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potentially lethal complications including placental 
abruption, disseminated intravascular coagulation, 
hepatic failure, acute renal failure, and cardiovascular 
(CV) collapse. Pathogenesis of preeclampsia is not clearly 
understood; however, endothelial dysfunction has been 
considered to play a central role in the pathogenesis of 
preeclampsia.[4] Some researchers have suggested that 
hypoxia of placenta may play another important role 
in the pathogenesis of preeclampsia.[5] Dysfunction of 
endothelial cells can contribute to vasoconstriction and 
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Abstract
Background and Aim: Preeclampsia is a type of pregnancy‑induced hypertension, which results in severe hazardous 
conditions for maternal, fetal, and neonatal life. Altered biomarkers profile has been reported in preeclamptic patients. However, 
the association of altered vascular biomarkers with the increased cardiovascular (CV) risk in preeclamptic patients has not 
been studied. Thus, the aim of this study was to associate lactate dehydrogenase (LDH) to rate pressure product (RPP), an 
indicator of CV risk in preeclamptic patients.
Methods: Basal CV and serum biomarkers such as LDH, aspartate aminotransferase (AST), and alanine aminotransferase 
(ALT) parameters were recorded in 60 subjects divided into controls (n = 30) and preeclamptic patient (n = 30) groups. Association 
of these biomarkers to RPP was performed by Pearson’s correlation analysis.
Results: Systolic blood pressure, diastolic blood pressure, RPP, heart rate, LDH, AST, and ALT were found to be significantly 
increased in preeclamptic women compared to control group. There was a positive correlation between RPP and LDH in 
preeclampsia cases.
Conclusion: Increased serum LDH in preeclamptic women are linked to RPP, an index of myocardial work stress. Therefore, 
increased LDH and RPP might predispose preeclamptic women to future morbidities.
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INTRODUCTION

Preeclampsia and other pregnancy‑induced hypertensive 
disorders are the major cause of maternal, fetal, and 
neonatal morbidity as well as mortality. Preeclampsia 
is an important disorder of pregnancy that may 
lead to potentially severe consequences for both 
mother and child.[1] It affects about 5–10% of all 
pregnancies throughout the world and is a vital factor 
for maternal, fetal, and neonatal morbidity as well as 
mortality.[2] Preeclampsia is a syndrome which affects 
almost all maternal organs and it is thought to result 
from an abnormal placenta, the removal of which ends 
the disease in most cases.[3] Preeclampsia produces 
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platelet aggregation, which may lead to atherosclerosis 
and hypertension.[6] Lactate dehydrogenase (LDH) is 
an intracellular enzyme widely distributed in many 
tissues and mostly found in heart, liver, kidney, blood 
cells, etc. In conditions where tissue damage occurs, 
serum LDH level increase and its estimation provides 
some information of such damage.[7] The analysis of a 
combination of biochemical markers particularly markers 
related to vascular dysfunction such as increased uric 
acid, LDH, aspartate aminotransferase (AST), and alanine 
aminotransferase (ALT) concentration in serum may be 
helpful to prevent the consequence of preeclampsia in 
the near future.[8] Though several studies have reported 
altered biochemical markers in preeclamptic women, the 
association of these biomarkers to the CV risk has not 
been studied. Increased rate pressure product (RPP), an 
index of myocardial work stress, has been documented 
to be an indicator of CV risk. Therefore, the present study 
aim to assess the association of these biomarkers to RPP 
in preeclamptic women.

MATERIALS AND METHODS

This study was conducted in the Department of 
Physiology with the help of the Department of Obstetrics 
and Gynecology, Veer Surendra Sai Institute of Medical 
Sciences and Research (VIMSAR), Burla, Sambalpur, 
Odisha, after getting approval by the Institutional 
Ethical Committee VIMSAR, Burla. The study period 
was carried out from January 2015 to August 2015. A 
total of 60 subjects were recruited, out of which 30 were 
case and 30 were control. Thirty normal pregnant 
women of more than 20 weeks of gestation with normal 
blood pressure and normal urine protein were taken as 
control. Similarly, 30 preeclamptic women of more than 
20 weeks of gestation with systolic blood pressure (SBP) 
more than 140 mmHg, diastolic blood pressure (DBP) 
more than 90 mmHg, and protein concentration more 
than 0.3 g (1+)/24 h were taken as case. Both the case 
and control groups were selected from the outpatient 
department and inpatient department of Obstetrics and 
Gynecology, Department of VIMSAR, Burla. Pregnant 
women with a previous history of hypertension, having 
urinary tract infection, liver disease, diabetes mellitus, 
heart disease, musculoskeletal disease, and hemolytic 
disease were excluded from the study. A written 
consent was taken from each subject and with all aseptic 
measures 3 ml of blood was drawn from the medial 
cubital vein of each subject in fasting state and sent 
for the estimation of serum LDH, AST, and ALT level in 
pathology laboratory. These parameters were estimated 
in pathology laboratory by autoanalyser. Data regarding 
the age, gestational age, blood pressure, heart rate (HR), 
and urine protein were taken from the patients’ record. 
RPP, a determinant of myocardial oxygen consumption 

and work load, was calculated using the formula: 
RPP = (basal HR × SBP) ×10−2.

Statistical analysis of data
LDH, AST, and ALT level of case and control group 
were analyzed by unpaired t‑test. Correlation of RPP 
with LDH, AST, and ALT was performed using Pearson 
correlation analysis. Statistical analysis was done by using 
statistical software SPSS 16 version IBM Corporation. 
For generation of tables and graphs, Microsoft Word and 
Excel were used, respectively.

RESULTS

Table 1 depicts the variation of data collected from the 
record of subjects. From this study, it was observed 
that the mean age of case group was 28 ± 3.57 years 
whereas the mean age of control group was 27 ± 5.73 
years. The mean gestational age of case group was 34 
± 5.14 weeks whereas that of control group was 30 ± 
5.42 weeks. Mean SBP of case group was 166 mmHg 
with standard deviation (SD) of 12.8 and that of control 
group was 128 mmHg with SD 5.3. The mean difference 
of SBP between case and control group was 38 mmHg 
and this variation in SBP between these two groups was 
significant at P < 0.001. Mean DBP of case group was 
107 mmHg with SD of 12.5 and that of control group was 
82 mmHg with SD of 3.8. The mean difference of DBP 
between case and control group was 25 mmHg and this 
variation in DBP between case and control groups was 
significant at P < 0.001. Mean HR of case group was 97/
min with SD of 1.97 and that of control group was 77/
min with SD of 4.51. The mean difference of HR between 
case and control group was 20/min and significant at P 
< 0.001. Mean RPP of case group was 161.55 mm of 
Hg/min with SD of 12.6 and that of control group was 
99.36 mmHg/min with SD of 6.96. The variation of RPP 
between case and control group was significant at P < 
0.001.

Table 2 depicts the variation in serum LDH, AST, and ALT 
between case and control group. Mean LDH of case was 

Table 1: Comparison of data collected from patient record
Parameters Mean±SD (n=30) P

Case Control
Age (years) 28±3.57 27±5.73 0.502
GA (weeks) 34±5.14 30±5.42 0.008
SBP (mmHg) 166±12.8 128±5.3 0.000
DBP (mmHg) 107±12.5 82±3.8 0.000
HR (/min) 97±1.97 77±4.51 0.000
RPP (mmHg/min) 161.55±12.6 99.36±6.96 0.000

Values are expressed in mean±SD. Statistical analysis done by unpaired 
t‑test. P<0.05 was considered to be significant. GA: Gestational age, 
SBP: Systolic blood pressure, DBP: Diastolic blood pressure, HR: Heart 
rate, RPP: Rate pressure product, SD: Standard deviation
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649 IU/L with SD of 102.9 whereas in control mean was 
235 IU/L with SD of 26.3. This variation of LDH between 
case and control group was significant at P < 0.001. Mean 
AST of case group was 62.7 IU/L with SD of 17.4 whereas 
in control group mean was 29.7 IU/L with SD of 4.2. This 
variation of AST between case and control group was 
significant at P < 0.001. Mean ALT of case group was 
50.2 IU/L with SD of 20.9; similarly, mean ALT in control 
group was 31.8 IU/L with SD of 5.3. This variation found 
here was significant at P < 0.001.

Table 3 depicts the correlation of RPP with LDH, AST, 
and ALT. This correlation was analyzed by Pearson 
correlation. Correlation coefficient (r) between RPP and 
LDH was 0.494 [Figure 1], between RPP and AST was 
0.232 [Figure 2] and between RPP and ALT was 0.296 
[Figure 3]. Only correlation between RPP and LDH shows 
significance at P < 0.01. However, the correlation of RPP 
with AST and ALT was not significant.

DISCUSSION

This study had demonstrated that LDH, AST, and ALT 
of preeclamptic women was higher than the normal 
pregnant women and these variations were statistically 
significant. Different studies stated that elevated level of 
serum LDH and AST indicates tissue damage as well as 
endothelial vascular dysfunction which are the main cause 
of the occurrence of preeclampsia.[7,9] Researchers also 
thought that preeclampsia to be an idiopathic multisystem 
disorder which is specific to human pregnancy.[10] Several 
potential biochemical markers have been proposed 

to predict the severity of preeclampsia.[11,12] LDH is an 
intracellular enzyme that converts lactic acid to pyruvic 
acid inside the cell. Elevated LDH in serum indicates that 
there is tissue damage and leakage of enzyme from cell.[13]

Preeclampsia is a multisystem dysfunction caused by 
vascular endothelial damage, damage to maternal liver, 
kidney, lungs, blood cell damage, and coagulation system 
dysfunction, and all these events leads to increase serum 
LDH level,[7] which is in agreement with the findings of the 
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Figure 1: Correlation between rate pressure product and lactate 
dehydrogenase. Pearson correlation coefficient = 0.494, P = 0.006 
(significant at P < 0.01)
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Figure 2: Correlation between rate pressure product and aspartate 
aminotransferase. Pearson correlation coefficient = 0.232, P = 0.218 
(not significant)
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Figure 3: Correlation between rate pressure product and alanine 
aminotransferase. Pearson correlation coefficient = 0.296, P = 0.112 
(not significant)

Table 2: Comparison of mean serum level of lactate 
dehydrogenase, aspartate aminotransferase, and alanine
Parameters Mean±SD (n=30) P

Case Control
LDH (IU/L) 649±102.9 235±26.3 0.000
AST (IU/L) 62.2±17.4 29.7±4.2 0.000
ALT (IU/L) 52.6±20.9 31.8±5.3 0.000

Values are expressed in mean±SD.  Statistical analysis was done by 
unpaired t‑test. P<0.05 was considered to be significant. LDH: Lactate 
dehydrogenase, AST: Aspartate aminotransferase, ALT: Alanine, SD: 
Standard deviation

Table 3: Correlation between rate pressure product 
and serological parameters
Parameter Parameter Pearson correlation 

coefficient (r)
P

RPP LDH 0.494 0.006
RPP AST 0.232 0.218
RPP ALT 0.296 0.112

Statistical test was done by Pearson correlation coefficient (r). P<0.05 
was considered to be significant. LDH: Lactate dehydrogenase, AST: 
Aspartate aminotransferase, ALT: Alanine aminotransferase, RPP: Rate 
pressure product
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present study. AST is also another intracellular enzyme which 
is elevated in conditions where the tissue abundant in this 
enzyme is damaged, i.e., liver. In this study, AST and ALT 
levels were increased which is indicative of liver damage 
in these patients. The findings of the present study are in 
concordance with the findings of the other reports.[7,14,15]

RPP, the indicator of myocardial work load and stress, 
was significantly less in control group, compared to 
case group. Thus, preeclampsia subjects with increased 
RPP were more prone to CV risk than normal pregnant 
women.[16] This, in turn, is supported by the decreased 
HR in normal pregnant women, as decrease in HR has 
been reported to reduce CV risk.[16] RPP is a valuable 
indicator of the oxygen requirement in the heart in a 
given condition.[17] It reflects the internal myocardial work 
performed by the beating heart whereas the performance 
of the external myocardial work is represented by the 
stages of exercise.[17,18] A muscular organ heart needs 
steady supply of oxygen and nutrients for its regular 
functioning. If these supplies are deficient, there are all 
chances of heart failure to occur.[17]

In the present study, LDH was found to be significantly 
correlated with RPP in preeclamptic patients. The probable 
mechanism could be that the myocardium is working 
more in pregnancy induced hypertension patients, 
which might result in increased myocardial work stress. 
LDH is a biochemical expression of cardiac work status, 
reflecting the metabolic stress of the ventricular muscle 
cell. However, assessment of myocardial metabolism 
should be done and the link of degree of metabolism to 
LDH and RPP should be established.

Limitations of the study
The profiles of inflammatory and metabolic markers have 
not been assessed in the present study, which could have 
further validated the link of LDH to RPP in preeclamptic 
women.

CONCLUSION

Increased serum LDH in preeclamptic women might be 
linked to RPP, an index of myocardial work stress and 
an established CV risk factor. Findings of the present 
study also suggest that the LDH could be the biochemical 
expression of myocardial work stress. Therefore, 
increased LDH and RPP might predispose preeclamptic 
women to future CV‑related morbidities.
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