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ABSTRACT

Background: Pre-eclampsia is a pregnancy specific disease with multisystem involvement. In the liver, it leads
to excessive leakage of the liver enzymes into the blood due to cellular dysfunction. This study involved the
assessment of the liver function status of patients with pre-eclampsia in Benin City.

Methods: A total of 196 respondents consisting of 124 pre-eclamptics (PE), 36 normotensive pregnant women
(NPW) and 36 analbuminuric hypertensive pregnant women (AHPW) with most of them being within the age
bracket of 31-35 years. Their blood pressures were measured and urinalysis was done to determine those with
proteinuria. Blood samples were collected for liver function test. Data were analyzed using SPSS version 16.0 and
the level of significance was set at p < 0.05.

Results: Amongst the PEs, 39 (31.5%) had mild while 85 (68.5%) had severe pre-eclampsia (PE) based on a BP
of > 160/110mmHg. There was a significant increase (p < 0.05) in the activities of plasma AST, ALP, GGT and
LDH as well as bilirubin in PE than in NPW and AHPW. The plasma liver enzymes AST, ALP, GGT and LDH
activities as well as total bilirubin were significantly higher (p < 0.05) in severe PE than in mild PE. This study
showed a significant positive correlation between LDH and GGT (r = 0.20, p= 0.02) and ALP (r = 0.18, p = 0.03).

Conclusion: Serial measurements of liver enzymes and plasma bilirubin in pre-eclamptics would be useful in

detecting and preventing multi-organ damage in these patients.
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INTRODUCTION

Abnormal liver function tests occur in 3% of
pregnancies and pre-eclampsia (PE) is the most
common cause.! Information abounds in
support of the concept of placental hypoper-
fusion as the genesis of PE.2 The pathogenesis
of liver involvement is fibrin deposition within
the hepatic sinusoids leading to sinusoidal
obstruction and hepatic ischaemia. The conse-
quence of this is the occurrence of subcapsular
haematomas, parenchymal hemorrhage and
ultimately necrosis with the release of hepato-
cellular enzymes into the circulation.® Liver
involvement in PE is frequently accompanied by
other organ involvements such as the kidneys
and brain along with hemolysis and throm-
bocytopenia. This is commonly referred to as the
HELLP (Hemolysis, Elevated Liver Enzymes and
Low Platelets) syndrome which complicates PE.4

*Corresponding author:

Ekiye Ayinbuomwan

Department Of Chemical Pathology, University of
Benin/University of Benin Teaching Hospital, Benin
City, Edo State.

Email: ekiyeghazi.ayinbuomwan@uniben.edu
ORCID identifier: 0000-0003-0844-2471

59 | Journal of Medicine & Biomedical Research

Abnormal liver function reflects vasocon-
striction involving the hepatic bed and thus
widespread disease and hyperbilirubinaemia
may also occur.>

Aspartate aminotransferase (AST) and gamma
glutamyl transferase (GGT) are widely distri-
buted throughout the body and may be elevated
in relation to PE by heamolysis or endothelial
damage respectively.® In PE, hyper-vasculari-
zation and vasoconstriction in the liver leads to
liver cell injury and alteration of cell membrane
permeability with cellular damage resulting in
leakage of intracellular enzymes such as AST,
alanine aminotransaminase (ALT) and alkaline
phosphatase (ALP) into the circulation.”

Elevated levels of plasma AST, ALT, ALP, GGT
and bilirubin are clinically significant in the
assessment of liver disease. However, other
factors occurring in the setting of PE can cause
increase in the plasma levels of these enzymes.
The transaminases AST and ALT are markers of
hepatocellular damage. ALT is found mainly in
the liver while AST is widely distributed in the
heart, skeletal muscles, liver and red blood cells.
ALT is therefore considered more liver specific
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than AST. Elevation of ALP (liver isoenzyme) is
used clinically in the diagnosis of hepatobilliary
disease and it can also be used together with
GGT, as a marker of extra-hepatic and intra-
hepatic cholestasis.8

Lactate dehydrogenase (LDH) is important in the
disposal of glycolyticaly generated NADH,
particularly when mitochondrial disposal is
impaired by hypoxia.® Hence, its application in
the management of pre-eclampsia which is a
multisystem disorder that leads to a range of
cellular death. LDH is mostly measured to
evaluate the presence of tissue damage because
LDH is found in many tissues especially the
liver, kidney, skeletal muscle, placenta, brain,
red blood cells and lungs. Serum LDH Levels
can be used to determine the extent of cellular
death and the severity of PE. It could also be
used in making decisions, regarding manage-
ment strategies to improve maternal and fetal
outcome.®

Serum LDH is abnormal in a host of disorders,
therefore the total serum LDH is highly sensitive
but a nonspecific test. In order to optimize the
diagnostic value, the liver isoenzyme of LDH can
be measured by electrophoretic method and
some authors have concluded that LDH is a
useful biochemical marker that reflects the
severity and occurrence of complications in pre-
eclampsia.l0

The organ dysfunction in severe pre-eclampsia
caused by vascular endothelial damage include-
ing maternal liver, kidney, lungs, nervous
system and coagulation system will lead to
excessive LDH leakage and elevated levels in
serum due to cellular dysfunction.® This study
assessed the liver function status of patients
with pre-eclampsia.

MATERIALS AND METHODS

This study was a cross-sectional prospective
study. Subjects were registered ante-natal clinic
(ANC) patients of the Obstetrics and Gyna-
ecology Department in Edo Specialist Hospital,
Benin City, Edo State, Nigeria. Those who had
hypertension at 20 weeks gestation, protein in
urine and pedal oedema were included in the
study while women with systemic illnesses were
excluded. The control subjects were normo-
tensive ANC patients and analbuminuric hyper-
tensive pregnant patients of the same age range
(18-45years). Patients were considered hyper-
tensive when blood pressure (BP) >140/90
mmHg. Minimum sample size of 124 was
calculated from the Cochran’s formula using a
prevalence of 8% and 10% attrition.!! All the
women attending antenatal clinic during the
period of the study who agreed to participate
were recruited Ethical clearance (A732/T/1)
was obtained from the research and Ethics
Committee of the Ministry of Health, Benin City,
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Edo State, Nigeria. Verbal informed consent was
obtained from all participants. Structured
questionnaires were administered to the study
groups and used to document their personal
data, medical history, social, obstetric and
family history. A physical examination was
carried out to measure their blood pressures.
Fresh urine samples were collected into sterile
bottles in the hospital under supervision. The
urine was used for urinalysis using dipstick to
determine those with proteinuria. Blood
samples were collected from the participants
following routine aseptic procedure using a Sml
syringe and dispensed into lithium heparin
specimen bottles for liver function test. Samples
were centrifuged at 3,000 revolutions/min, then
plasma was harvested with clean Pasteur
pipettes and stored at 2-8°C and analyzed within
48hrs. Aspartate aminotransferase (AST) and
Alanine amino-transaminase (ALT) were analy-
zed using the colorimetric method as described
by Reitman and Frankel.12 Alkaline phosphatase
(ALP) was analysed using the colorimetric
method as described by Wright et al.'®* Gamma
glutamyl transferase (GGT) was analysed using
the colorimetric method as described by Tietz.14
The colorimetric method described by Vander-
linde!5 was used to analyze LDH. Total Bilirubin
(TB) was analysed using the colorimetric method
as described by Tietz.16 Biuret method as
described by Tietz!” was used to analyze total
protein (TP). The Bromocresol green method as
described by Doumas!® was used to analyze
plasma albumin.

Data was collated and entered into a proforma.
Data analysis was done wusing Statistical
Package for Social Sciences (SPSS) version 16.0.
The means and standard error of means of the
age, gestational age and components of liver
function test were calculated, comparison of
means between the groups (pre-eclamptic
patients, normotensive pregnant women, anal-
buminuric hypertensive pregnant women) was
done using the student’s t test. The Pearson
correlation was used in calculating the corre-
lations between any two variables. Univariate
analysis was presented as frequencies while
bivariate or multivariate analysis was presented
as means and standard error. The level of
statistical significance was set at a p-value of
<0.05 for all tests of statistical significance.

RESULTS

A total of 196 respondents participated in this
study which included 124 pre-eclamptics (PE),
36 normotensive pregnant women (NPW) and 36
analbuminuric hypertensive pregnant women
(AHPW). Most of the PEs (44.4%) and NPW
(41.7%) were in the age bracket of 31-35 years
while most of the AHPW respondents (40%) were
in the age range of 36-40 years (Table 1).
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Table 1: Age group distribution of subjects

Age (years) PE NPW AHPW
18 - 25 1(0.8) 0(0.0) 0(0.0)
26 - 30 31(25.0) 11(30.6) 5(15.0)
31-35 55(44.4) 15(41.7) 9(25.0)
36 - 40 32(25.8) 7(19.4) 15(40.0)
41 -45 5(4.0) 3(8.3) 7(20.0)

Values in parenthesis represent percentage distribution

PE - Pre-eclampsia; NPW-Normotensive pregnant women; AHPW - Analbuminuric hypertensive pregnant women.

85 (68.5%)

m Mild

Severe

Figure 1: Severity of pre-emclampsis among study group

Table 2: Blood pressure of PE, NPW & AHPW

P-values
Clinical/Anthropometric PE NPW AHPW
parameter A B C
Mean + SEM Mean =+ SEM Mean + SEM

A+B A+C
Booking SBP (mmHg) 136.03 + 23.01 103.05 = 12.60 140.00 £ 25.52 0.001 0.81
Booking DBP (mmHg) 85.08 + 1.46 62.77 £ 7.01 80.00 £ 5.16 0.001 0.32
Index SBP (mmHg) 160.24 + 9.34 106.00 + 11.23 141.38 £ 14.21 < 0.001 <0.001
Index DBP (mmHg) 108.56 = 8.02 63.38 £ 4.32 98.21 £+ 4.94 0.01 0.04

SBP-Systolic blood pressure; DBP-Diastolic blood pressure; PE- Pre-eclampsia; NPW- Normotensive pregnant women;

AHPW-Analbuminuric hypertensive pregnant women.

Amongst the PEs, 39 (31.5%) had mild while 85
(68.5%) had severe PE based on a BP of >
160/110mmHg (Fig.1).

The mean index systolic and diastolic blood
pressures were 160.24 £ 9.34mmHg and 108.56
+ 8.02mmHg for the PE, 106.00 = 11.23mmHg
and 63.38 £ 4.32mmHg for the NPW and 141.38
+ 14.21mmHg and 98.21 + 4.94 for the AHPW.
The systolic and diastolic blood pressures were
found to be significantly higher in PEs than in
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NPW (p < 0.001, 0.01) and AHPW (p < 0.001,
0.04) groups. (Table 2)

Plasma AST activity was significantly higher in
PE when compared to the NPW (p < 0.001) and
AHPW (p = 0.03). Also, the mean ALT activity
was significantly higher in PE than in the NPW
(p<0.001). However, there was no statistically
significant difference (p = 0.19) in mean ALT
between PE and AHPW.
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Table 3: Liver function indices in PE, NPW & AHPW

A B C P-values
Analytes PE NPW AHPW
(n = 124) (n = 36) (n = 36)

Mean + SEM Mean + SEM Mean + SEM A+B A+C B+C
Plasma AST (IU/L) 39.55+0.31 17.11 £0.45 20.1 £0.61 <0.001 0.03 0.42
Plasma ALT (IU/L) 16.86 £ 0.18 9.90 +0.43 12.80 £ 0.43 <0.001 0.19 0.03
Plasma ALP (IU/L) 249.51 + 0.98 175.21 £1.83 182.95 +4.14 0.02 0.02 0.47
Plasma GGT (IU/L) 34.87 £0.23 16.60 £ 0.42 20.49 £ 0.31 0.01 0.01 0.06
Plasma LDH (IU/L) 288.45+3.41 166.86 £5.58 186.60 +3.31 <0.001 <0.001 0.36
Plasma Total 1.34 + 0.07 1.02+0.14 1.17 £ 0.47 0.03 0.04 0.04
Bilirubin (mg/dl)
Plasma Total Protein 7.01 £0.05 7.01+0.11 6.96 + 0.22 0.80 0.79 0.72
(g/4d1)
Plasma Albumin 3.78 £ 0.05 3.74 £0.10 3.62+0.16 0.76 0.43 0.42
(g/dl)

AST- Aspartate amino transaminase; ALT- Alanine amino transaminase; ALP-Alkaline phosphatase;
GGT- Gamma-glutamyl transferase; LDH-Lactate dehydrogenase; PE- Pre-eclampsia; NPW-Normotensive pregnant

women; AHPW-Analbuminuric hypertensive pregnant women.

There was a significantly higher mean GGT
activity in PE than in AHPW (p = 0.01) and NPW
(p = 0.01) while there was no statistically
significant difference (P = 0.06) in mean GGT
between AHPW and NPW. The mean plasma ALP
and LDH activities were significantly higher in
the PE than AHPW (p = 0.02, <0.001) and the
NPW (p = 0.02, <0.001) respectively. However,
the plasma ALP and LDH in AHPW were non-
significantly higher (p = 0.47, 0.36) than in the
NPW. There was no significant difference in
mean plasma albumin and total protein between
the PE and NPW (p = 0.76, 0.80) and AHPW(p =
0.43,0.79) respectively. Mean total bilirubin
level was significantly higher in PE than in
AHPW (p = 0.04) and NPW (p = 0.03) (Table 3).

There was a significant increase in the activities
of plasma AST in PE than in NPW (p = 0.02,
<0.001) and AHPW (p = 0.04,0.01) in the 274 and
31 trimesters respectively while there were no
significant changes in plasma AST between the
2nd and 3t trimesters within each group(PE[p =
0.14], NPW[p=0.43], AHPW[p=0.12]). Plasma
ALT activity was significantly higher in the 2nd
and 3t trimesters respectively in PE than in
NPW (p < 0.001, = 0.01) and AHPW (p =
0.03,0.04). However, there was no significant
change (PE [p = 0.74}, NPW [p=0.11], AHPW
[p=0.47]) in plasma ALT between the 274 and 3rd
trimester within each group. Plasma ALP and
GGT activities were significantly higher in PE in
the 2nd trimester than in the NPW (p < 0.001,
<0.001) and AHPW (p = 0.01, 0.01). In the 3
trimester, plasma ALP and GGT activities were
significantly higher in PE than in NPW (p
<0.001, <0.001) and AHPW (p < 0.001, < 0.001)
respectively. ALP and GGT activities were
significantly higher (p = 0.04. 0.04) in the 3
trimester within the PE group while there was
no significant difference within the NPW (p =
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0.31, 0.77) and AHPW (p = 0.46, 0.57) groups.
Plasma LDH activity was also significantly
higher in PE in the 2rd and 3t trimesters than
in NPW (p <0.001, <0.001) and AHPW (p <0.001,
=0.01) respectively. LDH activity was signifi-
cantly higher in 3 trimester within PE (p = 0.02)
and AHPW (p = 0.02) while there was no
significant increase (p = 0.37) in NPW. There was
no significant change in total bilirubin level
between PE and NPW (p = 0.07) and AHPW (p =
0.65) in the 2»d trimester. However, total
bilirubin was significantly higher in PE than in
NPW (p = 0.02) and AHPW (p = 0.03) in the 3
trimester. Also, total bilirubin was significantly
higher (p = 0.03) in the 31 trimester within the
PE group and non-significantly higher within
the NPW(p = 0.22) and AHPW(p = 0.06) groups.
Plasma total protein and albumin did not differ
significantly in the 274 trimester between PE and
NPW (p = 0.29, 0.20) and AHPW(p = 0.26, 0.40)
respectively, and also in the 3rd trimester NPW
(p = 0.45, 0.25) and AHPW(p = 0.52, 0.36).
There were no significant changes in total
protein and albumin in the 2rd and 3rd
trimesters within each group PE (p = 0.59, 0.49),
NPW (p = 0.39, 0.55) and AHPW (p = 0.53, 0.14).
(Table 4).

The plasma liver enzymes AST, ALP, GGT and
LDH activities were significantly higher (p =
0.03, 0.04, 0.04, 0.01) in severe PE than in mild
PE while plasma ALT level was non-significantly
higher (p = 0.61) in severe than in mild PE
subjects. There were no significant changes in
plasma total protein and albumin levels (p =
0.70, 0.45) between mild and severe PE.
However, plasma total bilirubin was signifi-
cantly higher in severe than in mild PE (p =
0.04). (Table 5)
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Table 4: Liver function indices in PE, NPW & AHPW in various trimesters

A B (o] P-values
Analytes Trimester PE NPW AHPW
(n = 124) (n = 36) (n =36)
Mean * Mean * Mean + SEM

SEM SEM A +B A+C
Plasma AST 2nd 38.94+0.51 18.25+0.79 24.00+£0.64 0.02 0.04
(IU/L) 3rd 40.18+0.35 16.20+£0.42 20.20+0.35 <0.001 0.01
p-value 0.14 0.43 0.12
Plasma ALT 2nd 16.84+3.28 9.80+0.81 12.60+0.41 <0.001 0.03
(IU/L) 3rd 16.89+2.62 10.00+0.83 13.25+£0.55 0.01 0.04
p-value 0.74 0.11 0.47
Plasma ALP 2nd 235.75+¢1.26 169.90+2.91 181.67+0.84 <0.001 0.01
(IU/L) 3rd 259.29+1.46 175.06+1.98 185.10£1.36 <0.001 <0.001
p-value 0.04 0.31 0.46
Plasma GGT 2nd 32.23+0.22 13.26+0.71 20.08£0.35 <0.001 0.01
(IU/L) 3rd 39.52+0.41 19.94+0.58 20.84+0.33 <0.001 <0.001
p-value 0.04 0.77 0.57
Plasma LDH 2nd 264.47+0.62 165.93+1.50 175.95%2.15 <0.001 <0.001
(IU/L) 3rd 298.68+0.08 168.87+1.48 201.27%£5.54 <0.001 0.01
p-value 0.02 0.37 0.02
Plasma Total 2nd 1.01+0.08 0.88+0.16 0.98+0.37 0.07 0.65
Bilirubin(mg/dl) 3rd 2.61+0.08 1.21+0.19 1.27£0.24 0.02 0.03
p-value 0.03 0.22 0.06
Plasma Total 2nd 7.01+£0.08 6.70£0.16 6.54+0.24 0.29 0.26
Protein (g/dl) 3rd 6.71+£0.08 6.57+0.19 6.44+0.19 0.45 0.52
p-value 0.59 0.39 0.53
Plasma 2nd 3.69+0.09 3.3240.11 3.61+0.32 0.20 0.40
Albumin (g/dl) 3 3.88+0.07 4.0940.13 3.64+0.28 0.25 0.36
p-value 0.49 0.55 0.14

AST-Aspartate amino transaminase; ALT-Alanine amino transaminase; ALP-Alkaline phosphatase; GGT- Gamma
glutamytransferase; LDH- Lactate dehydrogenase; PE- Pre-eclampsia; NPW- Normotensive pregnant women; AHPW-
Analbuminuric hypertensive women.

Table 5: Liver function indices of subjects at different phases of PE

Degree of severity (Pre-eclamptics)

Analytes Mild (n=39) Severe (n=84) P- value
Mean =+ SEM Mean =+ SEM
Plasma AST (IU/L) 29.46 £ 0.41 49.74 + 0.49 0.03
Plasma ALT (IU/L) 15.77 £ 0.36 17.96 £ 0.19 0.61
Plasma ALP (IU/L) 225.53 +1.40 247.10+1.28 0.04
Plasma GGT (IU/L) 30.52 £ 0.21 36.64 £ 0.57 0.04
Plasma LDH (IU/L) 180.21 4.4 297.46 £+ 5.21 0.01
Plasma Total bilirubin (mg/dl) 1.15+0.11 2.27 £0.10 0.04
Plasma Total protein (g/dl) 6.89 £ 0.12 6.84 £ 0.06 0.70
Plasma Albumin (g/dl) 3.81 £0.05 3.72 +0.12 0.45

AST-Aspartate amino transaminase; ALT-Alanine amino transaminase; ALP-Alkaline phosphatase; GGT-
Gamma-glutamyl transferase; LDH-Lactate dehydrogenase

Table 6: Correlation between LDH and liver function indices in PE

Analytes r-value p-value
Plasma AST (IU/L) 0.03 0.75
Plasma ALT (IU/L) 0.09 0.32
Plasma ALP (IU/L) 0.18 0.03
Plasma GGT (IU/L) 0.20 0.02
Plasma Total Bilirubin (mg/dl) 0.10 0.27
Plasma Total Protein (g/dl) -0.05 0.63
Plasma Albumin (g/dl) 0.02 0.81

AST-Aspartate amino transaminase; ALT-Alanine amino transaminase; ALP-Alkaline phosphatase; GGT-
Gamma-glutamyl transferase; LDH-Lactate dehydrogenase.
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This study showed a significant positive
correlation between LDH and GGT (r = 0.20, p=
0.02) and ALP (r = 0.18, p = 0.03), while a non-
significant positive correlation was observed
with AST (r = 0.03, p = 0.75), ALT (r = 0.09, p =
0.32), total bilirubin (r = 0.10, p = 0.27) and
albumin (r = 0.02, p = 0.81). There was a non-
significant negative correlation between LDH
and total protein (r = -0.05, p = 0.63). (Table 6).

DISCUSSION

Pre-eclampsia is a pregnancy specific disease
with multisystem involvements. Studies have
suggested that liver involvement in PE is
frequently accompanied by involvement of other
organs especially the kidneys and brain along
with hemolysis and thrombocytopenia. This is
commonly referred to as hemolysis, elevated
liver enzymes and low platelets (HELLP)
syndrome.* This study showed significant
increases in liver enzyme activity in PE when
compared with NPW and AHPW. This is
consistent with an earlier study by Alisi et al.,!°
in pre-eclampsia in owerri, Eastern Nigeria. Alisi
et al.,'° suggested that the integrity of hepatic
membranes may have been compromised
resulting in damages to the hepatocytes. The
transaminases ALT and AST are markers of
hepatocellular damage. However, the observed
increase in AST in our study without a similar
increase in ALT activity with severity suggests
other sources of increased AST beyond the liver
such as the red blood cells and kidneys.
Manjareeka and Nanda reported the occurrence
of hemolysis and renal insufficiency in PE.20

This study also showed an increase in plasma
activities of ALP, GGT and LDH in severe than in
mild pre-eclampsia. Similar findings were
obtained by Udenze et al?! and Munazza et al’ in
their studies in Western Nigeria and the Middle
East respectively. Normal activity of placental
(a2 heat stable) isoform of ALP is only 1% of total
ALP but in pregnancy and pregnancy associated
disorders, its activity increases.22Alkaline
phosphatase (ALP) and GGT are markers of
cholestasis which increases in severe pre-
eclampsia. GGT is a microsomal enzyme which
is widely distributed in many tissues parti-
cularly the liver.? Rukhsana et al** found very
high activity of GGT in PE. This study showed
an increase in TB with an insignificant decrease
in TP and albumin which were associated with
severity of PE. These results suggest impaired
secretory, excretory and synthetic functions of
the liver. Udenze et al reported similar findings
in their study.?' Gojinic et al also found
hypoalbuminemia in severe PE which correlated
with disease severity.25

Lactate dehydrogenase has been shown to be a
useful biochemical marker that reflects severity
and occurrence of complications in PE.26 This
study found increased LDH with severity of PE,
similar to findings by Rukhsana et al, who
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observed that elevated levels of serum GGT and
LDH may reflect the severity of PE and the
occurrence of complications.?* Pre-eclampsia is
a multisystem disorder which leads to a lot of
cellular death and LDH being an intracellular
enzyme can be used to determine the extent of
cellular death and severity of the disease.27 9

Limitations of the study: This study was
conducted in a single health care facility and
thus the findings cannot be generalized.

Conclusion: Placental hypoperfusion and
ischaemia in preeclampsia can result in
periportal hemorrhagic necrosis which leads to
the release of hepatocellular enzymes into the
circulation. The findings of this study demon-
strate that the concentration of liver enzymes
and total bilirubin increase in circulation with
severity of preeclampsia. We therefore, re-
commend that liver function tests should be
done serially in pre-eclamptics in order to detect
and prevent multi-organ damage, morbidity and
mortality associated with severity of the dis-
order.

Authors’ contributions: Study conception and
design was done by O-SOE and AE, while AK
coordinated the data collection. All authors
participated in the data analysis and interpre-
tation of data, drafted this article, critically
reviewed it for important intellectual content as
well and gave the final approval of the version
to be submitted.
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