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ABSTRACT 

Objective: To determine the reference Interval of liver function tests during uncomplicated pregnancy in 
population of Rawalpindi and assess their correlation over first and second trimesters of pregnancy. 
Study Design: Cross sectional study. 
Place and Duration of Study: Department of Chemical Pathology & Endocrinology Armed Forces Institute of 
Pathology Rawalpindi from Feb 2017 to Jun 2018. 
Methodology: Seven hundred and fifty four pregnant women with uncomplicated, single intrauterine pregnancy 
were recruited from Rawalpindi. Thirteen patients with known history of Diabetes Mellitus, hypertension, liver 
disease, renal disorders and those on anti-epileptics, non-steroidal anti-inflammatory drugs and steroids were 
excluded from the study. Blood sample was taken from each subject to analyze serum bilirubin, albumin, total al-
kaline phosphates and alanine aminotransferase on random access discrete auto analyser, ADVIA 1800 Chemistry 
system manufactured in Japan for Siemens Healthcare Diagnostics Inc. Data for serum bilirubin, albumin, ALP 
and ALT were expressed as mean ± standard deviation. As the reference data followed the Gaussian distribu-
tion, therefore the 2.5th and 97.5th percentiles were estimated by values approximately 2SD on each side of mean. 
Results: After analysis of serum samples of 754 subjects, the reference intervals for bilirubin, albumin, ALP and 
ALT during first trimester were; bilirubin 3-9 µmol/l, albumin 31-45 g/L, ALP 122-224 U/l and ALT 3-35 U/l, 
while of second trimester were: bilirubin 2- 7µmol/l, albumin 28-45 g/L, ALP131-300U/l and ALT 1-33U/l. 
Conclusion: First and second trimester wise reference values of Liver Function Tests have been determined in 
pregnancy in this study. This would not only help in monitoring of normal biochemical changes of pregnancy but 
will also lead to prompt detection of fatal pregnancy complications. 
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INTRODUCTION 

Pregnancy is a state of physiological stress. 
Compensatory changes that occur during preg-
nancy include not only changes in energy requi-
rements and utilization but also in different 
organs of maternal body such as liver to provide 
sufficient nurturing environment for normal 
growth and development of fetus1,2. Values of 
various analytical parameters, if compared with 
non-pregnant state can be erroneously labeled as 
abnormally low or high. Thus, it is of paramount 
importance that reference interval of liver fun-
ction tests should be established for disease-free 
pregnant womenfor timely diagnosis and effec-
tive treatment of potentially fatal conditions such 

as acute fatty liver of pregnancy, HELLP syn-
drome and Intrahepatic Cholestasis of Preg-
nancy3,4,5. 

Liver is an integral organ of human body 
performing five hundred different functions. It is 
not only site of bilirubin, albumin and clotting 
factors production but also has important role in 
detoxification and metabolism of several substan-
ces6,7. Various pregnancy hormones including est-
rogen and progesterone have effect on synthetic 
and metabolic functions of liver. Hepatobiliary 
secretion of bile and substances dissolved in it 
such as bilirubin, bile salts and drugs are also 
effected8-10. During pregnancy, plasma volume 
increases by 40-50% from non-gravid state with 
highest levels reaching towards end of second 
and third trimester. Thus, haemodilution leads to 
reduced plasma albumin levels11. A rise in serum 
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alkaline phosphatase is seen in pregnancy due to 
increased production of both bone and placental 
isoenzymes12. 

All these physiological changes lead to sig-
nificant difference in levels of hepatic enzymes, 
proteins, and bilirubin, there is a substantial need 
of a separate reference interval for liver function 
tests during uncomplicated pregnancy. Only after 
this we would be able to monitor physiological 
adaptations of pregnancy and also unravel patho-
logical conditions. This helps not only in prompt 
detection and management of life threatening 
feto-maternal liver disorders of pregnancy but 
also prevents undue treatment caused byfalse 
alarm due to normalcompensatory biochemical 
changes occurring in pregnancy13. Various stud-
ies have been carried out regionally and inter-
nationally by using different methods like Rank 
based technique, log transformation for non-
parametric data and computation of mean and 
standard deviation for parametric data, in order 
to establish separate reference interval for liver 
function tests in pregnancy. However, local data 
is sparse in this regard. This study was carried 
out at AFIP, Rawalpindi, with an aim to deter-
mine the reference values for liver function tests 
for normal pregnant womenin our population 
and assess their correlation over first and second 
trimesters of pregnancy. 

METHODOLOGY 

This was a cross-sectional study carried out 
in Department of Chemical Pathology and Endo-
crinology, Armed Forces Institute of Pathology 
(AFIP), Rawalpindi from February 2017 to June 
2018. Sampling technique was non-probability 
convenient. Seven hundred and fifty four preg-
nant women were recruited from local popula-
tion of Rawalpindi Districtin this study. Subjects 
with single intrauterine, normal pregnancy were 
included in the study. Thirteen patients with 
known history of diabetes mellitus, hyperten-
sion, liver disease, renal disorders and those on 
anti-epileptics, non-steroidal anti-inflammatory 
drugs and steroid therapy were excluded from 
the study. The study was approved from the 

Institutional Review Board (IRB) of AFIP. Sam-
ples were taken after taking informed consent 
from the study participants. 

About 3.0ml of blood sample was takenfrom 
each subjectin yellow top gel tubeforphotometric 
analysis of serum bilirubin, albumin, total Alka-
line phosphatase (ALP) and Alanine aminotrans-
ferase (ALT) onrandom access discrete autoanaly-
ser, ADVIA 1800 Chemistry System, byusing 
Diazo (modified Jendrassik and Grof’s), BCG 
(bromocresol green) end point; Nitro-phenyl 
phosphate (pNPP) Kinetic and modified IFCC 
(Wróblewski and LaDue) kinetic method 
respectively. 

Data analysis was done on SPSS version 24. 
Kolmogorov-Smirnov test was applied to check 
normality of data. Data for serum bilirubin, 
albumin, ALP and ALT were expressed as mean 
± standard deviation (SD). As the reference data 
followed the Gaussian distribution, therefore the 
2.5th and 97.5th percentiles were estimated by 
values approximately 2SD on each side of mean 
or more precisely.  

2.5 percentile = x -1.96 SD 

97.5 percentile = x +1.96 SD 

RESULT 

Out of 754 participants, 396 (52.51%) were 
from first trimester while three hundred and fifty 
eight (47.48%) subjects were havingsecond tri-
mester of pregnancy. Primigravida includedin 
the study were 302 (40.05%) while 452 (59.94%) 
females were multigravida. Kolmogorov Smirnov 
Test was applied to assess normality of data and 
it was found to have a normal distribution. Mean 
age of subjects presenting in the first and second 
trimester was 24.25 ± 3.97 years and 25.42 ± 3.71 
years respectively (table-I). Outliers were exclu-
ded by visual inspection of data by using histo-
gram and then statistically by using Dixon-Reed 
Range Test. Mean ± standard deviation and per-
centiles for serum bilirubin, albumin, ALP and 
ALT were computed in the first and second tri-
mesters and are shown along with the reference 
interval in each trimester (table-II, III). 
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DISCUSSION 

Cardinal parameters done to assess liver 
function include bilirubin, hepatic enzymes such 
as alkaline phosphatase (ALP), Alanine amino-
transferase (ALT) and albumin that reflect the 
state of hepaticsynthetic function14. The current 
study was done to analyze these parameters in 
healthy gravid females infirst and second tri-
mesters. 

Serum bilirubin levels were found to be 
lower both in first and second trimester as 

compared to non-pregnant levels (0-17 µmol/l). 
Increase in plasma volume during pregnancy and 
resulting haemodilution forms logical basis of 
these biochemical changes. Findings of our study 
were in agreement with study carried out in 2016 
in Gujrat (India). These lower levels of bilirubin 
signify the importance of separate reference inter-
val for pregnant ladies and that even mild rise in 
bilirubin should be dealt with high index of 
suspicion requiring serial monitoring and further 
workup to rule out serious conditions such as 
acute fatty liver of pregnancy15. 

Table-I: Basic population characteristics. 

Characteristics Patients recruited (n) First trimester Second trimester 

No. of patients (%) 754 396 (52.51%) 358 (47.48%) 

Primigravida 302 (40.05) 212 (53.53%) 149 (41.62%) 

Multigravida 452 (59.94) 184 (46.46%) 209 (58.37%) 

Age (Years) (mean ± SD) 754 24.25 ± 3.97 25.25 ± 3.71 
Table-II: LFTs of study population. 

 
Mean 

 (𝐱 ) ± SD 
2.5th percentile 

 (𝒙 -1.96SD) 
97.5th percentile 

 (𝒙  ± 1.96 SD) 
Reference 
Interval 

First Trimester 

Total bilirubin (µmol/l) 5.91.5 2.96 8.84 2.96-8.84 

Albumin (g/l) 38.6 ± 3.6 31.5 45.6 31.5-45.0 

ALT (U/l)? 16.1 ± 9.8 3.1 35.3 3.1-35.7 

ALP(U/l) 173 ± 26.2 121.6 224.3 121.6-224.3 
SecondTrimester 

Total bilirubin (µmol/l) 4.9 ± 1.2 2.5 7.2 2.5-7.3 

Albumin (g/l) 36.3 ± 4.3 27.8 44.7 27.8-44.7 

ALT (U/l) 17.3 ± 8.1 1.4 33.1 1.4-33.1 

ALP(U/l) 216 ± 43.1 131.5 300.4 131.5-300.4 
Table-III: Comparison of non-pregnant reference interval and trimester specific range of study population. 

Parameter Non-Pregnant range First Trimester Second Trimester 

Total bilirubin (µmol/l) 0-17 3-9 2-7 

Albumin (g/l) 35-50 31-45 28-45 

 ALT (U/l) Up to 36 3-35 1-33 

ALP(U/l) 54-250 122-224 131-300 
Table-IV: Comparison with data of India and ACG clinical guidelines. 

Parameter 
Pakistan 

(Alveena et al) 
India 13 

ACG Clinical 
Guidelines 2016 

Total 
bilirubin(µmol/l) 

First Trimester 5.9 ± 1.5 11.6 ± 4.2 
No change 

Second Trimester 4.9 ± 1.2 10.9 ± 4.2 

Albmin (g/l) 
First Trimester 38.6 ± 3.6 35 ± 6.0 

Decrease 
Second Trimester 36.3 ± 4.3 33.9 ± 7.9 

ALT (U/l) 
First Trimester 16.1 ± 9.8 24.8 ± 17.2 

No change 
Second Trimester 17.3 ± 8.1 25.2 ± 7.5 

ALP(U/l) 
First Trimester 173 ± 26.2 115.22 ± 52.4 

Increase 
Second Trimester 192.3 ± 27.1 131.9 ± 64.1 

Data is expressed as mean ± SD 
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Serum albumin levels were also found to be 
decreased in both first and second trimester. A 
similar trend in albumin levels has been reported 
by Das et al16. Maternal plasma volume rises upto 
fifty percent starting from first till third trimester. 
Resulting haemodilution leads to lower serum 
albumin levels in pregnancy. However, it was 
observed in Das et al, that the total intravascular 
mass of albumin remains normal and its break-
down and formation is also not changed in com-
parison with non-gravid healthy controls. By 
establishing a lower reference interval for serum 
albumin in pregnancy we won’t be erroneously 
labeling patients with hypoalbuminemia. Thus, 
saving them from undue treatment and stress 
which is harmful not only to maternal health but 
also can have deleterious effects to the develo-
ping fetus. Incase of hypoal-buminemia it is esse-
ntial to asses albumin corrected calcium since 
90% of plasma protein bound fraction of calcium 
is bound to albumin. Consideration of nongravid 
reference interval of serum albumin for a preg-
nant lady may lead to undue usage of albumin 
corrected calcium moreover diagnosis of hypo-
calcemia could be missed. 

ALT levels did not show much variation in 
the first two trimesters. These findings are in 
agreement with ALT levels reported by previous 
various studies done both at regional level and 
internationally14. American clinical guidelines 
have also reported no change in serum ALT 
levels during all the trimesters of uncomplicated, 
healthy pregnancy13. Thus, increase in ALT levels 
during pregnancy indicate a pathological state. 

Although ALP levels tend to rise both as a 
result of intrahepatic and extrahepatic cholestasis, 
yet in addition to liver it also has other sources of 
production including intestines, bones and plac-
enta17. Thus ALP levels rise in pregnancy due to 
contribution both by placental and bone isoenzy-
mes. Serum ALP levels were found to be on hig-
her side in second trimester as compared to first. 
These findings are concurrent with results of than 
et al18, that has reported 2-4 fold rise in ALP. This 
makes ALP a poor marker of cholestasis espe-
cially during later stages of pregnancy. Thus, bile 

acids are considered better marker in cholestasis 
of pregnancy. So, in such conditions different 
fractions of ALP should be measured. Hepatic 
origin can also be ruled out by measuring serum 
gamma glutamyl transferase levels (GGT). These 
measures would aid the treating physicians to 
make an appropriate diagnosis and help in 
improving patient care. 

The fact that our study has a good sample 
size along with a sensitive, precise and accurate 
method of analysis due to stringent monitoring of 
preanalytical, analytical and postanalytical fac-
tors adds up to strengths of our research. How-
ever, performing a multicentric study and inclu-
sion of third trimester pregnant ladies would 
definitely yield more reliable and effective data. 

RECOMMEDATION 

In order to differentiate between physiolo-
gical biochemical adaptations occurring in preg-
nancy and dangerous feto-maternal complica-
tions, laboratories should establish trimester wise 
reference intervals for liver function tests in preg-
nancy. This will help in achieving better preg-
nancy outcomes.  

Overarching Project 

The study is a part of Pakistan Society of 
Chemical Pathologist (PSCP) mega project of 
establishing reference values in general Pakistani 
population and special groups.  
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CONCLUSION 

First and second trimester wise reference 
values of Liver Function Tests have been deter-
mined in pregnancy in this study. This would not 
only help in monitoring of normal biochemical 
changes of pregnancy but will also lead to 
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prompt detection of fatal pregnancy compli-
cations. 
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