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GESTATIONAL AGE AND MANIFEST 
CARDIOVASCULAR RISK FACTORS IN 

NORMAL HUMAN PREGNANCY

1 1 1 2 1
OKWUSIDI JI *, FOLAYAN A , OLATUNJI LA , FAWOLE AA  AND SOLADOYE AO . 

ABSTRACT
Normal pregnancy (PREG) is a hyper-physiological state with unique challenges to 
maternal cardiovascular physiology including alterations in dynamics of lipid 
metabolism and potential disposition towards cardiovascular disease (CAD) risk with 
a gestational age (GA) bias. Thus manifestation of known CAD risk factors was 
evaluated in 75 human females, randomly assigned to 3 groups each of 25 subjects of 
different GA. Group1 served as Control (NO PREG), Groups 2 and 3 were PREG at GA 

of less than 20weeks (PREG<20wk) and of 20weeks or more (PREG ≥ 20wk) 
respectively.  Following anthropometric and relevant obstetric history 
determination, anticoagulated blood samples were asceptically collected and clean 
plasma samples obtained for enzymatic determination of plasma concentrations of 
fasting blood sugar (FBS) and various lipid compartments: triglycerides (TRG), total 
cholesterol (CHOL) - (TPC), and high density lipoprotein CHOL (HDLc). Plasma low 
density lipoprotein CHOL (LDLc) concentration was estimated according to 

1Okwusidi (1988) . CHOL was compartmentalized in TPC and HDLc fractions. LDLc 
compartment was notably lesser. TRG/VLDLc fraction was the least of lipid 
compartments. TPC in PREG < 20wk was similar to Control value. All primary lipid 

variables in PREG ≥ 20wk were significantly (p< 0.05) elevated when compared to 
either the Control or PREG < 20wk. TPC and LDLc based AI were similar in both 
Control and  PREG < 20wk. Only the TRG/VLDLc based AI of the group varied 
significantly in PREG < 20wk compared to Control (p< 0.05). All compartmental AI 

in PREG ≥ 20wk were significantly elevated compared to Control or PREG < 20wk. 
FBS concentration were similar in all study groups. The bulk of CAD risk potential 
was contributed by TPC/HDLc RAI and TRG/HDLc RAI respectively. The dreaded 
“bad” LDLc/HDLc RAI potential was essentially the same in Control and pregnant 

subjects (25%, 22%, 27%: Control, PREG < 20wk, PREG ≥ 20wk respectively). These 
results strongly suggest that normal pregnant state is not deleteriously or pro-
pathologically disposed towards GA accentuated CAD risk.

INTRODUCTION

Normal pregnancy (PREG) is a hyper-

physiologic state which presents a unique 

challenge to the maternal cardiovascular 

physiology. In addition to the changes 

brought about by mechanical factors such 

as the expanding size of the uterus, the 

development of uterine and placental 

circulations are themselves unique. Other 

cardiovascular and blood changes which 

take place are among the most extreme, 

occurring in normo-physiologic states. In 

addition, PREG associated endocrine 

changes are truly remarkable. In the first 
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half of Pregnancy (≤ 20 weeks) massive 

quantities of hormones such as human 

chorionic gonadotropin are secreted by the 

placenta. In the second half (≥ 20 weeks) 

the pregnant female secretes daily 

milligram (and up to a gram) quantities of 

various other hormones. The coordinated 

adaptation by this human female body to 

these and other changes in PREG and again 

at parturition is a most impressive 

physiologic accomplishment. Due to the 

elevated functional state of virtually all the 

organ systems of the body, events of PREG 

allow for the study of several bodily 

processes and the dynamics of several 

other cellular interactions. It presents a 

good model to evaluate the parameters 

associated with these organ systems.

Cardiovascular disease (CAD) continues to 

be one of the leading global causes of death. 

The disease is insidious in nature and 
1sometimes strike fatally without warning . 

The etiological progression of CAD is not 

fully known, yet the burden of the disease 

in our society is enormous, and calls for 

serious contributions aimed at identifying 

the causes, ways and means of arresting the 

immense human death toll so involved. 

Current research efforts exploit natural 

incidences or lesions to investigate or re-

evaluate known pathologic stances.

Because of the massive challenge, 

principally to the endocrine system during 

early PREG, there is an increase in body fat 

accumulation as a consequence of 

augumented maternal adipose. The 

breakdown of this accumulated fat is 

accelerated in the late PREG and plays a key 

role  in  fe ta l  development .  This  

hyperlipidemia on the other hand is 

supposedly a known CAD risk factor in 
1-4  

both animal and human models As a 

feature of PREG, hyperlipidemia has been 

well documented in women population of 
5

various races . Although changing 

concentrations of hormones of PREG and 

alterations in lipoprotein concentration 
6

have been reported a while back now  , the 

exact mechanism(s) of the hyperlipidemia 

of  PREG remains to be fully delineated, 

and the associated morbidity or otherwise 

clearly defined.

This study was therefore construed to 

investigate the dynamics and lipid profile, 

a known cardiovascular risk factor in 

normal volunteers at different GA. 

Knowledge of such normo-lipidemic 

dynamics in normal PREG may yield 

insight into, as well as provide some index-

of-profile assessment of ethiological 

progression of CAD morbidity and possibly 

contribute towards management of disease 

state and PREG related pathology.

SUBJECTS 

Subjects and Selection criteria: Fifty 

healthy pregnant women of informed 

consent, attending the Ante-natal clinic at 

the maternity wing of the University of 

Ilorin Teaching Hospital of ages between 

19-40 years participated in the study. 

Twenty-five (25) subjects each of the two 

study groups were of PREG at GA of less 

than 20 weeks (PREG < 20 wk) and GA of 

20 weeks or more (PREG ≥ 20 wk) and were 

randomly selected. Twenty (25) apparently 

healthy non-pregnant (No PREG) subjects, 

matched for age, parity and body mass 
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index (BMI) mostly staff of the University 

of Ilorin served as the control.

None of the subjects from the Records and 

Assessment of the Ante-natal clinic had 

any cardiovascular, inflammatory or renal 

diseases. The subjects had neither an 

established cholestasis, diabetes mellitus 

or gestational diabetes nor any known 

obstetric complications such as pre-

e c l a m p s i a ,  e c l a m p s i a  o r  

polyhydraminions. 

They were not on (and were counseled 

against) any medications including oral 

and ingestible contraceptives in course of 

the study. Smokers and alcoholics or 

subjects who were not sure of their last 

menstrual period were also excluded from 

the study. All studies were conducted in 

the morning hours from 9:00AM after 

overnight fast. All the subjects gave their 

informed consent to participate in the 

study. The study was performed in 

accordance with international norms, 

declaration and conformed with the 

standard of the local University Research 

and Ethics Committee.

METHODS

Anthropometric measurement and 

Obstetric History: Anthropometric 

measurement as well as relevant obstetric 

history such as parity were determined. 

The subjects bodyweight (Bwt) and height 

were recorded without shoes. Bodymass 
2

index (BMI, kg/m ) was calculated as 

summarized in Table 1.

Blood collection and preparation plasma 

samples: Following overnight fast, 

anticoagulated venous blood samples were 

aseptically collected through a clean 

venopuncture by clinically qualified staff 

of  the Ante-natal  cl inic for  the 

determination of lipids and glucose 

concentrations respectively. Collected 

blood samples were subsequently spun at 

3000rpm for 10minutes to yield clean 

hemolysis free plasma. The plasma 

samples were separated and stored frozen 

in aliquots until analyzed usually in 

triplicates.

Determination of plasma lipids and 

glucose concentration: Concentrations of 

the various plasma lipids-triglyceride 

(TRG), total (TPC) – and high density 

lipoprotein (HDLc) – cholesterol and 

plasma glucose were all determined using 

Assay kits (Randox Laboratory Co, Antrim 

UK) following the instructions contained 

in the kits. The assays were monitored 

spectrophotometrically (Mann-heim 

Boehringer spectrophometer 4010) at 

a p p r o p r i a t e  w a v e l e n g t h s .  T h e  

concentration of plasma low density 

lipoprotein cholesterol (LDLc) was 
1 estimated according to Okwusidi (1988) as 

the difference between TPC and HDLc to 

obtain summed LDLc + VLDLc; with 

subsequent adjustment for determined 

TRG concentration assuming that TRG was 

carried mainly in the plasma VLDLc 
14

fraction . These constituted atherogenic 

index (AI). Absolute AI (AAI) is the sum 

total of all AI irrespective of individual 

atherogenecity. Individual or specific 
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relative AI (RAI) is control corrected AAI. 

RAI was further expressed as percent of 

AAI to yield fractional atherogenecity 

(CAD risk potential) representing amount 

of CAD risk contributed by studied variable.

Data Handling and Statistical Analysis: 

The study was a completely randomized 

experimental design to assess the manifest 

atherogenic indices (AI) and hence 

cardiovascular risk in control (No PREG), 

PREG < 20 wk and PREG ≥ 20 wk groups.  

AI are the various lipid compartments 

(including TRG) normalized for the HDLc 

compartment. Absolute AI (AAI) is the sum 

total of all AI irrespective of individual 

atherogenecity. Relative AI (RAI) is control 

corrected AAI (table 3). All values of 

variables are reported as mean± standard 

error of the mean (SEM). Data were 

analyzed by 2-way ANOVA with graphic 

post-hoc test of significance. A p<0.05 was 
7,8,9 

considered significant 

RESULTS

The anthropometric and obstetric 

measurements of the study subjects are 

summarized in Table 1. The table validates 

the choice of the study subjects. There 

were no statistically significant differences 

in the study subjects as to linear age, height 

and parity. Similarly, no statistically 

significant differences were noted in the 

bodyweight and bodymass index (BMI) 

among the pregnant groups. However, 

obvious statistically significant differences 

were noticed in these parameters when 

compared with the control (No PREG) 

group (p<0.05). 

Primary plasma lipids and fasting blood 

sugar (FBS) concentrations in the control 

and the pregnant groups are depicted in 

Table 2. As shown in the table, cholesterol 

was compartmentalized essentially in the 

total plasma cholesterol (TPC) and the 

HDLc fractions. The estimated LDLc 

concentration was notably lesser than 

these former compartments.  The 

TRG/VLDLc was the least of the lipid 

compartments. The TPC in the PREG < 

20wk was not statistically different in 

comparison to the control. In contrast, all 

the primary lipid variables in the PREG ≥ 

20wk were significantly (p<0.05) elevated 

when compared to either the control or 

PREG < 20wk. No statistically significant 

variance was observed in the FBS 

concentrations of all the study groups 

(Table 2).

Table 3 summarizes the values of the 
atherogenic indices (AI) and the calculated 
absolute AI or the sum of all AI and specific 
relative effects of variables or CAD risk 
(RAI). In the control subjects, AI was 
highest for TPC compartment followed by 
the LDLc and TRG/VLDLc compartments 
respectively. Compared with the Control, 
early pregnacy (PREG < 20wk) did not 
significantly alter both the TPC and LDLc 
based AI. The only varied AI of the group 
was the significant (p<0.05) elevation of 
TRG/VLDLc based AI when compared to 
the control. All the compartmental AI 
(TPC, TRG/VLDLc and LDLc) in the PREG 

≥ 20wk were significantly elevated in 

comparison to either the control or PREG < 
20wk. PREG generally increased gross CAD 
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risk (AAI) of the study subjects. AAI in the 
PREG groups were significantly (p<0.05) 
elevated especially in late gestational age 
compared to control. The RAI in these 
study subjects were Control < PREG < 

20wk < PREG ≥ 20wk (Table 3).

Finally, RAI was further expressed as 
percent of AAI for each individual variable 
in each group or regimen to yield the 
specific proportional or fractional relative 
atherogenecity (CAD risk potential). This 
resultant CAD risk potential represents the 
amount of CAD risk contributed by a 
particular studied variable towards the 

2,3
absolute or gross atherogenecity   and are 
displayed in table 4. As depicted in the 
table, the bulk CAD risk potential was 
contributed mostly by the TPC/HDLc RAI 
and TRG/HDLc RAI respectively. The 
potential contributed by the generally 

10
dreaded “bad''  LDLc/HDLc RAI was not 
significant in both the control and the 
pregnant subjects. Thus the CAD risk 

potential of 33% and 63% at < 20wk and ≥ 

20wk gestation of the pregnant state 
appears less deleterious or pro-pathologic 
(Table 4).

DISCUSSION 

The results of this study reveal a phasic 

manifestation of CAD risk factor in normal 

PREG: a less acute early pregnancy  (< 20 

wk) with TRG/VLDLc as the principal 

contributor to the overall atherogenecity; 

and a second LDLc – prone phase. CHOL 

mediates both phases. These results thus 

suggest that the state of PREG potentially 

predisposes  towards  a therogenic  

tendencies, increasing the blood level of 

culprit CAD risk factor especially in the 

later period of PREG (≥ 20wk).

These results are consistent with published 

data. Increases in total blood lipid have 

been described in pregnant human 

subjects. The increases were largely in 
5,11

neutral fat and cholesterol esters . Blood 

cholesterol exhibited the most pronounced 

variance of any of the evaluated lipid 

especially in the later period (≥ 20wk). The 

plasma TRG/VLDLc concentration in this 

study was observed to increase with 

advancing PREG. This is consistent with 

the reported positive linear relationship 

between gestational age and serum TRG 
 12concentration in PREG . On the other 

hand, significant decreases in the HDLc 

concentration were observed in the 

pregnant subjects in this study and 

apparently persisted throughout the PREG 

period. Reports on changes in HDLc 

concentration in PREG have been 

contradictory. The reports vary from 

decreases to increases or even non 

significant changes in serum HDLc level 
5,6,13

. Most of the contrasting reports 

however originate principally from studies 

on pregnant subjects in Europe and 

America. Taken in concert, these evidences 

suggest that changes in blood HDLc level in 

pregnancy may be influenced by both 

socio-economic, genetic or ethnicity 

factors.

The overall CAD risk potency or 

atherogenecity of pregnant state was 

assessed in this study as AAI. The bulk of 

the atherogenic potential (or CAD risk) in 

this study was contributed essentially by 

TPC and TRG compartments.  In 

conjunction with decreased HDLc 

concentration, increased levels of culprit 

plasma lipids as observed in this study are 

usually associated with increased cardiac 
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14
risk . However these pregnancy elevated 

lipid compartments are themselves usually 

utilized for fetal development and as 

maternal metabolic substrate respectively 
15. Evidently,therefore in normal PREG as 

observed in this study the TPC and TRG 

based AI appear to be the factors with most 

significance, the latter especially from first 
 10

trimester (< 20wk). The “bad” LDLc  

based AI does not seem to exert a 

significant CAD potency in normal PREG. 

This is also evident in the non-significant 

CAD risk potential of 25%, 22% and 27% 

recorded in this study for Control, PREG < 

20wk and PREG ≥ 20wk respectively (Table 

4). Furthermore, even though the pregnant 

state manifested CAD risk potential of 33% 

in early pregnacy and 63% later (Table 4), 

these normal PREG did not progress onto 

frank CAD.

Mechanistically this may probably be due 

to various endogenous homeostatic 

controls. The hallmark of lipid (CHOL) 
16

homeostasis is receptor mediation  and 

the massive endocrine challenge of the 

pregnant state provides the impetus for its 

regulation. Hypercholesterolemia has been 

demonstrated to  lower  pi tui tary 

adrenocortocotropin output and hence 

exert a damping control of lipid 
 1

metabolism by higher centers . An 

uncoupling of such higher center control 
17on hyperlipidemic metabolism  may find 

expression in atherocardiovascular disease 

associated with PREG for example. This 

may account for some of the unexplained 

PREG, related CAD morbidity. 

In conclusion therefore, the results of this 

study indicate that normal PREG 

potentially predisposes towards the 

manifestation of GA accentuated CAD risk. 

At term, factors endogenous to a normal 

pregnant human female (perhaps higher 

center controls) preclude the progression 

of PREG induced CAD risks onto frank 

CAD. 
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