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Abstract
Objectives  To investigate the associations of the levels 
of liver enzymes, such as alanine aminotransferase 
(ALT), aspartate aminotransferase (AST) and gamma 
glutamyltransferase (GGT), at baseline and their changes 
over time with mortality.
Design  Cohort study.
Setting, participants and outcome measures  We 
analysed the data of 484 472 individuals from the National 
Health Insurance Service-National Health Screening Cohort 
(2002–2013). We used two exposure indices: (1) deciles 
of baseline ALT, AST and GGT levels measured in 2002 
or 2003 and (2) deciles of changes in ALT, AST and GGT 
levels over a 4 year period (2002–2006 or 2003–2007). 
We constructed Cox models to evaluate the associations of 
these exposure indices with mortality (2008–2013).
Results  We found non-monotonic dose–response 
associations between the baseline levels of ALT and AST 
and all-cause mortality. We also found a monotonic non-
linear association between the baseline levels of GGT and 
all-cause mortality (10th decile: HR=2.05, 95% CI: 1.93 to 
2.18). Compared with the ninth, sixth and fourth deciles 
of changes in ALT (8–13 U/L), AST (1 U/L) and GGT (−3 
to −2 U/L) over time, respectively, the risks of all-cause 
mortality increased in both the higher and lower deciles 
of changes in the corresponding liver enzyme levels (10th 
decile: HR=1.36, 95% CI 1.24 to 1.48; 1st decile: HR=1.46, 
95% CI 1.34 to 1.59 for ALT; 10th decile: 1.55, 95% CI 
1.40 to 1.71; 1st decile: HR=1.53, 95% CI 1.38 to 1.69 
for AST; 10th decile: HR=1.71, 95% CI 1.56 to 1.88; 1st 
decile: HR=1.67, 95% CI 1.52 to 1.84 for GGT). These non-
monotonic dose–response associations remained when 
analyses were stratified by the medians or quartiles of the 
baseline liver enzyme levels.
Conclusions  The levels of liver enzymes at baseline and 
over time showed non-linear associations with mortality.

Introduction
Serum levels of liver enzymes, such as alanine 
aminotransferase (ALT), aspartate amino-
transferase (AST) and gamma glutamyltrans-
ferase (GGT), are highly sensitive to liver 

dysfunction and damage.1 Because assays for 
these liver enzymes are cost-effective, they are 
widely used during general health check-ups 
worldwide.2 3 

Although liver enzyme levels have been 
associated with various health outcomes such 
as cardiovascular diseases,4 type 2  diabetes 
mellitus5 and cancer,6 the associations 
between liver enzyme levels and mortality in 
the general population remained unclear. 
Previous studies reported positive, null and 
inverse associations between liver enzyme 
levels and mortality in the general population 
(reviewed by Kunutsor et al3). The association 
between liver enzyme levels and mortality 
might not be linear, and both higher and 
lower liver enzyme levels would be associated 
with higher mortality (ie, non-monotonic 
dose–response associations). Although we 
expected the non-monotonic dose–response 

Strengths and limitations of this study

►► First study to report non-monotonic dose–response 
associations between changes in liver enzyme lev-
els over time and mortality.

►► Conducted longitudinal analyses using a large-scale 
cohort constructed from national administration 
data, which has a negligible follow-up loss.

►► Identified the dates and causes of death using a 
national database maintained by Statistics Korea, 
which covers all individuals residing in the Republic 
of Korea and has high accuracy (>90%).

►► Information on albumin, alkaline phosphatase, and 
conjugated and unconjugated bilirubin levels was 
not available, and information on sociodemographic 
factors, lifestyles, medical histories and family his-
tories was insufficient.

►► Could not identify the mechanisms underlying 
the association between liver enzyme levels and 
mortality.
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associations between liver enzyme levels and mortality, 
this possibility has only been investigated in a  limited 
number of studies.3 7 8

Liver enzyme levels can increase due to factors such as 
liver damage and injury, and can decrease due to factors 
such as hepatic ageing, frailty and reduced hepatic 
blood circulation.9 10 Therefore, changes (increases or 
decreases) in the levels of these enzymes over time may be 
associated with higher mortality independent of baseline 
liver enzyme levels. However, to our knowledge, no study 
has explored the possibility of non-monotonic dose–
response associations between changes in liver enzyme 
levels over time and mortality.

Therefore, in the present study, we hypothesised that 
not only higher baseline liver enzyme levels but also lower 
baseline levels are associated with higher mortality. In 
addition, we hypothesised that the increase or decrease in 
liver enzyme levels over time is also associated with higher 
mortality independent of baseline liver enzyme levels. 
We evaluated these hypotheses using a longitudinal study 
design with a large-scale (n>500 000) national health 
screening cohort in which serum liver enzyme levels were 
repeatedly measured.

Methods
Study population
The present study used data from the National Health 
Insurance Service-National Health Screening Cohort 
(NHIS-HEALS) of the Republic of Korea. Detailed infor-
mation on the NHIS-HEALS has been presented else-
where.11 Briefly, the NHIS-HEALS is a de-identified cohort 
released to researchers by the NHIS for the purpose of 
public research. Several epidemiological studies have 
been published using these data.12–14 The NHIS-HEALS 
contains the data of 514 866 individuals, representing a 
10% random sample of all participants in the National 
Health Screening Program between 2002 and 2003 (data 
collected during this period comprise the baseline) who 
were followed up to 31 December 2013. In the Republic of 
Korea, all individuals aged ≥40 years are invited to partic-
ipate at least every 2 years in this general, free-of-charge 
health screening programme conducted at designated 
healthcare institutions that meet the quality standards 
set by the Framework Act on Health Examinations. The 
rate of participation in the National Health Screening 
Program was 43.2% in 2003 and increased gradually to 

74.8% in 2014.14 The prevalence rates of common diseases 
such as hypertension and type 2 diabetes mellitus in the 
NHIS-HEALS are generally similar to those reported in a 
nationally representative sample.11

The NHIS-HEALS includes various types of infor-
mation, such as sociodemographic factors, lifestyles, 
medical histories and family histories (collected from 
self-reported questionnaires during the national health 
screening), health screening results (from physical exam-
inations and clinical laboratory tests during the national 
health screening), healthcare usage (from claims data), 
and dates and causes of death (from Statistics Korea).

In the present study, from a total of 514 866 individuals 
included in the NHIS-HEALS, we sequentially excluded 
those who died between 2002 and 2007 (n=13 278, 2.6%), 
those without any liver enzyme data between 2002 and 
2003 (n=494, 0.1%) and those with hepatitis or chronic 
liver disease up to 2007 (n=16 622, 3.2%). Therefore, 
484 472 individuals (94.1%) were included in the final 
analysis. All experiments were conducted in accordance 
with the relevant guidelines and regulations.

Patient and public involvement
Patients were not recruited or involved in this study.

Exposures
We used two exposure indices: (1) deciles of the baseline 
levels of ALT, AST and GGT measured in 2002 or 2003 
and (2) deciles of changes in the ALT, AST and GGT 
levels over a 4-year period (2002–2006 or 2003–2007) 
(figure 1). The first exposure index was used in an anal-
ysis of the association between baseline liver enzyme 
levels and mortality, while the second was used in an anal-
ysis of the association between changes in liver enzyme 
levels and mortality. If both the earlier and later exposure 
indices were available, the latter (baseline liver enzyme 
levels in 2003 or changes in liver enzyme levels between 
2003 and 2007) was assigned as the exposure index for 
each individual.

Outcomes
The outcomes of the present study were all-cause 
mortality and cause-specific mortality occurring between 
1 January 2008 and 31 December 2013 (figure 1). Infor-
mation on the dates and causes of death was obtained 
from Statistics Korea and merged with other data by the 
NHIS via personal identification numbers. The various 

Figure 1  Schematic representation of the study design and period.
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causes of death were coded according to the Interna-
tional Classification of Disease, 10th Revision (ICD-10). 
For this analysis, we considered deaths from cardiovas-
cular disease (defined as ICD-10 codes I20–I25, I50 and 
I60–I70), cancer (C00–C97), diabetes mellitus (E10–E14) 
and liver disease (B15–B19 and K70–K77), according to 
previous studies.7 8 15

Covariates
Based on previous reports and existing biomedical 
knowledge,3 7–9 15–17 we identified the following potential 
confounders and included them as covariates for further 
analyses: age (years), sex, household income (decile), 
smoking status (non-smoker, ex-smoker or smoker), 
alcohol consumption (none, ≤1–2 or ≥3–4 times/week), 
physical activity (did not exercise,  ≤1–2 or  ≥3–4 times/
week), body mass index (<18.5, 18.5–22.9, 23.0–24.9, 25.0–
29.9 or  ≥30.0 kg/m2), systolic blood pressure (<120.0, 
120.0–139.9 or ≥140.0 mm Hg), diastolic blood pressure 
(<80.0, 80.0–89.9 or ≥90.0 mm Hg), fasting glucose levels 
(<70.0, 70.0–99.9, 100.0–125.9 or ≥126.0 mm Hg), history 
of heart disease (yes or no), history of stroke (yes or no) 
and history of cancer (yes or no). Information about 
these variables was collected from the National Health 
Screening Program at baseline (2002–2003). We created a 
missing indicator category for the missing values (0.03%–
3.4%) of the categorical variables (table 1).

Statistical analysis
We constructed Cox proportional hazard models adjusted 
for the above-mentioned covariates to investigate the 
associations of exposure indices (deciles of baseline liver 
enzyme levels and deciles of changes in liver enzyme 
levels) with all-cause mortality. Since the associations 
between changes in liver enzyme levels and mortality may 
differ according to the baseline liver enzyme levels, we 
also divided the study population into those with values 
above and below the medians or quartiles of the baseline 
levels of ALT, AST and GGT. We then assessed the asso-
ciations between deciles of changes in the liver enzyme 
levels and all-cause mortality in each stratum.

We evaluated the non-linearity of the associations 
(non-monotonic dose–response or monotonic non-linear 
associations) by (1) visually inspecting the shapes of 
the associations in the analysis using categorised expo-
sure indices and (2) testing the squared  terms of the 
log2-transformed continuous baseline or changes in liver 
enzyme levels that were added to Cox models including 
the log2-transformed baseline or changes in liver enzyme 
levels and the same covariates.

To evaluate the associations of deciles of the baseline 
and changes in liver enzyme levels with cause-specific 
mortality (ie, deaths from cardiovascular disease, cancer, 
diabetes mellitus and liver disease), we constructed 
cause-specific proportional hazard models adjusted for 
the same covariates. In these competing risk analyses, 
we estimated cause-specific hazards rather than subdis-
tribution hazards, because the HRs from cause-specific 

proportional hazard models would be easily interpretable 
and could be used to draw public health implications.18 19

In a sensitivity analysis, because distributions of liver 
enzyme levels were different by sex (U/L, ALT: median, 
25, IQR, 16, among men; median, 18, IQR, 10, among 
women; AST: median, 25, IQR, 11, among men; median, 
22, IQR, 9,  among women; GGT: median, 33, IQR, 34, 
among men; median, 16, IQR, 12, among women), we 
repeated all analyses using sex-specific cut-off points for 
deciles of the baseline liver enzyme levels and changes 
in liver enzyme levels, instead of the above-mentioned 
sex-non-specific cut-off points, to confirm the robustness 
of the results.7 Detailed information on the sex-specific 
cut-off points is presented in the online  supplementary 
material. In addition, we also conducted analyses further 
excluding individuals with a history of cancer, those with 
a history of type 2 diabetes mellitus and those who drank 
alcohol ≥3–4 times/week, because these conditions can 
also impact liver enzyme levels.

In both the Cox and cause-specific proportional hazard 
models, the follow-up duration was calculated in months 
from 1 January 2008 to the date of death or 31 December 
2013 (if death did not occur). For analyses using catego-
rised exposure indices, we designated categories with the 
lowest betas for each outcome of interest in the associa-
tion analysis as the referent categories. We used SAS V.9.4 
for all analyses.

Results
Of the 484 472 study participants, the mean age was 
53.0 years (range: 40–80 years), and 53.3% were men. 
A larger proportion of participants had higher income 
levels (household income deciles 9–10, 33.3% vs deciles 
0–2, 15.9%). A majority of the study participants were 
non-smokers (65.5%), did not drink alcohol (56.1%) and 
did not exercise regularly (55.8%). Most participants had 
no history of heart disease, stroke or cancer (table 1).

Compared with the fourth decile of baseline ALT 
levels (17–18 U/L), the risk of all-cause mortality was 
higher in both the higher and lower baseline ALT deciles 
(10th decile,  ≥43 U/L: HR=1.53, 95% CI 1.44  to 1.62; 
1st decile,  ≤12 U/L: HR=1.16, 95% CI 1.10  to 1.23). 
Similarly, compared with the fourth decile of baseline 
AST levels (21 U/L), the risk of all-cause mortality was 
also higher in both the higher and lower baseline AST 
deciles (10th decile  ≥38 U/L: HR=1.70, 95% CI 1.59  to 
1.81; 1st decile, ≤16 U/L: HR=1.15, 95% CI 1.07 to 1.24). 
When compared with the first  decile of baseline GGT 
levels (≤11 U/L), the all-cause mortality risk was higher 
in higher baseline GGT deciles (10th decile,  ≥72 U/L: 
HR=2.05, 95% CI 1.93  to  2.18) (table  2). Because the 
normal range of ALT is generally considered as 7–56 U/L, 
AST as 0–35 U/L and GGT as 9–85 U/L,2 even within the 
normal range, lower or higher levels of ALT and AST 
and higher levels of GGT were associated with a higher 
mortality risk (table 2). We confirmed the non-linearity 
of these associations by testing the squared terms of the 

https://dx.doi.org/10.1136/bmjopen-2018-026965
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Table 1  Baseline sociodemographic characteristics and liver enzyme levels of the study participants (2002–2003) (n=484 472)

Characteristics Total ALT (U/L) AST (U/L) GGT (U/L)

n (%) GM±GSD

Age (years)

 � 40–49 212 004 (43.8) 21.8±1.7 23.5±1.4 26.1±2.2

 � 50–59 140 742 (29.1) 22.8±1.6 24.9±1.4 26.8±2.1

 � 60–69 98 759 (20.4) 21.6±1.6 25.4±1.4 24.6±2.0

 �  70–80 32 967 (6.8) 19.5±1.6 25.2±1.4 21.6±1.9

Sex

 � Men 258 010 (53.3) 25.3±1.7 26.1±1.5 35.8±2.1

 � Women 226 462 (46.7) 18.5±1.6 22.6±1.4 17.6±1.8

Household income 
(deciles)

 � 0–2 76 994 (15.9) 20.8±1.7 24.2±1.4 23.7±2.1

 � 3–5 106 260 (21.9) 21.6±1.7 24.7±1.5 25.1±2.1

 � 6–8 139 763 (28.9) 22.4±1.7 24.7±1.4 26.6±2.1

 � 9–10 161 455 (33.3) 22.2±1.7 24.0±1.4 26.2±2.1

Smoking status

 � Non-smoker 317 199 (65.5) 20.5±1.6 23.6±1.4 21.4±1.9

 � Ex-smoker 40 797 (8.4) 25.4±1.7 25.8±1.4 34.1±2.0

 � Smoker 109 868 (22.7) 25.0±1.7 26.0±1.5 39.0±2.1

 � Missing 16 608 (3.4) 22.0±1.7 24.6±1.4 25.4±2.1

Alcohol consumption

 � None 271 551 (56.1) 20.4±1.6 23.2±1.4 20.1±1.8

 � ≤1–2 times/week 151 559 (31.3) 23.4±1.7 24.9±1.4 31.4±2.1

 � ≥3–4 times/week 53 350 (11.0) 25.9±1.7 28.9±1.5 51.1±2.3

 � Missing 8012 (1.7) 20.9±1.6 23.5±1.4 21.0±1.9

Physical activity

 � Did not exercise 270 329 (55.8) 21.4±1.7 24.3±1.4 24.5±2.1

 � ≤1–2 times/week 112 413 (23.2) 23.0±1.7 24.5±1.4 28.5±2.1

 � ≥3–4 times/week 89 843 (18.5) 21.9±1.6 24.4±1.4 25.9±2.1

 � Missing 11 887 (2.5) 21.7±1.7 25.4±1.4 25.2±2.1

Body mass index (kg/m2)

 � <18.5 10 599 (2.2) 17.7±1.6 24.6±1.5 21.1±2.2

 � 18.5–22.9 171 108 (35.3) 19.1±1.6 23.4±1.4 21.9±2.1

 � 23.0–24.9 132 394 (27.3) 21.9±1.6 24.0±1.4 25.9±2.1

 � 25.0–29.9 156 051 (32.2) 25.1±1.7 25.5±1.4 30.1±2.1

 � ≥30.0 13 926 (2.9) 29.0±1.8 27.6±1.5 32.1±2.1

 � Missing 394 (0.1) 21.4±1.6 24.6±1.4 22.2±2.0

Systolic blood pressure 
(mm Hg)

 � <120.0 140 993 (29.1) 19.7±1.6 22.8±1.4 21.1±2.0

 � 120.0–139.9 214 824 (44.3) 22.3±1.7 24.5±1.4 26.4±2.1

 � ≥140.0 128 464 (26.5) 23.7±1.7 26.0±1.5 30.4±2.2

 � Missing 191 (0.04) 21.1±1.7 23.3±1.5 24.4±2.0

Diastolic blood pressure 
(mm Hg)

 � <80.0 191 221 (39.5) 20.1±1.6 23.2±1.4 21.7±2.0

Continued
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log2-transformed ALT, AST and GGT levels added to the 
Cox models (all p values for the squared terms <0.0001).

We also assessed the associations of deciles of changes 
in the liver enzyme levels over a 4-year period with 
all-cause mortality. Compared with the ninth decile of 
ALT changes (8–13 U/L), the sixth decile of AST changes 
(1 U/L), and the fourth decile of GGT changes (−3 to 
−2 U/L), respectively, the risk of all-cause mortality was 
higher in both the higher and lower deciles of changes in 
the corresponding liver enzyme levels (10th decile, ≥14 
U/L: HR=1.36, 95% CI 1.24 to 1.48; 1st decile, ≤−16 U/L: 
HR=1.46, 95% CI 1.34  to 1.59 for ALT; 10th decile, ≥11 
U/L: HR=1.55, 95% CI 1.40 to 1.71; 1st decile, ≤−12 U/L: 
HR=1.53, 95% CI 1.38  to 1.69 for AST; 10th decile, ≥21 
U/L: HR=1.71, 95% CI 1.56 to 1.88; 1st decile, ≤−19 U/L: 
HR=1.67, 95% CI 1.52 to 1.84 for GGT) (table 3). We then 
tested the squared terms of the log2-transformed changes 
in ALT, AST and GGT and confirmed the non-linearity 
of the associations between the changes in liver enzyme 
levels and mortality (all p  values for the squared terms 
<0.0001).

When we performed stratified analyses by the medians 
or quartiles of the baseline liver enzyme levels, the same 
non-monotonic dose–response associations between the 
deciles of changes in liver enzyme levels and all-cause 
mortality remained in each stratum (figure  2, online 
supplementary figure 1), similar to the results of the 
non-stratified analysis (table 3).

In analyses of the associations between the deciles of 
baseline liver enzyme levels and cause-specific mortality 
(mortality due to cardiovascular disease, cancer, diabetes 
mellitus and liver disease), we found non-monotonic 
dose–response associations of baseline ALT and AST 
levels with mortality due to cardiovascular disease, cancer 
and diabetes mellitus, whereas we found monotonic 
non-linear associations in other cases (online supplemen-
tary figure 2). When we analysed the associations between 
the deciles of changes in the liver enzyme levels and 
cause-specific mortality, we found non-monotonic dose–
response associations in all cases (online supplementary 
figure 3).

In sensitivity analyses based on sex-specific deciles 
of the baseline and changes in liver enzyme levels, the 
results remained robust and did not change appreciably 
(data not shown). When we excluded individuals with a 
history of cancer (n=2732), those with a history of type 
2 diabetes mellitus (n=20 691) and those who drank ≥3–4 
times/week (n=53 350), the results did not change appre-
ciably (data not shown).

Discussion
In the present study, using the large-scale national health 
screening cohort, we found non-linear (non-monotonic 
dose-response or monotonic non-linear) associations of 
baseline liver enzyme levels and changes in these levels 

Characteristics Total ALT (U/L) AST (U/L) GGT (U/L)

 � 80.0–89.9 167 612 (34.6) 22.4±1.7 24.6±1.4 26.6±2.1

 � ≥90.0 125 372 (25.9) 24.2±1.7 26.0±1.5 31.5±2.2

 � Missing 267 (0.1) 21.5±1.7 23.4±1.4 23.8±2.0

Fasting glucose level 
(mg/dL)

 � <70.0 8510 (1.8) 20.3±1.7 23.9±1.4 23.2±2.0

 � 70.0–99.9 324 064 (66.9) 20.9±1.6 23.9±1.4 23.7±2.0

 � 100.0–125.9 114 597 (23.7) 23.6±1.7 25.3±1.5 29.1±2.2

 � ≥126.0 37 167 (7.7) 26.5±1.7 26.1±1.6 35.9±2.3

 � Missing 134 (0.03) 19.7±1.7 22.8±1.7 20.7±2.0

History of heart disease

 � No 494 401 (98.6) 21.9±1.7 24.4±1.4 25.6±2.1

 � Yes 7187 (1.4) 22.4±1.6 25.0±1.4 26.3±2.0

History of stroke

 � No 499 352 (99.6) 21.9±1.7 24.4±1.4 25.7±2.1

 � Yes 2236 (0.5) 22.0±1.6 24.6±1.4 27.4±2.0

History of cancer

 � No 498 856 (99.5) 21.9±1.7 24.4±1.4 25.7±2.1

 � Yes 2732 (0.5) 20.7±1.6 25.0±1.4 21.2±1.9

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyltransferase; GM, geometric mean; GSD, geometric SD

Table 1  Continued 
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over time with both all-cause mortality  and cause-spe-
cific mortality. The non-monotonic dose–response asso-
ciations between changes in the liver enzyme levels and 
mortality remained after stratifying the study population 
into subgroups according to the baseline liver enzyme 
levels.

Although some previous studies have reported 
inverse associations between ALT levels and all-cause 
mortality,9 17 20 other studies have demonstrated positive 
associations.21 22 Similarly, some studies have described 

positive associations between AST levels and all-cause 
mortality,21 23 24 whereas other studies found no such asso-
ciations.25 26 This heterogeneity may be explained by the 
increased risk of mortality associated with both higher 
and lower baseline levels of ALT and AST (non-mono-
tonic dose–response associations), as demonstrated in 
the present study.3 7 8 Meanwhile, most previous studies 
have reported positive associations between baseline 
GGT levels and all-cause mortality.15 17 The results of the 
present study, which suggest the presence of a monotonic 

Table 2  Associations* between baseline liver enzyme levels (2002–2003) and all-cause mortality (2008–2013)

Decile† Levels (U/L) n (%) HR 95% CI P value

ALT

1 ≤12 56 870 (11.7) 1.16 1.10 to 1.23 <0.0001

2 13–14 41 904 (8.7) 1.11 1.04 to 1.17 0.0014

3 15–16 46 115 (9.5) 1.07 1.01 to 1.13 0.0292

4 17–18 46 272 (9.6) Ref. Ref. Ref.

5 19–21 62 738 (13.0) 1.06 1.01 to 1.12 0.0320

6 22–23 33 898 (7.0) 1.04 0.97 to 1.11 0.2722

7 24–27 54 157 (11.2) 1.05 0.99 to 1.11 0.1046

8 28–32 46 873 (9.7) 1.11 1.05 to 1.18 0.0005

9 33–42 49 009 (10.1) 1.17 1.10 to 1.24 <0.0001

10 ≥43 46 601 (9.6) 1.53 1.44 to 1.62 <0.0001

AST

1 ≤16 48 178 (10.0) 1.15 1.07 to 1.24 0.0001

2 17–18 45 357 (9.4) 1.09 1.01 to 1.18 0.0217

3 19–20 58 461 (12.1) 1.09 1.02 to 1.17 0.0175

4 21 30 304 (6.3) Ref. Ref. Ref.

5 22–23 58 761 (12.1) 1.03 0.96 to 1.10 0.4151

6 24–25 52 190 (10.8) 1.06 0.99 to 1.14 0.0896

7 26–27 41 805 (8.6) 1.09 1.01 to 1.17 0.0185

8 28–31 58 055 (12.0) 1.08 1.01 to 1.15 0.0257

9 32–37 44 515 (9.2) 1.20 1.12 to 1.28 <0.0001

10 ≥38 46 802 (9.7) 1.70 1.59 to 1.81 <0.0001

GGT

1 ≤11 54 316 (11.2) Ref. Ref. Ref.

2 12–13 36 355 (7.5) 1.01 0.94 to 1.08 0.7713

3 14–16 55 121 (11.4) 1.07 1.00 to 1.13 0.0412

4 17–19 49 756 (10.3) 1.10 1.04 to 1.17 0.0019

5 20–23 53 476 (11.0) 1.12 1.06 to 1.19 0.0002

6 24–27 41 003 (8.5) 1.16 1.09 to 1.24 <0.0001

7 28–34 50 696 (10.5) 1.24 1.17 to 1.32 <0.0001

8 35–45 48 116 (9.9) 1.31 1.23 to 1.39 <0.0001

9 46–71 49 144 (10.1) 1.46 1.37 to 1.55 <0.0001

10 ≥72 46 450 (9.6) 2.05 1.93 to 2.18 <0.0001

*Adjusted for age, sex, household income decile, smoking status, alcohol consumption, physical activity, body mass index, systolic blood 
pressure and diastolic blood pressure, fasting glucose levels, and history of heart disease, stroke and cancer.
†Deciles for baseline levels of ALT, AST and GGT.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyltransferase; Ref., reference.
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non-linear association between the baseline GGT levels 
and all-cause mortality, may explain those earlier findings.

It has been reported that serum ALT, AST and GGT 
levels are associated with a higher risk of type 2 diabetes 
mellitus and body mass index even within the normal 
ranges.27 In the present study, liver enzyme levels within 
normal ranges were also found to be associated with 
mortality. Because the liver is a central organ of glucose 
and lipid metabolism and critical for maintaining 

health,28 re-evaluation of the relevance of current stan-
dards is warranted.

In the present study, larger changes (both increases 
and decreases) in the ALT, AST and GGT levels over 
a 4-year period were associated with a higher risk of 
all-cause mortality when compared with smaller changes. 
These non-linear associations remained even after the 
participants were stratified according to the baseline liver 
enzyme levels. These results suggest that changes in liver 

Table 3  Associations* between changes in liver enzyme levels since the baseline survey (2002–2003) and all-cause mortality 
(2008–2013)

Decile† Levels (U/L) n (%) HR 95% CI P value

ALT

 � 1 ≤−16 28 441 (9.6) 1.46 1.34 to 1.59 <0.0001

 � 2 −15 to −9 29 670 (10.0) 1.23 1.13 to 1.34 <0.0001

 � 3 −8 to −5 34 065 (11.4) 1.11 1.02 to 1.21 0.0137

 � 4 −4 to −3 23 295 (7.8) 1.08 0.98 to 1.18 0.1334

 � 5 −2 to −1 27 637 (9.3) 1.12 1.03 to 1.23 0.0127

 � 6 0–1 28 738 (9.7) 1.11 1.02 to 1.22 0.0226

 � 7 2–4 38 771 (13.0) 1.02 0.94 to 1.12 0.5916

 � 8 5–7 27 754 (9.3) 1.01 0.92 to 1.11 0.8602

 � 9 8–13 29 713 (10.0) Ref. Ref. Ref.

 � 10 ≥14 29 842 (10.0) 1.36 1.24 to 1.48 <0.0001

AST

 � 1 ≤−12 27 631 (9.3) 1.53 1.38 to 1.69 <0.0001

 � 2 −11 to −7 29 839 (10.0) 1.23 1.11 to 1.36 0.0001

 � 3 −6 to −4 33 587 (11.3) 1.09 0.98 to 1.21 0.1081

 � 4 −3 to −2 30 433 (10.2) 1.15 1.03 to 1.28 0.0113

 � 5 −1 to 0 35 094 (11.8) 1.10 0.99 to 1.22 0.0773

 � 6 1 17 637 (5.9) Ref. Ref. Ref.

 � 7 2–3 32 282 (10.8) 1.02 0.92 to 1.14 0.7010

 � 8 4–6 36 128 (12.1) 1.05 0.95 to 1.17 0.3479

 � 9 7–10 26 425 (8.9) 1.04 0.93 to 1.16 0.4996

 � 10 ≥11 28 874 (9.7) 1.55 1.40 to 1.71 <0.0001

GGT

 � 1 ≤−19 28 402 (9.5) 1.67 1.52 to 1.84 <0.0001

 � 2 −18 to −9 28 240 (9.5) 1.15 1.05 to 1.27 0.0043

 � 3 −8 to −4 35 442 (11.9) 1.09 0.99 to 1.20 0.0931

 � 4 −3 to −2 22 232 (7.5) Ref. Ref. Ref.

 � 5 −1 to 1 41 200 (13.8) 1.01 0.92 to 1.12 0.7703

 � 6 2–3 26 555 (8.9) 1.00 0.90 to 1.12 0.9599

 � 7 4–6 31 623 (10.6) 1.10 1.00 to 1.21 0.0602

 � 8 7–10 26 769 (9.0) 1.07 0.96 to 1.18 0.2187

 � 9 11–20 28 416 (9.5) 1.22 1.11 to 1.35 <0.0001

 � 10 ≥21 29 297 (9.8) 1.71 1.56 to 1.88 <0.0001

*Adjusted for age, sex, household income decile, smoking status, alcohol consumption, physical activity, body mass index, systolic blood 
pressure and diastolic blood pressure, fasting glucose levels, and history of heart disease, stroke and cancer.
†Deciles for changes in levels of ALT, AST and GGT during the 4 years since the baseline survey.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyltransferase; Ref., reference.
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enzyme levels over time, as well as baseline levels, can be 
used to predict mortality and assess risk by clinicians and 
public health practitioners. To our knowledge, this is the 
first study to demonstrate non-monotonic dose–response 
associations between changes in liver enzyme levels and 
mortality; further studies are warranted to confirm the 
findings.

In a study based on a representative US population data, 
lower baseline ALT levels were found to be associated with 
higher risks of cardiovascular disease, cancer and liver 
disease mortality, whereas higher ALT levels were only 
associated with a higher risk of liver disease mortality.7 
In another study based on a representative sample of the 
US  population, higher ALT levels were associated with 
a higher risk of liver disease mortality, whereas higher 
GGT levels were associated with higher risks of cancer, 
diabetes mellitus and liver disease mortality.15 A study 
using data from a prospective elderly cohort reported an 
association of higher AST levels with an increased risk of 
cancer mortality, as well as an association of higher GGT 
levels with an increased risk of cardiovascular disease 
mortality.8 Among patients with acute myocardial infarc-
tion who underwent percutaneous coronary interven-
tion, ALT and AST levels were associated with stenosis 
diameter, an indicator of stenosis severity.29 Although 
the results of the present study were generally consistent 
with those of previous studies,7 8 15 some inconsistencies 
were also found (eg, positive associations of baseline ALT 
levels with cardiovascular, cancer and diabetes mellitus 
mortality in the present study but not in previous studies). 

These discrepancies might be attributable to factors such 
as differences in the accuracy of cause of death data, study 
populations, adjusted covariates and analytical methods. 
As the associations of baseline and changes in liver 
enzyme levels with cause-specific mortality have not been 
thoroughly investigated, additional studies are needed, 
particularly those using changes in liver enzyme levels as 
explanatory variables.

Serum liver enzyme levels may increase in response to 
various factors, including liver damage and cell destruc-
tion (eg, hepatocytes, biliary epithelium and other cells of 
organs such as the heart, skeletal muscle and kidney),1 2 
and may decrease in response to factors such as age and 
frailty-related reductions in liver size and blood circu-
lation.9 10 30 Therefore, changes (both increases and 
decreases) in liver enzyme levels over time may reflect 
these conditions related to the deterioration of liver func-
tion and could thus be associated with a higher risk of 
mortality.

The present study has some limitations. First, although 
the NHIS-HEALS provides information on serum ALT, 
AST and GGT levels, data from other standard liver 
panel tests, such as albumin, alkaline phosphatase, and 
conjugated and unconjugated bilirubin levels, are not 
available. This limits our ability to assess liver function 
comprehensively. Second, although the National Health 
Screening Program was performed at designated health-
care institutions meeting the quality standards, liver 
enzyme levels were analysed by different laboratories with 
a different sensitivity and specificity, leading to potential 

Figure 2  Associationsa between the deciles of changes in liver enzyme levels over a 4-year period and all-cause mortality, 
stratified by the median value of each baseline liver enzyme level. aHRs were estimated using Cox proportional hazard models 
adjusted for age, sex, household income decile, smoking status, alcohol consumption, physical activity, body mass index, 
systolic and diastolic blood pressure, fasting glucose levels, and history of heart disease, stroke and cancer. ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyltransferase.  
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information bias. Third, the present study used data that 
were not primarily collected for the purpose of research. 
Therefore, information on sociodemographic factors, 
lifestyles, medical histories and family histories is insuffi-
cient, leading to the possibility of residual confounding. 
Fourth, although common liver disease, such as nonal-
coholic fatty liver disease, could increase liver enzyme 
levels31 and mortality,32–34 specific mechanisms under-
lying the association between liver enzyme levels and 
mortality could not be identified thoroughly.

However, the present study also has notable strengths. 
First, to our knowledge, this is the first study to report 
non-monotonic dose–response associations between 
changes in liver enzyme levels over time and mortality. 
Second, we used a large-scale cohort constructed from 
national administration data, which has a negligible 
follow-up loss. The large sample size (n=484 472) of the 
present study allowed us to evaluate the potential asso-
ciations with sufficient power. Third, we identified the 
dates and causes of death using a national database main-
tained by Statistics Korea, which covers all individuals 
residing in the Republic of Korea. The accuracy of the 
recorded causes of death in this database is considered 
high (>90%).35

Conclusions
We found non-linear associations of the baseline liver 
enzyme levels and their changes over time with risks of 
mortality. The results of the present study suggest that 
changes in liver enzyme levels, as well as baseline levels, 
can be used to predict health outcomes such as mortality 
and to assess risk in clinical and public health settings.
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