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Abstract

Background: Numerous studies have consistently demonstrated that high body mass index (BMI) is related to elevated
serum alanine aminotransferase (ALT) among adults, but little is known about the association regarding adolescents,
especially in China. In this study, we aimed to investigate the association between BMI and ALT activity among

Chinese adolescents.

Methods: A school-based cross-sectional study was performed among nine high schools in Shenzhen, China between
February 2017 and June 2018. A generalized linear-regression model adjusting for age and gender was conducted, and
bivariate correlation analysis between ALT and BMI was also performed.

Results: A total of 7,271 adolescents aged from 9years to 17 years were enrolled. Height, weight, BMI, and ALT were higher
among boys than among girls (all P < 0.001). The mean (standard deviation) of serum ALT levels was 14.26 (14.77) U/L. In the
entire BMI range, the BMI-ALT correlation was stronger for boys (Spearman’s r =0.396, P < 0.001) and adolescents of

14 years—17 years (r=0.356, P < 0.001) than for girls (r =0.203, P < 0.001) and adolescents of 9 years—13 years (r =0.221,

P <0.001), respectively. Serum ALT increased rapidly and followed a linear pattern from the point of BMI >20.5kg/m?, and
each increase of 1kg/m? in BMI range above 20.5kg/m? was averagely correlated with an increase of 2.71U/L in ALT levels
(P <0.001).

Conclusions: We found a significant BMI-ALT relationship. BMI at 20.5 kg/m? may be a cut-off for evaluating serum ALT.
BMIs >27.1kg/m? for boys and >24.9 kg/m? for girls were linked to an elevated ALT activity for Shenzhen adolescents.
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Introduction

The laboratory parameter of serum alanine aminotransferase (ALT)
is widely used as a sensitive surrogate marker of a variety of liver
diseases (e.g. nonalcoholic fatty liver disease) and elevated serum
ALT levels are closely related to liver-fat accumulation [1-4].
Overweight or obesity is also a risk factor for the elevation of serum
liver enzymes, reflecting hepatic damage [5, 6]. Recent epidemio-
logical findings have pointed out that both high body mass index
(BMI) and elevated ALT were strongly associated with a range of
poor health outcomes such as insulin resistance and type 2 diabe-
tes, metabolic disorders (e.g. high blood pressure, increased visceral
fat, hyperlipidemia, and metabolic syndrome), and cardiovascular
and cerebrovascular diseases [7-12]. Gaining an insight into the re-
lationship between BMI and serum ALT levels is indispensable.

Numerous pieces of cross-sectional epidemiologic and clinical
research have consistently demonstrated that high BMI was related
to an elevation of ALT concentrations among adults [4-6, 13-16].
For example, according to the degree of BMI from a total of 3,098
Korean adults, the unadjusted odds ratio (OR) and 95% confidence
interval (CI) for elevated ALT concentration statistically increased
among men (1.90 [1.25-2.93] for the 23 < BMI < 25kg/m? group and
5.01 [3.49-7.21] for the BMI>25kg/m? group) and women (2.44
[1.24-4.82] and 3.94 [2.18-7.13], respectively), as compared to the
BMI < 23kg/m? group [17]. However, little information on the asso-
ciation between BMI and ALT among adolescents is available to
date [18, 19], especially in China. The relationship among adoles-
cents might differ from that among adults. Thus, the aim of the
present study was to investigate the association between BMI and
the concentration of serum ALT among Chinese adolescents.

Materials and methods

Study design, data collection, and measures

Between February 2017 and June 2018, we carried out a school-
based cross-sectional study that enrolled all freshmen from
nine separate junior and senior high schools in the Baoan
District of Shenzhen, China, based on the compulsory admis-
sion physical examination organized by the Baoan District
Government of Shenzhen. Written informed consents for each
study participant and their parents were dutifully obtained.
Students who were aged between 9years and 17 years were con-
sidered adolescents in the present study.

Anthropometric measurements of standing height and weight
were measured by trained physicians to the nearest 0.5cm and
0.1kg, respectively, with the participants in lightweight clothing
and without shoes; BMI was calculated by dividing the weight (in
kilograms) by the square of the height (in meters). Individual char-
acteristic data such as name, class and grade, date of birth (i.e. age),
and gender for each student were also collected to set up an origi-
nal database. Fasting blood samples were drawn from an antecubi-
tal vein into vacutainer tubes by trained nurses on the morning
after the study participants had fasted for at least 10hours over-
night. The samples were subsequently delivered to the hospital lab-
oratory by a specially assigned physician and centrifuged within
lhour. ALT was measured using the AU5800 serial with the fully
automatic biochemical analyser (specification models: Model
AU5821, Tokyo, Japan; Product standard number: YZB/JAP 3087-
2011) by the manufacturing enterprise of Beckman Coulter K.X.

Statistical analysis

Histograms of BMI and serum ALT levels were displayed. In the spe-
cific subgroups analyses, all adolescent students were divided into

four BMI-subgroups (<18.5, 18.5-22.9, 23.0—24.9, and >25.0kg/m?
according to the Asia-Pacific classification of BMI [20] as well as 18
BMI-subgroups (<14.9, 15.0-30.9 separated by a distance of 1kg/m?,
and >31.0kg/m?) for further comparisons, two age-subgroups (aged
9years—13years and 14 years—17 years), and two gender-subgroups
(boys and girls) to quantitatively estimate the association of ALT
with BMI. BMI was appropriately treated as a continuous variable or
an ordinal variable. A generalized linear-regression model adjusting
for age and gender as covariates was conducted to reflect the expo-
sure-response effect of BMI with ALT levels, with a natural cubic
spline with 4 degrees of freedom (df) for BMI to control the inher-
ently non-linear patterns [21]. Spearman’s rank bivariate correlation
analysis between ALT and BMI was also performed. Based on the
exposure-response curve of BMI-ALT in our preliminary analysis,
a two-piecewise-linear threshold function, a simple ‘hockey-stick’
model [22], was conducted, because we found that the concentra-
tions of serum ALT remain unchanged below a BMI threshold of
205kg/m? and dramatically and linearly increased with BMI
>20.5kg/m?. All figures and statistical analyses involved the use of
R version 3.5.1 (http://www.R-project.org) and two-tailed P-values
<0.05 were considered statistically significant.

Results

Sample descriptive characteristics

A total of 7,382 adolescents first agreed to participate in our sur-
vey. We excluded 81 students due to missing data on age, height,
weight, or ALT values; 30 participants with age >18.0 years or age
<9.0years were also excluded due to the small sample size in
those age groups and that we only focused on adolescents but not
adults, preadolescents, or children. The final sample in the pre-
sent study consisted of 7,271 adolescents aged 9-17 years for the
effective statistical analysis and involved 4,014 (55.2%) boys, 3,257
(44.8%) girls; 3,011 (41.4%) participants were aged 9 years—13 years
and 4,260 (58.6%) were aged 14 years—17 years.

Boys had higher height, weight, BMI, and ALT than girls (all
P <0.001), with no statistical difference in age (Table 1). Table 2
summarizes baseline data of the study participants for the

Table 1. Baseline characteristics of the 7,271 participants of
Shenzhen, China, 2017-2018

Variable Total Boys Girls P-value*
adolescents  (n=4,014) (n=3,257)
(n=7,271)
Age, years 142+18 142 +18 142+ 18 0.518
Height, cm 165.1 = 9.2 167.7 = 9.7 161.8 = 7.5 <0.001
Weight, kg 550+126 575+140 51.9+98  <0.001
BMI, kg/m? 20.0 £ 3.6 20339 19.7 + 3.1 <0.001
ALT, U/L 14.3 + 14.8 159+ 17.0 121+ 111 <0.001
Categories of age 0.106
9-13years 3,011 (41.4%) 1,696 (42.3%) 1,315 (40.4%)
14— 17 years 4,260 (58.6%) 2,318 (57.7%) 1,942 (59.6%)
Asia-Pacific categories of BMI <0.001

<185 2,753 (37.9%) 1,510 (37.6%) 1,243 (38.2%)
18.5-22.9 3,328 (45.8%) 1,736 (43.2%) 1,592 (48.9%)
23.0-24.9 519 (7.1%) 294 (7.3%) 225 (6.9%)
>25.0 671(9.2%)  474(11.8%) 197 (6.0%)

Data are expressed as mean * standard deviation or number (%). ALT, alanine
aminotransferase; BMI, body mass index.

*P-value for comparing girls with boys by Mann-Whitney U test for the variables
with skewed distributions, or by Pearson’s chi-square test for categories of age
and BMI; the bold text indicates a statistical significance.
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Table 2. Baseline descriptive statistics for serum ALT (U/L) levels by gender-, age-, and BMI-subgroups among the adolescents of Shenzhen,

China, 2017 — 2018

Categories N Mean SD Min. Percentiles Max.
25th 50th 75th 90th 95th
Total adolescents 7,271 14.26 14.77 1 9 11 15 21 30 495
Gender
Boys 4,014 15.94 17.01 1 10 12 16 25 37 495
Girls 3,257 12.18 11.07 1 9 10 13 17 22 415
Categories of age
9 —13 years 3,011 12.82 11.57 1 9 11 14 18 22 415
14 — 17 years 4,260 15.28 16.59 1 9 11 16 24 34 495
Asia-Pacific categories of BMI
<185 2,753 11.53 7.10 1 9 10 13 16 19 206
18.5-229 3,328 12.66 6.85 1 9 11 14 19 23 82
23.0-249 519 17.45 14.49 4 11 14 19 28 38 189
>25.0 671 30.90 37.89 3 14 20 33 57 89 495

ALT, alanine aminotransferase; BMI, body mass index; Min., minimum; Max., maximum,; N, number; SD, standard deviation.
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Figure 1. Histograms of body mass index (BMI; panel A) and serum alanine
aminotransferase (ALT; panel B) levels among the adolescents (aged
9years—17 years) of Shenzhen, China, 2017 — 2018

concentrations of serum ALT stratified by gender, age, and BMIL.
Overall, the mean (standard deviation) of the serum ALT levels
was 14.26 (14.77) U/L, with a maximum value of 495.0U/L.
According to the 18 BMI-subgroups, baseline statistics among
the total adolescents and gender- and age-subgroups for ALT
activity are also shown in Supplementary Tables 1-3. Figure 1
displays the histograms of BMI values and ALT activity.

BMI-ALT association

Figure 2 shows the mean of the serum ALT levels based on BMI
stratified by gender and age. When the BMI value was <21kg/m?,
the mean of the ALT levels had nearly the same values regard-
less of gender and age; with BMI >21kg/m?, the ALT greatly in-
creased with increasing BMI and peaked in the two highest

>

70

—+— Total adolescents
60 —a— Hoys
—— Girls

50

40

__.——'._..-
20 A= V/ \/

Mean ALT (U/L)

=15 15 16 17 18 189 20 21 22 23 24 25 26 27 28 29 30 =¥

704
—=— Aged 9-13 years
60 —s— Aged 14-17 years
50
40

30

Mean ALT (UIL)

20

<15 15 16 17 18 189 20 21 22 23 24 25 26 27 28 29 30 =31

BMI (kg/m?)

Figure 2. The mean level of ALT (U/L) based on BMI stratified by gender (panel A)
and age (panel B) among the adolescents of Shenzhen, China, 2017 — 2018

strata of BMI for the total study subjects and all subgroups. The
concentration of serum ALT was higher for boys and adoles-
cents aged 14-17years than for girls and adolescents aged
9-13years, respectively. The BMI-ALT relationship curve in
Figure 3 visually demonstrates a significant and approximate
linear increase in ALT effect in the range of BMI above the
threshold of 20.5kg/m?, while the left section was constrained
to a zero slope (i.e. a constant for the level of serum ALT).

Bivariate correlation analysis

Table 3 presents the Spearman’s rank correlation coefficients
between ALT and BMI. In the entire BMI range, the results indi-
cated that individual ALT levels were positively correlated with
BMI (r=0.203-0.396, all P <0.001). Among the patients with BMI
<20.5kg/m?, the correlations of BMI with ALT levels were very
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Figure 3. The exposure-response effect (with 95% confidence interval) between
ALT and BMI, based on a generalized linear-regression model adjusting for age
and gender as covariates. The vertical dotted line was the threshold of 20.5kg/m?,
and the levels of serum ALT dramatically and linearly increased above the cut-
off point of BMI.

Table 3. Spearman’s rank correlation coefficients between ALT and
BMI in the overall study population and stratified by gender and age

Population Entire BMI  BMI <20.5kg/m? BMI >20.5 kg/m?
r P r P r P

Total adolescents 0.309 <0.001 0.050 0.001 0418 <0.001
Boys 0.396 <0.001 0.063 0.002 0477 <0.001
Girls 0.203 <0.001 0.056  0.008 0292 <0.001
Aged 9-13 0.221 <0.001 —0.004  0.859 0.387 <0.001
years
Aged14—-17  0.356 <0.001 0.090 <0.001 0.435 <0.001
years

ALT, alanine aminotransferase; BMI, body mass index.

weak (r=-0.004 to 0.090). In contrast, among the patients with
BMI >20.5kg/m? the BMI-ALT correlation was more pro-
nounced and turned stronger, with a higher coefficient of 0.418
for the total adolescents, 0.477 for boys, 0.292 for girls, 0.387 for
adolescents aged 9years—13years, and 0.435 for adolescents
aged 14 years—17 years (Table 3). Overall, the BMI-ALT correla-
tion coefficients were relatively higher in patients with BMI
>20.5kg/m? than in those with BMI <20.5kg/m?

A sensitivity analysis was carried out to check the stability of
our main findings by removing the outliers of serum ALT levels
(ALT >100U/L; n=32). All of the ALT-BMI correlations were robust,
and most coefficients remain unchanged (Supplementary Table 4).

A piecewise threshold function for curve fitting

In view of the exposure-response curve and the correlation coeffi-
cients from our previous analyses (Figure 3 and Table 3), we car-
ried out a ‘hockey-stick’ model to assess the curve fitting. To
maintain the robustness and generalization of our findings, we re-
stricted the analysis among adolescents with BMI values from 14.0
to 34.9kg/m? as the sample size was too small for patients with
BMI <14kg/m? (n=11) and those with BMI >35kg/m? (n = 16). The
two-piecewise-linear threshold function was as follows:

1171 14 <BMI < 20.5

ALT = { ~62.93 + 1.03 x Age + 5.16 x Gender + 2.71 x BMI 205 < BMI < 35

Table 4. An adolescent diagnosed with elevated ALT (>30U/L for
boys and >19 U/L for girls) linked to age and BMI

Age, years BMI, kg/m?

Boys Girls
9.0-9.9 29.0 26.8
10.0-10.9 28.6 26.5
11.0-11.9 28.2 26.1
12.0-129 27.8 25.7
13.0-13.9 27.5 253
14.0-14.9 27.1 24.9
15.0-15.9 26.7 24.6
16.0-16.9 26.3 24.2
17.0-17.9 26.0 23.8

ALT, alanine aminotransferase; BMI, body mass index.

In the above equation, girls=0 and boys=1 for Gender;
9years, 10years, 11years, 12years, 13years, 14years, 15years,
16years, or 17 years for Age. The curve of the BMI-ALT relation-
ship can be adequately approximated by the piecewise thresh-
old function model. In the range of 20.5<BMI<35kg/m?
residual standard error =20.31, df=2,570, adjust-R*>=0.1803, and
P <0.001. An increase of 1kg/m? in BMI above an obesity index
of 20.5kg/m® was averagely associated with an increase of
2.71U/L in the concentration of serum ALT.

In the clinical practice for adolescents, a boy with ALT
>30U/L and a girl with ALT >19U/L were usually regarded as
having an elevated serum ALT concentration (i.e. a diagnosis of
abnormal ALT) [2, 23, 24]. Thus, with an average age of 14 years
among adolescents, by calculating backwards using the above
mathematical formula, we can estimate that boys with BMI
>27.1kg/m? and girls with BMI >24.9kg/m? were linked to the
diagnosis of an elevated level of serum ALT (Table 4).

Discussion

The present study addressed the relationship between BMI and
the concentration of serum ALT, based on a school-based obser-
vational study of 7,271 Chinese general adolescents aged from
9years to 17 years. Boys and adolescents aged 14 years—17 years
had higher ALT levels than girls and the younger group, respec-
tively. Results of our study also presented higher coefficients of
BMI-ALT correlation among boys and adolescents aged
14 years—17 years. These findings specifically indicated that the
ALT levels rapidly, linearly, and significantly increased in the
range of BMI >20.5kg/m? suggesting that weight reduction
might lower the BMI-associated elevations of liver-function
tests.

Our results were in agreement with previous studies that
suggested a strong positive relationship between BMI and se-
rum ALT activity [5, 6, 13, 15, 25, 26]. The viewpoint of the ALT
elevation connected to the increase in BMI was adequately
emerged among adults [25, 26]. Evidence of obesity-related liver
injury in the Western Australian general population has shown
that overweight (BMI 25-29.9kg/m?) and obese (>30kg/m?) resi-
dents separately had a significantly 2- to 3-fold and 7-fold in-
creased odds risk for an elevated ALT concentration, as
compared to normal-weight subjects (18-24.9kg/m?), adjusting
for age and alcohol ingestion in a multivariate logistic-regres-
sion model [27]. Similarly, among non-diabetic Korean adults
aged 20years or more, obesity measured by BMI was an inde-
pendent and strong indicator of elevated ALT activity, with an
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adjusted-OR of 1.55 (95% CI, 0.65-3.68) to 3.47 (95% CI, 2.26-5.33)
for obesity or overweight in both sexes, respectively, after ad-
justment for other putative risk factors [17].

A new insight from the perspective of graphical data for the
BMI-ALT curve from our observational research showed a signifi-
cant increase in BMI above the threshold of 20.5kg/m? which sug-
gested that a BMI of 20.5kg/m? may be an important cut-off for
predicting higher levels of ALT for the local adolescents of
Shenzhen, China. We also adequately fitted a two-piecewise
threshold function to predict the concentration of serum ALT
with the significant predictors of age, gender, and BMI, speculating
that each increase of 1kg/m? in the BMI range above 20.5kg/m?
was averagely linked to an increase of 2.71U/L in ALT levels, and
BMIs >27.1kg/m? for boys and >24.9 kg/m? for girls were linked to
a diagnosis of abnormal ALT. Typically, Lawlor et al. [16] have indi-
cated that BMI was positively and linearly allied to ALT among
British women: a one-standard-deviation increase in the BMI
value was independently associated with a 0.46-U/L (95% CI,
0.16 — 0.75) increase in ALT, based on an adjusted linear-regres-
sion model with data from the British Women’s Heart and Health
Study, 1999-2001. To conclude that the thresholds of 27.1kg/m?
for boys and 24.9kg/m? for girls in BMI are responsible for elevat-
ing ALT, further evidence is needed to confirm by prospective
cohorts.

For adolescents, positive correlations between serum ALT
levels and obesity indices (e.g. body-fat percentage, total fat
mass, waist circumference, waist-to-height ratio, BMI, and BMI
z-score) were substantially demonstrated in recent studies [14,
18, 19, 28]. Results based on 2,499 school children (aged 9years
or 10years) from elementary schools in Japan during 2004-
2009 showed that the BMI-ALT correlation coefficient was
higher for boys than for girls (Spearman’s r=0.353 vs 0.235)
[29]. In Korean adolescents aged 10-18years, Ahn and cow-
orkers also found a higher positive correlation coefficient
among boys (r=0.555, P<0.0001) than girls (r=0.162,
P=0.0086), based on data derived from the 2010-2011 Korean
National Health and Nutrition Examination Surveys [19]. Our
study showed analog and positive coefficients in both the en-
tire BMI range (0.396 for boys and 0.203 for girls) and BMI
>20.5kg/m? areas (0.477 for boys and 0.292 for girls). We also
found that higher BMI-ALT correlations for adolescents of
14—17 years than adolescents of 9—13 years.

Several limitations of the present study should be pointed
out. First, as our findings were based on a cross-sectional de-
sign, we were unable to determine whether there was a causal
relationship between BMI and ALT concentration. Thus, the
obtained associations in this study should be considered with
caution [14, 17]. Second, other potentially important confound-
ers (e.g. physical activity, sedentary behavior, coffee and alco-
hol consumption, smoking, food intake, and family
socioeconomic position and living settings), which might have
an impact on chronic diseases or known to be related to en-
hanced ALT, were not under our consideration [6, 14, 17].
However, based on a random sample of 3,789 British women
aged 60-79years, Lawlor et al. [16] found that the linear
BMI-ALT association was independent of alcohol intake,
smoking, physical activity, and childhood and adulthood so-
cioeconomic position, as demonstrated in stratified and multi-
variable analyses. Another limitation was the omission to
measure some important obesity indices (e.g. waist circumfer-
ence, hip circumference, body-fat percentage, abdominal
height, and the subsequent composite indicators of waist-to-
hip ratio and waist-to-height ratio), which might be connected
to the level of serum ALT concentration. With a random
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sample of 2,704 indigenous adult residents of New York State,
a population-based study by Stranges et al. [28] on the relation-
ships of central-fat accumulation with liver-function tests had
pointed out that, followed by BMI, abdominal height, mea-
sured by the Holtain-Kahn abdominal caliper, was the most
powerful independent predictor of ALT in multivariate models
for both sexes. We highly recommended that several large-
scale follow-up studies involved with some biopsy-proven
samples should be conducted in the future to discover the
mechanism behind overweight and obesity, and the poten-
tially causal effects on an elevated ALT concentration.

Conclusions

In conclusion, our study found a significant relationship be-
tween BMI and ALT regarding Chinese adolescents. Higher coef-
ficients of BMI-ALT correlation were shown among boys and
adolescents of 14—17 years. The concentration of ALT rapidly
and significantly increased in BMI >20.5kg/m? meaning that a
BMI of 20.5kg/m? may be an important cut-off to evaluate ALT,
and boys with BMI >27.1kg/m? and girls with BMI >24.9kg/m?
were connected to an elevation of serum ALT for Shenzhen
adolescents.

Supplementary Data

Supplementary data is available at Gastroenterology Report
online.

Authors’ contributions

H.Z. and Z.D. conceived of and designed the experiments. J.Z.,
C.Y.D., and Y.B.Y. collected and cleaned the data. Z.D. drafted
the manuscript. Z.D. and H.Z. revised the manuscript and inter-
preted the results. All authors read and approved the final
manuscript.

Funding

The study was supported by the Baoan District Medical and
Health Basic Research Project [grant number: 2018]JD088].

Acknowledgements

We would like to express our gratitude to the school-doctors
and trained physicians and nurses of the hospital for assist-
ing us to perform the cross-sectional survey.

Conflicts of interest

The authors declare that they have no competing financial
interests.

References

1. Liu Z, Que S, Xu J et al. Alanine aminotransferase-old bio-
marker and new concept: a review. Int ] Med Sci 2014;11:
925-35.

2. PratiD, Taioli E, Zanella A et al. Updated definitions of healthy
ranges for serum alanine aminotransferase levels. Ann Intern
Med 2002;137:1-10.

3. LeeY,HanKD, Jung]J et al. Upper normal alanine aminotrans-
ferase range and insulin resistance in Korean adolescents:


https://academic.oup.com/gastro/article-lookup/doi/10.1093/gastro/goz039#supplementary-data

124 | Z.Dingetal

Korean National Health and Nutrition Examination Survey,
2009-2010. Dig Dis Sci 2016;61:1700-6.

4. Vespasiani-Gentilucci U, Gallo P, Piccinocchi G et al
Determinants of alanine aminotransferase levels in a large
population from Southern Italy: relationship between alanine
aminotransferase and age. Dig Liver Dis 2014;46:909-15.

5. SullJW, Yun JE, Lee SY et al. Body mass index and serum ami-
notransferase levels in Korean men and women. J Clin
Gastroenterol 2009;43:869-75.

6. Bedogni G, Miglioli L, Battistini N et al. Body mass index is a
good predictor of an elevated alanine transaminase level in
the general population: hints from the Dionysos study. Dig
Liver Dis 2003;35:648-52.

7. Song BM, Kim HC, Kim D] et al. Aminotransferase levels, body
mass index, and the risk of diabetes: a prospective cohort
study. Ann Epidemiol 2018;28:675-80.e6.

8. Palma-Duran SA, Kontogianni MD, Vlassopoulos A et al.
Serum levels of advanced glycation end-products (AGEs) and
the decoy soluble receptor for AGEs (SRAGE) can identify non-
alcoholic fatty liver disease in age-, sex- and BMI-matched
normo-glycemic adults. Metabolism 2018;83:120-7.

9. Kong AP, ChoiKC, Cockram CS et al. Independent associations
of alanine aminotransferase (ALT) levels with cardiovascular
risk factor clustering in Chinese adolescents. ] Hepatol 2008;
49:115-22.

10.Khan SS, Ning H, Wilkins JT et al. Association of body mass in-
dex with lifetime risk of cardiovascular disease and compres-
sion of morbidity. JAMA Cardiol 2018;3:280-7.

11.Bussler S, Vogel M, Pietzner D et al. New pediatric percentiles
of liver enzyme serum levels (alanine aminotransferase, as-
partate aminotransferase, gamma-glutamyltransferase):
effects of age, sex, body mass index, and pubertal stage.
Hepatology 2018;68:1319-30.

12.Wade KH, Chiesa ST, Hughes AD et al. Assessing the causal
role of body mass index on cardiovascular health in young
adults: Mendelian randomization and recall-by-genotype
analyses. Circulation 2018;138:2187-201.

13.Hermos JA, Cohen SA, Hall R et al. Association of elevated ala-
nine aminotransferase with BMI and diabetes in older vet-
eran outpatients. Diabetes Res Clin Pract 2008;80:153-8.

14.Fermin CR, Lee AM, Filipp SL et al. Serum alanine aminotrans-
ferase trends and their relationship with obesity and meta-
bolic syndrome in United States adolescents, 1999-2014.
Metab Syndr Relat Disord 2017;15:276-82.

15.Chen S, Guo X, Yu S et al. Anthropometric indices in adults:
which is the best indicator to identify alanine aminotransfer-
ase levels? Int J Environ Res Public Health 2016;13:226.

16.Lawlor DA, Sattar N, Smith GD et al. The associations of physi-
cal activity and adiposity with alanine aminotransferase and
gamma-glutamyltransferase. AmJ Epidemiol 2005;161:1081-8.

17.Kim J, Jo I. Relationship between body mass index and ala-
nine aminotransferase concentration in non-diabetic Korean
adults. EurJ Clin Nutr 2010;64:169-75.

18.Bedogni G, Miglioli L, Masutti F et al. Accuracy of body mass
index in detecting an elevated alanine aminotransferase
level in adolescents. Ann Hum Biol 2004;31:570-7.

19. Ahn MB, Bae WR, Han KD et al. Association between serum al-
anine aminotransferase level and obesity indices in Korean
adolescents. Korean ] Pediatr 2015;58:165-71.

20. Organization WH. The Asia-Pacific Perspective: redefining Obesity and
Its Treatment: Sydney: Health Communications Australia, 2000.
21.Yu ], Tao Y, Dou ] et al. The dose-response analysis between
BMI and common chronic diseases in northeast China. Sci Rep

2018;8:4228.

22.Ding Z, Li L, Wei R et al. Association of cold temperature and
mortality and effect modification in the subtropical plateau
monsoon climate of Yuxi, China. Environ Res 2016;150:431-7.

23.Park HK, HwangJS, Moon JS et al. Healthy range of serum ala-
nine aminotransferase and its predictive power for cardio-
vascular risk in children and adolescents. ] Pediatr
Gastroenterol Nutr 2013;56:686-91.

24 Samani SG, Kelishadi R, Adibi A et al. Association of serum al-
anine aminotransferase levels with cardiometabolic risk fac-
tors in normal-weight and overweight children. Iran J Pediatr
2011;21:287-93.

25.Ruhl CE, Everhart JE. Joint effects of body weight and alcohol
on elevated serum alanine aminotransferase in the United
States population. Clin Gastroenterol Hepatol 2005;3:1260-8.

26.Loomba R, Bettencourt R, Barrett-Connor E. Synergistic asso-
ciation between alcohol intake and body mass index with se-
rum alanine and aspartate aminotransferase levels in older
adults: the Rancho Bernardo Study. Aliment Pharmacol Ther
2009;30:1137-49.

27.Adams LA, Knuiman MW, Divitini ML et al. Body mass index is a
stronger predictor of alanine aminotransaminase levels than
alcohol consumption. ] Gastroenterol Hepatol 2008;23:1089-93.

28.Stranges S, Dorn JM, Muti P et al. Body fat distribution, relative
weight, and liver enzyme levels: a population-based study.
Hepatology 2004;39:754-63.

29.0chiai H, Shirasawa T, Nishimura R et al. Waist-to-height ra-
tio is more closely associated with alanine aminotransferase
levels than body mass index and waist circumference among
population-based children: a cross-sectional study in Japan.
BMC Pediatr 2015;15:59.



	goz039-TF1
	goz039-TF2
	goz039-TF3
	goz039-TF4
	goz039-TF5

