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Abstract The reference intervals (RIs) of serum amino-
transferases and Gamma-glutamyl transferase (GGT) have
been established many years ago. Recent RIs are not
available. The prospective study was conducted to re-e-
valuate the RIs of liver enzymes and the effect of demo-
graphic and anthropometric variables on them in western
Indian population. A total of 1059 blood donors comprised
the study population. Anthropometry and serum liver en-
zymes levels were measured. Subjects were categorized
into normal weight and overweight by using body mass
index (BMI) and waist circumference (WC). For RI de-
termination, non-parametric methodology recommended
by IFCC/CLSI was adopted. Mann—Whitney test and
Spearman’s rank correlation were used for statistical ana-
lysis. Upper limit of normal reference value of liver en-
zymes were lower in female compared to male. (ALT—
23.55 F vs 36.00 M, GGT—34.58 F vs 36.20 M) When RI
of liver enzymes were calculated according to body mass
index, the upper limit of normal of ALT and GGT were
higher in overweight group compared to normal weight
group. (ALT—38.00 vs 27.00 IU/L and GGT—37.59 vs
35.26 TU/L). In both male and female, liver enzymes cor-
related significantly with age. WC and BMI were positively
correlated with AST, ALT and GGT in both subgroups and
the correlation was stronger in male. Demographic factors
should be considered for making liver enzyme tests more
clinically relevant. Gender based partitioning should be
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adopted for serum alanine aminotransferase (ALT) and
GGT reference values for Western Indian population.

Keywords Liver enzymes - Body mass index - Waist-hip
ratio - Alanine aminotransferase - Aspartate
aminotransferase - Gamma glutamyl transferase

Introduction

Biochemical tests for liver disease provide assistance in
making a diagnosis, monitoring the disease course and
documenting subclinical evidence of disease [1]. The
serum enzymes that are most commonly used and readily
available in evaluating liver function are alanine amino-
transferase (ALT), aspartate aminotransferase (AST), al-
kaline phosphatase (ALP) and gamma-glutamyl transferase
(GGT) [2].

Studies have shown that various clinic-demographic
factors, such as gender and age, body fat -its distribution
pattern and serum lipid levels might interfere with the liver
enzymes level in the general population [3, 4].

Serum enzyme levels can also vary with variations in
diet, lifestyle, environmental factors, and race/ethnicity
thus may alter the upper limit that is considered normal.

Elinav et al. studied association of serum ALT level
with age in Israeli population and observed an inverted
curve with peak at 40-55 years while another study by
Dong et al. reported significant decrease in serum ALT
levels with increasing age [5, 6].

In addition, liver enzymes levels can also be modulated
by the pattern of body fat distribution. Overweight and
obesity increase the risk of liver disease. The body mass
index (BMI) and waist circumstance (WC) are closely
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linked either alone or in combination to the liver enzymes
elevation in general population [7, 8].

Ethnicity differences in the liver enzymes level had been
observed in the third National Health and Nutrition Ex-
amination Survey (NHANES III) where Mexican—Amer-
icans had a higher prevalence of ALT elevation (14.9 %) as
compared to other ethnicities. They defined aminotrans-
ferase elevation as raised ALT or AST based on NHANES
III criteria; for men this corresponded to an AST > 37 TU/
L or ALT >401IU/L, and for women an AST or
ALT > 31 IU/L [8]. Ichihara et al. described large be-
tween-city differences in some commonly measured ana-
lytes among six Asian cities [9].

Within India itself, there is an enormous regional, ethnic
and racial diversity. Diverse food habits, life-style and
environmental conditions are present. These factors may
cause variation in reference values. That is why the values
associated with a reference interval (RI) should be repre-
sentative of a specific population.

In India, clinical laboratories use the reference values of
commonly used analytes supplied by diagnostic reagent
and equipment manufacturers in their instructions without
giving details of the original source of the data [10]. Cur-
rently used RI for liver enzymes levels in India are mainly
based upon western population and those provided by
manufacturer of kits. The suitability of these Rls for local
use is thus questionable.

Kumar et al. documented the association of serum AST
and ALT levels with BMI and waist hip ratios (WHRs) and
the magnitude of obesity in general healthy population in
western India and urged for revision of current normal
limits of serum AST and ALT levels [11].

There are few studies from India about normal limits of
liver enzymes in specific areas. We therefore conducted
this study to re-evaluate the Rls of liver specific enzymes
and to investigate the effect of modulating factors (demo-
graphic and clinical factors) on liver specific enzymes in
western Indian normal blood donors.

Methods
Study Population

The proposed cross sectional study was conducted by the
Department of Biochemistry and Department of Gas-
troenterology. The population for this study were indi-
viduals who attended blood donation camps held by the
institute from July 2011- March 2013. The study was ap-
proved by the Institutional Ethics Committee. Total of
1132 apparently healthy individuals were selected after
obtaining written informed consent. For consenting indi-
viduals, information regarding age, sex and anthropometric

parameters (height, weight, waist circumference and hip
circumference) were noted. Exclusion criteria were-
pathophysiological states (any concurrent acute or chronic
illness including acute febrile illness, thyroid disease, hy-
pertension, diabetes, renal failure, congestive heart disease,
chronic respiratory diseases, liver diseases, malabsorption
syndromes, and nutritional anemia), acute viral hepatitis in
last 6 months, intake of pharmacologically active agents
(tobacco, oral contraceptives, replacement or supplemen-
tation therapy such as Insulin intake), family history of
jaundice, H/o hepatotoxic drugs like aspirin, ac-
etaminophen, ibuprofen etc., any other concurrent alter-
native medications (ayurvedic, homeopathic anticoagulant
drugs etc.), blood transfusion in recent past (6 months),
obese (BMI > 30 kg/m?) and modified physiological states
(pregnancy, psychological and mental disorders such as
severe stress and depression, exercise or physical training
in previous days). The subjects whose serum AST/ALT
levels were above 40.00 IU/L were referred for further
evaluations of liver diseases and were excluded from
analysis. After exclusion of these individuals, 1059 sub-
jects were finally included in the study.

Anthropometry

Measurements included waist and hip circumferences,
height and weight. Standing waist circumference (WC)
was measured at the high point of the iliac crest. The tape
was horizontally placed between the bottom of the rib
cage and the top of the iliac crest (hip bones) around the
smallest circumference between these two reference
points. As for hip circumference, the tape horizontally
placed around the hips at the biggest circumference point
(maximum protrusion) between the iliac crest and either
the crotch for women or the head of the femur for men.
The waist-to-hip ratio was calculated as the waist mea-
surement divided by the hip measurement. The height of
subjects was determined by the use of a vertical calibrated
scale, in the standing position. Heel to head-crown length
was measured in centimetres. Weight was measured using
a self-zeroing weight scale, with the participant wearing
no shoes. The balance was pre tested with known stan-
dard weights. BMI was calculated as weight (kg) divided
by height in m? [12].

Study population was classified according to the sex
(male and female) and then sub classified according to BMI
(healthy weight/overweight), WC and WHR. For both male
and female BMI < 25 was considered healthy weight and
BMI > 25 were considered overweight [13]. A WC of
<80 cm for female and <85 cm for male was considered
normal. WHRs of <0.81 in female and <0.88 in males
were considered as normal. Values above these were con-
sidered as indication of upper body adiposity [14].
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Laboratory Analysis

Venous blood samples were collected in plain evacuated
tubes in aseptic condition. Serum was separated from the
blood samples and stored in screw capped vials at —20 °C
till processing of the sample. For each volunteer, serum
samples were processed for estimation of serum ALT, AST
and GGT using the IFCC approved methods [15, 16]. The
kits were supplied by Mediclone Biotech Pvt. Ltd., Mum-
bai, India. The analysis was performed on fully automated
analyzer (AU-400 by Olympus, Japan). Sample analysis
was performed after standardization of instrument with the
help of calibrators and controls. The quality control check
was done twice in a week.

Statistical Analysis

All the enzymatic parameters revealed non-Gaussian dis-
tribution (as tested by D’ Agostino—Pearso test). Data was
represented as median and interquartile range (IQR).
Analysis of Quantitative data between two subgroups was
done using Mann—Whitney test. Analysis of Quantitative
data among more than two subgroups was done using
Kruskal-Wallis One Way ANOVA test. Relationship be-
tween liver enzymes and anthropometric parameters were
assessed using Spearman’s rank correlation. p value
of < 0.05 was considered statistically significant. All ana-
lyses were conducted using the Statistical Package for
Social Sciences (SPSS-21.0, Chicago, IL). RI of liver en-
zymes was calculated using a “non parametric method” as
described in the CLSI/IFCC Guidelines C28-A3 using
MedCalc Statistical Software Version-12 [17]. Outliers
were removed using Tukey’s method. The 2.5 percentile
and 97.5 percentile formed the lower and upper limits of
RIL.

Results

Of 1059 subjects, 617 (58.26 %) were male and 442
(41.74 %) were female. The median (IQR) age of male and
female subgroups was 26.00 (11.00) years and 25.00
(11.00) years respectively. The median AST and ALT of
male were 26.00 (10) and 16.00 (12.50) IU/L respectively.
For female, the median AST and ALT levels were 27.00
(9.00) and 13.00 (8.00) IU/L respectively. The median BMI
was significantly higher in female group 23.34 (3.8) com-
pared to male group 22.58 (4.0) (p < 0.001). The median
WC and waist-hip ration of male was significantly higher
in male group compared to the female group (p < 0.001).
The median AST was significantly higher in female com-
pared to male (p < 0.05) while median ALT and GGT was
significantly lower in female group compared to male
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group (p < 0.01, 0.001 and 0.01 respectively). No sig-
nificant difference in age could be observed between both
the groups (Table 1).

Liver Enzymes and Age

Liver enzyme levels (median) were measured after parti-
tioning of male and female population according to three
age groups (Groupl—21-30 years, Group 2—31-40 years
and Group 3—41-50 years). Significant difference in
serum AST and ALT levels was observed among different
age groups for both genders (female—AST p < 0.001 and
ALT p < 0.01, male AST p < 0.001 and ALT p < 0.001).
Two female subjects had age more than 50 years, so they
were also included in the group 3 (41-50 years). No sig-
nificant difference could be observed in serum GGT levels
with age in both genders. When pair wise comparison of
AST and ALT between individual age groups was done, in
male, the youngest age group (21-30 years) showed sig-
nificantly lower AST and ALT activities than the age
groups 2 and 3 (3140 and 41-50 years, AST p < 0.05 and
ALT p <0.05). In women, the youngest age group
(21-30 years) showed significantly lower AST and ALT
activities than the age groups 2 (31-40 years, AST
p < 0.001 and ALT p < 0.05) (Table 2).

BMI and Waist Hip Ratio

Table 3 reports the comparison of various variables clas-
sified by BMI into normal weight (BMI < 25) and over
weight (BMI > 25) for both gender. In females, out of
n = 442, 126 were overweight while in male, 137 of 617
were overweight. In female, age, WC, HC, serum ALT and
GGT were significantly higher in overweight group com-
pared to the normal BMI group (p < 0.001) and AST levels
was similar in the two groups. WHR of overweight females
was significantly lower compared to normal weight fe-
males (p < 0.001). In males, liver enzymes (AST p < 0.05,
ALT p < 0.001 and GGT p < 0.05), WC, HC and WHR
were significantly higher (p < 0.001) in overweight group
compared to the normal weight group; no difference in age
could be observed between both the groups (Table 3).

Gender Specific Association Between Liver Enzymes
and Clinical Variables

In female, AST and GGT were significantly increased with
age (r = 0.24; p < 0.001 and 0.11; p < 0.05 respectively)
while no significant correlation of ALT with age was ob-
served. In male all the three liver enzymes significantly
increased with age (AST—r = 0.18; p < 0.001, ALT—
r=020; p<0.00l and GGT—r = 0.10; p < 0.05).
Serum AST, ALT, GGT activities increased with
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Table 1 Characteristics of Variables Median (IQR) Z-value
study population by gender
Total (n = 1059) Female (n = 442) Male (n = 617)
Age (years) 26.0 (10.0) 26.0 (11.0) 25.0 (11.0) —1.28™
BMI (Kg/m?) 22.99 (3.9) 23.34 (3.8) 22.58 (4.0) —3.74™"
Waist circumference (cm)  82.00 (12.0) 80.00 (10.0) 85.00 (14.0) —7.49"
Hip circumference (cm) 95.00 (11.0) 94.00 (15.0) 96.00 (10.0) —1.67™
Waist/hip ratio 0.87 (0.1) 0.85 (0.1) 0.88 (0.1) —9.72""
AST (IU/L) 27.0 (9.0) 27.0 (9.0) 26.0 (10.0) —2.94"
ALT (IU/L) 14.0 (11.0) 13.0 (8.0) 16.0 (12.5) —8.81""
GGT (IU/L) 18.0 (11.4) 17.5 (12.3) 18.5 (10.1) —2.60"

ns not significant

* p <0.05; ** p < 0.01; *** p < 0.001 (p value for comparison between female and male)

Table 2 Serum AST, ALT and GGT activities in male and female groups classified according to age

Gender Parameters Age (years) P Pair wise group comparison
Median (IQR)
Group-1 Group-2 Group-3
21-30 years 31-40 years 41-50 years
N =306 N = 107 N =29
Female AST (IU/L) 26.0 (8.0) 29.0 (8.0) 28.0 (9.0) 1591 Group 1 versus group 2 (p < 0.001)
ALT (IU/L) 12.0 (7.0) 14.0 (10.0) 12.0 (4.5) 10.25™ Group 1 versus group 2 (p < 0.05)
GGT (IU/L) 17.4 (12.1) 18.3 (14.0) 17.2 (13.7) 4.34" ns
N = 437 N =138 N =47
Male AST (IU/L) 25.0 (9.0) 28.0 (10.0) 30.0 (12.5) 13.23"" Group 1 versus group 2 and 3 (p < 0.05)
ALT (IU/L) 16.0 (12.0) 19.0 (12.3) 23.0 (16.0) 30.26™" Group 1 versus group 2 and 3 (p < 0.001)
GGT (IU/L) 18.0 (10.0) 19.9 (10.6) 18.9 (14.1) 2.96™ ns

ns not significant
*p <0.05; ¥ p < 0.01; *#* p < 0.001

increasing BMI for both male and female groups (Female
AST—r = 0.14; p < 0.01, ALT—r = 0.27; p < 0.001,
GGT—r = 0.46; p <0.001 and Male AST—r = 0.18;
p < 0.001, ALT—r = 0.39; p < 0.001, GGT—r = 0.12;
p < 0.01). In male, serum AST, ALT and GGT level in-
creased significantly with increasing WHR (AST—
r = 0.20; p < 0.001, ALT—r = 0.21; p < 0.001, GGT—
r = 0.15; p < 0.001). In female only ALT and GGT de-
creased significantly with increasing WHR (ALT—
r = 0.20; p < 0.001, GGT—r = 0.25; p < 0.001) while no
correlation of AST with WHR was observed.

Reference Intervals of Liver Enzymes
RIs of serum AST, ALT and GGT according to gender,

BMI and WC are presented in Table 4. Figure 1 shows the
graphical presentation of liver enzymes RlIs in female and

Fig. 2 shows the graphical presentation of liver enzymes
RIs in male. The upper limit of normal of AST, ALT and
GGT was significantly higher in male compared to female.
The RIs were also affected by body fat and its distribution
as the ULN of liver enzymes were high in overweight
groups compared to healthy weight groups (Table 4).

Discussion

This prospective study was conducted to evaluate the effect
of various modulating factors (age, gender, BMI and
WHR) on liver enzyme levels and to re-evaluate their
healthy ranges in western Indian population.
Demographic factors can contribute to disparities in the
serum liver enzymes levels. In our analysis, with increasing
age, serum ALT, AST and GGT levels were found to be
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Table 3 Comparison of various

variables between normal Variables BMI (kg/mz) xeniij: (IQR) Z-value ﬁzﬁcian (IQR) Z-value
weight (BMI < 25) and
overweight (BMI > 25) in Age (years) <25 260 (10.0)  —2.03" 250 (10.0)  —1.90™
female and male groups
>25 28.0 (11.3) 27.0 (13.5)
AST (IU/L) <25 27.0 (8.0) —1.84™ 260 (10.0)  —2.39"
>25 28.0 (12.0) 27.0 (8.5)
ALT (IU/L) <25 12.0 (6.8) —4.99" 15.0 (11.0) —7.09"""
>25 15.0 (9.3) 23.0 (13.0)
GGT (IU/L) <25 15.7 (9.5) —8.8" 17.9 (9.9) —243"
>25 25.7 (12.7) 21.0 (12.5)
Waist circumference (cm) <25 78.00 (9.0) —10.387""  81.00 (11.0) —14.996""
>25 86.00 (8.0) 94.00 (7.0)
Hip circumference (cm) <25 90.00 (12.0) —12.893""  93.00 9.0) —14.885""
>25 104.00 (9.0) 103.00 (7.0)
Waist/hip ratio <25 0.86 (0.1) —7.85™" 0.87 (0.1) —7.61""
>25 0.82 (0.1) 0.91 (0.1)
ns not significant
* p < 0.05; ** p < 0.01; *** p < 0.001
tThtbllli; glezf;f;‘:e interval of Groups Number  95th Percentile ~ AST (IU/L)  ALT (IU/L)  GGT (IU/L)
Total population 1059 2.5 15.0 5.0 8.0
97.5 39.0 33.0 36.6
Male 617 25 16.0 5.0 8.6
97.5 39.0 36.0 36.2
Female 442 2.5 13.0 5.0 7.9
97.5 39.0 23.6 346
BMI < 25 796 25 15.0 5.0 7.9
97.5 39.0 27.0 35.3
BMI > 25 263 25 14.6 5.0 8.9
97.5 39.0 384 37.6
Male (WC < 0.85) 330 25 15.0 5.0 8.2
97.5 39.0 33.0 314
Male (WC > 0.85) 287 25 16.0 ) 93
97.5 39.0 38.8 39.1
Female (WC < 0.80) 243 25 13.2 5.0 7.9
97.5 38.0 23.0 332
Female (WC > 0.80) 199 25 13.0 5.0 7.8
97.5 39.0 245 36.4

significantly increased shows their positive association
with the age within the age range of 21-48 years in males.
The AST and ALT levels for age group 31-40 and
41-50 year were higher than the 21-30 years age group in
males. In females although AST and GGT were positively
correlated with age between 21-51 years but no significant
association of serum ALT with age could be observed in
female. On age sub-group comparison, serum AST and
ALT levels were higher in age group 31-40 years com-
pared to age group 21-30 years in female group. Our data
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suggests that age is an important modulating factor for liver
enzymes in healthy population. In a similar study, Lee et al.
studied the healthy population comprising of 643 men and
462 women of Korea with biopsy proven histological
normal livers. They concluded that age was independently
correlated with ALT levels in both sexes [18].

In addition to age, gender plays a crucial role as
modulating factor. For our population, gender wise analysis
showed that ALT and GGT levels were higher in male than
female. In other study focused on blood donors without a
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Fig. 2 Reference intervals of liver enzymes in male population

diagnosis of hepatitis from London, the ALT level was
much higher in males than females [19]. Piton et al. ob-
served that healthy females have lower serum ALT levels
than healthy males. Serum ALT levels in women remain
constant throughout their lifetime, while in men they
steadily rise up to the fifth decade and then decline [4]. In
another study, Sripanidkulchai et al. studied the Thailand
population and concluded that the median serum GGT
level of healthy females was significantly lower than the
values for healthy males, i.e., 21 (range = 9-260) versus
32 (range = 9-459) U/L. In that study the serum GGT was
not age dependent [20].

There is a strong possibility that these demographic fac-
tors can affect the healthy ranges of liver enzymes. So we
attempted to re-evaluate the healthy ranges of serum ALT,
AST and GGT levels for our population. Our study

concluded that established RIs of liver enzymes were altered
from current reporting ranges of our clinical centre. Major
alteration was observed in ALT levels. Our study reports
lower reference range of ALT (5.0-33.0 IU/L) for total
population compared to the currently used reference range at
our centre (40.0 TU/L). In this study it was also observed that
serum ALT upper limit was lower in a sex specific manner
(36.0 TU/L for male and 23.6 IU/L for female). The low ALT
upper limit in women calls for separate RI to be used for male
and female population. Lozano et al. analysed 579 male and
457 female blood donors. The mean ALT levels were
25.3 &+ 14.5 TU/1 for males and 16.3 & 7.9 IU/] in females.
They have also shown a need to have different cut-off values
for ALT levels in males and females [21].

Although the median AST level was slightly high for
female than male, (Table 1) the ULN of AST, was similar
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for both female and male population (39.0 IU/L). This
ULN value was slightly lower compared to the value cur-
rently used in our hospital over the years (40.0 IU/L). In
another Indian study, the AST reference ranges were re-
ported by Sairam et al. for reference population comprising
of four Indian cities (Chennai, Hyderabad, New Delhi and
Ahmadabad). The RI established in this study for AST
was—(12.0-37.0 IU/L for female and 14.0-42.0 IU/L for
male) [22]. The RIs of GGT calculated in our study was
7.9-34.6 IU/L for female and 8.6-36.2 IU/L for male. The
ULN of GGT for both male and female calculated by our
study were lower than the value currently used in the
laboratory (<50.0 IU/L). The low ULN of GGT can be
explained by the fact that in our reference population only
14.5 % male were mild alcoholic and no women were al-
coholic in our study. Our data suggests the gender based
partitioning of serum ALT and GGT parameters.

Except demographic factors, body fat distribution can also
have modulating effect on liver enzymes levels and alter their
healthy ranges. BMI (measure of total body fat), WC and
WHR (the measures of regional body fat) are good indicators
of the risks of abdominal fat accumulation. Our study has
attempted to identify association of these anthropometric pa-
rameters with liver enzymes. BMI was positively correlated to
serum AST, ALT and GGT in both male and female study
population. Further after partitioning of population into
healthy and overweight using BMI criteria, the liver enzyme
activity was significantly higher in over weight male com-
pared to healthy weight male. Also the WC and WHR were
significantly higher in over weight male compared to healthy
weight male. In female, serum ALT, GGT levels, WC was
significantly higher and WHR was significantly lower in
overweight compared to healthy weight group. These results
show the comparative pattern of fat distribution in overweight
male and female for our population. In female, with increasing
body weight (as measured by BMI), the fat deposition in-
creased more on hip than on waist causing decrease in WHR in
overweight female group. While in male, with increase in
BMI, the fat deposition was relatively high on waist than hip
causing increased WHR in overweight male. Our findings are
in general agreement with previous studies which demon-
strated that BMI is strongly associated with increased serum
activities of liver enzymes, such as ALT, AST and GGT [11,
23, 24].

Some investigators also reported that serum ALT, AST,
and GGT enzymes showed marked increases in mean
levels with an increase in the BMI [25]. In our study the
BMI even had visible effect on RIs of ALT AST and GGT
liver enzymes. High RIs of AST, ALT and GGT were
observed in overweight (BMI > 25) group (AST—
15.0-39.0, ALT—5.0-27.0, GGT—7.9-34.6) as compared
to normal weight (BMI < 25) group (AST—14.6-39.0,
ALT—5.0-38.0, GGT—8.9-37.6). Therefore BMI is a
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major factor contributing to the variability in the reference
cohort used to establish ULN values. In our study the
reference population comprised of 75.17 % (n = 796)
healthy weight and 24.83 % (n = 263) overweight people.

So far BMI has been used to assess relative weight and
obesity status and their relationship with hepatic enzymes
levels but it does not suggest fatness homogeneously in all
populations. Anthropometrical measures of central adi-
posity, such as WC can also be used to assess the rela-
tionship between body fat distribution and liver enzyme
activity [12].

Our study attempted to identify healthy and overweight
by BMI and WC and waist-hip ratio. As indicated by
BMI > 25, 38.50 % female and 22.20 % male were over-
weight in our population. When WC (>80 cm for female
and >85 cm for male) was used as obesity indictor, the
percent of overweight female increased to 45.02 % and for
male it increased to 46.51 %. These data indicates the
percentage of over- weight individuals increased almost
twofold in both genders when the classification of obesity
was based on WC Statistical analysis showed that median
BMI was significantly low for male than female which
indicate that overall adiposity was high in female than
male. In female WHR was significantly high compared to
male population which indicates that in female more fat
deposition was on hip area than waist. Thus large hip cir-
cumference lowered the WHR (as hip circumference is the
denominator in the ratio) in female subjects compared to
male subjects.

Except BMI, WC was used for dividing population into
healthy weight and overweight to evaluate the difference in
live enzyme’s RIs. Significant association of WC with
AST, ALT and GGT was observed in both male and fe-
male. ULN of ALT and GGT were high in over weight
group as compared to normal weight group classified ac-
cording to WC (Table 4).

Pouliot et al. have shown that WC not only correlated
better with BMI than WHR, but was also better related to
the metabolic variables known to be associated with bio-
chemical parameters such as serum lipid and glucose levels
[26]. In our study WHR was positively correlated with AST,
ALT and GGT in male but negatively correlated with ALT
and GGT in female. Kumar et al. and Piton et al. also ob-
served the negative correlation of WHR with serum ALT in
female and positive correlation of ALT with WHR in male
[4, 11]. In another study, WC, liver enzymes and pertinent
demographic data were abstracted from NHANES III,
There was a significant relationship observed between en-
zyme activity and WC (p < 0.001 for ALT, p < 0.01 for
ALP, p < 0.01 for AST, p = 0.02 for GGT), and the rela-
tionship was stronger in females (p < 0.002) and Mexican
Americans (p < 0.001) [27]. Thus WC can be used as
comprehensible and physiologically valid indicator of



Ind J Clin Biochem (Jan-Mar 2016) 31(1):108-116

115

obesity except BMI to study the effect of body fat distri-
bution on liver enzymes.

ULNSs of liver enzymes established in our study were
lower as compared to north and south Indian population.
Yadav et al. 2014 established reference ranges of liver
function test parameters for north Indian population
(AST—14.00-55.00, ALT—11.00-70.35, GGT—
6.7-51.09 IU/L, for Male and AST—13.00-50.43 ALT—
9.00-63.43, GGT—3.92-48.70 IU/L for Female). In an-
other study conducted by Furrugh et al., ULNs of liver
enzymes for urban south Indian population were also high.
In this study the age range was 21-70 years and they ob-
served increase in ULN of liver enzymes with increasing
age. The explanation for wider reference range of liver
enzymes given by the author was difference in the diet
pattern of reference population. The one cause of differ-
ence in our RIs with north and south India may be the
broad age range selected for north Indians (15-60 years)
and south Indian (21-70 years) compared to our reference
population (21-51 years). As the age increases RI may
differ from younger adults which emphasize the impor-
tance of age in establishing RIs. Alternatively, anthropo-
metric (BMI, WHR) and other clinical differences could
also be responsible for such variations [28, 29].

In conclusion, our study suggests that the ULNs of liver
enzymes are different from the currently used ULNs of our
laboratory so they need to be standardized. Liver enzyme
values are also significantly affected by gender, age, BMI,
and WC/WHR in healthy population and an important re-
lationship exists between Rls of liver enzymes and these
demographic factors. Being surrogate marker in screening
of liver diseases, AST, ALT and GGT reference values
should be corrected for these factors to increase specificity
of liver enzymes tests and to ensure their clinical utility.
Updated RIs documented in our study for liver enzymes
would help clinicians in better interpretation of these pa-
rameters for early diagnosis and prognosis of liver diseases
in Western Indian population.
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