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ARTICLE INFO abstract

Introduction: In 1992 Medical Institute of Mongolia studied reference value of Ala-
nine aminotransferase (ALAT) Mongolian population, but used old chemical methods 
and old analyzers. 

Goal: To study the reference value of enzyme ALAT in the serum of Mongolian adults’ 
blood and its correlation with some dependent factors. 

Methods of study: We included 3742 healthy adults from six regions in our survey. 
In each age group of the research included at least 30 specimens. The design of the study 
was instantaneous research model of WHO. The reference value developed by the Inter-
national Committee of Reference for International Treasury Recommendations (LIMO), 
which was adapted to the specifics of Mongolia.

Results: Average activity of ALAT enzymes / Table 1/ within population is 23.55 ± 
0.29 U/L; for males - 28.50 ± 0.50 U/L; for female - 19.87 ± 0.32 U/L. The reference value 
of the enzyme ALAT for population is 4.55-42.55 U/L; for men 8.62-48.38 U/L for women 
5.26-34.28 U/L. The mean levels of ALAT enzyme in the serum of men is higher than in 
women for all age.

Conclusion: The reference value of the enzyme ALAT for population is 4.55-42.55 
U/L; for men 8.62-48.38 U/L for women 5.26-34.28 U/L. ALAT enzyme activity correlat-
ed with sex, season and not correlated with regions. 

Introduction
In 1992 Medical Institute made study of reference amount of 

Aspartate aminotransferase (ASAT), Alanine aminotransferase 
(ALAT), Gamma glutamine transpeptidase (GGT), Lactate 
dehydrogenase (LDG) within Mongolian adults using traditional 
chemical tests, but in modern medicine, when we use automat 
analyses for testing the old references maybe not appropriate to 
use. In Mongolian hospital’s laboratories people still continue use 
references established in foreign population, or use references 
proposed by firms and companies, which produced and exported 
reagents. These references do not include physiological features 
of Mongolian people, their age, sex, season, regional differences. 
Mongolian clinical diagnostic laboratories have to reestablish or  

 
renew clinical, biochemical reference value of biochemical tests of 
Mongolian people. 

Goal of the Study

To study the reference value of enzyme ALAT in the serum of 
Mongolian adults’ blood and its correlation with some dependent 
factors. 

Objectives of the Study

a) To study the reference value of enzyme ALAT in the blood 
serum of Mongolian adults and determine the maximal and 
minimal values. 

https://biomedres.us/
http://dx.doi.org/10.26717/BJSTR.2019.16.002858


Copyright@ Ganchimeg Ch | Biomed J Sci & Tech Res| BJSTR. MS.ID.002858.

Volume 16- Issue 3 DOI: 10.26717/BJSTR.2019.16.002858

12059

b) To study the reference value of enzyme ALAT in the blood 
serum of Mongolian adults and its correlation with age and sex. 

c) To study the reference value of enzyme ALAT in the blood 
serum of Mongolian adults and its correlation and differences 
in regions and seasons. 

Materials and Methods of Study 
A total of 3742 people was surveyed, in each age group of the 

biomedical research included at least 30 specimens, and confidence 
level 98% (t = 2.33), and result of error 0.02 = 2%. The design 
of the study was WHO’s study instantaneous model research 
design by step by step. The reference value developed by the 
International Committee of Reference for International Treasury 
Recommendations (LIMO), which was adapted to the specifics 
of Mongolia and study provided in three steps. Age groups of the 
study were 16-20, 21-25, 26-30, 31-35, 36-40, 41-45, 46-50, 51-
55, 56-60, 61-65, more than 66. Regions were divided in 6 groups: 
Altai (mountain) region, Khangai (Forest) region, Step region, Gobi 
Desert region, Central region, Ulaanbaatar region. The study was 
conducted in accordance with the International Guidelines “Ethical 
aspects for the Biomedical Survey”, and the general principles of 
biomedical research. 

Methodology of Study 
Identification of the enzyme Alanine Aminotransferase (ALAT) 

provided by the standard method using the reinforced liquid test kits 
produced by Roshe (Korea), Human (Germany) and Hospitex (Italy 
), and used an automated analyzers produced by the International 
Clinical Biochemical Association KINETIC COLOROMETRIC (IFCC).

Statistical Processing
The results of the study were developed using the Microsoft 

Excel and SPSS-17 standard software, mathematical average 
M, 95% of the mean probability of deviations from M ± m, 95% 
probability of change (CI 95%), and the intermediate limit of 
references. Determined the maximum and minimum limit value, 

the value of the statistical significance (p <0.05), and the mean 
value of the references determined by the Students’ t criterion. The 
correlation between enzymatic activity and age-related data was 
determined by the correlation test method. 

Results of Study 
The following Table 1 shows the 95% confidence interval of 

the activity of the ALAT enzyme in the blood of healthy population 
, level M ± m, the 95% probability (CI 95%) required for the 
determination of activation rates was determined by the population 
(N) and gender. Average activity of ALAT enzymes / Table 1/ within 
population is 23.55 ± 0.29 U/L; for males - 28.50 ± 0.50 U/L; for 
female - 19.87 ± 0.32 U/L. The reference value of the enzyme 
ALAT for population is 4.55-42.55 U/L; for men 8.62-48.38 U/L 
for women 5.26-34.28 U/L.The mean levels of ALAT enzyme in the 
blood serum of men is higher than in women. Table 2 shows how the 
activity of ALAT enzyme level in the blood of Mongolian population 
differs from the age group and sex. The dependence of the ALAT 
enzyme activity from the age was determined by Student t value, 
and the dependence from age of this enzyme was is statistically 
significant (<0.0001) . The value of the estimated criteria /t=14.53/ 
is the level of significance level corresponding to <0.0001. It means 
that ALAT value within male is higher than within female with the 
probability P> 0.9999. (Figure 1) illustrates how the activity of 
ALAT enzyme in the blood of population in Mongolia is dependent 
on the age and gender. 

Table 1: Reference value of ALAT enzyme activity (U/L).

Number of 
people,

The mathematical mean of the ALAT 
enzyme deviation with 95% probability

Sex ( N)  (M±m) CI 95%

Men 1597 28.50±0.50 8.62-48.38

Women 2145 19.87±0.32 5.26-34.48

Total 3742 23.55±0.29 4.55-42.55

Note: CI 95%- The minimum and maximum value of enzyme 
ALAT.

Figure  1: The changes of mean value of ALAT enzyme with age and sex.

http://dx.doi.org/10.26717/BJSTR.2019.16.002858


Copyright@ Ganchimeg Ch | Biomed J Sci & Tech Res| BJSTR. MS.ID.002858.

Volume 16- Issue 3 DOI: 10.26717/BJSTR.2019.16.002858

12060

Table 2: The level of ALAT enzyme activity determined by age 
and sex (U/L).

Age Sex N M±m CI 95%

16-20

man 120 21.80±1.90 1.22-42.40

women 110 15.70±1.50 0.00-31.4

total 230 18.91±1.15 1.46-36.36

21-25

man 143 25.60±1.71 5.20-48.0

women 205 15.90±0.99 1.76-30.04

total 348 19.94±0.94 0.53-39.35

26-30

man 194 28.40±1.41 8.82-47.97

women 230 18.90±1.00 3.65-34.14

total 424 22.80±0.94 2.81-42.91

31-35

man 205 22.90±1.40 9.10-49.29

women 278 19.50±0.84 5.57-33.42

total 483 23.67±0.98 4.39-42.94

36-40

man 250 29.00±1.18 11.34-46.66

women 309 19.90±0.81 5.68-34.12

total 559 24.04±0.78 5.49-42.58

41-45

man 216 30.10±2.07 11.63-48.56

women 295 20.30±0.88 6.09-34.50

total 511 24.51±0.83 5.80-43.21

46-50

man 165 29.90±1.47 11.06-48.74

women 208 21.50±0.94 8.04-34.96

total 373 25.27±0.94 7.30-43.24

51-55

man 117 29.00±1.92 8.28-49.72

women 186 22.5±0.99 9.10-35.89

total 303 25.04±1.01 7.32-42.75

56-60

man 72 29.00±2.12 10.70-47.29

women 147 23.00±1.08 10.00-35.99

total 219 24.99±1.07 9.05-40.93

61-65

man 47 32.00±2.54 14.61-49.38

women 82 21.30±1.52 7.61-34.98

total 129 25.20±1.60 7.04-43.36

66≤

man 68 29.20±2.47 8.86-49.53

women 95 21.30±1.00 8.97-33.62

total 163 24.67±1.40 6.83-42.51

Total 3742 23.55±0.29  4.55-42.55

Note: CI 95% - the minimum and maximum reference value of 
the enzyme ALAT.

The results of our study show that ALAT enzyme in the blood 
serum is always higher in Mongolian men than in Mongolian 
women of all ages. Also, the activity of ALAT enzyme have tendency 
to decline in men after 46 and women after 55-60 years. The Table 
3 below shows the mathematical meanings of ALAT enzyme activity 
by region and its 95% confidence interval, and the minimum and 
maximum values for the region. When determining the activity of 
ALAT enzyme in population of different regions, the mathematical 
mean is 22.56-24.08 U/L, the minimum reference value is 4.19-

5.23 U/L, and the maximum reference value is 40.78-43.26 U/L. 
The ALAT enzyme activity differences on the regions determined 
by Student t value, and the result p=0.153 shows that the ALAT 
level does not different in regions. The seasonal difference of ALAT 
enzyme within population shown in Table 4.The reference value of 
ALAT enzyme math mean (20.69 U / L) and maximum value (37.23 
U/L) is lower during the fall and higher in the winter and spring 
(with M = 24.31 U/L and 43.32 U/L respectively). The value of ALAT 
enzyme is significantly different from the seasons, and is relatively 
low in the autumn (р<0.0001) (Table 4). According to our study, the 
mathematical average of ALAT enzyme level in Mongolians blood 
plasma was estimated at P = 0.95 to 23.55 ± 0.29 U/L, for men 28.50 
± 0.50 U/L, for women 19.87 ± 0.32 U/L. The reference value of 
ALAT enzyme for total population is 4.55-42.55 U/L, for men 8.62-
48.38 U/L, for women 5.26-34.28 U/L, and the significance level 
difference between men and women is p <0.0001. 

Table 3: Study of ALAT enzyme level within population of 
different region of Mongolia (U/L). 

Regions N M±m CI 95%

Gobi Desert 402 22.56±0.91 4.34-40.78

Khangai 836 23.53±0.65 4.19-42.87

Step 396 24.00±0.97 4.74-43.26

Central 658 24.03±0.74 5.23-42.82

ULaanbaatar 1450 23.50±0.50 4.48-42.52

Total 3742 23.55±0.29 4.55-42.55

Note: CI 95% - the minimum and maximum reference value of 
the enzyme activity.

Table 4: The level of ALAT enzyme in Mongolian population in 
different seasons (U/L).

Seasons N M±m CI 95%

Winter 893 24.31±0.64 5.30-43.32

Spring 1338 24.09±0.54 4.59-43.60

Summer 1099 23.34±0.56 4.48-41.30

Autumn 412 20.69±0.81 4.16-37.23

Total 3742 23.55±0.29 4.55-42.55

Total 3742 23.55±0.29 4.55-42.55

Note: CI 95% - the minimum and maximum reference value of 
the enzyme activity.

Discussion
Results of our study show that activity of ALAT enzyme is 

dependent on human sex, and it is higher within men than women. 
This results are similar to the studies provided by researcher 
Sherwin JE, Tietz NW, Moss DW, German researcher Gerhard 
Schumann, Japanese researcher Kiyoshi Ichihara, American 
researcher Brain Jorj, and Korean Kui Son Choi. According to our 
study, the minimum active value of ALAT enzyme was 3 U/L, and 
the maximum was 48 U/L for males and 41 U/L for females. The 
table below shows the comparative analysis of the ALAT enzyme 
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activity we have set for other researchers. As shown in Table 5, our 
findings are similar to the results of and Medical Research Institute 
[1-9]. Our results are different from the results of other researchers. 
Experimental results of Russian scientists [10-12]who used old 
chemical Writman-Fenkel and Bodansky methods were different 

from ours. The results of the 1992 of the Mongolian Institute of 
Medical Research, which conducted on Mongolians were similar to 
ours, but the level of activity of women’s blood ALAT was higher , 
possibly due to the fact that studies conducted on fewer individuals 
and used traditional chemical methods.

Table 5: Comparison of Reference value of ALAT enzyme (U/L) in our and foreign studies.

Researches Years Value Men Women

Our study 2009 4.55-42.55 8.62-48.38 5.26-34.28

Mongolian Medical Institute 1992 8.4 - 50.4 8.4 - 49.8 7.8 - 51.0

Kui Son Choi, Korean 2001 <41 <31

Sherwin JE, German 2002 <42 <32

Tietz NW, Italian 1995 <45 <34

Gerhard Schumann, German 2002 <45 <34

Kiyoshi Ichihara, Japan 2007 <45 <34

Nazarenko G.I. and others Russia 2002 7-40 7-40 7-40

Zolotavina ML, Russia 1996 <11.4 <11.4 <11.4

Nikiforof AP, Russia 1985 6.5±1.95

Lukicheva TI, Russia 1997 46.9±2.9

Lifshits VM, Russia 1998 <40.0

Kamyshnikov VC, Russia 2000 5.0-30.0

Menshikov VV, Russia 1987 6.0-40.8

Men’s blood ALAT level in Mongolian man is higher than women 
in all ages. It was approved that ALAT level depends on the age by 
Student t assessment methods, which is statistically significant 
<0.0001. In addition, correlation coefficients between these two 
parameters shows [r=0.158**] that the age of the Mongolians and 
the ALAT level have strong correlation. And as the age progresses, 
the activity of ALAT have tendency to grow at a normal level. It 
is similar to results of study [13-15], which approved that ALAT-
enzymes level increases with aging. But concept of study conducted 
by the Mongolian Medical Institute in 1992, that ALAT level 
within 16-35 years old population is higher (29.4-30.0 U/L) is not 
approved by our study. The study of American researches Siest in 
1975, and J.Brian’s in 2003 is a very interesting [16-22]. The ALAT 
level is increased by aging achieving 30-40 in males and in age 50-
60 in women achieved maximal level, after that slowly decreased. 
According to our study, ALAT level in men 46 year old and in women 
54-60 years old have tendency to decrease within normal range. 
According to J.Brian studies, the activity of ALAT enzyme in men 
increased from 53-62 U/L in age of 16-45 years, and in age over 80 
gradually decreased to 30-33 U/L. 

 Within women from 16 to 50 years of age ALAT level increased 
to 36-40 U/L and it has gradually decreased to 30 U/L in age 71-80 
and achieved 27 U/L in age over 80. According the results of t tests, 
the ALAT enzyme activity has no significant difference р=0.247 
within regions. This is similar with the studies of Kiyoshi Ichihara 
(2007) provided in the six Asian cities, and made conclusion that 

the blood serum ALAT activity is not different in different regions. 
The study conducted by Mongolian Medical Institute in 1992 
distinguished that ALAT enzyme level within population of Gobi 
region 32.4 U/L, 39.0 U/L in the Altai mountainous region, 20.2 
U/L in the steppe and Khangai region and 28.8 U/L in Ulaanbaatar. 
This study did not find the cause of differences in regions. The 
results of our research are different. In addition, the study did not 
provide a cause for regional differences. There are not many studies 
assessed ALAT level in different regions of country. Researchers in 
other countries do not have anything to mention about the seasonal 
disparity of ALAT enzyme. According to the study of Mongolian 
Medical Institute in 1992, the ALAT enzyme was the lowest in the 
winter (21 U/L) and the highest in the autumn (34.2 U/L). This 
results are different from our study. Research of the Mongolian 
Medical Institute is based on chemical analysis by Raymond 
Frenkel, which may be caused error due to the measurement in low 
temperature in winter. It has been proven that the reagent producer 
recommendations for the multiplication of results with a coefficient 
of 370C if the measurement of temperature was low.

Conclusion
a) The mathematical average activity of ALAT enzymes in 
the blood of the Mongolians’ serum is 23.55±0.29 U/L with 
significance of P = 0.95, and the minimum and maximum 
reference value are 4.55-42.55 U/L.

b) ALAT enzyme activity correlated with sex, and it is higher 
in adult males (p <0.0001) The ALAT enzymes in the blood 
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serum of Mongolians changes according to the age (p <0.0001, 
r = 0.158).

c) ALAT enzymes level do not have differences in different 
regions of Mongolia. (p = 0.247).
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