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Purpose: Although drinking and smoking have been associated with gamma-glutamyl 
transferase (GGT) levels, studies on the effects of smoking and drinking on GGT levels 
are scarce. The objective of this study was to assess the individual and combined effects of 
smoking, drinking on GGT levels in the Shaanxi province of Northwest China.
Participants and Methods: A questionnaire survey was conducted in a population that 
underwent health examination at the First Affiliated Hospital of Xi’an Jiaotong University 
and included employees of enterprises or public institutions. The survey was used to collect 
the baseline characteristics, smoking status, and drinking status of the participants. This 
information was collected from January 2019 to December 2019. Data related to the physical 
examinations were exported using the hospital information system (HIS). A linear regression 
model was employed to explore the effects of smoking and drinking on GGT levels. The 
restricted cubic spline model was applied to assess the dose–response relationship between 
amount of smoking, alcohol consumption and GGT levels.
Results: A total of 10,177 participants were included in the study. Linear regression 
indicated that smoking (β=3.37, 95% CI: 2.57–4.17) and drinking (β=5.55 L, 95% CI: 
4.40–6.71) individually, and collectively (β=9.30, 95% CI: 7.83–10.76) had a positive effect 
on GGT levels. The restricted cubic spline presented a linear dose–response relationship 
between the amount of daily smoking and GGT levels (P for non-linearity=0.148, P for 
overall association <0.001, OR=2.49, 95% CI: 1.27–4.90), and that between weekly alcohol 
consumption and GGT levels (P for non-linearity=0.231, P for overall association <0.001, 
OR=4.79, 95% CI: 1.72–13.32). In case of females, stratified analysis showed that in 
comparison to the reference group, only current drinkers had a significant effect on GGT 
levels (OR=3.37, 95% CI: 0.19–6.55).
Conclusion: Smoking and drinking have a dose-dependent and a synergistic effect on GGT 
levels. They should be controlled concurrently, especially among males.
Keywords: gamma-glutamyl transferase, smoking, drinking, restricted cubic spline

Introduction
Gamma-glutamyl transferase (GGT) is an enzyme that exists in various tissues, the 
most notable one being the liver. Moreover, it is used as a diagnostic marker in 
medicine.1 Particularly, GGT can be used as an early stage marker of oxidative 
stress-related events that are caused by alcohol consumption and current smoking.2 
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GGT has been of substantial interest for its predictive 
potential for a variety of clinical outcomes such as meta-
bolic syndrome, cardiovascular disease, progression of 
cancer, diabetes, and chronic obstructive pulmonary dis-
ease in both generally healthy and patient cohorts.3–7 

Therefore, a better understanding of the factors determin-
ing individuals’ GGT levels has been a matter of public 
health concern. Excessive drinking is estimated to be the 
fourth leading preventable cause of death in the United 
States.8 A large body of evidence supports the idea that 
damage from alcohol-related cirrhosis is not reversible and 
causes fatal liver failure.9 Among all other routinely 
assessed liver enzymes, GGT is the most sensitive measure 
of alcohol consumption. Previous studies have indicated 
a significant dose-response relationship between alcohol 
consumption and GGT levels.10,11 In addition, studies 
have shown that a variety of toxins in cigarettes can 
change the enzymatic and inflammatory pathways in 
liver physiology, leading to liver dysfunction and 
disease.11 Moreover, recent studies have shown associa-
tions between smoking and GGT.10,12,13

So far, our knowledge of the combined effects of 
drinking and cigarette smoking on the status of the liver 
biomarker (GGT) is limited in the Chinese population, and 
a better understanding of the role of disease risk factors 
and the inter-individual variation of GGT provides 
a rationale for examining this topic. We argue that study-
ing the individual and combined effects of smoking and 
drinking is important because it advances our understand-
ing of the harmful effects of nicotine and alcohol use on 
a large number of comorbidities in humans.

The aim of this study was to examine the individual, 
and combined effects of drinking and smoking on serum 
GGT levels using physical examination data from a large 
tertiary hospital in Northwest China. The data included 
detailed records on smoking, drinking, self-reported health 
status, sleep conditions, and physical activity. In our study, 
we tried to use a restricted cubic spline model to explore 
the dose-response relationship between smoking, drinking, 
and serum GGT levels. We proposed the following 
hypotheses:

Hypothesis 1: Smoking amount has a dose-dependent 
effect on GGT levels.

Hypothesis 2: Drinking amount has a dose-dependent 
effect on GGT levels.

Hypothesis 3: Smoking and drinking have a synergistic 
effect on GGT levels.

Hypothesis 4: The association of smoking and drinking 
with GGT varies by gender.

Participants and Methods
Study Design and Participants
This analysis is based on data from the routine occupa-
tional health examinations (from January to 
December 2019) of participants aged 18 years or older, 
who underwent comprehensive annual examinations at the 
First Affiliated Hospital of Xi’an Jiaotong University in 
Shaanxi, China. Most participants who were included in 
the study were employees at enterprises and public institu-
tions. Compared with the Shaanxi Statistics Yearbook, the 
population of health examinations has a larger proportion 
of highly educated people that are over 25 years of age.

Data Collection
The health examinations were conducted by experienced 
nurses in a standardized manner, and after obtaining 
informed consent. The study population fasted for at 
least 8 h prior to the examinations to reduce any potential 
physiological confounding factors. Uniformly trained 
nurses administered a standard questionnaire on exposure 
to smoking and drinking. Physical measurements (such as 
height and weight) were made, and blood samples were 
collected to prepare serum for the analysis of biochemical 
and hematological variables.

A total of 11,093 health examination records were col-
lected. After excluding subjects who had incomplete key 
variables or outcomes (820 individuals without GGT exam-
ination, 21 individuals with missing information on smoking 
or drinking), and participants with liver diseases such as 
viral hepatitis or liver cirrhosis that can cause abnormalities 
in various liver enzyme indexes (84 individuals with positive 
hepatitis B surface), 10,177 subjects remained in this study.

Nurses with a medical background and fieldwork 
experience served as investigators. Before the investiga-
tion, uniform training and on-site internships were per-
formed for all investigators. After qualifying their 
respective internships, the investigators participated in 
the present study. The investigation handbook was com-
piled, and all procedures were carried out in accordance to 
the manual. After completing a paper questionnaire, to 
ensure the accuracy of the data, the supervisors reviewed 
the questionnaires and checked for logistical errors and 
missing values. If there were any problems with the ques-
tionnaire, the investigator would revise it in time.
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Ascertainment of Study Variables
The main outcome ie, serum GGT levels, were measured 
on a Beckman Coulter Chemistry analyzer (AU5431 
Chemistry analyzer, Beckman Coulter, USA) after verify-
ing the performance standards of analytical instruments 
and tools, following the recommendations of the Clinical 
and Laboratory Standards Institute.14

Smoking and drinking were considered as exposure vari-
ables. Smokers were categorized as non-smoker, current smo-
ker, or ex-smoker. Non-smokers represented individuals who 
did not smoke currently and those that smoked <100 cigarettes 
during their lifetime. Current smokers were defined as those 
participants who smoked daily, on most days, or had quit 
smoking for less than six months. In particular, regular smo-
kers who had stopped smoking ≥6 months before recruitment 
due to illness were included in the current smoking group to 
avoid bias. Ex-smokers were those who did not smoke or had 
been smoking only occasionally for more than six months, but 
in the past, had smoked on most days or daily. The amount of 
tobacco smoked (g/day, 1 g=1 cigarette) by each smoker was 
calculated according to the smoker’s self-reported data on the 
type and amount of tobacco smoked. It was assumed that the 
quantity of tobacco smoked by the participants was 1 g per 
factory cigarette and 2 g per cigar, whereas that in the case of 
hand-rolled cigarettes and pipes was considered as 50 g per 
month.

Participants were asked to report their drinking frequency 
during the previous 12 months (never or almost never; occa-
sionally; usually at least once a week). The subjects were 
then classified into three categories: abstainers (who had 
never or almost never drunk in the past 12 months), occa-
sional drinkers (who drank occasionally), and weekly drin-
kers (who usually drank at least once a week). Participants 
would be asked further questions if they consumed alcohol at 
least once a week: how many days in a typical week they 
drank ((1–2, 3–5 or 6–7 days per week), the type (beer, wine, 
or spirits), the amount of each type drunk (beer, described by 
number of small (250 mL) or large (640 mL) bottles; wines 
and spirits, number of liang (50 g)) on a typical drinking 
week. Ethanol (in g) consumed in a typical drinking week 
was then calculated by referring to the literature for deter-
mining the alcohol content by volume (v/v), of different 
varieties typically found in China.15

Assessment of Covariates
Adjustments were made for the covariates that may influ-
ence the association between smoking, drinking and 

GGT: sex (male, female), age (≤35, 35–65 y), education 
(senior high school and below, college, postgraduate and 
above), marital status (married, single), physical activities 
(almost no participation,1–3 per month, ≥1/week), annual 
household income (<50,000, 500,000, and ≥100,000 
yuan), self-reported health (best, better, good, normal, 
bad), sleeping problem (no, yes), and body mass index 
(BMI) at recruitment (in 4 categories: <18.5 was under-
weight; 18.5–23.9 was normal weight; 24–27.9 was over-
weight, and ≥28.0 was obese). BMI was calculated as 
weight in kilograms divided by the square of standing 
height in meters (kg/m2). With participants wearing 
light, weight was measured by a body composition ana-
lyser (TANITA-TBF-300GS; Tanita Corporation, Tokyo, 
Japan). A calibrated stadiometer was used to obtain the 
standing height.

Statistical Analysis
The data of questionnaire were duplicate entered into the 
database designed by EpiData 3.1 and the data related to 
physical examination were exported through the hospital 
information system (HIS), data cleaning was performed 
using STATA 15.1. Counts and proportions were used to 
describe the categorical variables. Mean and standard 
deviation (SD) were used to describe the continuous vari-
ables, and t test or one-way anova were used to examine 
difference between groups.

A linear regression model was used to explore the 
association between smoking, drinking, and GGT levels. 
The data was adjusted for no variables in model I, sex and 
age in model II, and sex, age, marital status, annual house-
hold income, BMI, physical activities, self-reported health, 
and sleeping problems in model III. The restricted cubic 
spline model was employed to assess the dose-response 
relationship between the amount of smoking, alcohol con-
sumption, and GGT levels in smokers and drinkers. To 
make the effect more significant, GGT was used as 
a categorical variable, divided by the upper and lower 
quantiles in this model. In addition, we conducted 
a stratified analysis based on gender. To rule out potential 
confusion due to the classification standard, we conducted 
sensitivity analyses by shifting participants, who quit 
smoking due to illness, from the current smoking group 
to the quit smoking group.

STATA 15.1 (StataCorp LP) was used to perform the 
statistical analyses, and a two-tailed P <0.05, was consid-
ered statistically significant.
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Ethics Statement
The present research was based on the Declaration of 
Helsinki, and the first affiliated hospital of Xi’an 
Jiaotong University had approved this research (No. 
XJTU1AF2020LSK-091). The investigators acquired writ-
ten informed consent from all participants before 
investigation.

Results
The Characteristics of the Participants
A total of 10,177 participants were included in the study. The 
average age was 41.33±13.68 y, 52% were males, and 62% 
were married. Current smokers and current drinkers 
accounted for 20.91% and 8.04% of the participants, respec-
tively. Most patients had college level of education (53.91%) 
and a normal BMI (50.4%). Details about the characteristics 
of these participants are presented in Table 1. The average 
level of GGT was 24.23±16.02 U/L. There was a significant 
(P <0.05) difference in GGT levels across sex, age, educa-
tion, marital status, BMI, self-reported health, smoking, and 
alcohol consumption.

The Association Between Smoking, 
Alcohol Consumption, and GGT Levels
With all confounding factors adjusted, the linear regres-
sion showed that GGT levels in current smokers had an 
average increase of 3.37 U/L (95% CI: 2.57–4.17) in 
comparison to non-smokers, whereas current drinkers had 
an average increase of 5.55 U/L (95% CI: 4.40–6.71) 
compared to abstainers. The differences (Table 2) were 
statistically significant (P <0.001). Table 3 displays the 
effect of the interaction between smoking, alcohol con-
sumption, and GGT levels. Compared to non-smokers and 
abstainers, current smokers and current drinkers had an 
average increase of 9.30 U/L (95% CI: 7.83–10.76, 
P <0.05) in their GGT levels.

The Dose–Response Relationship 
Between the Amount of Smoking, 
Alcohol Consumption, and GGT
The restricted cubic spline presented a linear dose- 
response between the amount of daily smoking and GGT 
levels (P for non-linearity association=0.148 and P for 
overall association <0.001). An increase in every 10 cigar-
ettes every week (Figure 1) was associated with a 37% 
increase in GGT level (OR=2.49, 95% CI: 1.27–4.90). 

Figure 2 shows a linear dose-response between the amount 
of weekly drinking and GGT levels (P for non-linearity 
association=0.231 and P for overall association <0.001). 
A 100 g increase in weekly drinking was associated with 
a 63% increase in GGT levels (OR=4.79, 95% CI: 
1.72–13.32).

Subgroup Analysis
We further conducted a stratified analysis based on sex. 
The effect of smoking and drinking on GGT levels among 
men did not change after stratification. Whereas in case of 
females, compared to the reference group, only current 
drinkers exhibited a significant effect (β=3.37, 95% CI: 
0.19–6.55) on GGT levels (Table 4). Moreover, the dose- 
response relationship and interaction between amount of 
smoking, alcohol consumption, and GGT levels did not 
change after stratification in males. In case of females, no 
interaction between smoking, drinking, and GGT levels 
was found, and the dose-response relationship did not 
change significantly due to the low amount of smoking 
and drinking.

Sensitivity Analysis
Additional sensitivity analysis was performed by separating 
participants who had quit smoking due to an illness, from 
those who belonged to the current smoking group (n=40). 
However, this did not change the results (data not shown).

Discussion
GGT is increasingly recognized as a biomarker for the risk 
of developing cardiovascular and metabolic 
syndromes.16,17 Consequently, expanding our understand-
ing of the relationships between the main exposures in our 
study (drinking and smoking) and GGT levels has become 
increasingly important. In the present study, we demon-
strate a gradual increase in GGT levels with increasing 
levels of daily smoking and weekly drinking. Furthermore, 
there was a synergistic interaction between smoking and 
drinking with respect to GGT levels. Since these two risk 
factors are relatively prevalent in the general population, 
preventive health measures should be strengthened at all 
possible levels, and individuals should be encouraged to 
avoid the use of these intoxicants in combination, thereby 
reducing mortality and the possibility of developing var-
ious chronic diseases.

Consistent with some of the previous reports,13,18 we 
found a positive association between smoking and GGT 
levels that can be explained by oxidative stress and 
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Table 1 Characteristics of the Participants

Variables N (%) GGT (U/L)*

Gender
Male 5347 (52.54) 30.03 (17.04)§

Female 4830 (47.46) 17.81 (11.89)

Age (year)

≤35 4283 (42.09) 22.99 (16.23)§

35~ 5219 (51.28) 25.22 (15.96)

≥65 675 (6.63) 24.51 (14.57)

Education

Senior high school and below 3492 (34.31) 25.09 (15.84) §

College 5486 (53.91) 24.00 (16.19)
Postgraduate and above 1199 (11.78) 22.83 (15.65)

Marital status
Married 8264 (81.20) 24.77 (16.31) §

Single 1913 (18.80) 21.91 (14.49)

Annual household Income (yuan)

<50,000 2616 (25.71) 24.31 (15.66)

500,000~ 3601 (35.38) 23.94 (15.47)
≥100,000 3960 (38.91) 24.45 (16.74)

BMI (kg/m2)
<18.5 376 (3.69) 15.49 (9.10)§

18.5~23.9 5180 (50.90) 19.34 (12.55)

24~27.9 3473 (34.13) 28.62 (16.73)
≥28 1148 (11.28) 35.93 (19.07)

Physical activities
Almost no participation 2923 (28.72) 24.29 (16.66)

1~3/month 2619 (25.73) 24.49 (16.33)

≥1/week 4635 (45.54) 24.06 (15.43)

Self-reported health

Best 503 (4.94) 22.66 (15.23)§

Better 2282 (22.42) 23.49 (14.92)

Good 3300 (32.43) 23.99 (15.87)

Normal 3826 (37.59) 24.90 (16.66)
Bad 266 (2.61) 27.19 (18.38)

Sleeping problem
No 6352 (62.42) 24.04 (15.80)

Yes 3825 (37.58) 24.57 (16.39)

Tobacco use

Nonsmoker 7751 (76.16) 21.72 (14.48)§

Ex-smoker 298 (2.93) 29.21 (15.84)
Current smoker 2128 (20.91) 32.70 (18.20)

Alcohol use

Abstainer 3915 (38.47) 20.68 (13.79)§

Occasional drinker 5444 (53.49) 25.17 (16.23)
Current drinker 818 (8.04) 35.03 (18.68)

Notes: *Values were expressed as mean (SD) for the continuous variable. §p<0.05. 
Abbreviations: GGT, gamma-glutamyl transferase; BMI, body mass index.
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inflammation.19 In contrast, a study by Breitling noted that 
smoking itself had no impact on GGT levels.20 Similar to 
previous findings, the present study also reports an excess 
of GGT in ex-smokers compared to non-smokers.21,22 This 
can be explained by the fact that quitting smoking leads to 
weight gain, and that GGT levels have been shown to be 
strongly influenced by weight.23 This is particularly seen 
in cases where health issues associated with GGT eleva-
tions have led smokers to quit smoking. It is well known 
that GGT plays an important role in antioxidant defense 
systems,24 and that oxidative stress plays a role in the 
development of obesity.23 However, the excess of GGT 
in ex-smokers was not significant in this study and was 
consistent with a previous study conducted among 15,000 
German male workers.25 Further research would be 
needed to understand the deep-seated relationship between 
the two.

The restricted cubic spline indicates a dose–response 
relationship, where in agreement with previous studies, the 
mean GGT levels increase with alcohol consumption,26,27 

and confirms that GGT induction begins when low-levels 
of alcohol are consumed. However, some analyses have 
shown other types of dose-response curves. For example, 
a study provided evidence that light to moderate drinking 
had protective effects and led to a dose-dependent 
decrease in GGT levels.28 Sanjiv Agarwal’s survey 
showed both curvilinear and linear equations with respect 
to the GGT levels and alcohol consumption.29 In the pre-
sent study, quantitative estimates calculated based on the 
association between the amount of smoking and GGT 
levels, or alcohol consumption and GGT levels are not 
non-linear. It may be possible that alcohol has different 
effects on health in different populations. Conversely, this 
may also be the result of insufficient statistical power 
caused by the fewer numbers of smokers or drinkers.

Table 2 The Influence of Smoking and Alcohol Consumption on GGT Level

Model I Model II* Model III§

β (95% CI) P β (95% CI) P β (95% CI) P

Tobacco Use

Nonsmoker Ref. Ref. Ref.
Ex-smoker 5.72 (3.95, 7.49) <0.001 0.29 (−1.46, 2.03) 0.747 −0.10 (−1.78, 1.58) 0.907

Current smoker 8.87 (8.10, 9.64) <0.001 3.99 (3.17, 4.81) <0.001 3.37 (2.57, 4.17) <0.001

Alcohol use

Abstainer Ref. Ref. Ref.

Occasional drinker 2.88 (2.24, 3.51) <0.001 0.53 (−0.12, 1.18) 0.111 0.44 (−0.19, 1.06) 0.171
Current drinker 9.75 (8.54, 10.96) <0.001 5.99 (4.80, 7.19) <0.001 5.55 (4.40, 6.71) <0.001

Notes: *Gender and age were adjusted. §All variables in model II plus education, marital status, annual household income, BMI, physical activities, self-reported health and 
sleeping problem were adjusted.

Table 3 The Interaction of Smoking and Alcohol Consumption 
on GGT Level

Model I Model II* Model III§

β(95% CI) β(95% CI) β(95% CI)

Smoking Alcohol 

consumption

Current 

Smoker

Current 

drinker

17.93 (19.30, 

20.30)#
10.15 (8.63, 

11.67) #
9.30 (7.83, 

10.76)#

Notes: The reference group is nonsmoker and abstainer. *Gender and age were 
adjusted. §All variables in model II plus education, marital status, annual household 
income, BMI, physical activities, self-reported health and sleeping problem were 
adjusted. #P<0.05

Figure 1 The dose–response relationship between smoking and GGT levels. 
Gender, age, education, marital status, annual household income, BMI, physical 
activities, self-reported health and sleeping problem were adjusted. Four knots (8, 
10, 20, 25) were selected in the model.
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Present observations show that smoking and drinking 
have a significant and a synergistic effect on the elevation 
of GGT levels, which agrees with previous studies.20,22,27 

Additionally, drinking and smoking can together have 
hepatotoxic effects. In fact, another study proved that 
this hepatotoxic effect was more pronounced in men.20,30 

This can be explained by the fact that oxidative stress 
plays a key role in the development of alcoholic liver 
disease. Smoking and drinking can aggravate and enhance 
oxidative stress in the liver, leading to more serious liver 
cell damage. Breitling hypothesized that both drinking and 
smoking could lead to the consumption of oxidative stress 
defense substances (such as glutathione) in different tis-
sues, and that the two had an additive effect.20

To the best of our knowledge, previous studies were 
mostly conducted among men.12,31 Analysis by gender 
stratification revealed that the results remained unaltered 
among males, whereas in the case of females, only current 
drinkers had a significant effect on GGT levels. This may 
be because women smoked and drank less, ie, not enough 
to cause an increase in GGT levels. Alternatively, it may 
be explained by insufficient test efficiency due to the small 
number of women smokers and drinkers.

The advantages of this study include the large sample 
size, and a comprehensive assessment of exposure factors 
and biomarkers involved in the diagnosis of hepatobiliary 
diseases. Studies on the potential interaction between 
smoking, drinking, and GGT levels in the Chinese 

Figure 2 The dose–response relationship between alcohol consumption and GGT levels. Gender and age, education, marital status, annual household income, BMI, physical 
activities, self-reported health and sleeping problem were adjusted. Four knots (95, 185, 300, 500) were selected in the model.

Table 4 The Effect of Smoking and Alcohol Consumption on GGT Level by Gender*

Male Female

β (95% CI) P β (95% CI) P

Tobacco Use
Nonsmoker Ref. Ref.

Ex-smoker 0.37 (−1.55, 2.30) 0.703 0.02 (−9.94, 9.99) 0.996

Current smoker 3.41 (2.47, 4.34) <0.001 1.23 (−2.42, 4.87) 0.509

Alcohol use

Abstainer Ref. Ref.
Occasional drinker 1.14 (0.04, 2.25) 0.043 −0.14 (−0.81, 0.52) 0.669

Current drinker 6.11 (4.60, 7.62) <0.001 3.37 (0.19, 6.55) 0.038

Notes: *age, education, marital status, annual household income, BMI, physical activities, self-reported health and sleeping problem were adjusted.
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population are scarce. The difference between our study 
and previous studies is that we used a spline regression 
model while taking the amount of smoking and alcohol 
consumption as continuous variables, and in a Chinese 
population to explore the dose-response relationship 
between the amount of smoking, alcohol consumption, 
and GGT levels. In addition, the study participants 
belonged to the population that underwent hospital physi-
cal examination, and the results obtained are “real-world 
evidence,” therefore more pertinent to the general popula-
tion. Finally, this study gradually incorporated the covari-
ates into the regression model and found that the 
relationship between smoking, drinking, and GGT levels 
in several models was relatively stable Therefore, the 
results obtained in this study can be considered effective.

Nevertheless, our study has some limitations. First, 
alcohol consumption was self-reported by the respondents, 
and is therefore prone to bias and might have led to under-
estimation of the true dose-response association. Second, 
as this study is a cross-sectional study, we were unable to 
establish any cause and effect associations. Therefore, it is 
necessary to develop a cohort study with a large sample 
size. Third, some factors that have been proven to affect 
GGT levels (such as sex, health status, and concurrent 
medication) were not considered in this study; therefore, 
residual confounding factors may have affected our 
results. Finally, this analysis is based on data from routine 
occupational health examinations; most participants are 
employees of enterprises and public institutions. There 
are differences in the sociological characteristics between 
those who undergo long-term physical examinations and 
those who rarely undergo physical examinations. 
Extrapolation of such results remains to be verified.

Conclusion
Taken together, this study demonstrated a synergistic 
effect of smoking and drinking on GGT levels, and estab-
lished a dose-response relationship between smoking, 
alcohol consumption, and GGT levels. In real life, the 
exposures to smoking and drinking often coexist in the 
general population, and these exposures are avoidable risk 
factors. Therefore, our study findings are relevant for 
public health issues. In particular, our study emphasizes 
the importance of supervision over the ubiquitous and 
tedious daily tasks involved in health service work and 
encourages the public to adopt a non-smoking and non- 
drinking lifestyle to maintain their health. Further studies 
can include additional proven and unproven factors to 

observe the combined adverse impact of such factors on 
various liver enzymes and multiple health outcomes. 
Finally, further cohort studies should be conducted to 
obtain stronger evidence.
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