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ALT Levels for Asians With Metabolic
Diseases: A Meta-analysis of 86 Studies
With Individual Patient Data Validation
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The current alanine aminotransferase (ALT) upper limit of normal was defined using selected healthy Caucasian
blood donors. Given the global rise in obesity and different body habitus in Asians, we aimed to perform a systematic
review and meta-analysis combined with bootstrap modeling and individual patient data validation to estimate the ALT
upper threshold for Asians, including the overweight and diabetics. We included studies from PubMed, Embase, and
Cochrane database searches that identified individuals without known liver diseases (i.e., viral hepatitis, alcohol, and
ultrasound-detected nonalcoholic fatty liver disease). The mean ALT (U/L) was estimated using a random-effects mixed
model and upper threshold (95th-percentile value, U/L) via a bootstrap model with 10,000 resamples. We screened
4,995 studies and identified 86 studies that reported ALT values for 526,641 individuals without excessive alcohol
intake or known liver diseases, yielding a mean ALT of 19 and ALT upper threshold of 32. The ALT upper threshold
was 37 in males versus 31 in females, 39 in overweight versus 28 in normal-weight individuals, and 36 for diabetics
versus 33 for nondiabetics. We validated our study level data with individual patient level data in 6,058 individuals
from five study centers in Japan. Consistent with our study-level data, we found that the ALT upper threshold in our
individual patient data analysis was indeed higher in overweight versus normal-weight individuals (39 vs. 32) and in
diabetics versus nondiabetics (42 vs. 33). Conclusion: We provide validated reference ranges for ALT upper threshold
derived from Asians without known liver disease, including individuals with ultrasound-detected nonalcoholic fatty liver
disease who are normal weight, overweight, nondiabetic, and diabetic, to inform practice. (Hepatology Communications

2020;4:1624-1636).

erum alanine aminotransferase (ALT) levels are A conventional value of 40 U/L has generally been
markers of hepatocyte injury and are the most used,** and this threshold was established in the
commonly used tests in routine practice to 1980s before routine hepatitis C virus (HCV) test-

assess liver disease.? However, there is no univer- ing.(s ©) 1n 2002, the ULN of 40 U/L without distinc-
sally accepted upper limit of normal (ULN) threshold. tion between males and females was challenged by
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IQR, interquartile range; MetS, metabolic syndrome; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; ULN, upper limit

of normal.
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Prati et al., who, using data from healthy Italian blood
donors, proposed an updated ULN level for ALT with
separate thresholds for males and females (30 U/L and
19 U/L, respectively).(7) In addition to the exclusion
of donors with positive anti-HCV antibody, this study
comprehensively excluded patients with increased risk
for liver disease, such as those with significant alcohol
drinking as well as those with higher risk for non-
alcoholic fatty liver disease (NAFLD), such as those
with elevated body mass index (BMI), cholesterol,
and glucose levels. Thus, this study included only very
healthy individuals and not just individuals free of
liver disease. The low ALT thresholds have also been
validated in the Asian settings, with a Korean study
describing a ULN of 33 IU/L for men and 25 IU/L
for women, based on biopsy-proven normal livers as
well as a Taiwanese study of a healthy population pro-
posing even lower ULN of 21 IU/L and 17 IU/L for
men and women respectively.(g’g) However, it remains
unclear what the “normal” or “expected” ALT range
for individuals with metabolic disorders, but without
identifiable liver disease, would be.

We hypothesize that even without ultrasound-
detectable hepatic steatosis, the presence of diabetes

mellitus (DM) and obesity results in elevated ALT
levels. Nonalcoholic —steatohepatitis (NASH) has
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traditionally been thought to be a result of an oxida-
tive stress reaction to triglyceride accumulation in the
liver, but an increasing body of evidence points toward
the metabolites of fatty acids as the true culprits of
hepatocellular injury, rather than steatosis, which may
be a bystander.(lo_u) Defining the “expected” upper
threshold of ALT for the metabolically active pop-
ulations is important for several reasons, particularly
in areas endemic for both NAFLD and chronic hep-
atitis B (CHB), such as Asia. ™ First, the decision
for antiviral therapy often rests on thresholds for the
ULN of ALT, which the American Association for
the Study of Liver Diseases (AASLD) has proposed
as 35 U/L for males and 25 U/L for females, adapted
from the 30 U/L and 19 U/L thresholds from Prati
et al.(¥ Therefore, data on expected ULNs for indi-
viduals with metabolic disease may challenge the cur-
rent thresholds for institution of antivirals for patients
with concomitant CHB and stimulate further stud-
ies. Second, the large population with metabolic dis-
eases continues to grow rapidly, and data on expected
ULN may help to streamline evaluation in search
of liver disease. In 2000, according to the WHO
Global Health Observatory, 12.1% of Indians, 20.8%
of Chinese nationals, and 36.8% of Malaysians were
overweight.(ls) In 2016, those figures have risen to
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19.7%, 32.3%, and 42.5%, respectively.(ls) As a result,
there is now an epidemic of metabolic syndrome
(MetS) in Asia, with an overall estimate of 37.1% of
individuals in Asia afflicted, and up to 49% in certain
countries.'® Third, Asians tend to develop NAFLD
at a lower BMI,(U) and there is a wide variation for
the prevalence of NAFLD genes across ethnicities™®
hence, there is an unmet need to evaluate the effect of
the metabolic syndrome on ALT levels within Asia.

Therefore, the primary purpose of this study was to
provide the distribution and expected upper threshold
for ALT in Asians without known liver disease (viral
hepatitis, alcohol-related liver disease, and ultrasound-
detectable NAFLD), but with and without various
components of MetS. The secondary aim of this study
was to describe the variation of ALT' mean and upper
threshold across Asian countries.

Patients and Methods

The protocol of this review was preregistered
in PROSPERO (CRD42019135468). The study
was carried out using the Preferred Reporting
Items for S;fstematic Reviews and Meta-Analyses
standards.’

SEARCH STRATEGY

We recently published a systematic review and
meta—analysis(zo) in which we searched PubMed,
Embase, and the Cochrane Library databases up to
January 17, 2019, for original research studies that
defined NAFLD and provided data for NAFLD
prevalence, incidence, and/or outcomes in Asia with-
out other overlapping liver diseases or significant
alcohol consumption. Details of this search strat-
egy were previously published(zo) and are provided
in the Supporting Information. From the results of
this search, we identified studies that provided suffi-
ciently detailed ALT data for the population without
significant alcohol consumption and without known
liver diseases including NAFLD. We included stud-
ies that (1) provided data for mean or median ALT
levels, (2) demonstrated the absence of hepatic steato-
sis based on ultrasound, (3) excluded hepatitis B and
C virus infection, and (4) excluded individuals with
excessive alcohol consumption. We excluded studies
that (1) demonstrated absence of hepatic steatosis by
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modalities other than ultrasound or (2) the cohort had
any identifiable liver disease. The literature search did
not have a language restriction, but all included arti-
cles were published in English; hence, translation was
not needed.

SYSTEMATIC LITERATURE
REVIEW, DATA EXTRACTION, AND
QUALITY ASSESSMENT

We created a case report form specifically for
this study for systematic study review/selection and
structured data extraction. Two of the following
three authors (D.H., E.T., or Y.H.Y.) independently
reviewed, selected, and extracted relevant study data.
ALT values for studies that included patients with
various metabolic states (i.e., normal body weight,
overweight, diabetic, and nondiabetic) were recorded.
The individual study definition by BMI for over-
weight and obese varied from study to study, rang-
ing from 223 kg/m? to 25 kg/m? For the purpose of
this study, we defined categorized overweight as those
with BMI > 23 kg/m? to 25 kg/m? because all studies
grouped overweight and obese individuals together,
and the remainder as normal weight for meta-
analyzed data. For analysis of individual patient data,
we categorized BMI into two groups, normal weight
and overweight (<23 kg/m? and >23 kg/m?), to match
the meta-analysis data. Discordance between the two
reviewers and data extractors was resolved by discus-
sion and/or by consultation with a third and senior
investigator (M.H.N.).

We created a quality assessment tool based on the
Newcastle-Ottawa Scale (NOS) to grade the quality
of the included studies.?Y The NOS assesses quality
in three domains, selection, comparability and out-
come, with a maximum of four stars, two stars, and
three stars per domain. Studies with seven or more
stars have a low risk of bias, four to six stars have a
moderate risk of bias, and three or less stars have a

high risk of bias.

INDIVIDUAL PATIENT DATA

To validate the findings of the meta-analysis, we
obtained individual patient data from five centers
in Japan (Kumamoto University, Kumamoto; Ogaki
Municipal Hospital, Ogaki; Eguchi Hospital Health
Center, Saga; Kawamura Clinic Health Center,
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Hiroshima; and Kochi Medical School Hospital,
Kochi). All included patients had an ultrasound that
did not show steatosis, and all had negative serol-
ogy for hepatitis B virus (HBV') and HCV. Patients
with known liver disease and/or significant alco-
hol consumption were also excluded. The data from
Kumamoto University was obtained from a health
screening program performed by the Japanese Red
Cross Kumamoto Health Care Center, Kumamoto
(May 2003-April 2012).% The data from Ogaki
Municipal Hospital was obtained from clinic records
of consecutive patients who presented for either
health screening or with a medical problem (March
2010-September 2015). The data from the remaining
three study centers were obtained from individuals who
received a general health check-up in 2009 to 2010 in
one of three health centers: Eguchi Hospital Health
Center in Saga Prefecture, Kawamura Clinic Health
Center in Hiroshima Prefecture, and Kochi Medical
School Hospital in Kochi Prefecture.?*** Data on
age, sex, ALT levels, BMI, DM, as well as cholesterol
levels were collected. The study was performed in
accordance with the Declaration of Helsinki®® and
was approved by the institutional review board at each
study center.

STATISTICAL ANALYSIS

Analysis of Study-Level Data
All ALT means were estimated by pooling the

data using a random intercepts reduced maximum
likelihood model, in which the weight assigned to
each study is the inverse of the within-study vari-
ance plus the between-study variance.?®) For each
model, random effects considered for individual
study with the published ALT values served as the
modeled response. For studies that reported median
and interquartile range (IQR), we converted the
median into mean based on the assumption that the
distribution of data was symmetrical, as the sample
size of the included studies were large and liver dis-
eases were excluded. We considered this assumption
by performing sensitivity analysis to estimate ALT
upper threshold using only data from studies that
provided mean ALT levels. We assessed heteroge-
neity using I* statistic. Estimates with I* > 50% and
P value of <0.05 in Q-statistic were considered to have
moderate to severe heterogeneity. We determined
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the pooled mean ALT in the following populations:
overall (mixed, not focusing on a particular subgroup),
males, females, overweight individuals, normal-
weight individuals, diabetics, and nondiabetics.

The upper threshold of ALT across the various
populations was determined using an unrestricted
bootstrap model with mean plus two SDs. Using the
ALT data provided in the studies included in the
meta-analysis, the bootstrap model generated 10,000
resampled (sample rate = 1) data sets to estimate the
mean ALT and the SD around the mean. Resampled
percentile estimates were then pooled, from which
the mean ALT 95th-percentile value was derived.
We refer to the ULN as the upper threshold for the
purpose of this study, because the threshold may not
necessarily be “normal” or “healthy” in general in the
groups with metabolic disease. We performed sensitiv-
ity analyses to include only studies that also excluded
other etiologies of liver diseases (besides viral hepa-
titis, ultrasound-detected NALFD, and significant
alcohol use). Sensitivity analyses were also performed
to exclude studies in which the mean ALT and SD
were not reported in the primary studies but derived
from reported median and IQR, and finally by the
risk of bias in the study.

We performed a subanalysis to evaluate the pooled
mean ALT levels and bootstrapped estimates of upper
threshold by sex and by metabolic subgroups (males,
temales, overweight individuals, normal-weight indi-
viduals, diabetics, and nondiabetics). To evaluate the
hypothesis that ALT levels may have risen over time,
we performed subanalyses to estimate the pooled
mean ALT levels as well as bootstrapped estimates of
upper threshold for studies with a median study year
before 2010 and compared them against studies with
a median study year from 2010 onward.

To evaluate the effect of BMI and cholesterol levels
on ALT, we performed meta-regression using study-
level data. In addition, we used Egger’s test to assess
for publication bias. All meta-analyses were conducted
using the meta packages in R statistical software (ver-
sion 3.5.1) and bootstrap modeling using SAS (Ver.
9.4; SAS Institute, Cary, NC).

Analysis of Individual Patient-Level
Data

We used descriptive statistics to calculate the mean
ALT with SD and median for the total data set and
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for subgroups by sex and by presence of metabolic
disease. Based on the mean and SD, the 95th-per-
centile ALT (mean + two SDs) value was then cal-
culated. All analyses of individual patient-level data
were performed by Stata 15.1 (StataCorp, College
Station, TX).

Results
STUDY SELECTION

From full-text review of the total of 237 articles in
the previous systematic review and meta-analysis, we
selected 86 articles (526,641 individuals) that met the
inclusion and exclusion criteria for the current study
(Fig. 1). Of these 86 articles, 59 articles provided data
for the overall ALT mean and 95th-percentile values,
while some provided data for ALT means and upper
thresholds for the various subgroups. Some studies
provided data for more than one of these analyses.
The quality assessment of each article can be found in
Supporting Tables S1 and S2.

OVERALL COHORT ALT MEAN
AND UPPER THRESHOLD

In total, we included 59 studies (329,842 individ-
uals) for the overall ALT mean and upper threshold
analysis, of which 51 (86.4%) were of good quality,
8 (13.6%) were of moderate quality, and none were

of poor quality. Most of the individuals came from

Korea (n = 157,232, 47.7%), followed by mainland
China (n = 138,059, 41.9%). The characteristics of
the included studies are found in Supporting Table
S3. The pooled mean ALT of the overall study pop-
ulation was 19 U/L (95% confidence interval [CI]:
19-20) (Table 1). The bootstrapped estimate of ALT
upper threshold in the overall study population was
32 U/L (95% CI: 29-34) (Table 1).

SUBGROUP ALT MEAN AND UPPER
THRESHOLD

By Sex

A total of 11 studies provided ALT data specifi-
cally for 25,914 males, and 13 studies provided ALT
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data specifically for 51,357 females (Supporting Table
S4A,B). The pooled ALT mean was higher in males
compared with females: 22 U/L (95% CI: 20-25)
versus 18 (95% CI: 17-19) (P = 0.0034) (Table 1).
The corresponding bootstrapped upper threshold esti-
mate for males was also higher than that of females:

37 U/L versus 31 U/L (Table 1).

By BMI

Nine studies provided ALT data specifically in
10,653 overweight individuals (Supporting Table
S4C). Eleven studies provided ALT data in 183,068
normal-weight individuals (Supporting Table S4D).
The pooled mean ALT was significantly higher in
overweight individuals compared with normal-weight
individuals: 25 U/L (95% CI: 20-29) versus 16 U/L
(95% CI: 14-19) (P < 0.001) (Table 2). The ALT
upper threshold was also higher in overweight indi-
viduals compared with normal-weight individuals:

39 U/L versus 28 U/L (Table 2).

By Presence of DM
Twelve studies provided data specifically for 9,245

diabetic individuals, and four studies provided data
for 26,274 nondiabetic individuals (Table 2 and
Supporting Table S4E,F). The bootstrapped estimate
of ALT upper threshold was significantly higher in

diabetics compared with nondiabetics: 36 U/L versus

33 U/L (Table 2).

By Country

Fifty-nine studies from eight countries provided
ALT data for patients without known liver dis-
ease (NAFLD and viral hepatitis): Mainland China
(26 studies, n = 138,059), South Korea (20 studies,
n = 157,232), Taiwan (5 studies, n = 28,909), Japan (4
studies, n = 4,863), Iran (1 study, n = 289), Israel (1 study,
n = 228), India (1 study, n = 155), and Malaysia (1 study,
n = 107). The pooled mean ALT estimates ranged from
19 U/L (95% CI: 18-20) for China to 28 U/L (95%
CI: 16-30) for Malaysia (Table 3). The highest ALT
upper threshold estimate was for Iran at 40 U/L, and
the lowest was for Israel at 27 U/L; however, data for
both these countries were limited with only one study
for each country and fewer than 300 study participants
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- 4,995 citations identified by electronic search (to Jan 17, 2019)
S (PubMed:1.784; Embase:2,998; Cochrane:213)
3
b=
E 1,081 duplicated citations removed
3,914 citations: title and
abstract screening
=
§ 3,225 ineligible citations excluded
g
68.9 potentially releva_nt 452 citations excluded
citations: full text review (78 no full text: 125 irrelevant; 89
reported prevalence of NAFLD in neither
general nor planned subgroup
population;16 included viral hepatitis or
other liver diseases; 45inpatient or
outpatient data; 63 without
237 articles included in prevalence report; 36 other study design
> original meta-analysis or format
5
2
w 151 citations excluded
19 did not exclude viral or alcohol; 9 did
not exclude NAFLD by ultrasound; 91 did
not have ALT values, 9 studies excluded
due to high SD, 23 with missing data
v
86 articles (n=526,641)
includgd in current meta- *Note somelof the s
STENER included articles
provided data for more
than one of the planned
analyses. Therefore, these
studies were used more
3 than once, resulting in a
5 Subgroup analyses: higher number of study
= *32 studies count than 86 from these
- gﬁ_’:::dmgf: (n=229,240) planned analyses.
*59 studies *9 overweight (n=10,653)
*11 non-overweight (n=183,068)
(n=329,842) *12 diabetes (n=9,245)
*4 non-diabetes

FIG. 1. Flow chart of systematic literature search and screening for analysis of ALT values in patients without known liver disease.

in each. The upper threshold for ALT for China, South 37 U/L (95% CI: 24-164), respectively. Figure 2 pres-
Korea, Taiwan, and Japan were 32 U/L (95% CI: 27-37), ents data for bootstrapped ALT upper threshold esti-
31 U/L (95% CI: 29-33),38 U/L (95% CI: 36-61),and  mates and by country.
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TABLE 1. POOLED ALT MEANS AND ESTIMATED UPPER THRESHOLDS IN THE OVERALL POPULATION

AND BY SEX
Number of Pooled ALT ALT Upper Threshold
Population Number of Studies Participants Mean (U/L)* 95% Cl (95th Percentile) (U/L)
Overall 59 329,842 19 19-20 32
Sensitivity analysis
Only studies that also excluded 26 167,656 19 18-20 31
additional liver diseases*
Only studies with reported mean ALT 43 255,855 21 20-21 34
Only studies with low risk of bias 51 326,224 19 19-20 31
Male 11 25,914 22 20-25 37
Sensitivity analysis
Only studies that also excluded 5 10,764 19 16-22 36
additional liver diseases™
Only studies with reported mean ALT* 6 6,944 23 20-26 37
Only studies with low risk of bias 10 25,763 23 19-24. 35
Female 13 51,357 18 17-19 31
Sensitivity analysis
Only studies that also excluded 7 20,034 17 16-18 27
additional liver diseases™
Only studies with reported mean ALTY 13 51,357 18 17-19 32
Only studies with low risk of bias 13 51,357 18 17-19 32

*“In addition to exclusion of HBV and HCV via serology, alcohol by defined criteria (30 g/day for males and 20 g/day for females), and
NAFLD by ultrasound, these studies excluded additional liver diseases such as hepatotoxic drugs, autoimmune liver disease, metabolic
liver disease, and cirrhosis.

Studies with ALT converted from median were not included.

FAIL P > 98.0% and all Pvalues for F < 0.05.

TABLE 2. POOLED ALT MEANS AND ESTIMATED UPPER THRESHOLDS, BY METABOLIC SUBGROUPS

Number of Number of Pooled ALT ALT Upper Threshold (95th

Population Studies Participants Mean (U/L) 95% Cl Percentile) (U/L)
Normal weight 11 183,068 16 14-19 28
Sensitivity analysis

Only studies with reported mean ALT* 9 175,930 18 15-20 30

Only studies with low risk of bias 11 183,068 17 15-19 29
Overweight/obese 9 10,653 25 20-29 39
Sensitivity analysis

Only studies with reported mean ALT* 8 7,415 25 20-30 40

Only studies with low risk of bias included 8 10,581 21 17-26 33

No DM 4 26,274 19 17-22 33
Sensitivity analysis

Only studies with low risk of bias 4 26,274 19 17-22 34

DM 12 9,245 22 20-25 36
Sensitivity analysis

Only studies with reported mean ALT* 8 4,011 25 21-29 39

Only studies with low risk of bias 5 4,371 24 20-28 44

*Studies with ALT converted from median were not included.
TAll 2 > 98.0% and all Pvalues for 7% < 0.05.
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TABLE 3. POOLED ALT MEANS, BY COUNTRY
Population Number of Studies Number of Participants Pooled ALT Mean* (UL) 95% Cl P
By country <0.001"
0.47¢

Mainland China 26 138,059 19 18-20

South Korea 20 157,232 19 18-20

Taiwan 5 28,909 20 17-24

Japan 4 4,863 21 18-24

Iran 1 289 24 22-26

Israel 1 228 20 19-21

India 1 155 23 22-23

Malaysia 1 107 28 16-30

*P > 98% for all country analyses with more than one study, and all P values for * < 0.05.

TBetween all available countries.

*Between countries with four or more studies (Mainland China, South Korea, Taiwan, and Japan).

By Time Period

Twenty-eight studies (179,868 individuals) had a
median study year earlier than 2010, and 31 studies
(149,974 individuals) had a median study year from 2010
onward. There were no statistically significant differences
in the pooled mean ALT levels (20 U/L vs. 19 U/L,
P = 0.283) or in the bootstrapped upper thresholds
(33 U/L vs. 32 U/L) between studies before 2010 com-
pared to those from 2010 and after (Supporting Table S5).

META-REGRESSION:
RELATIONSHIP BETWEEN
ALT WITH BMI AND OTHER
METABOLIC FACTORS

Meta-regression of ALT showed significant cor-
relation with study-level data average BMI read-
ings. The coefficient was 1.20 (95% CI: 0.16-2.25,
P = 0.024), meaning that for each 1-kg/m? increase in
BMI, the ALT was 1.2 U/L higher (Table 4).

VALIDATION WITH INDIVIDUAL
PATIENT DATA

We validated our findings from meta-analysis and
bootstrap modeling with individual patient-level data
from 6,058 individuals who had negative serology for
hepatitis B and C virus and did not have ultrasound-
detected NAFLD or significant alcohol history. Close
to half (41.2%) of this cohort were male, and the mean
age was 52.1 + 12.8 years. Most (71.2%) had normal

weight (BMI < 23), and about one-quarter (28.8%)
were overweight (BMI > 23). Close to half had hyper-
lipidemia (43.4%), and 12.3% had DM. As indicated in
Table 5, the ALT upper threshold for the total cohort
(95th percentile) was 34 U/L overall, 39 U/L for males,
and 30 U/L for females, closely approximating the over-
all meta-analyzed data of 32, 37, and 31 U/L, respec-
tively. Among the individuals with low metabolic risk
(those with normal weight, no DM, and no hyperlipid-
emia), the upper threshold of ALT was 30 U/L overall,
35 U/L for males, and 28 U/L for females.

Also similar to the meta-analyzed data, the ALT
upper threshold for those with DM was higher than
those without DM (42 U/L vs. 33 U/L) (Table 5).
Within the DM and non-DM subgroups, the ALT
upper threshold was consistently higher in males com-
pared with females (44 vs. 37 U/L and 38 vs. 29 U/L,
respectively). Similar findings were observed for the
hyperlipidemic and nonhyperlipidemic groups.

Similar to the meta-analysis data, ALT upper thresh-
old for overweight individuals was higher than normal-
weight individuals (39 U/L vs. 32 U/L) (Table 5). ALT
upper thresholds were again higher in males compared
with females within each of the BMI/weight subgroups.
Even when stratified for the presence of DM, the ALT
upper thresholds remained consistently higher in the
overweight versus normal-weight groups.

In addition, the mean ALT values in this individual
patient cohort were consistent with the meta-analyzed
data (Supporting Table S6), with higher values in males
compared with females overall (21 U/L vs. 16 U/L), in
those with DM compared to those without DM (21 U/L
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Taiwan 38 U/L

FIG. 2. Bootstrapped estimates of ALT upper threshold (95™ percentile), by country.

vs. 18 U/L), in those with hyperlipidemia compared to
those without hyperlipidemia (19 U/L vs. 17 U/L), and
in the overweight group compared with normal-weight

group (21 U/L vs. 17 U/L) (all P < 0.001).

SENSITIVITY ANALYSES

In the multiple sensitivity analyses for pooled
ALT, the means and bootstrapped estimates of the
upper threshold that removed (1) studies that did
not exclude other etiologies of liver diseases besides
exclusion of viral hepatitis, NAFLD, and significant
alcohol use, (2) studies in which the median/IQR val-
ues were converted to mean/SD, and (3) studies that
were at moderate to high risk of bias (Tables 1 and 2),
the upper threshold and pooled mean ALT remained
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higher in males compared with females, consistent
with the data in the main analysis (Table 1).

For the comparison between normal-weight to
overweight individuals, our sensitivity analyses also
demonstrated similar results to the main analysis
for ALT upper threshold and mean ALT (Table 2).
When only studies at low risk of bias were analyzed,
the ALT upper threshold was also higher in those
with DM compared to those without DM (44 U/L
vs. 34 U/L) (Table 2).

HETEROGENEITY AND
PUBLICATION BIAS

There was considerable heterogeneity among the

studies for the overall and subgroup ALT results (all
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P statistic 298.00). Egger’s test was not suggestive of
significant publication bias in the overall and sub-

group analysis (P = 0.18).

Discussion

Globalization, urbanization, and westernization of
Asian diets have all led to a rise in obesity and MetS
in Asia.?’?” In this meta-analysis, from data involv-
ing 86 studies and 526,641 individuals without signif-
icant alcohol use, ultrasound-detected NAFLD, and
viral hepatitis, we found that the ALT upper thresh-
old was higher in overweight and diabetic individuals
at 39 U/L and 36 U/L, respectively (vs. 28 U/L and
33 U/L, respectively, in normal-weight and nondia-
betic individuals). This study complements the infor-
mation provided by Prati et al. in 2002, when they

TABLE 4. META-REGRESSION OF ALT AGAINST BMI
AND OTHER METABOLIC FACTORS

HUANG ET AL.

proposed lower ALT ULN in patients with no known
liver disease and no risk factors for metabolic dis-
ease, whereas we propose the “expected” ALT ULN
or upper threshold in overweight individuals and
in diabetics.”) However, this phenotypic-oriented
approach toward a higher ALT ULN does not mean
that the liver is entirely healthy. Rather, it should alert
care providers and patients that the metabolic dis-
ease present is likely having an effect on liver health,
even though a specific liver-disease diagnosis such as
NAFLD cannot be made through liver ultrasound,
the accepted diagnostic standard for NAFLD in most
practice settings currently.

Despite the absence of NAFLD based on ultra-
sound findings, obesity and DM still led to higher
ALT levels. Lipid droplets formed by accumulating
triglycerides were previously thought to be the driver
of NASH, but a growing body of evidence suggests
that the formation of lipid droplets is a parallel pro-
cess, and triglycerides may even be a protective mech-
anism against progressive liver disease.’**) On the

Coefficient 95% Cl P other hand, the true drivers of NASH may be the
metabolites of free fatty acids, such as phosphatidic

BMI 1.20* 0.16-2.25 0.024 . . . (32,33) .
. acid, ceramides, and diacylglycerol.”*”"’ Hence, while

Fasting plasma glucose 0.02 -0.26-0.30 0.87 .

Total cholesterol 0.034 006013 048  Steatosis may not have been detected on ultrasound,
Low-density lipoprofein 0.00 017-0.17 0.08 the presence of DM and obesity may have already
High-density lipoprotein 002 -0.30-0.26 0.88 resulted in “nontriglyceride lipOtOXiC liver insiury” and
Triglyceride 0.05 ~001011 010 resulted in an elevation of ALT levels. "V A pro-

“For each 1-kg/ m? increase in BMI, the ALT was 1.2 U/L higher.

spective trial that involved healthy patients in the
intervention arm eating two meals of fast food a day

TABLE 5. INDIVIDUAL PATIENT DATA ANALYSIS OF ALT UPPER THRESHOLD (95TH PERCENTILE)

Overall Male Female
Number of ALT Upper Number of ALT Upper Number of ALT Upper
Groups Individuals Threshold (U/L) Individuals Threshold (U/L) Individuals Threshold (U/L)
Overall 6,058 34 2,495 39 3,563 30
Low metabolic risk* 2,521 30 857 35 1,664 28
DM 748 42 479 44 269 37
No DM 5,310 33 2,016 38 3,294 29
Hyperlipidemia 2,630 36 1,123 40 1,507 31
No hyperlipidemia 3,428 33 1,372 38 2,056 28
BMI < 23 4,314 32 1,621 36 2,793 29
BMI > 23 1,744 39 974 44 770 32
BMI < 23; DM 408 39 242 40 166 36
BMI > 23; DM 340 48 237 50 103 39
BMI < 23; no DM 3,906 31 1,279 35 2,627 29
BMI > 23; no DM 1,404 38 737 41 667 32

“Low-risk: BMI < 23, no diabetes, no hyperlipidemia.
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resulted in a significant ALT elevation with minimal
change in liver fat content.®¥

Another possible factor to explain the raised ALT
values despite the absence of steatosis in these patients
with metabolic disease is the fact that ultrasound is
only sensitive for steatosis when more than 33% of
hepatocytes are steatotic.®” NAFLD is most com-
monly diagnosed by abdominal ultrasound, and it will
not be feasible to perform liver biopsy on all patients.
A recent meta-analysis found in patients with over
20%-30% hepatic steatosis, using liver biopsy as the
gold standard, ultrasound had a pooled sensitivity of
84.8% and a pooled specificity of 93.6%.® Therefore,
patients with MetS without known NAFLD by ultra-
sound evaluation may actually already have NAFLD,
but under the ultrasound-detection threshold they are
at risk for future NAFLD development. It is not clear
whether those with MetS, elevated ALI, but unde-
tectable NAFLD would be at higher risk for full-
blown NAFLD and/or NASH development, but this
warrants additional investigation.

A defined ALT upper threshold for diabetic and
overweight patients can potentially help to streamline
investigations for elevated ALT readings. In a large
population-based study consisting of 95,977 individ-
uals from Scotland, only 3.9% of individuals with an
abnormal ALT were found to have significant liver
disease within 5 years of the test.*” On the other
hand, while the expected upper thresholds for diabetic
and obese individuals are higher, this does not mean
that those with these higher ALT levels are “healthy,”
and clinicians should still be wary of alternative causes
for borderline raised ALT levels, such as drug-induced
liver injury, viral hepatitis, and alcohol. A recent long-
term cohort study shows that ALT" above a “low cut-
oft” (30 U/L for men, 19 U/L for females) has good
predictive power for future development of liver-
related mortality, HCC, and cirrhosis.*® In diabetic
or overweight patients with “elevated ALT” but still
below our proposed upper threshold, one could adopt
a judicious approach toward investigating for less com-
mon etiologies for liver disease. However, there should
be increased effort toward controlling the metabolic
risk factors and follow-up for the subsequent devel-
opment of ultrasound-detectable NAFLD, as these
patients are at higher risk for developing NAFLD
and cardiovascular disease. However, caution must still
be exercised in screening these additional donors for
infectious diseases such as HCV and HBV.
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Patients with concomitant HBV and DM or obe-
sity may be prescribed unnecessary antiviral treatment
when stringent ALT ULNSs are used without consid-
ering the impact of metabolic risk factors on ALT. In
2018, based on the ALT ULN by Prati, the updated
AASLD CHB guidance proposed the ALT ULNs of
35 U/L for men and 25 U/L for women.®” Our data
help to support these higher ALT thresholds, but our
data also suggest that different thresholds be consid-
ered for normal weight versus overweight and non-
diabetic versus diabetic, in addition to the distinction
between men and women. It is of interest that among
all three major international liver societies’ guidelines
on HBV treatment, only the AASLD guideline uses
values that are gender-specific and has the lowest
ALT threshold for HBV antiviral therapy. None of
the current guidelines take weight or DM into con-
sideration for the ALT treatment threshold. Given
the high prevalence of CHB infection and MetS in
Asia, further trials are warranted to define the opti-
mal ALT for antiviral therapies in patients with CHB
with MetS. In addition, there may also be a “dose-
dependent” relationship that is dependent on how
many components of MetS are present. For example,
we found higher ALT levels in patients who were
overweight and diabetic compared with those who
were overweight but not diabetic.

This meta-analysis provides the most comprehen-
sive assessment to date of estimated upper thresh-
old and mean ALT in Asians, including groups with
metabolic disorders such as diabetic and overweight
patients. A limitation of this study is a lack of data
from large Asian countries such as Philippines and
Thailand, limiting the generalizability to these areas.
Countries such as Malaysia, India, Iran, and Israel
only had one study each, limiting the robustness of
the bootstrapped upper-threshold estimate for these
countries. There is high heterogeneity among stud-
ies, which is common in a meta-analysis of this size.
There could have been selection bias in some of the
analyses due to the small number of published stud-
ies, such as in the nondiabetic subgroup, with only
four studies. This may also explain why there was no
statistically significant difference in the pooled mean
ALT between diabetics and nondiabetics, although
a significant difference was found in the validation
cohort using individual patient data. Additionally, we
were not able to subcategorize the results between
overweight and obesity within the meta-analysis data,
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as all included studies reported overweight and obese
patients as a single group. The individual study defini-
tions of overweight varied from 223 kg/ m?to 25 kg/ m?,
and a standard definition could not be applied across
all studies. We were also unable to evaluate for the
effect of hyperlipidemia on ALT levels, as there were
insufficient studies segregating their cohorts by the
presence of hyperlipidemia, but the data provided by
the individual patient cohort did suggest an associ-
ation between hyperlipidemia and ALT. A further
limitation would be the variability of ALT readings
among different laboratories, which is largely related
to the different chemical analyzers used.“” Although
we only included studies that excluded individuals
with excessive alcohol intake, we recognize that alco-
holic liver disease is frequently underestimated, and
some of the included individuals may have undeclared
excessive alcohol intake.

In summary, this large meta-analysis with bootstrap
modeling provides reference ranges for ALT upper
threshold in Asian overweight and diabetic individ-
uals, and its findings are validated by our individual
patient-level data (see Supporting Fig. S1). It should
also be emphasized that these higher ALT ULN
thresholds in metabolically active individuals do not
necessarily mean “healthy,” Therefore, obese and/or
diabetic Asian patients with ALT levels within this
newly defined upper threshold should be monitored
for subsequent development of detectable NAFLD
as well as nonliver complications, and due diligence
should still be exercised by clinicians to exclude com-
mon causes for mildly raised ALT such as alcohol and
viral hepatitis. This study also challenges the concept
of using the same ALT threshold for all patients with
CHB infection using only categorization for sex, and
additional studies are needed to correlate CHB histo-
logic activities with ALT in the setting of metabolic
diseases for patients of diverse race/ethnicities and
geographic region/countries.

Introductory Statement

Overweight or diabetic Asian individuals without
fatty liver on ultrasound have higher ALT levels com-
pared with healthy individuals.

Acknowledgment: The map of Asia was created using
mapchart.net.
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