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ABSTRACT 
Pregnancy is known to alter biochemical metabolic process involved in lipid and lipoprotein 
metabolism. The aim was to evaluate the levels of serum cardiac enzymes and lipid profile in 
healthy pregnant women, and compare with non-pregnant women. Serum cardiac enzymes and 
lipid profile were assayed using biochemical methods. Concentrations of total LDH were not 
significantly increased (P > 0.05) as compared with the non-pregnant control (345.50 + 71.60 U/L, 
334.76 + 70.50 U/L and 281.52 + 36.39 U/L). The levels of SGOT did not significantly differ (P > 
0.05) in both second and third trimester of pregnant women when compared with that of control 
group (19.52 + 2.64 U/L, 20.44 + 3.13 U/L and 17.94 + 2.44 U/L respectively). The pregnant 
women had a higher (p < 0.05) mean concentration of total cholesterol and HDL-C in both second 
and third trimester as compared with the non-pregnant control (261.06 + 44.95 mg/dl, 258.94 + 
43.60 mg/dl, and 80.88 + 10.87 mg/dl, 81.08 + 11.23 mg/dl versus 145.84 + 24.21mg/dl and 
55.62 + 14.98 mg/dl respectively). The mean concentration of serum triglycerides was significantly 
higher (P < 0.05) in third trimester of pregnant women than the control group (192.70 + 28.01 
mg/dl and 119.31 + 19.89 mg/dl respectively). This study has found that hyperlipidaemia is a facet 
in pregnant women. Cardiac enzymes and lipid profile panel estimation and monitoring should be 
made part of routine investigation during antenatal period. 
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INTRODUCTION 
Cardiovascular disease (CVD) affects approximately 
0.2% to 4% of Pregnant Women (Regitz-Zagrosek et 
al., 2011). Maternal mortality in pregnant women with 
CVD is about 1%, which is 100 times higher than 
women without CVD (Roos-Hesslink et al., 2013). In 
Western countries, CVD is increasing (Roos-Hesslink 
et al., 2013; Johns, 2013) and is a major cause of 
maternal mortality in pregnancy (Regitz-Zagrosek et 
al, 2011). Careful monitoring through pregnancy is 
required as there are altered physiological demands 
on the women's body including cardiovascular system, 
glucose, cholesterol, creatine kinase and coagulation 
homeostasis (Regitz-Zegrosek et al, 2011). India 

accounts for the maximum number of maternal 
deaths in the world 17 percent or nearly 50,000 of the 
2.89 lac women who died as a result of complications 
due to pregnancy or childbearing in 2013. Nigeria has 
high maternal mortality rate with 1,047 deaths par 
100,000 live birth in 2020 (World Bank, 2022). 
 The trend of maternal deaths in India is different in 
different states - Rajasthan, Uttar Pradesh, Madyha 
Pradesh, Orissa, Chathisgarh and Jharkhand still have 
high maternal mortality while Southern states have 
done reasonably well in reducing their levels (Meh et 
al., 2022). According to SRS maternal mortality ratio 

of Rajasthan is 388 per 100,000 live births (Goli et al., 
2022). 
Priyanka and chetan (2014) reported that a total of 54 
maternal deaths occurred in 18 months period, in a 
ratio of 202 maternal deaths per 100,000 live births in 
S.N. Medical College Hospital, Jodhpur. This finding is 
in conformity with that of the Annual Health Survey 
(2011-12)  (Office of the Registrar General & Census 
Commissioner, India, 2013) 
Fact sheet for Jodhpur. Pregnancy is known to alter 
biochemical metabolic processes involved in lipid and 
lipoprotein metabolism among others (Bodnar et al, 
2005). Cardiac disease complicates 1% to 4% of 
pregnancies in women without preexisting cardiac 

abnormalities Hague (2003) reported that maternal 
serum homocysteine (Regitz-Zagrosek et al., 2014) 
concentrations fall Disturbances of maternal and fetal 
homocysteine metabolism have been associated with 
neural tube defects Vasculopathy, such as pre-
eclampsia and abruption, and with recurrent 
pregnancy loss. It was recently postulated by Lavie et 
al (1993). This present study was set to evaluate the 
levels of maternal serum cardiac biomarkers and lipid 
profile with a view to assessing the contribution of 
certain abnormalities to maternal mortality and 
morbidity. 
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MATERIALS AND METHODS 
Study Area 

The location of the study was the Antenatal Clinic (ANC) of the Vasundhara Hospital and Fertility Research 
Centre, Jodhpur, India. Latitude and longitude coordinates are: 26.263863, 73.008957. Jodhpur is a very large 
city located northwest of the Luni River in the state of Rajasthan, northwestern India. 
Sample Size Determination 
The sample size for the study was determined using a standard formula (Oyejide, 1992) 
 
N = (z-a)2 (p) (1-P) 
   (d)² 
  Where; n = (d)2 
minimum sample size, z-a = the value of standard 
normal deviation which at 95% confidence level has 
been found to be 1.96, P=the best estimate of the 
population prevalence obtained from the above 
literature review d= the difference between the true 
population rate and sample that can be tolerated, that 
is the absolute precision required (in percentage 

point) on either side of the population. In this case is 
taken to be = 0.05. 
(World Health Organisation, 2017) reported a 
prevalence of 1.5-5.5% maternal mortality in 
developing world. 
Therefore, using 5% as the prevalence (P) the 
minimum sample size n was calculated as follows

 

 n = (1.96)2 (0.05) (1-0.05) 
          (0.05)2 
 
 n = 3.8 x 0.05 x 0.95 = 72 
           0.0025 
  
The calculated minimum sample size was 72 Subjects. 
Therefore, 72 healthy pregnant women were recruited 
for the study. 
Due to lack of client's compliance among the both test 
and control groups 50 healthy pregnant women in 
their second and third trimester each, and 30 non 
pregnant (Controls) were recruited for the study.  
Study Population 
The study was conducted at Vasundhara Hospital and 
Fertility Research Centre, Jodhpur, India. A total 130 
female subjects were recruited for this study. This 

consisted of 100 healthy pregnant women (50 in the 
second trimester and 50 in their Third trimester) and 
30 apparently healthy non-pregnant women of 
reproductive age as control. The target population 
were adult females who were pregnant (both 
prinigravidae and multigravidae) in their reproductive 
age of 19-45 years attending Antenatal clinic of 
Vasundhara Hospital and Research Center apparently 
non-pregnant subjects (control group) from the 
population of clients who visited General outpatient 
Department (GOPD) of Vasundhara Hospital and 
Fertility Research Centre, Jodhpur.   

Blood Collection and Processing  
About 10 ml of blood specimen was collected from a 
peripheral vein (antecubital venepunture). The serum 
was separated from the cells and transferred to 
(sample) vial and then stored frozen until the time for 
analysis. 
Estimation of Serum Creatine Kinase 
Myocardial-Band CKMB N-acetyl-cystein- (NAC 
ACT) 
Immunoinhibition/Modified IFCC (Horder,1990) 
CK-M Fractions of the CK-MM and the CK-MB in the 

sample are completely inhibited by an anti CK-M 
antibody present in the reagent. Then the activity of 
the CK-B fraction is measured by the CK (NAC act) 
method. The CK-MB activity is obtained by two 
multiplying the CK-B activity by two. 
Estimation of Serum LDH 
Modified IFCC method (Schumann, 2002) 
Lactate dehydrogenase catalyzes the reduction of 
pyruvate with NADH to form NAD. The rate of 
oxidation of NADH to NAD is measured as a decrease 
in absorbance which is proportional to the LDH 
activity in the sample  

 
                                           LDH 
Pyruvate + NADH + H+                         Lactate + NAD+ 
Estimation of Serum SGOT 

Modified IFCC method  (Hafkenscheid 1979)   
                                                AST 
L-Aspartate + 2-Oxoglutarate               Oxaloacetate+L-Glutamate 
                                      MDH 
Oxaloacetate + NADH               Malate + NAD 
Sample Pyruvate + NADH  L-Lactate + NAD 
 
Estimation of Serum Total Cholesterol  
Modified Roeschlau's method (1974)The estimation of total cholesterol involves the following enzymes. 
                                       Cholesteryl esterase 

1. Cholesterol ester                                     Cholesterol + Fatty Acid 
                              Cholesterol oxidase 

2. Cholesterol + O2    Cholest 4-en-3-one + H2 O2 
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                                                                    Peroxidase 

3. 2H2O2 + 4-aminoantipyrine + Phenol                          Quinonemine + 4H2O  

Absorbance of Quinoneimine so formed is directly proportional to cholesterol concentration in the sample. 
Estimation of serum Triglycerides  
Colorimetric enzymatic method with glycero-phosphate oxidase. This reagent is based on the method of Wako 
and the modifications by Mc Gowan et al (1983)  
                                      LPL  
Triglyceride+ H2O                        Glycerol + Free Faty Acids 
                                 GK  
Glycerol + ATP                      Glycerol-3-Phosphate + ADP 
                                              GPO 
Glycerol-3-Phosphte + O2                DAP + H2 O2 (Peroxidase  
H2 O2 + 4AAP + TOOS    Quinoneimine dye + 2H2O 
The intensity of chromogen (Quinoneimine) formed is proportional to the triglyceride cancentration. 
 
Estimation of HDL: Cholesterol  
HDL Direct Method without the preliminary separation 
of the HDL Containing and fraction  
The assay is based on a modified polyvinyl sulfonic 

acid (PVS) and Polyethytene-glycol-methylether 
(PEGME) Coupled classic precipitation method with 
the improvements in using optimized quantities of 

PVS/PEGME and selected detergents. LDL, VLDL and 
chylomicron (CM) react with PVS and PEGME and the 
reaction results in inaccessibility of LDL, VLDL and CM 
by cholesterol oxidase and cholesterol esterase. The 

enzymes selectively react with HDL to produce H2O2 
which is detected through a Trinder reaction. 

                                            PVS, PEGME 
HDL+LDL+VLDL+CM                                        HDL+(LDL+VLDL+CM) + PVS/PEGME      
            CHOD, CHER 
HDL                               Fatty Acid + H2O 
                                             Peroxidase 
2H2O2 + 4-AA + TODB                Quinone + 5H2O 
 
Estimation of Serum LDL-Cholesterol  
Freidwald formular; 
LDL-Cholesterol was calculated using the freidwald 
equation. Freidwald equation was first developed in 
1972. 
LDL = Total Cholesterol - (HDL Cholesterol + 1/5 TG) 
mg/dl 

Data Analysis  
The data obtained were analyzed using SPSS 
statistical software version 19 The mean values of CK-
MB, LDH, SGOT, Total Cholesterol, Triglycerides, HDL 
and LDL of each group and their standard deviations 
were determined. Chi-squared test, student t-test, 

and analysis of variance (ANOVA) were used where 
applicable in comparing values between groups. P-
value <0.05 was considered to be statistically 
significant. 
 
RESULTS AND DISCUSSION 
A total of one hundred and thirty (130) female 

subjects were recruited for the study aged 19 to 45 
years. These were made up of one hundred (100) 
healthy pregnant women 50 in their second trimester, 
and 50 in There Third Trimester and thirty (30) non-
pregnant women as controls. 

 
Table1. Means of Cardiac Enzymes and Lipid fractions in two of the trimester of pregnancy compared to the 
control. 

Parameter Control Cases 
2nd Trimester 3rd Trimester           

CKMB (NAC) (U/L) 
LDH (U/L) 
SGOT (U/L) 
TotalCholesterol (mg/dl) 
Triglycerol (mg/dl) 
HDL-C (mg/dl) 
LDL-C (mg/dl) 

19.12+1.96 
281.52+36.39 
17.94+2.44 
145.84+24.21 
119.31+19.89 
55.62+14.98 
124.04+11.44 

21.20+2.04 
345.50+71.60 
19.52+2.64 
261.06+44.95* 
146.46+32.55 
80.88+10.87* 
129.48+15.91 

21.16+6.34 
334.76+70.51 
20.44+3.13 
258.94+43.60* 
192.70+28.01* 
81.08+11.23* 
128.44+12.31 

* Statistically significant difference.     
 
It had been observed in the present study that in the 
100 healthy women studied, the mean serum CK-MB 
(NAC), LDH and SGOT were not significant, higher in 
both second and third trimester of pregnancy when 
compared with the controls (P>0.05). Acute coronary 
events and myocardial infarction (MI) are rare in 
pregnancy, resulting from the low prevalence of 
coronary artery diseases (CAD) in women of child 
bearing age. In women aged 15 to 44 years, the 
incidence of MI unrelated to pregnancy is 5 per 

100,000 womens years and the rate of 
cerebrovascular events is 10.07 per 100,000 women 
years (Walsh et al. 2010). However, coronary 
dissection and thromboembolic events are unusual 
causes of MI disproportionately represented in 
pregnancy. A literature review of 125 cases of MI in 
pregnancy found the highest incidence in Multigravida 
women over age 33 years (Marlo et al., 2022). MI 
tended to occur in the third trimester, often during 
labor and delivery (Walsh et al., 2010). Another study 
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identified 859 MIs related to pregnancy, which was a 
case event rate of 6.2 per 100,000 (Marlo et al., 
2022). The case fatality rate was 5.1%, 
demonstrating that although rare MI related to 
pregnancy carries a significant risk of mortality. 
Additionally, the risk was 30 times higher for women 
older than 40 years of age compared with women 
younger than 20 years of age (Walsh et. al., 2010). 
As women delay child birth, the incidence of MI in 
pregnancy may rise (Kealey et al. 2010). The usual 
criteria for MI apply in pregnancy and the puerperium 
with the exception of myoglobin and creative kinase 
myocardial band (CK-MB), which may increase two 
fold in normal women within 30 minutes of delivery 
(Khan et al., 2017) observed that knowing the pattern 
of these enzymes in the serum during labor and 
puerperium may prevent erroneous cardiac enzymes 
diagnosis of Myocardial ischemia or infarction changes 

in the pregnant patient may not be diagnostic for MI. 
Numerous authors have shown that an elevation of 

the creative kinase MB isoenzyme (CK-MB) fraction 
can result from sources other than the heart (Khan et 
al., 2017). In normal pregnancy, the serum MB 
fraction may be elevated almost 100% from that of 
the non-pregnant state (2.1 versus, 1.1 units/l). 
Although the exact source of the elevated MB fraction 
remains unknown, most of the CK elevation seen after 
delivery is from the MM fraction secondary to skeletal 
muscle damage during labor: Some patients are also 
positive for the BB fraction, because the uterus 
contains only CK-BB (Kurapati & Soos, 2023). It is 
postulated that the elevated CK-MB may come from 
cord blood or from some small amount of myocardial 
damage associated with normal pregnancy (Cabaniss, 
1990).

 

Table 2: Comparison of cardiac enzymes and Lipid Profile in the 2nd and 3rd Trimesters. 

Parameter 2nd Trimester 3rd Trimester P-Value 

CKMB (NAC) (U/L) 
LDH (U/L) 
SGOT (U/L) 
Total Cholestrol (mg/dl) 
Triglycerol (mg/dl) 
HDL-C (mg/dl) 
LDL-C (mg/dl) 

21.20+2.04 
345.50+71.60 
19.52+2.64 
261.06+44.95* 
146.46+32.55 
80.88+10.87* 
129.48+15.91 

21.16+6.34 
334.76+70.51 
20.44+3.13 
258.94+43.60* 
192.70+28.01* 
81.08+11.23* 
128.44+12.31 

           >0.05 
           >0.05 
           >0.05 
           >0.05 
           >0.05 
          >0.05 
          >0.05 

 
This study also indicated that the serum levels of LDH 
and SGOT were not significantly increased in the 
second and third trimesters of pregnancy. He et al 
(1995) reported that in a study of 26 normal pregnant 
women, no significant changes were seen in LDH 
level. This also corroborated with work of Dev & 
Hemalatha, 2019 that found out that the 
concentration of LDH in third trimester of pregnancy 
remained normal. 
This study indicated that there was increase in all lipid 
fractions in both second and third trimesters of 
pregnancy compared to non-pregnant state, except 
LDL-C, which is not statistically significant. Much of 
the lipid fractions increase were on total cholesterol 
(261.06 + 44.95 and 258.94 + 43.60 Vs 145.84 + 
24.21), and HDL-C (80.88 + 10.87 and 81.08 + 11.23 
Vs 55.62 + 14.98). 
 The augmentation in the maternal lipid fractions is in 
reaction to the maternal change from carbohydrate to 
fat metabolism; which is an alternative conduit for 
energy production due to high energy demand 
(Folkert et al,. 2016). The maternal hormonal changes 
in pregnancy (rise in 17-B estradiol, progesterone, 
insulin and Human Placental Lactogen) exaggerated 
the lipid fraction levels. Other maternal factors that 
may also have significant effects on lipid metabolism 
and plasma levels included, pre-pregnancy lipid levels, 
BMI (body mass index), maternal weight gain in 
pregnancy, maternal nutrition and various medical 
complications of pregnancy (David et al, 2010).  
A persistent increase in HDL-C was observed as the 
pregnancy progresses, but with no significant 
difference between 2nd and 3rd trimesters. This is to 
postulate that the increase started in the first 
trimester but essentially plateau in the last part of 2nd 

and in the 3rd trimester. However, a study by Deepak 
and Digisha (2011) reported serum HDL-C that 
showed a biphasic pattern, an initial rise and then 
decline in later third trimester of pregnancy. This third 
trimester drop was also found in another study from 
Israel (David et al, 2010). But this decline was not 
noticeable in this present study. But Poveda et al. 
(2018) observed that the possible initial increase level 
of HDL-C is estrogen dependent, while fall in HDL-C in 
the last half of pregnancy, correlate with increasing 
levels of human placental lactogen, insulin and insulin 
resistance (Poveda et al, 2018), hence, the variation 
in the levels of these hormones, among pregnancies, 
may explain the differences in the various studies 
(Saliu et al, 2022). The higher level of HDL-C in the 
pregnant subjects could provide defense against the 
risk of coronary heart disease since pregnancy is 
associated with hemodynamic changes (Saliu et al, 
2022). Total cholesterol, triglyceride and HDL-C levels 
of the test subjects in the third trimester were higher 
than those of the control subjects. This is conformity 
with results of another study (Som-Pilley  et al, 2016), 
in which it was suggested that the high levels may be 
implicated in development of fetal organ in the third 
trimester. 
 
CONCLUSION  
Estimation of cardiac enzymes and lipid profile panel 
should be part of routine investigation during 
antenatal period of pregnant women in Jodhpur in 
order to assess the aetiology of cardiovascular 
abnormalities; these results should always be 
assessed in conjunction with the patient's medical 
history, clinical examinations and other findings. 
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