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INTRODUCTION

ABSTRACT

Pre-eclampsia is affecting 2% — 8% of the pregnancies worldwidel(Lo et al., 2013).
Defective placentation and endothelial dysfunction are considered to be the core
features that aggravate hypertension in pregnancy2,3 (Var et al., 2003), (Friedman
et al., 1995). Serum lactate dehydrogenase (LDH) and serum gamma-glutamyl
transferase (GGT) are most often measured to evaluate the presence of tissue
damage associated with Pre-eclampsia.

Aim: The aim of this study was to estimate serum LDH and GGT levels in the
normal antenatal women and women with preeclampsia in the antepartum period
and to correlate maternal and perinatal outcomes with these biomarkers across the
study groups in a tertiary care hospital. Materials and Methods: The study sample
comprised of 147 Antenatal women with pre-eclampsia as cases and 147 Antenatal
women without pre-eclampsia as controls. Serum LDH and GGT were measured
and compared and correlated with maternal and perinatal outcome in both groups
and data were analyzed using SPSS. Independent Sample t-tests, Chi-square,
correlation, were employed. p<0.05 considered as significant. Results: Serum LDH
and GGT level were significantly elevated in Antenatal women with pre-eclampsia
(498.91 + 147.125) when compared to Antenatal women without pre-eclampsia
(259.84+ 45.725). Elevated LDH and GGT levels were associated with worse
perinatal outcome

Conclusion: This study elucidated that serum LDH and GGT levels were
significantly increased in Antenatal women with pre-eclampsia when compared to
Antenatal women without pre-eclampsia. Hence, serum LDH and GGT can be used
as a novel biomarker for predicting early preeclampsia in pregnancy.

Keywords: Preeclampsia, LDH, GGT, endothelial dysfunction, maternal morbidity.

Preeclampsia remains major contributors to maternal morbidity and mortality worldwide. It is the second leading direct
cause of maternal mortality next to hemorrhagel(Lo et al., 2013). It contributes to around 46,000 maternal deaths per year
and around 5,00,000 fetal or newborn deaths4 (Lain et al., 2002).. In India, eclampsia accounts for approximately 24% of
maternal deaths during pregnancy, according to a study by the Federation of Obstetric and Gynecological Societies of India
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(FOGSI)3(Friedman et al., 1995). Furthermore, 10—15% of maternal deaths are directly attributed to preeclampsia4(Lain
et al., 2002).

Preeclampsia is a multisystem disorder of pregnancy, characterized by widespread endothelial dysfunction, inflammation,
and cellular injury. Though it is more than simply gestational hypertension with proteinuria the appearance of protein in
urine still remains a primary diagnostic criterion. This objective marker reflects the widespread endothelial leak that
characterizes the preeclampsia syndrome. Early diagnosis of preeclampsia remains still challenging because these markers
detect preeclampsia only after significant damage has occurred. Several biomolecules have shown potential for
development as promising diagnostic markers in the early detection of pre-eclampsia.

Lactate dehydrogenase (LDH) is an intracellular enzyme released into the bloodstream following cellular damage5 (Murthy
et al., 2019). Functionally, LDH plays a role in glycolysis by catalyzing the conversion of pyruvic acid to lactic acid. In the
hypoxic environment associated with preeclampsia, glycolytic activity is enhanced, leading to increased LDH production
and activity. Studies have demonstrated that LDH activity and gene expression are significantly elevated in the placentas
of women with preeclampsia compared to those with normal pregnancies6, 7(Kay et al ., 2007), (Burd et al., 1975). Among
the five isoforms of LDH, the LDH4 isoform—predominantly expressed in the placenta has been shown to be highly
responsive to hypoxic conditions in preeclamptic pregnancies8 ,9( Bougneéres et al ., 1995),(Markert et al ., 1975).. Elevated
serum LDH levels in women with preeclampsia reflect the extent of cellular injury and tissue breakdown. Therefore, LDH
serves as a valuable biochemical marker for assessing disease severity and systemic involvement in these patients.

Gamma-glutamyl transferase (GGT), an ectoenzyme linked to oxidative stress10 (Whitfield, 2001) and free radical
production, has been associated with endothelial dysfunction and may play a role in the progression of preeclampsial 1
(Chen et al ., 2021).. We hypothesized that elevated levels of these enzymes may correlate with disease severity and the
occurrence of complications. Early prediction of severity in preeclampsia is crucial for timely intervention and preventing
adverse maternal and perinatal outcomes. Due to limited regional data, this study aimed to assess the association between
serum LDH and GGT levels, disease severity, and complications of preeclampsia in South Indian women.

Aims & Objectives

1. To estimate serum LDH and GGT levels in the normal antenatal women and women with preeclampsia in the
antepartum period.
2. To correlate maternal and perinatal outcomes with serum LDH and GGT levels in the normal antenatal women

and women with preeclampsia.

MATERIALS AND METHODS
Study Design: Case-Control Study

Study setting & study duration:

This study was conducted in a tertiary care center in South India during the period from December 2023 to January 2024,
after getting approval from the Institutional Research Ethics Committee, protocol id 20232818 on 10.11.2023.

Sample size and sampling technique:

Based on the values retrieved from a study by Lo JO et all(Lo et al., 2013), using LDH levels in cases and controls, mean
+ SD: 13.8+6.84 and mean + SD: 26.9+56.2, sample size was estimated in open epi software version 3 with 80% power
and for 95% confidence level the sample size was calculated to be 147cases and 147 controls.

Study population:
Cases:
Antenatal women diagnosed with Preeclampsia 12 (Cunningham et al., 2022)
1. Systolic Blood Pressure (SBP) > 140 mmHg or Diastolic Blood Pressure (DBP) > 90 mmHg on two occasions
> 4 hours apart, with proteinuria (dipstick reading of 1+).
2. In the absence of proteinuria, when hypertension is accompanied by any severe features such as
thrombocytopenia, elevated liver enzymes, renal insufficiency, pulmonary edema, and new-onset cerebral or
visual symptoms

Inclusion Criteria
No history of hypertension before 20 weeks gestation (Blood Pressure<120/80 mmHg during early pregnancy) and no prior
diagnosis of chronic hypertension (SBP >140 mmHg or DBP >90 mmHg before pregnancy)
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Controls:
Antenatal women with normal blood pressure (< 120/80mmHg) during the third trimester.12 (Cunningham et al., 2022)

Inclusion Criteria (cases & controls)
Singleton pregnancy in the age between 20-30 years during third trimester of pregnancy (>28 weeks of gestation)

Exclusion Criteria (cases & controls)

Antenatal women with diabetes, renal failure, hemolytic anemias, chronic hypertension, gestational diabetes, multiple
pregnancy, smoking and alcoholism, liver disease, hepatotoxic drugs, stroke, coronary artery disease, chronic lung diseases,
connective tissue disorders, disseminated intravascular coagulation and seizures were excluded

Cases and controls were age-matched. Written informed consent was obtained from all the patients prior to the
study

Study tool: A semi-structured questionnaire was used to collect the socio-demographic variables like age, gestational age,
marital status, employment status, residence, educational status, parity, personal and family history of preeclampsia and
the following clinical and biochemical parameters were collected.

Clinical and Biochemical Parameters collected

Recumbent Blood Pressure and Pulse were recorded for each patient. Sml of venous blood was collected from each patient
in both groups after fasting for 8 - 12 hours. LDH, GGT were performed in the serum immediately after separation. Serum
LDH is measured by fully automated analyser EM 640 using enzymatic method based on the recommendations of
DGKCH (Deutsche Gesellschaft fiir Klinische Chemie, or German Society for Clinical Chemistry). The reference interval
for LDH is 125-220U/L13 (Pagani et al ., 2003) . Serum GGT is measured by semiautomated analyser using carboxy
substrate method. The reference interval for GGT is <40U/L14 (Ceriotti et al ., 2010). Urine protein is analysed using
dipstick test.

Method of statistical analysis

The statistical analysis was done using MS Excel and IBM Package Version 26. Categorical variables like demographic
details and clinical profile (symptoms & signs) of the participants were expressed in frequency and percentages. Continuous
variables like lab investigation parameters (LDH, GGT) were presented as the mean + SD. Association between categorical
variables like demographic characteristics, clinical profile and prognosis were tested using chi square test. Independent
Sample t test was used to test the association between continuous variables among preeclamptic antenatal women and
normal antenatal women. For all statistical analysis, p-value < 0.05 was assumed as statistically significant

Data availability statement: We declare our willingness to share the data upon request.

RESULTS

The present study was done on 147 preeclamptic pregnant women (cases) and 147 normotensive pregnant
women(controls). All subjects were in their third trimester and in the age group 20-30 years. The demographic and clinical
profile of the cases and controls were given in Table 1. The mean age of the cases was 25.19 £ 4.19 years, while the controls
had a mean age of 25.59+4.23years. This difference is not statistically significant

Table 1: Demographic and clinical profile of the cases and controls

Variable Controls (n=147) | Cases (n=147) Statistical Test p-value
test applied | statistic
(value)
Age (years) 25.59+4.23 25.19+4.19 Independent | t=0.79, 0.43
(Mean + SD) t-test
Gravidity Primi: 48 Primi: 32 Chi-square | ¥2=6.42, 0.011
Multi: 99 Multi: 115 test
Systolic BP (mmHg) (Mean + | 103.47 +5.47 145.21 £9.50 Independent | t=40.1 <0.001
SD) t-test
Diastolic BP (mmHg) (Mean + | 72.05 + 3.03 93.45+7.01 Independent | t=31.3 <0.001
SD) t-test

There was no significant difference in the mean age between cases and controls (t = 0.79, p = 0.43), indicating that the two
groups were comparable with respect to age. A significantly higher proportion of multigravida women were observed
among cases compared to controls (> = 6.42, p = 0.011), indicating that gravidity was unevenly distributed between the

1512
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two groups. The mean systolic blood pressure was significantly higher in cases than in controls (t = 40.1, p < 0.001),
demonstrating a strong association between systolic hypertension and case status. The mean diastolic blood pressure was
also significantly higher in cases compared to controls (t =31.3, p <0.001), further indicating that elevated blood pressure
is strongly associated with the case group.

Table 2: Comparison of LDH and GGT value among controls and cases

Variable Controls (n = 147) | Cases (n = 147) Statistical test | Test statistic | p-value
applied (t value)

Serum LDH (U/L)

Mean + SD 259.84 £45.72 498.91 £ 147.12 Independent t- | t=19.01 <0.001
test

Range 147-523 237974 — — —

Serum GGT (U/L)

Mean + SD 10.95 + 6.69 31.17 £ 48.88 Independent t- | t=15.02 <0.001
test

Range 1-37 2-56.4 — — —

The mean+ SD serum LDH value was 498.91+ 147.12 among cases while it was 259.84 + 45.72 among controls. This
difference was found to be statistically significant (p<0.001). The mean = SD serum GGT value was 31.17+ 48.886 among
cases while it was 10.95+ 6.698 among controls. This difference was found to be statistically significant (p< 0.001).

Table 3: Pregnancy outcome according to the level of LDH in cases and controls

Outcome Cases LDH | Cases LDH | Statistical Test | p- Controls LDH | Controls
<600 U/L | >600 U/L | (Cases) value <600 U/L | LDH >600
(N=116) (N=31) (N=147) U/L (N=0)
Perinatal death, | 3 (2.6%) 7 (22.6%) Fisher’s exact | <0.001 | 1(0.7%) -
n (%) test
Birth weight (g), | 2217 + 404 1836 + 343 Independent t- | <0.001 | 2680 + 444 —
Mean = SD test (t=4.93)
Mode of
delivery
Normal Vaginal | 16 (14%) 0 (0%) 126 (85.7%) -
Delivery, N(%)
Caesarean, N(%) | 100 (86%) 31 (100%) Fisher’s exact | 0.03 21 (14.3%) -
test

Controls had no participants with LDH >600 U/L, so comparisons within the control group cannot be made. Fisher’s exact
test was used for categorical variables due to small and zero cell counts. Independent t-test was used for continuous
variables (birth weight).

In the present study, none of the control participants had LDH levels >600 U/L, whereas 21% of cases (31/147) were in
this category. This difference was statistically significant (Fisher’s exact test, p < 0.001), demonstrating that elevated LDH
values were predominantly associated with the diseased group.Among the cases, perinatal death occurred more frequently
in the LDH >600 U/L group (7/31; 22.6%) compared to cases with LDH <600 U/L group (3/116; 2.6%).This difference
was statistically significant (Fisher’s exact test, p < 0.001).In controls, perinatal death occurred only in the LDH <600 U/L
group (1/147), and none had LDH >600 U/L. Thus, no statistical comparison was required for controls.

Birth weight was significantly lower among cases with LDH >600 U/L (1836 + 343 g) compared to cases with LDH <600
U/L (2217 + 404 g).This difference was statistically significant (Independent t-test, t = 4.93, p < 0.001). In controls, all
participants were in the LDH <600 U/L group; therefore, comparative statistics were not applicable.

Among the cases, the rate of Caesarean section was significantly higher in women with LDH >600 U/L (31/31; 100%)
compared to cases with LDH <600 U/L (100/116; 86%).This difference was statistically significant (Fisher’s exact test, p
=0.03).In the control group, 85.7% had normal vaginal delivery and 14.3% underwent Caesarean section. Since no control
participant had LDH >600 U/L, statistical comparison was not possible.
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Overall, the results indicate that LDH levels above 600 U/L are strongly associated with poor maternal and perinatal
outcomes, including higher perinatal mortality, lower birth weight, and a higher requirement for Caesarean delivery. The
complete absence of elevated LDH in the control group further strengthens potential role of LDH as a biomarker of disease
severity in pregnancy related complications.

Table 4: Pregnancy outcome according to the level of serum GGT in cases and Controls

Outcome Cases Cases Statistical Test | p- Controls Controls
GGT <40 IU/L | GGT >40 | (Cases) value | GGT <40 IU/L | GGT >40
(N=124) 1U/L (N=23) (N=147) 1U/L (N=0)

Perinatal death, n | 2 (1.36%) 8 (5.4%) Fisher’s  exact | <0.001 | 1 (0.68%) -

(%) test

Birth weight (g), | 2197 + 384 1711 £478 Independent  t- | <0.001 | 2680 = 444 -

Mean = SD test

Mode of delivery

Normal Vaginal | 17 (14%) 0 126 (85.7%) -

Delivery N(%)

Caesarean section, | 107 (88%) 23 (100%) Fisher’s  exact | 0.04 21 (14.3%) -

N(%) test

No control participant had GGT >40 IU/L, so group comparisons within controls are not statistically feasible.Fisher’s exact
test used for categorical variables due to small/zero cell counts.Independent t-test used for continuous variable (birth
weight).

Serum GGT levels were found to be significantly associated with adverse pregnancy outcomes. Among the cases, women
with GGT >40 IU/L had a substantially higher incidence of perinatal death (5.4%) compared to cases with GGT <40 IU/L
(1.36%). This difference was statistically significant (Fisher’s exact test, p < 0.001), suggesting that elevated GGT levels
are associated with increased fetal risk.

Birth weight was also significantly lower among cases with elevated GGT (1711 + 478 g) compared to cases with normal
GGT values (2197 + 384 g). This difference was statistically significant (Independent t-test, p < 0.001), indicating poor
fetal growth outcomes in the high GGT group.

Mode of delivery differed markedly between the two groups. All women with GGT >40 IU/L underwent Caesarean section
(100%), compared with 88% in the GGT <40 IU/L group. This association was statistically significant (Fisher’s exact test,
p = 0.04), reflecting the increased need for obstetric intervention in women with elevated GGT levels.

In contrast, among controls, all participants had GGT levels <40 IU/L, and none had elevated GGT. Perinatal death and
delivery outcomes in the control group followed normal patterns, with higher birth weights and a predominance of normal
vaginal deliveries. Since no control participant had high GGT values, statistical comparisons within the control group were
not possible.

Overall, these findings suggest that elevated serum GGT (>40 IU/L) is strongly associated with adverse pregnancy
outcomes such ashigher perinatal mortality, lower birth weight, and increased Caesarean delivery among cases.

DISCUSSION

Preeclampsia is a hypertensive disorder of pregnancy with multisystem complications. This study was done in a tertiary
care centre. 294 pregnant women were included in the study. The cases(n=147) and controls(n=147) were age matched. In
our study mean serum LDH level is higher (498.91+147.125) in preeclamptic women compared to normal pregnant women
(259.84 + 45.725) and it was statistically significant. This finding was in agreement with the study conducted by Qublan
HS etal 15 (Qublan HS et al ., 2005) Saleem FR et al 16 (Saleem FR et al., 2020) and Reddy Eleti M et al 17 (Reddy Eleti
Metal ., 2023)

Mean GGT level was significantly higher (31.17+ 48.886) (p<0.001) in preeclamptic women than that of healthy pregnant
women (10.95+6.698). Our study is also comparable to studies reported by Zhang Y et al 18 (Zhang, Y et al., 2022) , Chen
Yetalll (ChenY etal., 2021) and Wu J et al 19(Wu Jetal ., 2017)

Our study observed a trend towards lower birth weights in babies born to mothers with higher LDH and GGT levels. This
finding suggests a potential link between elevated LDH, GGT and increased risk of preterm delivery, which aligns with the
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work of Jaiswar SP et al20 (Jaiswar et al ., 2011) and LuY Yang et al21 (Lu'Y Yang et al .,2025). There was a significant
difference in the mode of delivery between the preeclampsia group and the control group. Pre-eclamptic pregnant women
with LDH <600, (N=116) 86% delivered by LSCS while 14% by normal vaginal delivery. Pre- eclamptic pregnant women
with LDH >600, (N=31) 100% delivered by LSCS(Lower Segment Caesarean Section).

Pre-eclamptic pregnant women with GGT<40, (N=124) 88% delivered by LSCS while 12% by normal vaginal delivery.
Pre-eclamptic pregnant women with GGT >40, (N=23) 100% delivered by LSCS.

In the present study, we observed a significant rise in the LDH and GGT levels with increasing severity of the disease
(P<0.001-statistically significant). Mean LDH level in control group is (259.84+ 45.725) and mean LDH level in
preeclampsia is (498.91 £ 147.125). This finding is comparable to study conducted by Moharana JJ et al22(Moharana et
al., 2023). Mean GGT level in control group is (10.95 + 6.698) and mean GGT level in preeclampsia is (31.17+48.88).

When LDH levels were <600 IU/L (116 cases), 3 early neonatal deaths were reported and there were no still births. In
women with LDH levels >600 IU/L (31 cases), 7 early neonatal deaths were reported. When GGT levels were <40 IU/L
(124 cases), 2 early neonatal deaths were reported. In women with GGT levels >40 [U/L (23 cases), 8 early neonatal deaths
were reported. In our study maternal complications such as Eclampsia, abruptio placenta, Intracranial hemorrhage and
HELLP Syndrome were not reported.

CONCLUSION

The mean systolic BP, diastolic BP, mean serum LDH and GGT values were elevated among cases compared to controls
and this difference was found to be statistically significant. Elevated levels of LDH and GGT were associated with an
increased risk of C-section delivery (LSCS), perinatal death and low birth weight babies. Serum LDH and GGT can be
considered as important prognostic biomarker in the third trimester because they reflect the severity of the disease,
occurrence of complications and fetal outcome. Deciphering the specific isoforms of LDH and gamma-glutamyl transferase
(GGT) holds promise for unveiling the precise nature of organ injury in women with severe preeclampsia

Summary

The mean systolic BP (145.21+ 9.5) and diastolic BP (93.45+ 7.014) were elevated in cases compared to controls. The
mean serum LDH and GGT were elevated in cases compared to controls. Elevated serum LDH (498.91+ 147.125) and
GGT (31.17+48.88) level reflects the severity of preeclampsia and predictive biomarkers to assess maternal and perinatal
outcome.

Since elevated LDH and GGT levels are associated with worse perinatal outcome identifying pregnant patients with
elevated LDH and GGT levels triggers more frequent monitoring and proactive management to ensure the best possible
outcomes for both mother and fetus.
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