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ABSTRACT

INTRODUCTION

Introduction: Reference intervals are the most common decision-making tools for the interpretation of various biochemical
reports. Age, sex, ethnicity, diet, physical, and socioeconomic
conditions affect the physiology of population. Hence, it is
necessary to set up the reference values that are applicable
to a specific population rather than using the reference values
established for other population-based studies or from the literature provided by the reagent kit manufacturers.

One of the most important tools in decision-making in
clinical practice is clinical laboratory testing, a crucial
process for diagnosis and screening of the disease. It
also helps in monitoring of the disease progression and
also to see the efficacy of the treatment. For accurate and
precise interpretation of laboratory tests, one requires a
very accurate reference interval from appropriate information.1 The establishment of reference interval is done
by assaying specimens from a particular group of people
who satisfy well-defined criteria.
The quality of reference interval plays a major role in
the interpretation of results as the quality of result itself.
Various factors like age, sex, ethnicity, diet, physical,
and socioeconomic conditions influence the physiology
of any population. Therefore, it is mandatory to set up
reference values which are applicable to that specific
population rather than borrowing it from other population-based studies or by the ones provided by the reagent
kit manufacturers.
Hepatic enzymes like alanine transaminase (ALT) and
aspartate transaminase (AST) are the important markers
of the hepatocyte injury and the concentration of these
enzymes are elevated in hepatic disorders. Alkaline
phosphatase (ALP) is the biomarker for the post hepatic
obstructive lesions, and this is related as an increase in the
serum ALP level. Although gamma glutamyl transferase
(GGT) is considered as one of the biomarkers for alcoholic
hepatitis, it is more specific for biliary obstruction.
Very few Indian studies have been done regarding
reference intervals for biochemical parameters of liver
function in Indian population. The present study was
hence designed to study and establish reference interval
of hepatic enzymes in Dakshina kannada population.

Aims and objectives: To establish the reference intervals of
serum hepatic enzymes in tertiary care hospital.
Materials and methods: Hospital-based cross-sectional study
was done involving 200 subjects. The subjects were randomly
selected from the population, which included medical students,
health professionals, and those attending different outpatient
departments and health camps organized by the hospital for
general checkups under health plan scheme. Serum alanine
transaminase (ALT), aspartate transaminase (AST), alkaline
phosphatase (ALP) and gamma-glutamyl transferase (GGT)
were estimated by the International Federation of Clinical
Chemistry-recommended kinetic method and GGT by enzymatic colorimetric method. To obtain reference interval, 97.5th
percentile and 2.5th percentile were used.
Results: The results for serum AST and GGT were found to
be statistically significant. Hence separate reference intervals
for both male and female were set up. Generalized reference
intervals were established for serum ALT and ALP levels.
Conclusion: The present study revealed a significant difference
in the reference intervals between males and females.
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MATERIALS AND METHODS
This prospective hospital-based cross-sectional study
was done at K.S. Hegde Charitable Hospital, Mangaluru,
Karnataka, India, for a period of 2 years (2014–2016)
involving 200 apparently healthy subjects (Clinical and
Laboratory Standards Institute guidelines state that the
sample number should preferably be at least 120).2
After obtaining institutional ethical clearance, the
subjects were randomly selected based on the clinical
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history and clinical examination, which included medical
students, health professionals, and those who attended
different outpatient departments and health camps organized by the hospital for general checkup, under the health
plan scheme.
Subjects in the age group between 20 and 60 years,
born and brought up in Dakshina kannada, and who
were willing to participate in the study were included in
the present study. Subjects below 20 and above 60 years
with history of hepatic or renal diseases, diabetes mellitus, hypertension, cardiovascular diseases, intake of oral
contraceptive pills, smokers and alcoholics, pregnancy,
obesity, malabsorption syndromes, and subjects with
nutritional anemia were excluded from the study.
Blood samples were collected randomly, after giving
15 minutes of physical rest,3 in sitting posture. In a plain
red-topped vacutainer tubes containing clot activator,
2 mL of blood sample was collected from antecubital
vein. The samples were left undisturbed for 30 minutes
following which they were centrifuged for 5 minutes at
3000 rpm. Sera was separated and analyzed in Roche
Hitachi c311 autoanalyzer.

Method of Analysis
All the samples were performed in duplicate. The precision of the instrument was checked on many occasions.
All the analytical procedures are standardized, and
the reagent was calibrated to the instrument before the
analysis of the sample.4,5 Serum ALT, AST, ALP, and GGT
were estimated by International Federation of Clinical
Chemistry-recommended kinetic method6-8 and serum
GGT by enzymatic colorimetric method.9
Statistical analysis was done using Statistical Package
for the Social Sciences version 16. Normality of the data
was determined using Kolmogorov–Smirnov test. Data
were summarized using descriptive statistics (mean ±
standard deviation) for normally distributed data and
median for skewed data. To obtain reference interval,
2.5th and 97.5th percentile were used. The comparison of
reference interval between the genders was made using
Mann–Whitney U-test; p-value <0.05 was considered to
be statistically significant.

RESULTS
Of the 200 participants, 104 (52%) were males and 96
(48%) were females. The results of the reference interval
of hepatic enzymes based on gender obtained are tabulated in Table 1.
The reference intervals of serum AST and GGT were
observed to be statistically different in females compared
with that of males. Accordingly, the reference interval

Table 1: Reference intervals for serum hepatic enzymes in the
study population
Reference intervals
Gender (n)
(median)
p-value
M (92)
5.3–47 (19)
0.07
F (94)
4–45.3 (15.5)
M + F (186) 4.6–47 (16)
Aspartate
M (97)
11–43 (22)
0.01
transaminase
F (94)
10.7–37.2 (19)
Alkaline
M (104)
53.6–139.3 (82)
0.264
phosphatase
F (96)
38.5–138.5 (77.5)
M + F (200) 48–138.9 (80)
Gamma-glutamyl M (95)
11.4–56.6 (25)
0.003
transferase
F (88)
6.2–43 (19)
n: number of subjects; p-value: Comparison between male and
female subjects; M + F: Male and female combined; M: Male;
F: Female

Parameters (IU/L)
Alanine
transaminase

for serum AST was found to be 11 to 43 IU/L in males
and 10.7 to 37.2 IU/L in females and for serum GGT
it was 11.4 to 56.6 IU/L in males and 6.2 to 43 IU/L in
females respectively. There was no significant difference
in reference interval for serum ALT and ALP in females
compared with males. Therefore single reference interval
was considered. The reference interval for ALT is 4.6 to
47 IU/L and for ALP is 48 to 138.9 IU/L.

DISCUSSION
The present preliminary study gives a reference interval
of liver function parameters of southern coastal Karnataka apparently healthy population belonging to the
age group of 20 to 60 years of both the sex. In the study,
200 subjects were involved, among which 104 were males
and 94 females.
The reference values of hepatic enzymes like serum
AST and GGT showed gender difference in the present
study. Serum AST and GGT values were found to be
higher in the male population. Serum AST values in
males are higher probably due to higher muscle mass
found in males when compared with females. Therefore,
in muscular disorders, the values are seen higher in males
compared with females. Similar findings are observed in
the studies done in Kampala, Kenya, Tanzania, and in
US population.10-12 The reference value of GGT was also
found to be higher in males as compared with females.
This observation of higher serum GGT in males may be
due to the secretion of GGT from the prostate gland in
males. The result generated in the present study is in
agreement with the results reported by Saathoff et al.13
The predominant source for increased GGT activity is
hepatobiliary diseases. Prostatic adenocarcinoma is associated with the increased levels of GGT in males.
The reference values for serum ALT and GGT
observed in the current study are higher compared with
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the kit values.14 The reference value obtained for serum
ALP is lower compared with the kit values14 of Ugandan
population.11 These differences may be due to the ethnic
variation in the study population.15
The serum ALT and ALP reference values did not
show gender difference and hence single reference value
has been followed for both males and females in the
present study population. These findings are in contrast
to the findings observed in other studies.16-18

LIMITATION
As the sample size is small and male to female ratio is
less, the result generated in the present study cannot be
directly generalized for the whole population. Hence,
further study is needed with a larger sample size for the
establishment of more accurate reference interval for our
general population.

CONCLUSION
The reference intervals observed in this study showed
difference in the reference intervals when compared with
the ones from other sources. Gender differences in reference intervals of serum AST and GGT were observed.
The reference values for the analytes determined in this
study varied from the other population, indicating that
there is a need for establishment of reference values that
are applicable for a specific population, taking into consideration of different age groups and gender.

ACKNOWLEDGMENT
Author would like to thank ICMR with reference no.
3/2/May.2015/PG-Thesis-HRD (1) dated 6/5/2015 for
financially assisting this project.

REFERENCES
1. Mold JW, Aspy CB, Blick KE, Lawler FH. The determination
and interpretation of reference intervals for multichannel
serum chemistry tests. J Fam Pract 1998 Mar;46(3):233-241.
2. CLSI. How to define and determine reference interval in clinical laboratory; approved guideline-second edition. NCCLS
document C28-A2. Wayne (PA): CLSI; 2000. p. 24.
3. Solberg HE, Gräsbeck R. Reference values. Adv Clin Chem
1989;27:1-79.

24

4. Passey RB, Maluf KC. Linearity and calibration. A clinical
laboratory perspective. Arch Pathol Lab Med 1992 Jul;116(7):
757-760.
5. Shires GW. Correspondence of linearity evaluations to the
performance of clinical chemistry instrument and reagent
systems. Arch Pathol Lab Med 1992 Jul;116(7):761-764.
6. Bergmeyer HU, Hørder M, Rej R. Approved recommendation
on IFCC methods for the measurement of catalytic concentration of enzymes. Part 3. IFCC method for alanine aminotransferase. J Clin Chem Clin Biochem 1986 Jul;24(7):481-451.
7. ECCLS. Determination of the catalytic activity concentration
in serum of L-alanine aminotransferase (EC 2.6.1.2, ALAT).
Klin Chem Mitt 1989;20:198-211.
8. Tietz NW, Rinker AD, Shaw LM. International Federation
of Clinical Chemistry (IFCC). J Clin Chem Clin Biochem
1983;21(11):731-748.
9. Szasz G, Persijn JP, Coll E. Kinetic method for quantitative
determination of gammaglutamyl transpeptidase. Z Klin
Chem Klin Biochem 1974 May;12(5):228.
10. Roche Cobras Integra 400 plus. Method Manual, ver. 3.0,
Roche diagnostics, Germany. 2005.
11. Eller LA, Eller MA, Ouma B, Kataaha P, Kyabaggu D,
Tumusiime R, Wandege J, Sanya R, Sateren WB, WabwireMangen F, et al. Reference intervals in healthy adult Ugandan
blood donors and their impact on conducting international
vaccine trials. PLoS One 2008 Dec;3(12):1-6.
12. Gahutu JB, Wane J. Reference intervals for serum proteins and
electrolytes from student population in Butare, Rwanda. East
Afr Med J 2006 Feb;83(2):64-67.
13. Saathoff E, Schneider P, Kleinfeldt V, Geis S, Haule D,
Maboko L, Samky E, Souza M, Robb M, Hoelscher M.
Laboratory reference values for healthy adults from Southern
Tanzania. Trop Med Int Health 2008 May;13(5):612-625.
14. ALT, AST, ALP, GGT. USA: Roche Diagnostics; 2015.
15. Sundaram M, Mohankrishnan J, Murugavel KG, Shankar EM,
Solomon S, Srinivas CN, Solomon SS, Pulimi S, PiwowarManning E, Dawson S, et al. Ethnic variation in certain haematological and biochemical reference interval in a south Indian
healthy adult population. Eur J Intern Med 2008 Jan;19(1):46-50.
16. Furruqh S, Anitha D, Venkatesh T. Estimation of reference
values in liver function test in health plan individuals of an
Urban South Indian Population. Indian J Clin Biochem 2004
Jul;19(2):72-79.
17. Juma A, Njagi ENM, Ngeranwa JJN. Estimation of reference
values for liver function tests for adult population in north-rift
valley, Kenya. Asian J Med Sci 2011 Dec;3(6):243-249.
18. Mu R, Chen W, Pan B, Wang L, Hao X, Huang X, Qiao R,
Zhao M, Zhang C, Guo W, et al. First definition of reference
intervals of liver function tests in China: a large-populationbased multi-center study about healthy adults. PLoS One 2013
Sep;8(9):e72916.

