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Abstract

Shubham Shukla’

Objectives: Western clinical reference levels may not be valid for children in India because of differences in genetic
profile, physique, dietary intake, lifestyle, and environmental factors; however, appropriate values for most biochemical
parameters for children in India remain unknown. This study is an analysis of the total protein, albumin, globulin, albu-
min-globulin ratio, alanine aminotransferase, aspartate aminotransferase, gamma-glutamyl transferase, and alkaline
phosphatase (ALP) levels in the serum of a segment of apparently healthy Indian children of aged 0-14 years.
Methods: Liver function data from tests conducted between January and June of 2019 for 371 children were extracted
from the laboratory records of a tertiary care hospital and double-filtered to obtain uncontaminated values. The data
were statistically tested for significance by age group and sex. Reference ranges of 2.5" and 97.5" percentiles were
determined for age groups of 1-4, 5-9, and 10-14 years. Due to the limitation of the sample size, we did not provide a
reference range for children aged less than 1 year.

Results: A significant sex difference (p<0.001) was observed only for the ALP level. Age group differences were not
significant (all p>0.05); however, reference ranges were provided for age groups within 1-14 years to provide specificity
and assist with comparisons. The liver function values in the study group of Indian children differed from what have
been reported for Western children.

Conclusion: The findings are suggestive and not confirmatory, as our sample was insufficient for a determination of
definitive values. Nonetheless, the results provide valuable information and indicate a need to carry out more studies
to delineate liver function parameters in Indian children since the values may differ from those of other populations.
Keywords: Children, enzymes, liver function, proteins, reference range

dult medical parameters are rarely applicable to children,

due to the smaller body and organ size, typical nutritional
requirements, and the process of physiological development.
A review of the literature indicated that the biochemical val-
ues of Indian children are generally not known. The marked
difference in genetic profile, physique, dietary intake, lifestyle,
and environmental factors suggests that the values in Indian
subjects are likely different from those reported for Western
subjects [1]. The preceding statement referred to adults, but
applies equally well to children. The results of several studies
indicate that some reference values reported for children in

different populations reveal wide variation across countries,
even when limited to Western countries.

The scope of this study was restricted to some liver function
parameters. They reflect different phases of physiological de-
velopment in children [2] and are used for the diagnosis of
conditions such as liver injury, hepatitis, parasitic infection,
and Wilson'’s disease [3], as well as hepatic steatosis [4], includ-
ing non-alcoholic fatty liver disease. The aim of the present
study was to examine the level of various proteins and en-
zymes in the serum of a segment of apparently healthy chil-
dren in North India. The objective was to examine how age
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and sex might affect these values in this population of chil-
dren, whether they are different from those of adults, and
whether the values in Indian children differ from counterparts
in other countries. Since the liver chemistry of children varies
with age and sex and requires customized reference ranges
[5], estimates of reference ranges for different groups based
on age and sex were provided, though we realize that the cur-
rent sample is not sufficient in size or a random representative
sample of healthy North Indian children. Thus, the reference
ranges presented are suggestive and not confirmatory. The
authors wish to be fully transparent, as is required for truthful
and useful research [6].

In India, children in the general population rarely undergo
liver function tests. In addition, ethical considerations re-
strict researchers from collecting samples from healthy chil-
dren [7]. The present study used a relatively small sample,
and therefore it is merely an exploratory study to generate a
hypothesis and to initiate and promote potentially promis-
ing directions of further research [8]. It is insufficient to reach
any firm conclusion. Since a large-scale study on a nation-
ally representative sample of children is not envisioned in
the near future in India, the results of this study could be a
unit for a meta-analysis of many such studies conducted in
the course of time. Such a meta-analysis can help to reach a
firm conclusion regarding liver function parameter values in
Indian children.

The liver function tests analyzed were serum levels of total
protein, albumin, globulin, albumin-globulin (A/G) ratio, ala-
nine aminotransferase (ALT or SGPT), aspartate aminotrans-
ferase (AST or SGOT), gamma-glutamyl transferase (GGT), and
alkaline phosphatase (ALP). While the other parameters have
well-known uses in the medical evaluation of patients, ques-
tions are sometimes raised about the utility of globulin levels
and the A/G ratio. Both of these values are calculated and not
directly obtained. The globulin levels and the A/G ratio are not
as useful as the albumin and enzyme levels, but they provide
helpful information when interpreted with levels of total pro-
tein. A high globulin level is used to detect paraproteins and
low values indicate antibody deficiency [9]. A reduced A/G ra-
tio can indicate inflammation [10].

Materials and Methods

The results of liver function tests performed between Jan-
uary 2019 and June 2019 were retrieved from the laboratory
records of a large tertiary care hospital in Delhi-National Cap-
ital Region, India. Hospital patients are not an optimal study
group, but efforts were made to select values that would en-
sure the validity of our results. Several studies have used simi-
lar hospital data [11-13].

The hospital is a private sector institution and the clientele is
generally the more prosperous members of the local commu-
nity. The hospital is also a member of a group used by several
companies to provide preventive health checkups and care
for their employees and their families. The test results gener-

ally belong to these relatively healthy segments of the popu-
lation and are appropriate for studying healthy values.

The extracted data set included the liver function test results
of more than 18000 individuals. The findings for adults were
reported separately [14]. Among these 18000, only 371 were
children aged 0-14 years and the present study is based on
those test results. Nearly one-third (34.8%) of these patients
were female.

The double filtration method [15] was used to assure that
uncontaminated, healthy values were analyzed. The tech-
nique excludes the values of repeat investigations in the
first filtration, and outliers and abnormal values based on
box plots are eliminated in the second filtration. The chil-
dren may have been ill at the time of blood sampling, and
were excluded. The second filtration yielded a different num-
ber of subjects for various parameters. Many other authors
have also excluded abnormal values to determine reference
ranges, although different method have been employed for
exclusion. For example, Bussler [16] excluded values of more
than 3 SD outside the mean for subjects in Germany, and
Ridefelt [17] excluded high ALP values to obtain reference
values for children in Sweden.

The liver undergoes dramatic changes in structure and func-
tion during a child’s development [18]; therefore, it is impor-
tant to use suitable, homogeneous, age intervals. However,
there is presently no consensus regarding proper age intervals
to reflect the different phases of physiological development
[7]. Authors have used different age intervals for different pa-
rameters. Li et al. [2] used groups of 2-10 and 11-14 years for
albumin level but 2-3,4-9, 10-12, and 13-14 years for ALP level.
In contrast, Gupta [19] reported an albumin level for 1-7 and
>7 years, and an ALP level for 2-10 years and adolescents. The
Harriet Lane Handbook [20] used age groups of 1-3, 4-6, 7-9,
and 10-11 years for ALT level, and 1-2 and 3-16 years for the
albumin level. Li et al. [2] used a statistical method to deter-
mine homogeneous age-intervals, but the graphs provided in
their report do not indicate any significant change in the val-
ues according to age intervals. Ridefelt et al. [21] used “quali-
fied guessing” to partition by age and sex. In the absence of
a consensus, conventional age intervals, namely, 0-1, 1-4, 5-9
and 10-14 years were used in this study for all of the parame-
ters. This may be more practical, since these are used for many
physiological parameters in children.

The age-sex distribution of the initial sample of children is pre-
sented in Table 1. The final sample used after double filtration
is described in the Results section to avoid duplication.

All of the samples were analyzed on a Cobas 501 autoanalyzer
(Roche Diagnostics, Basel, Switzerland) and the standard ana-
lytical method was uniformly followed in the laboratory dur-
ing the entire period of the study to measure levels of the 8
liver function parameters analyzed. Strict internal and exter-
nal quality control measures were adopted for accurate mea-
surements. Details are provided in our earlier report, which
examined adults [14].
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Table 1. Age-sex distribution of the initial sample of children

Age group (years) Male n (%) Female n (%) Total n (%)
<1 38(15.7) 17 (13.2) 55 (14.8)
1-4 45 (18.6) 35(27.1) 80 (21.6)
5-9 73 (30.2) 43 (33.3) 116 (31.3)
10-14 86 (35.5) 34 (26.4) 120 (32.3)
Total 242 (100) 129 (100) 371 (100)

Student’s t-test was used to evaluate the statistical signifi-
cance of the difference between the mean in male and female
children, but a stricter criterion of p<0.01 (1% level of signif-
icance) was applied since there were multiple p values [22].
The age difference in the means was tested using one-way
analysis of variance (ANOVA) followed by the Tukey test, also
at 1% level of significance.

In place of mean+2 SD [23], the reference range was present-
ed as 2.5" to 97.5th percentiles, which work equally well for
both Gaussian and non-Gaussian distributions. This range is
also recommended by the Clinical and Laboratory Standard
Institute [24]. All of the calculations were performed using IBM

SPSS Statistics for Windows, Version 21.0 software (IBM Corp.,
Armonk, NY, USA).

Ethics approval for this study was granted by the Institution-
al Ethics Committee of Max Super Specialty Hospital, Vaishali
(no: RS/MSSH/VSH/CRL/IEC/PATH/19-19).

Results

The sociodemographic data and the mean and SD of values
of different parameters remaining after double filtration are
shown in Table 2a and 2b by age group and sex. The p val-
ues in the last column of these tables show that the evidence

Table 2a. Mean and SD of total protein, albumin, globulin, and albumin/globulin ratio in children by age and sex

Parameter Age group Sex P value

(years) Male Female Total (M+F) for sex
n* Mean (SD) n* Mean (SD) n* Mean (SD) difference

Total protein (g/dL) <1 22 5.65 (1.25) 15 5.91 (0.83) 37 5.75(1.09) 0.485
1-4 37 6.86 (0.61) 31 7.12(0.49) 68 6.98 (0.57) 0.060
5-9 48 7.20 (0.63) 27 7.14(0.58) 75 7.18(0.61) 0.685
10-14 57 7.14(0.71) 29 7.22 (0.67) 86 7.17 (0.69) 0.616
Combined (0-14) 164 6.90(0.91) 102 6.98 (0.76) 266  6.93(0.86) 0.459

P value for age difference <0.001 <0.001 <0.001

Albumin (g/dL) <1 22 3.79(0.76) 14 4.10 (0.34) 36 3.91 (0.65) 0.161
1-4 37 4.27 (0.52) 28 4.66 (0.25) 65 4.44 (0.46) <0.001
5-9 50 4.27 (0.57) 28 4.21 (0.60) 78 4.25(0.58) 0.663
10-14 58 4.38(0.54) 27 4.32(0.53) 85 4.36(0.54) 0.633
Combined (0-14) 167 4.24 (0.60) 97 4.36 (0.50) 264  4.28(0.57) 0.098

P value for age difference <0.001 <0.001 <0.001

Globulin (g/dL) <1 22 1.86 (0.82) 16 1.87 (0.65) 38 1.86 (0.75) 0.968
1-4 39 2.59 (0.49) 34 2.54 (0.44) 73 2.57(0.47) 0.650
5-9 50 2.80(0.48) 29 2.88 (0.54) 79 2.83(0.50) 0.497
10-14 58 2.73 (0.46) 29 3.00 (0.40) 87 2.82(0.45) 0.009
Combined (0-14) 169 2.61(0.61) 108 2.65 (0.62) 277  2.63(0.61) 0.597

P value for age difference <0.001 <0.001 <0.001

A/Gratio <1 21 2.21(0.77) 16 2.27 (0.73) 37 2.23(0.74) 0.812
1-4 39 1.67 (0.43) 35 1.73 (0.49) 74 1.70(0.46) 0.577
5-9 50 1.52(0.31) 29 1.50 (0.40) 79 1.51(0.34) 0.805
10-14 58 1.64 (0.32) 29 1.44(0.32) 87 1.57(0.33) 0.007
Combined (0-14) 168 1.68 (0.47) 109 1.67 (0.54) 277 1.68(0.50) 0.871

P value for age difference <0.001 <0.001 <0.001

*After double filtration. A/G: Albumin/globulin; F: Female; M: Male.
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Table 2b. Mean and SD of ALT, AST, GGT, and ALP in children by age group and sex

Parameter Age group Sex P value

(years) Male Female Total (M+F) for sex
n* Mean (SD) n* Mean (SD) n* Mean (SD) difference

ALT (U/L) <1 19 21.74(9.73) 14 17.18 (6.73) 33 19.80 (8.77) 0.142
1-4 31 18.87 (8.57) 34 18.69 (9.79) 65 18.77 (9.16) 0.938
5-9 42 20.12(11.87) 25 21.56 (9.90) 67 20.66 (11.12) 0.612
10-14 49 22.61(11.68) 24 18.53 (6.86) 73 21.27 (10.47) 0.119
Combined (0-14) 141 20.93 (10.87) 97 19.17 (8.78) 238  20.21(10.09) 0.187

P value for age difference 0.456 0.427 0.513

AST (U/L) <1 19 37.91 (13.80) 12 27.58 (8.60) 31 33.91 (12.95) 0.016
1-4 33 37.71(12.02) 35 34.97 (11.85) 68 36.30(11.92) 0.347
5-9 43 31.40(11.92) 22 31.80(6.47) 65 31.54(10.34) 0.884
10-14 47 27.34(10.31) 22 23.14 (4.76) 69 26.00 (9.10) 0.074
Combined (0-14) 142 32.40(12.40) 91 30.37 (9.98) 233 31.60(11.53) 0.191

P value for age difference <0.001 <0.001 <0.001

GGT (U/L) <1 20 76.40 (71.50) 14 65.71 (65.73) 34 72.00 (68.37) 0.661
1-4 34 13.56 (4.51) 32 11.25 (2.86) 66 12.44 (3.95) 0.016
5-9 40 14.86 (4.06) 21 15.81 (5.83) 61 15.19 (4.72) 0.488
10-14 42 15.11 (4.32) 24 17.71 (6.71) 66 16.05 (5.41) 0.060
Combined (0-14) 136 23.66 (34.91)* 91 22.39(31.59)** 227  23.15(33.55)** 0.781

P value for age difference <0.001 <0.001 <0.001

ALP (U/L) <1 21 279.9 (135.4) 15 233.5(85.3) 36 260.6 (117.9) 0.251
1-4 36 21039 (62.16) 34 190.68 (58.82) 70 200.8 (60.9) 0.178
5-9 43 198.04 (4532) 28 219.50(78.30) 71 206.5 (60.9) 0.148
10-14 57 27240 (85.17) 26 151.88(50.67) 83 234.6 (94.3) <0.001
Combined (0-14) 157 238.82(87.51) 103 19496 (72.33) 260 221.4(84.5) <0.001

P value for age difference <0.001 <0.001 <0.001

*After double filtration. ** SD is high because of extremely high variation in infants. ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;

F: Female; GGT: Gamma-glutamyl transferase; M: Male.

for sex difference was not sufficient for any parameter at a 1%
level of significance, with the exception of albumin in the age
group of 1-4 years, and globulin, A/G ratio, and ALP in the age
group of 10-14 years. All other p values for sex difference were
>0.01. While a sex difference in the 10-14 group may be due to
the differential effects of puberty, the male-female difference
in the 1-4 group may be a random error in this study, as it did
not persist in other age groups. When all of the age groups
were considered together, the p values for age differences
were significant (p<0.01) for all the parameters in both sexes
according to an ANOVA F-test, but the Tukey test pair-wise
comparisons at a 1% significance level revealed the following:

(i) On average, the protein levels (total protein, albumin,
globulin, and A/G ratio) were significantly different (lower
total protein, albumin, and globulin, but higher A/G ratio)
in infants, but were not different in the 1-4, 5-9, and 10-14
groups. Thus, a single reference interval may be sufficient
for all patients aged 1 to 14 years, but a reference range
for each of these age groups was provided for comprehen-
siveness. The 0-1 group was not defined, as the reliability is
not adequate for this age group.

(ii) Among the enzymes, GGT and ALP also exhibited a differ-
ence in the mean level in infants in comparison with the
other age groups, but no difference was observed be-
tween the 1-4, 5-9, and 10-14 groups. The GGT level was
considerably higher in infants, and the ALP level was also
slightly but significantly higher in infants.

(iii) The mean ALT level was not significantly different in any
pairing of age groups. Thus, the same reference range can
be used for children aged 0-14 years.

(iv) The AST level was higher on average in the 1-4 age group
than in the other age groups, which could be the result of a
random error. Thus, the same reference range can be used
for all age groups 1-14 years.

The group aged less than 1 year had a large and clinically rele-
vant difference (more than 10%) when compared with the older
age groups for most of these parameters. Protein levels, particu-
larly globulin, were lower in both males and females (Table 2a),
and GGT levels were considerably higher (more than 4 times) in
infants than the older groups (Table 2b). This infant group re-
quires a separate study with an adequately sized sample. Due
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to the small sample size in this study, it would be inappropriate
to split this age group further into neonates and post-neonates
due to potential differences. There are reports in the literature
of different values for some of these parameters in young chil-
dren (see The Harriet Lane Handbook [20] and Gupta [19] for
GGTP level and AST level, and Tietz [25] for total protein level).
Due to the limitation of the sample size, we did not provide a
reference range for children aged less than 1 year.

The reference ranges are provided in Table 3 as 2.5%"-97.5t per-
centile values. The age group of 0-1 was excluded as a result
of the small number of children in that group and the conse-
quent poor reliability of reference ranges. The reference rang-
es were presented without gender differentiation since the
difference in means was not statistically significant, with the
exception of a lower ALP level in females aged 10-14 years.
Ranges were provided for different age groups despite a
non-significant difference for comparability with the literature
and use in additional studies.

Table 3. Reference range for different liver function
parameters in children by age group and sex

Age Sex Reference
(years) range
Total protein (g/dL) 1-4 MorF 5.5-8.0
5-9 5.0-84
10-14 5.7-8.4
Albumin (g/dL) 1-4 MorF 3.2-5.1
5-9 3.2-5.1
10-14 3.1-5.2
Globulin (g/dL) 1-4 MorF 1.8-3.6
5-9 1.9-4.0
10-14 2.0-38
A/G ratio 1-4 MorF 0.65-2.45
5-9 0.68-2.08
10-14 0.90-2.18
ALT (U/L) 1-4 MorF 3.9-414
5-9 5.6-47.8
10-14 8.5-49.3
AST (U/L) 1-4 MorF 15.9-64.1
5-9 11.8-64.8
10-14 15.4-62.5
GGT (U/L) 1-4 MorF
6.7-25.6
5-9 7.6-29.1
10-14 7.7-31.6
ALP (U/L) 1-4 MorF 81-335
5-9 96-367
10-14 M 96-444
F 77-263

A/G: Albumin-globulin ratio; ALP: Alkaline phosphatase; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; F: Female; GGT: Gamma-
glutamyl transferase; M: Male.

The trend of the median and 2.5" and 97.5™ percentiles of all
8 parameters in male and female children by age group are
shown in Figures 1a and 1b. The age group of 0-1 year was also
included to illustrate the difference between values in infants
and the other age groups. The figures show that, in general,
there was a small increasing trend in the values of total pro-
tein, albumin, and particularly globulin in both sexes and a de-
creasing A/G ratio as age increased from 1-14 years although,
as mentioned earlier, the difference across age groups was not
statistically significant. Enzymes levels (ALT, AST, GGT and ALP)
did not demonstrate any discernible trend from 1-14 years.

Discussion

A literature review did not reveal any study of pediatric values
of liver function parameters in India. Studies from around the
world include the CALIPER (Canadian Laboratory Initiative on
Pediatric Reference Intervals) project [26], the Ridefelt study
[27] of data from Sweden, Clifford’s research in the USA [28],
and Lai et al. in Taiwan [29]. These studies provide various val-
ues and none can be considered accurate for Indian children.

Age differentials: Li et al. [2] reported increasing values of to-
tal protein and albumin level in Han children (China) as age
increased from 2-14 years. Ridefelt et al. [20] also reported a
slight increase in albumin level in children of Denmark and
Sweden (they did not report total protein level). In contrast,
our results with a Tukey test suggested that protein levels (to-
tal protein, albumin, and globulin) did not significantly differ
between the age groups of 1-4, 5-9, and 10-14 years, but the
levels were significantly lower in children younger than 1 year
of age. The levels stabilized after the age of 1 year, as also re-
ported by Andropoulos [30] for children in Western countries.

For enzyme levels, Ridefelt et al. [21] reported high ALP and
AST levels in infants that dropped after the age of 1 year. The
trend in ALP level after 1 year of age is erratic in their report,
with unexplained escalations and declines in different pedi-
atric age groups. For AST, they provided a reference range for
the age groups of 2-8 and 9-17 years, implying that there are
no significant differences within those age-intervals. Li et al.
[2] reported a decreasing level of AST as age increased 2-14
years, with increasing GGT values. They also reported an er-
ratic trend in ALP and ALT levels over different pediatric age
groups.

We observed steeply high levels of GGT in infants (more than
4 times) and slightly but significantly higher ALP levels in this
age group (Table 2b). The results of a Tukey test indicated that
the levels of these parameters appeared to stabilize after the
age of 1 year, as there were no significant differences in the
mean levels in the 1-4, 5-9, or 10-14 groups. The mean ALT
levels were not significantly different in any age group 0-14
years. The mean AST level was significantly higher in the 1-4
age group, but that would seem to be a random error because
there is no known biological reason for this result in this par-
ticular age group and it did not persist in other age groups.
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Table 4a. Reference interval for total protein, albumin, and globulin reported in the literature and comparison with our values

Parameter  Ref Age Sex  Ref Ref Age Sex Ref Age Sex  Ref Ref Age Sex Ref
range range range range
Total protein  Our 1-4y F+M 5.5-8.0 Harriet 0-15d F+M  44-76 Gupta Term
(g/dL) study 5-9y F+M 5.0-84 Lane 15d-1ly  F+M  5.1-73 neonate F+M 4.6-7.7 Burtis Newborn F+M  4.6-7.0
10-14y F+M 5.7-84 Handbook 1-2y F+M  56-7.5 1-7y F+M  6.1-79 and Tw F+M 4476
3-16y F+M  6.0-8.0 >7y F+M  6.4-82 Bruns 7m-ly F+M  51-73
1-2y F+M  5.6-7.5
>2y F+M  6.0-8.0
Albumin 1-4y F+M  3.2-5.1 0-15d F+M  3.0-39 Term
(g/dL) 5-9y F+M  3.2-5.1 15d-1y  F+M  2.2-48 neonate F+M 25-5.0 0-4d F+M  28-44
10-14y F+M  3.1-5.2 1-2y F+M  3.6-5.2 1-7y F+M  4.0-5.0 4d-14y F+M 3.8-54
3-16y  F+M  3.6-52 >7y F+M  3.4-50
d: Days; m: Months; Ref: Reference; w: Weeks; y: Years.
Table 4b. Reference interval for ALT, AST, GGT, and ALP reported in the literature and comparison with our values
Parameter  Ref Age Sex Ref Ref Age Sex Ref Ref Age Sex Ref Ref Age Sex Ref
range range range range
ALT (U/L) Our 1-4y F+M  3.9-414 Harriet <12m F+M 13-45 Gupta 0-7d F+M 25-100  Burtis Not given for children
study  5-9y F+M  56-47.8 Lane 1-3y F+M 5-45 8-30d F+M 22-71 and
10-14y F+M 85-49.3 Hand- 4-6y F+M 10-25 1-3y F+M 20-60 Bruns
book 7-9y F+M 10-35 3-9y F+M 15-50
10-11y F 10-30 10-15y  F+M  10-40
M 10-35
12-13y F 10-30
M 10-55
13-14y Not given
AST (U/L) 1-4y F+M 15.9-64.1 0-10d F+M 47-150 0-7d F+M 25-100 Not given for children
5-9y F+M 11.8-64.8 10d-24m  F+M 9-80 8-30d F+M 22-71
10-14y  F+M 15.4-62.5 >24m F 13-35 1-3y F+M 20-60
M 15-40 3-9y F+M 15-50
10-15y F+M 10-40
GGT (U/L) 1-4y F+M  6.7-25.6 0-1m F+M 13-147 <3w F+M 0-130 Not given for children
5-9y F+M 7.6-29.1 1-2m F+M 12-123 3w-3m F+M 4-120
10-14y  F+M 7.7-31.6 2-4m F+M 8-90 >3m E 5-35
4m-10y F+M 5-32 M 5-65
10-15y F+M 524 1-15y F+M  0-23
ALP (U/L) 1-4y F+M  81-335 <12m F+M 150-420 Term F+M <700 0-3y Notgiven
neonate
5-9y F+M 96-367 Ty+ Not given Infant F+M 150-420 4-15y F 54-369
10-14y M 96-444 2-10y F+M 100-320 M 54-369
F 77-263 10-15y B 100-320
M 100-390

ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; d: Days; F: Female; GGT: Gamma-glutamyl transferase; M: Male; m: Months; Ref: Reference;

w: Weeks; y: Years.

Sex differentials: There was no statistically significant differ-
ence between the male and female children in our study at
the strict significance level of 1%, with the exception of a low-
er mean ALP level in the females of the 10-14 age group (Ta-
ble 2b). Ridefelt [21] reported a common reference range for
albumin, ALT, ALP, and AST for male and female children up to
age 14 in Denmark and Sweden, suggesting that there is no
significant difference between the levels in male and female
children in that population. The Harriet Lane Handbook [20]

uses the same levels of ALT, ALP, AST, GGT, total protein, and
albumin for male and female children. Thus, our finding of sig-
nificantly different levels of ALP in boys and girls aged 10-14
years needs further investigation. Akirov [31] also observed
different peak ALP levels in boys and girls of this age.

Comparison with other countries: Table 4a and 4b provide the
reference range reported by different authors and the values
found in our study. Globulin and A/G ratio values were exclud-
ed from these tables, as not much information was available.
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Figure 1a. Age-sex trend of the median and reference range for the levels of total protein, albumin, globulin, and the albumin-globulin ratio

in children.

A/G: Albumin-globulin.



74

Int J Med Biochem

u/L

u/L

U/L

u/L

60
50
40
30
20
10

80

60

40

20

250

200

150

100

50

600

500

400

300

200

100

ALT (Male)
97.5t
percentile
Median
2.5
T -----"""percentile
T 1 ' ‘
01 1-4 59 10-14
Age (years)
AST (Male)
97.5"
percentile
___________ 2 —.S-t;\—-——"“~7»—--"""__'
percentile
T T T !
01 1-4 59 10-14
Age (years)
GGT (Male)
97.5%
percentile
Median
e 25**"“‘
0. Percentile, , 59 10-14
Age (years)
ALP (Male)
97.5%
percentile
250
""""""""""" percentile
T T ' ‘
0-1 1-4 5-9 10-14
Age (years)

u/L

u/L

u/L

u/L

60
50
40
30
20
10

80

60

40

20

250

200

150

100

50

600

500

400

300

200

100

ALT (Female)

97.5t
percentile
Median
o250 .
_____________ T percentile
T T T T
0-1 1-4 5-9 10-14
Age (years)
AST (Female)
97.5t
percentile
Median
______________ _,——”"__’_ 2.5;\-_—‘“_ )
percentile
T T T T
0-1 1-4 59 10-14
Age (years)
GGT (Female)
97.5t
. percentile
nnf‘f:{f_il_n """""""""""" el Median
f A T T T
0-1 1-4 59 10-14
Age (years)
ALP (Female)
97.5%
percentile

percentile

T T T
1-4 5-9
Age (years)

Figure 1b. Age-sex trend of the median and reference range for the levels of ALT, AST, GGT, and ALP in children.
ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyl transferase.
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The wide variation across different reports suggests that val-
ues for children need to be studied with more precision, and
that age and sex need to be clearly specified where differenc-
es exist. At present there is no clarity. The reference ranges ob-
tained in our study are also different. Total protein and albu-
min levels were slightly lower in our study group than other
children of corresponding age, but other parameters did not
follow any consistent pattern and the values were different.
More such studies are needed to establish precise reference
ranges for Indian children.

Comparison of the levels in children with values previously re-
ported for adults of the same population have revealed that
generally, the levels of proteins (total protein, albumin, globu-
lin, and A/G ratio) were nearly the same in children aged 1-14
years as in adults, but there was some variation with regard
to enzymes levels [14]. The AST and GGT levels were slightly
lower, and the levels of AST and ALP were slightly higher in
children than in adults. There is no comparable study for India,
and there may also be regional differences. If this difference
is substantiated, the biological reason should be investigated.

The results for children in other countries are not uniform. We
have cited some publications that are generally consulted for
reference ranges. The Harriet Lane Handbook [24] reported
lower values of total protein, albumin, and GGT in children
aged 0-14 years compared with adults, but very similar ALT
and AST levels. It also reports slightly higher levels of ALP in
children than adults. Tietz [25] reported slightly lower values
of total protein in children, but not in other parameters. Our
results for a segment of Indian children are different and do
not conform to any of the values previously reported. This
could be a result of sampling error, but the previously pub-
lished values also differ from one another. Such variations in
the literature from different settings further underscores the
need to carry out a large-scale study with a representative
sample of children in India to resolve this issue.

Conclusion

To the best of our knowledge, this study is the first in the lit-
erature to investigate liver function parameters in Indian chil-
dren. We analyzed the levels of total protein, albumin, glob-
ulin, A/G ratio, AST, ALT, ALP, and GGT in apparently healthy
children aged 0-14 years. Though we used a sample of more
than 300, we are calling it an exploratory study since science
requires modesty [32]. The study has generated interesting
hypotheses for further investigation. First, the GGT level in in-
fants was nearly 4 times the level in children 1-14 years of age.
Second, there was no significant male-female difference in
any of the 8 liver function parameters examined in this study,
except the ALP level in the group aged 10-14 years. Third, the
protein levels (total protein, albumin, globulin, and A/G ratio)
were nearly the same in children of 1-14 years as in adults, but
the AST and GGT levels were slightly lower in children, and the
AST and ALP levels were slightly higher. Lastly, we provide pre-
liminary reference ranges for these parameters for Indian chil-

dren aged 1-4, 5-9 and 10-14 years. These are different from
previously reported values. Due to the limitation of a relative-
ly small sample, our reference ranges are suggestive and not
confirmatory. Further studies will confirm or deny our findings
and add to the comprehensive knowledge.
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