vs NPW VS VS VS VS

(P. Value) | (g.value) | HPW(P-value) | HPW(g-value) | HPW(P-Value) | HPW(g-value)

Age 0.136 0.864 <0.001 1.000 0.010 0.990
BMI <0.001 1.000 <0.001 1.000 <0.001 1.000
SBP 0.311 0.689 <0.001 1.000 <0.001 1.000
DBP 0.1 0.900 <0.001 1.000 <0.001 1.000
TC 0.832 0.168 0.102 0.898 0.305 0.695
TG <0.001 1.000 <0.001 1.000 <0.001 1.000
HDL-C 0.335 0.665 0.001 0.999 0.001 0.999
LDL-C 0.853 0.147 0.003 0.997 0.015 0.985
VLDL-C <0.001 1.000 <0.001 1.000 <0.001 1.000

BMI-Body mass index, Tc- Total cholesterol, TG-Triglyceride,
HDL-High density lipoprotein, LDL-Low density lipoprotein ,
VLDL- Very low density lipoprotein.
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Table 3: Risk profile of subjects using AIP

Subiects Low risk Moderate risk High risk
J -03-0.1 0.1- 0.24 >0.24
NNPW -0.09 £ 0.11 (90%) 0.16 +0.04 (10%) -
NPW 0.04 £ 0.05 (2 6%) 0.25 £ 0.05 (46%) 0.49 £ 0.32 (28%)
HPW 0.06 + 0.03 (25%) 0.19 + 0.04 (45%) 0.39 £ 0.18 (30%)
AlIP—Atherogenic Index of Plasma
Table 4:Risk profile of subjects using CRI 1
Low risk Moderate risk High risk
(<1-3) (3-5) (>5)
NNPW 2.22£0.42 (52%) 3.67+£0.55 (44%) 6.47 £ 0.56 (4%)
NPW 219+0.57  (35%) 3.87+051 (51%) 9.28+539 (14%)
HPW 1.31+0.62 (86%) 35+0091 (2%) 6.24+£022 (2%)
CRI1—Castelli Risk Index 1
Table 5: Risk Profile using CRI(11)
Low risk Moderate risk High risk
(<1-3) 3-5) (>5)

NNPW

1.45+0.66 (87%)

351+0.26 (10%)

561+0.16 (3%)

NPW

158 +0.82 (83%)

355+0.27 (9%)

10.07 + 0.63 (8%)

HPW

0.95+0.79 (86%)

4.03+0.69 (7%)

6.97£0.29 (7%)

CRI(II)—Castelli Risk Index Il
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Table 6: Risk profile of subjects using BMI

DEFICIENT NORMAL OVER WEIGHT OBESE
<185 18.5-24.5 >24.5-29.5 >29.5
ANNPW 17.20 + 1.23 (2%) 22.33+1.45(65%) | 26.78 % 1.40 (31%) 31.38 + 0.88 (2%)
- 23.20+0.98 (28%) | 27.24+1.34(58%) | 36.16 + 12.74 (14%)
NPW
- - 2741+1.14 (10%) | 38.72 % 6.56 (90%)
HPW
BMI—Body Mass Index
Table 3 reflects the risk profile of subjects 4. Discussion

across the 3 groups using Atherogenic Index of
Plasma (AIP). 75% of HPW were at moderate and
high risk (45%, 30%); 74% NPW were at moderate
and high risk (46%,28%) and 10% of NNPW at
moderate risk. For low risk, NNPW (90%), NPW
(26%) and HPW (25%) were recorded.

Table 4 reflects the risk profile of subjects
across the 3 groups using Castelli Risk Index 1.
The highest percentage for high risk was in NPW
(14%); NNPW and HPW had (4% and 2%)
respectively. For moderate risk NPW (51%),
NNPW and HPW (44%,2%) respectively. The
highest percentage for low risk was in HPW(86%);
NNPW and NPW had (52%and35%) respectively.

Table 5 reflects the risk profile of subjects
across the 3 groups using Castelli Risk Index 2.
The highest percentage of high risk was in
NPW(8%), HPW and NNPW had (7% and 3%)
respectiely. For moderate risk NNPW(10%), NPW
and HPW (9% and 7%) respectively. The highest
percentage for low risk was in NNPW (87%), HPW
and NPW (86%,83%) respectively.

Table 6 reflects the risk profile of subjects
using BMI. With the classification as deficient,
normal, overweight and obese. 2% were for NNPW,
(65% and 28%) for NNPW and NPW, 31%, 58%
and 10% for NNPW, NPW and HPW, and (2%,
14% and 90%) for NNPW, NPW and HPW
respectively.

Lipid profile refers to some routinely done
biochemical tests to assess the atherogenic status of
individuals at risk of Coronary Artery Disease
(CAD). It includes serum Triglycerides (TG), Total
cholesterol (TC) and the sub fractions LDL-C and
HDL-C. Cardiovascular disease has been, and
remains a threat to women especially those of child
bearing age prone to some cardiovascular risk
factors. It is the leading cause of death worldwide
involving 80% in low and medium income
countries ). Researchers over the years have tried
to find a connotation between lipids and
hypertension in pregnant states, in order to reduce
mortality and morbidity in women of child bearing
age. Kamel and his colleagues in 2014 found out
that risk factors like diabetes in pregnancy could
cause increased risk for vascular disease in the
offspring due to disturbed lipid profile **), although
their work was on rats. Because of altered lipid
metabolism during pregnancy, total cholesterol and
phospholipids are moderately increased while TG is
highly increased according to Winkler et al., (2000)
(M our finding in this study was similar, but TG
was highly significantly increased in HPW

compared to NPW and NNPW (2.46+0.80, 1.92+
0.71, 0.89+0.42). TC was moderately increased but
not significantly increased statistically (5.43+1.75,
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5.19+0.79, and 4.99+1.19). However, this work

agrees with Jan and his friends in 2012,who found
out in their research work that TC was not
statistically significant while assessing lipoproteins
in normal and pregnancy induced hypertensive
pregnant women in Tertiary care Hospitals ™.
Previous studies showed that TG is markedly
increased causing a dramatic damage in the lipid
and lipoprotein profile in normal pregnancy
compared to non pregnant women. The observation
holds true to an extent in this study. Here the serum
TG concentrations showed very significant
increases (p<0.05) in HPW and NPW compared to
NNPW. The mean value being raised above 2 folds
in HPW compared to NNPW. HDL-C, LDL-C and
VLDL-C also increased significantly
(p<0.001).This agrees partly with Neboh et al.,
(2012) and Udoh, et al., (2002) *°**°) ' who observed
a progressive increase in TG, HDL-C, LDL-C,
VLDL-C and TC at various stages of pregnancy;
even if we did not specify the stages of pregnancy
in this work, but in contrast to their finding, TC was
not significant. The mean increase in TG levels in
HPW and NPW are higher than that of NNPW
because of estrogen levels in pregnancy. CAD has
been associated with alterations in lipid metabolism,
which include hypertriglyceridemia and
significantly reduced HDL with reduced HDL being
an independent risk factor for increased exposure to
cardiovascular disease '!. The pattern observed in
this study is very characteristic of dyslipidemia with
obesity as a transient factor. TG, LDL-C and HDL-
C and VLDL-C were significantly increased.
According to Bhardwaj et al.,(2013), obesity causes
a rise in small dense LDL particles which are not
measured routinely . Atherogenic lipoprotein
phenotype is characterized by high TG, low HDL
and rise in small dense LDL. In such a case, going
beyond the routinely done lipid profile becomes
essential. The cardiac risk factor (TC/HDL) was
calculated for the various groups, as a predictor of
atherosclerosis in HPW and NPW. A greater
increase was observed in NPW, which disagrees
with the findings of Neboh et al., (2012) and De et
al., (2006) who reported a decrease in TC/HDL
during pregnancy 2.

In this work, the greater percentage for high
risk was recorded in NPW compared with HPW and
NNPW. The highest percentage for low risk was

recorded in HPW. In addition to the relevance of

TC/HDL as a predictor of atherosclerosis, the
significance of altered TC/HDL ratio is an
indication of additional risk in pregnancy. The
cardiac risk factor (LDL/HDL) was also calculated
for the three groups, as a predictor of
atherosclerosis in HPW and NPW. A greater
increase was observed in NPW for moderate and
high risk (17%), compared to (14% in HPW) and
13% in NNPW). NPW also recorded the least score
for the low risk compared to the other two groups,
implying the significance of altered LDL/HDL ratio
as an indication of additional risk in pregnancy. The
cardiac risk factor (logTG/HDL) was assessed
among the three groups. HPW had 75% for
moderate and high risk, followed by NPW (74%)
for moderate and high risk compared with the
control that had 10% for moderate alone. This study
shows a strong correlation between AIP and BMI
compared to other cardiac risk factors used. The
HPW were 90% obese and 10% over weight. This
agrees with Niroumand et a.,(2015) that Women
with higher BMI have a higher AIP too and with
findings of previous studies that show strong
association between abnormalities of blood
lipoprotein and different habits of people, such as
life style and eating habits “”). Flier.(2008) also
demonstrated that there is a correlation between
increased BMI and significant increase in values of
HDL-C, LDL-C, and TG, as well as systolic blood
pressure and diastolic blood pressure . Our
finding is similar to those of Niroumond et al.,(2015)
and Kearns et al., (2014), who found out that,
chronic diseases like hypertension, diabetes,
dyslipidemia and osteoarthritis are more common in
obese persons % %4,

According to Flier.(2008), regular physical
activity can help to control BMI, improve lipid
profile and decrease the risk of coronary heart
disease, heart attack, high BP and diabetes /. This
study also demonstrated a direct relationship
between AIP and the level of physical activity. This
association was higher in NPW and HPW than
NNPW. This could imply that obesity is a transient
factor based on the state of pregnancy especially
when accompanied with hypertension. According to
the values of AIP previously mentioned; this study,
showed that NPW and HPW had higher percentages
for higher risk, therefore were at a higher risk of

Am. J. Biomed. Sci. 2018,10(1),18-27;d0i:10.5099/aj180100018 © 2018 by NWPII. All rights reserved 24



developing coronary heart disease. This agrees with
Niroumond et al.,(2015) who found higher AIP
values to expose subjects at higher risk for
developing coronary heart disease “?. Various
studies have illustrated a strong correlation between
AIP and lipoproteins particle size, considering it to
be an indicator of atherogenic lipoprotein status *°'.
As was observed in this study, significant increase
in AIP was detected with increasing TG, LDL-C,
and HDL-C.

Studies have shown that AIP plays a predictive
value for atherosclerosis ), and could be used as
an index of highest sensitivity for assessing
cardiovascular risks, and also used for predicting
acute coronary events **. More so, in situations
where all parameters are normal, AIP may be the
alternative tool “"). As was the case in this study;
75% of HPW were at moderate and high risk, 74%
of NPW were at moderate and high risk even if TC
was not significantly different, and HDL-C was
high in HPW compared to the control, disagreeing
partly with Neboh et al., (2012) who showed that
normal pregnancy may not put women at risk %,
This work agrees with their study that
corresponding increase in HDL-C alongside other
lipid fractions may reduce cardiac risk factor,
signifying that pregnant women are in fact protected
from the risk of atherosclerosis more than non
pregnant women as gestational age increases;
Though gestational age was not particularly
considered in phases in this research, AIP in
addition to other cardiac risk factors proves
otherwise.

5. Conclusion

Our findings showed that lipoprotein levels
and ratios are higher in hypertensive and
Normotensive pregnant women, compared to
normotensive non pregnant women and therefore,
exposes them to cardiovascular risks in the near
future if not controlled.

6. Recommendation
Based on the present study, Healthy diet,

regular exercise and modest life style are
recommended for women, and the two Cardiac risk

factors should be done with AIP as lipid ratios in
assessing for cardiac risks.
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