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Abstract

Background
Effective and applicable predictors of non-alcoholic fatty liver disease (NAFLD) are needed for the non-
obese Chinese population. We investigated whether serum gamma-glutamyl transferase (GGT) was
associated with incident NAFLD in the non-obese Chinese population.

Methods
This was a retrospective cohort study that enrolled a total of 33153 initially NAFLD-free individuals who
underwent a health examination in Wenzhou Medical Center of Wenzhou People’s Hospital from January
2010 to December 2014. We determined the relationship between GGT at enrollment and incident NAFLD
during follow-up in 11906 persons. The relationship between GGT levels and incident NAFLD was
analyzed using Cox regression and generalized additive models after adjustment for demographic and
clinical variables. In addition, we also performed a subgroup analysis, which was explored by Cox
proportional hazard models. It was stated that the data had been downloaded from the DATADRYAD
website.

Result
Multivariable Cox regression models were used to estimate the hazard ratio (HR) for GGT with incident
NAFLD after adjusted demographic and clinical variables. (HR, 1.010; 95% CI, 1.007–1.012; P < 0.001).
The incident NAFLD in the highest quartile of GGT levels was 3.653 times as high (95% con�dence
interval, 2.915 to 4.579) as that in the lowest quartile. A non-linear relationship was �rstly detected
between GGT and incidence of NAFLD, which had an in�ection point of GGT was 26U/L. The effect sizes
and the con�dence intervals on the left and right sides of the in�ection point were 1.104(1.089–
1.120)and 1.001 0.999–1.004 , respectively. In subgroup analyses, the hazard ratio for incident NAFLD
remained consistent across subgroups.

Conclusion
In conclusion, the GGT level in the non-obese Chinese population was statistically signi�cantly
associated with incident NAFLD. The relationship between GGT level and incident NAFLD is non-linear.
When GGT level is less than 26 U/L, GGT was strong positively with incident NAFLD.

Background
Non-alcoholic fatty liver disease (NAFLD) is characterized by the excessive fat deposition in the liver that
is not caused by alcohol, which leads to a progression of non-alcohol steatohepatitis[1, 2]. It is a growing
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public health burden affecting approximately one-quarter of adults worldwide[3, 4] and is recognized as a
major cause of liver-related morbidity and mortality[2, 5, 6]. Several insulin resistance-related diseases
further contribute to the progression of NAFLD, including metabolic syndrome,type2 diabetes metabolic
syndrome[7].

Gamma-glutamyltransferase (GGT), which is secreted mainly by the liver, has been regarded as a
biomarker of liver disease[8]. Decreased serum GGT levels are associated with the improvement of liver
histology[9]. Weight loss reduces the GGT level in patients with NAFLD[10]. In Chinese, recent studies
explore the decreased GGT levels associated with the improvement of metabolic disturbances after the
routine treatment of NAFLD[3]. Previous research reported that the GGT level is as a marker of NAFLD in
patients with metabolic syndrome[11]. Up to 80% of NAFLD patients were caused by obese[12]. However,
the percentage of NAFLD in the non-obese or lean patients is increasing. In the non-obese Chinese
population, a better biomarker to predict the development of NAFLD is needed to be explored. The
relationship between the baseline GGT and incident NAFLD in the non-obese Chinese population should
be elucidated.

In the present study, we postulate that GGT may serve as an early predictor for the incident NAFLD in the
non-obese Chinese population. To test this hypothesis, we used the previously published data for
secondary data analysis; we explored the relationship between GGT level and the risk of incident NAFLD
in the non-obese Chinese population. In addition, we used the generalized additive models to achieve the
optimal cutoff point for GGT.

Methods
Study Design and participants

The raw data was obtained from the ‘DATADRYAD’ database freely. The authors of the original study
have waived all copyright and related ownership of these data. Therefore, we could use these data for
secondary analysis without infringing on the authors’ rights. The rationale and study design have been
described in detail previously[13]. Brie�y, This was a longitudinal study conducted from January 2010 to
December 2014 which enrolled a total of 33153 initially NAFLD-free individuals who underwent a health
examination in Wenzhou Medical Center of Wenzhou People’s Hospital. Of these participants, 16980 were
excluded according to the exclusion criteria. A total of 16173 initially NAFLD-free non-obese individuals
were included in this study. Individuals were excluded if they reported excess alcohol consumption (>140
g/week for men and >70 g/ week for women), or had a history of viral hepatitis, autoimmune hepatitis, or
other known causes of chronic liver disease; a body mass index (BMI) of ≥25 kg/m2; a low-density liptein
cholesterol (LDL-c) of >3.12 mmol/L; were taking antihypertensive agents, anti-diabetic agents or lipid-
lowing agents; and were lost to follow-up or their data were missing.

According to our study of these 16173 participants, 4267 were excluded according to the exclusion
criteria. Individuals were excluded if the GGT value was missing or it was extreme value. A total of 11906
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initially NAFLD-free non-obese individuals were included in this study. About 2044 participants developed
NAFLD during follow-up. 

Diagnosis of NAFLD by ultrasonography

The ultrasound diagnostic criteria for NAFLD are based on the criteria recommended by the Chinese Liver
Disease Association[14], which has been described in detail previously.

Data collection

Baseline clinical examinations were performed as described previously[13]. BMI (kg/m2) was calculated
as weight in kilograms divided by height in m2. Blood pressure was measured using an automated
sphygmomanometer with the participant in a quiet environment and a sitting position. The biochemical
measurements included albumin (ALB), alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), total bilirubin(TB), Direct Bilirubin (DBIL), Globulin (GLB), fasting
plasma glucose (FPG), blood urea nitrogen (BUN), creatinine (Cr), uric acid (UA), total cholesterol (TC),
Triglyceride (TG), high-density liptein cholesterol (HDL-c), and LDL-c. All values were measured by an
automated analyzer (Abbott AxSYM) using standard methods.

Follow-up and outcome de�nitions

The follow-up evaluations were performed annually during the observation period. The outcome was the
incident NAFLD, diagnose by ultrasonic examination. 

Statistical analysis

The purpose of multiple imputations is to generate possible values for missing values, which had been
used in multivariate data sets. The participants were strati�ed by quartiles of GGT. Continuous variables
were expressed as the means ± standard deviations or as medians and interquartile ranges, and
categorical variables were expressed as proportions. We used chi-square tests to compare categorical
variables and one-way ANOVA or Kruskal-Wallis test to compare continuous variables.

The hazard ratios (HRs) and 95% con�dence intervals (CIs) for the risk of NAFLD associated with GGT
levels were estimated using Cox proportional hazards models without and with controlled the effect of
clinically important confounding variables, including age, gender, BMI, SBP, DBP, TC, TG, HDL-C, LDL-C,
ALT, AST, ALP, ALB, GLB, TB, DBIL, BUN, Cr, UA, FBG. To ensure the robustness of data analysis, we did a
sensitivity analysis by converted the GGT into a categorical variable and calculated the P for trend. We
used a smooth curve �tting (penalty curve method) and a generalized additive model (GAM) to address
the non-linear relationship of GGT with the incident NAFLD. As the non-linearity relationship was
observed, a two-piecewise linear regression model was performed to calculate the threshold effect of the
GGT on the incident NAFLD in terms of the smoothing plot. The best-�tting model was determined based
on the p-value of the log of the likelihood ratio. We also conducted a subgroup analysis (age, gender, BMI,
SBP, DBP, HDL-C, ALT, Cr, UA, FBG), which was explored by Cox proportional hazard models with adjusted
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for all the factors except for the strati�cation factor itself. NAFLD-free survival curves were used by the
Kaplan-Meier method. The log-rank test was used to compare the Kaplan–Meier hazard ratios for adverse
events and their corresponding 95% CIs. All of the analyses were performed using statistical software
package R (http://www.R-project.org, The R Foundation) and Empower-Stats (http://www.
empowerstats.com, X&Y Solutions, Inc., Boston, MA). Two-tailed P values of less than 0.05 were
considered to indicate statistical signi�cance.

Result
Study Participants and the Baseline Characteristics

We identi�ed 11906 participates (54.69% male and 45.31% female) who met our inclusion criteria (Fig.1).
The age of the participants ranged from 14 to 95 years, with a mean of 43.26 years. A total of 2044
participants developed NAFLD during the median follow-up of 2.05 years. The baseline characteristics of
the participants were strati�ed by the quartiles of the GGT( 16 U/L, 16-21 U/L, 21-31 U/L, > 31 U/L which
were shown in Table1. Participants with the highest GGT had higher BMI, blood pressure levels (including
both SBP and DBP), FPG, UA, TC, LDL-c, Cr, ALT, AST.

Univariate analyses

Univariate Cox proportional hazards analyses were undertaken in order to compare GGT to other
variables which are known to be of value in predicting NAFLD (Table 2). In univariate analysis, the results
showed that age, BMI, SBP, DBP, TC, TG, LDL, AST, ALT, ALP, BUN, Cr, UA and FBG were positively
correlated with the probability of NAFLD.

Relationship between GGT levels and incident NAFLD during Follow-up

Among 11906 participants of the study cohort who had a median follow-up period of 24.97 (21.88-38.10)
months, we determined whether baseline GGT level was associated with progression to NAFLD. NAFLD
developed in 2044 participants (17.17%) during follow-up. A higher GGT level at baseline was associated
with a signi�cantly greater incidence of NAFLD (P<0.001) (Fig.2). The rate of NAFLD was 35.22% at 2
years among participants with a GGT level of at least 21U/L (third and fourth quartiles), as compared
with 8.82% among participants with a GGT level of less than 21U/L (�rst and second quartiles)

Participants with a GGT level in the third quartile had a risk of incident NAFLD that was 4 times that of
participants in the �rst (lowest) quartile, and participants in the fourth quartile had a risk that was 7 times
that of participants in the �rst quartile (Table 3). This association of GGT and NAFLD persisted despite
adjustment for age, gender, BMI, SBP and DBP (model I) or inclusion of the baseline mentioned above
characteristics and TC, TG, HDL-C, LDL-C, ALT, AST, ALP, ALB, GLB, TB, DBIL, BUN, Cr, UA and FBG (model
II) (Table 3). Then we used a GAM to insert the continuity covariate into the equation as a curve, this
generally remained consistent with model II (OR 1.004; 95% CI 1.004 1.007), this demonstrated the
robustness of the results (Table 3).
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The analyses of the non-liner relationship

We used a GGM model and smooth curve �tting (penalty curve method) to explore the potential
relationship between GGT level and the incident NAFLD. Therefore, a non-linear relationship of GGT level
with incidence NAFLD was detected, which has not been explored in previous studies. We found that the
relationship between GGT level and incidence NAFLD was also non-linear (after adjusting age, gender,
BMI, SBP, DBP, FPG, TC, LDL, Scr, smoking, drinking status and family history of diabetes) (Fig.3). Using a
two-piecewise linear regression model and recursive algorithm, we calculated that the in�ection point of
GGT was 26U/L (Log-likelihood ratio test P < 0.001). When GGT levels were≤26U/L, a 1-unit increase in
the GGT level was associated with a 10.4% greater adjusted odds ratio of incident NAFLD (OR 1.104; 95%
CI 1.089, 1.120) and when GGT levels were 26U/L, no relationship was observed with incident NAFLD
(OR 1.001; 95% CI 0.999, 1.004, P: 0.364) (Table 4). There was a threshold effect between GGT and
incident NAFLD.

The results of subgroup analyses

We performed sensitivity analyses to determine whether age, gender, BMI, SBP, DBP, TC, TG, HDL-C, LDL-C,
ALT, AST, ALP, ALB, GLB, TB, DBIL, BUN, Cr, UA, FBG in�uenced the relationship between the GGT level and
the incidence of NAFLD. In subgroup analyses, the hazard ratio for incident NAFLD remained consistent
across subgroups (Table 5). These �ndings suggest that GGT is independently associated with the
incidence of NAFLD.

Discussion
This study in the non-obese Chinese population provided evidence that GGT level at baseline was
associated with incident NAFLD during follow-up. Concurrently, a saturation effect was detected between
the GGT level and incident NAFLD, with an in�ection point at 26U/L. Moreover, in multivariate analysis of
the subgroup, GGT was also as an independent biomarker to predict the incidence of NAFLD.

NAFLD is a world public health problem[15], which is accompanied by liver dysfunction. The abnormal of
liver enzymes are the markers of NAFLD in the general population[16]. As reports, the abnormal GGT is
associated with the future development of the fatty liver[17]. Our study showed that the baseline GGT
predicted the incident NAFLD during follow in the non-obese Chinese population,which supports the
previous similar studies. From a traditional perspective, central obesity and metabolic syndrome increase
the risk of NAFLD[18, 19]. However, the percentage of non-obese patients with NAFLD is increasing
now[20]. In our research, we �rstly investigated the relationship between GGT and NAFLD in the non-
obese Chinese population with a larger sample. Previous studies used propensity scores to divide GGT
into two categorical variables, which would greatly damage the variable's information[11]. Moreover,
previous studies did not further explore the possible curvilinear relationship between GGT and NAFLD. On
the contrary, in our study, GGT was as a continuous variable. We observed a signi�cant association
between GGT (1 U/L increase) and incident NAFLD after adjusting the confounding variables (HR = 1.010,
95% CI 1.007, 1.012). The highest quartile of GGT was associated with increased risk for NAFLD by 2-fold
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compared with the lowest quartile. Although our conclusion is consistent with previous research, our
research is more ideal from the perspective of information preservation. At the same time, the large
sample of the non-obese Chinese population we studied helps the research to be successfully promoted
among the Chinese population who are under physical examination. Elevated GGT reminds the
population of the high risk of NAFLD during follow up, which will be an alarm for people to adjust their
living habits in advance to reduce the incidence of NAFLD[21].

A GGM model and smooth curve �tting were applied to explore the nonlinear relationship between GGT
level and incident NAFLD. We also used two piecewise linear regression to determine the relationship in
detail. In the present study, the in�ection point was 26U/L after adjusting the confounding variables
(including age, gender, BMI, SBP, DBP, TC, TG, HDL-C, LDL-C, ALT, AST, ALP, ALB, GLB, TB, DBIL, BUN, Cr,
UA, FBG). When GGT levels were ≤ 26U/L, a 1-unit increase in the GGT level was associated with a 10.4%
greater adjusted odds ratio of incident NAFLD (OR 1.104; 95% CI 1.12, 5.87) and when GGT levels were
26U/L, no relationship was observed with incident NAFLD.

The present study has some strengths. (1) We demonstrated results in the non-obese Chinese cohort with
a wider range of sample sizes compared with previous similar studies, allowing for subgroup analyses
and adjustment for clinically confounding variables. (2) We use GGT as both categorical variable and
continuous variable for statistical analysis, which greatly protects the integrity of the data and enhances
the robustness of the results. (3) When we adjusted the confounding factors, we considered the
possibility of the curve relationship and made a curve adjustment. (4) We explored the non-linear
relationship by used a GAM model and a smooth curve �tting and further explore this; we gave the
in�ection point for the �rst time in the non-obese Chinese population; therefore, our analysis has greater
clinical value.

Our study had several limitations. Firstly, our study was limited by the inclusion of only Chinese in
prospective cohorts, necessitating validation studies from multiethnic subjects. Secondly, the diagnosis
of NAFLD was dependent on ultrasonography but not liver biopsy. Thirdly, the relationship between the
GGT level and the different stages of NAFLD could not be done. Lastly, although we adjusted for the
confounding factors, but some unmeasured factors such as physical activity and dietary factors cannot
be adjusted in our study. Further investigations in a longer follow up with more meticulous method are
needed.

Conclusions
We found a positive and non-linear relationship between GGT and incident NAFLD in the non-obese
Chinese population. Elevated GGT level at baseline was associated with an increased risk of NAFLD.
When GGT is less than 26, it is positively related to incident NAFLD. Thus, abnormal GGT supports
identifying the no-obese Chinese population at risk of NAFLD in advance, enabling early and optimized
therapy to improve patient outcomes. We hope that this study can provide a reference for clinicians.
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cholesterol; LDL-c: low density liptein cholesterol; NAFLD: non-alcoholic fatty liver disease; SBP: systolic
blood pressure; TB: total bilirubin; TC: total cholesterol; TG: triglyceride; UA: uric acid.

Declarations
Acknowledgements

Not application

Authors’ contributors

LLW contributed to the conception and design of the study. MZ was responsible for data analysis, LLW
and MZ were responsible for data interpretation. HFH wrote the original draft and QJW veri�ed the data.
All authors were involved in the reviewing and editing of the manuscript and approved the �nal version.

Funding

This study was supported by National Natural Science Foundation of China (grant number.8210031954),
Guangdong Basic and Applied Basic Research Foundation (grant number.2020A1515110398), and
Shenzhen Key Medical Discipline Construction Fund (grant number.SZXK009). 

Availability of data and materials 

Data can be downloaded from ‘DATADRYAD’ database (www.Datadryad.org). 

Ethics approval and consent to participate 

In the previously published article[13], Dan-Qin Sun, et al. has clearly stated that: the study was conducted
in accordance with the Declaration of Helsinki. Informed consent was obtained from all Participants. 

Consent for publication 

Not applicable. 

Competing interests 

The authors declare that they have no competing interests

Author details

http://www.datadryad.org/


Page 9/19

1Department of Nephrology, The First A�liated Hospital of Shenzhen University, Shenzhen 518000,
Guangdong Province, China. 2Department of Nephrology, Shenzhen Second People’s Hospital, No.3002
Sungang Road, Futian District, Shenzhen 518000, Guangdong Province, China. 3Department of
Functional Neurology, The First A�liated Hospital of Shenzhen University, Shenzhen 518000, Guangdong
Province, China. 4Department of Functional Neurology, Shenzhen Second People’s Hospital, No.3002
Sungang Road, Futian District, Shenzhen 518000, Guangdong Province, China.

References
1. Lazo M, Rubin J, Clark JM, Coresh J, Schneider AL, et al. The association of liver enzymes with

biomarkers of subclinical myocardial damage and structural heart disease. J Hepatol.
2015;62(4):841–7.

2. Hossain IA, Rahman Shah MM, Rahman MK, Ali L. Gamma glutamyl transferase is an independent
determinant for the association of insulin resistance with nonalcoholic fatty liver disease in
Bangladeshi adults: Association of GGT and HOMA-IR with NAFLD. Diabetes Metab Syndr. 2016;10(1
Suppl 1):25-9.

3. Zhou J, Bai L, Zhang XJ, Li H, Cai J. Nonalcoholic Fatty Liver Disease and Cardiac Remodeling Risk:
Pathophysiological Mechanisms and Clinical Implications. Hepatology. 2021. 10.1002/hep.32072.

4. Kumar S, Duan Q, Wu R, Harris EN, Su Q. Pathophysiological communication between hepatocytes
and non-parenchymal cells in liver injury from NAFLD to liver �brosis. Adv Drug Deliv Rev. 2021.
10.1016/j.addr.2021.113869113869.

5. Andersen G, Plum-Mörschel L, Hockings P, Morsing A, Palle M, et al. Clinical Characteristics of a Non-
Alcoholic Fatty Liver Disease Population Across the Fibrosis Spectrum Measured by Magnetic
Resonance Elastography. Analysis of Screening Data. 2020;37(12):4866–76.

�. Taheri H, Malek M, Ismail-Beigi F, Zamani F, Sohrabi M, et al. Effect of Empagli�ozin on Liver
Steatosis and Fibrosis in Patients With Non-Alcoholic Fatty Liver Disease Without Diabetes: A
Randomized, Double-Blind. Placebo-Controlled Trial. 2020;37(11):4697–708.

7. Szczepanik M, Malesza I, Bajerska J, Chmurzyńska A, Muzsik A, et al., Energy-restricted Central-
European diet stimulates liver microsomal function in obese postmenopausal women - a randomized
nutritional trial with a comparison to energy-restricted Mediterranean diet. 2020; 24(21):11165–
11171.

�. Huang C-F, Yeh M-L, Tsai P-C, Hsieh M-H, Yang H-L, et al. Baseline gamma-glutamyl transferase levels
strongly correlate with hepatocellular carcinoma development in non-cirrhotic patients with
successful hepatitis C virus eradication. J Hepatol. 2014;61(1):67–74.

9. Ma Q, Liao X, Shao C, Lin Y, Wu T, et al. Normalization of gamma-glutamyl transferase levels is
associated with better metabolic control in individuals with nonalcoholic fatty liver disease. BMC
Gastroenterol. 2021;21(1):215.



Page 10/19

10. Cunha G, Guzman G, Correa De Mello L, Trein B, Spina L, et al., E�cacy of a 2-Month Very Low-
Calorie Ketogenic Diet (VLCKD) Compared to a Standard Low-Calorie Diet in Reducing Visceral and
Liver Fat Accumulation in Patients With Obesity. 2020; 11607.

11. Banderas DZ, Escobedo J, Gonzalez E, Liceaga MG, Ramirez JC, et al. gamma-Glutamyl transferase:
a marker of nonalcoholic fatty liver disease in patients with the metabolic syndrome. Eur J
Gastroenterol Hepatol. 2012;24(7):805–10.

12. Polyzos SA, Kountouras J, Mantzoros CS. Obesity and nonalcoholic fatty liver disease: From
pathophysiology to therapeutics. Metabolism. 2019; 9282–97.

13. Sun DQ, Wu SJ, Liu WY, Wang LR, Chen YR, et al. Association of low-density lipoprotein cholesterol
within the normal range and NAFLD in the non-obese Chinese population: a cross-sectional and
longitudinal study. BMJ Open. 2016;6(12):e013781.

14. [Guidelines for diagnosis and treatment of nonalcoholic fatty liver diseases]. Zhonghua gan zang
bing za zhi = Zhonghua ganzangbing zazhi = Chinese. journal of hepatology. 2006;14(3):161–3.

15. Toppo E, Al-Dhabi NA, Sankar C, Kumar SN, Buvanesvaragurunathan K, et al., Hepatoprotective effect
of selected isoandrographolide derivatives on steatotic HepG2 cells and High Fat Diet fed rats. Eur J
Pharmacol. 2021; 899174056.

1�. Sangouni AA, Hassani Zadeh S, Mozaffari-Khosravi H, Hosseinzadeh M. Effect of Mediterranean diet
on liver enzymes: a systematic review and meta-analysis of randomised controlled trials. Br J Nutr.
2021. 10.1017/S00071145210022701-9.

17. Kulkarni S, Naz N, Gu H, Stoll J, Thompson M, et al., A clinical model to predict �brosis on liver biopsy
in paediatric subjects with nonalcoholic fatty liver disease. 2021, 10.1111/cob.12472e12472.

1�. Oye-Somefun A, Kuk J, Ardern, CJBcd. Associations between elevated kidney and liver biomarker
ratios, metabolic syndrome and all-cause and coronary heart disease (CHD) mortality: analysis of the
U.S. National Health and Nutrition Examination Survey (NHANES). 2021; 21(1):352.

19. Chen L, Huang M, Shyu Y, Chien, RJTKjoms. Gamma-glutamyl transpeptidase elevation is associated
with metabolic syndrome, hepatic steatosis, and �brosis in patients with nonalcoholic fatty liver
disease: A community-based cross-sectional study. 2021, 10.1002/kjm2.12395.

20. Sheng G, Peng N, Hu C, Zhong L, Zhong M, et al., The albumin-to-alkaline phosphatase ratio as an
independent predictor of future non-alcoholic fatty liver disease in a 5-year longitudinal cohort study
of a non-obese Chinese population. 2021; 20(1):50.

21. Oh S, Tsujimoto T, Kim B, Uchida F, Suzuki H, et al., Weight-loss-independent bene�ts of exercise on
liver steatosis and stiffness in Japanese men with NAFLD. 2021; 3(3):100253.

Tables
Table 1. The baseline characteristics of participants



Page 11/19

GGT (U/L) Q1 ( 16) Q2 (16 to 21 ) Q3 (21 to 31 ) Q4 (≥31) P-
value

Participants 2401 3077 3448 2980  

Age, years 42.63 ± 14.96 43.06 ± 15.01 43.39 ± 15.12 43.81 ± 14.63 0.028

Gender -n (%) <0.001

Female 1231 (51.27%) 1416 (46.02%) 1524 (44.20%) 1224 (41.07%)  

Male 1170 (48.73%) 1661 (53.98%) 1924 (55.80%) 1756 (58.93%)  

BMI (kg/m2) 20.76 ± 1.93 21.17 ± 2.01 21.84 ± 2.01 22.42 ± 1.81 <0.001

SBP (mmHg) 115.36 ± 15.70 119.93 ± 16.52 124.32 ± 16.26 127.66 ± 16.55 <0.001

DBP
(mmHg)

69.48 ± 9.39 72.20 ± 9.75 74.92 ± 10.14 77.11 ± 10.38 <0.001

TC (mmol/L) 4.42 ± 0.70 4.54 ± 0.72 4.62 ± 0.72 4.79 ± 0.77 <0.001

TG (mmol/L) 0.89 (0.70-1.14) 1.01 (0.79-1.33) 1.22 (0.92-1.65) 1.52 (1.11-2.16) <0.001

HDL-c
(mmol/L)

1.55 ± 0.35 1.49 ± 0.35 1.41 ± 0.35 1.36 ± 0.35 <0.001

LDL-c
(mmol/L)

2.13 ± 0.45 2.24 ± 0.47 2.32 ± 0.47 2.36 ± 0.46 <0.001

ALT (U/L) 12.00 (10.00-
16.00)

14.00 (11.00-
18.00)

17.00 (14.00-
23.00)

23.00 (17.00-
32.00)

<0.001

AST (U/L) 19.00 (17.00-
22.00)

20.00 (18.00-
23.00)

21.50 (19.00-
25.00)

24.00 (21.00-
29.00)

<0.001

ALP
(mmol/L)

62.52 ± 17.67 68.98 ± 19.42 74.28 ± 21.08 79.31 ± 25.74 <0.001

ALB (U/L) 44.15 ± 2.75 44.49 ± 2.73 44.70 ± 2.78 44.71 ± 2.79 <0.001

GLB (g/L) 29.01 ± 3.99 29.35 ± 3.97 29.39 ± 3.82 29.45 ± 4.07 <0.001

TB (umol/L) 10.90 (8.30-
14.10)

11.02 (8.40-
14.30)

11.70 (8.91-
14.90)

11.80 (9.20-
15.20)

<0.001

DBIL
(umol/L)

2.00 (1.40-2.75) 2.02 (1.44-2.78) 2.10 (1.50-2.80) 2.08 (1.44-2.83) 0.211

BUN
(mmol/L)

4.34 ± 1.39 4.51 ± 1.33 4.67 ± 1.33 4.77 ± 1.55 <0.001

Cr (umol/L) 74.30 ± 18.51 80.15 ± 19.96 86.74 ± 20.85 90.12 ± 34.70 <0.001

UA (umol//L) 240.63 ± 78.66 273.12 ± 83.65 303.91 ± 79.35 339.09 ± 84.52 <0.001

FBG
(mmol/L)

5.02 ± 0.54 5.13 ± 0.68 5.24 ± 0.83 5.39 ± 1.06 <0.001
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Continuous data are expressed as mean ± SD or median (interquartile range). Categorical data are
expressed as n (%). 

ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; Cr, creatinine; DBIL, Direct
Bilirubin; DBP, diastolic blood pressure; FPG, fasting plasma glucose; GGT, γ-glutamyl transpeptidase;
GLB, globulin; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol;
SBP, systolic blood pressure; TB, total bilirubin; TC, total cholesterol; TG, triglyceride; UA, uric acid.

Table 2. The results of univariate COX regression

ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; Cr, creatinine; DBIL, Direct
Bilirubin; DBP, diastolic blood pressure; FPG, fasting plasma glucose; GGT, γ-glutamyl transpeptidase;
GLB, globulin; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol;
SBP, systolic blood pressure; TB, total bilirubin; TC, total cholesterol; TG, triglyceride; UA, uric acid.

 

Table 3 Relationship between GGT and the incident NAFLD in different models

Crude model: we did not adjust other covariants.

Model I: we adjust age, gender, BMI, SBP, DBP

Model II: we adjust age, gender, BMI, SBP, DBP, TC, TG, HDL-C, LDL-C, ALT, AST, ALP, ALB, GLB, TB,
DBIL, BUN, Cr, UA, FBG.

GAM: All covariates listed in Model II were adjusted. However, continuous covariates were adjusted as
non-linearity.

CI, con�dence; GGT, γ-glutamyl transpeptidase; HR, hazard ratio; Ref, reference.

Table 4 The result of two-piecewise linear regression model
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  Statistics HR 95%CI P-value

Age, years 43.26 ± 14.94 1.01 (1.00, 1.01) <0.001

Gender -n (%)     0.2083  

Female 5395 (45.31%) Ref  

Male 6511 (54.69%) 1.06 (0.97, 1.15)  

BMI (kg/m2) 21.60 ± 2.04 1.68 (1.63, 1.73) <0.001

SBP (mmHg) 122.22 ± 16.88 1.01 (1.01, 1.02) <0.001

DBP (mmHg) 73.67 ± 10.33 1.03 (1.03, 1.04) <0.001

TC (mmol/L) 4.60 ± 0.74 1.28 (1.22, 1.35) <0.001

TG (mmol/L) 1.36 ± 0.92 1.19 (1.17, 1.20) <0.001

HDL-c (mmol/L) 1.45 ± 0.36 0.27 (0.23, 0.31) <0.001

LDL-c (mmol/L) 2.27 ± 0.47 1.78 (1.61, 1.97) <0.001

ALT (U/L) 19.59 ± 15.49 1.01 (1.01, 1.01) <0.001

AST (U/L) 22.72 ± 8.78 1.01 (1.01, 1.01) <0.001

ALP(mmol/L) 71.80 ± 22.14 1.01 (1.01, 1.01)  <0.001

ALB (U/L) 44.54 ± 2.77 0.99 (0.98, 1.01)  0.4209

GLB (g/L) 29.32 ± 3.96 1.02 (1.01, 1.03) <0.001

TB (umol/L) 12.04 ± 5.07 0.99 (0.99, 1.00)  0.1830

DBIL (umol/L) 2.22 ± 1.17 0.68 (0.65, 0.71)  0.437

BUN(mmol/L) 4.58 ± 1.41 0.88 (0.85, 0.91)  <0.001

Cr (umol/L) 83.37 ± 25.16 1.00 (1.00, 1.00)  <0.001

UA (umol//L) 292.00 ± 88.80 1.00 (1.00, 1.00)  <0.001

FBG (mmol/L) 5.21 ± 0.82 1.22 (1.19, 1.25)  <0.001

We adjusted age, gender,
BMI, SBP, DBP, TC, TG, HDL-
C, LDL-C, ALT, AST, ALP, ALB,
GLB, TB, DBIL, BUN, Cr, UA,
FBG.

CI, Con�dence interval; HR,
hazard ratio; NAFLD, non-
alcoholic fatty liver disease;
GGT, γ-glutamyl
transpeptidase;

Table 5 Effect size of GGT
on NAFLD in prespeci�ed
and exploratory subgroups
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Variable Crude model

(HR, 95%CI, P)

Model I

(HR, 95% CI, P)

Model II

(HR, 95% CI, P)

GAM

(HR, 95% CI, P)

GGT 1.020(1.018-1.022)
0.001

1.013 (1.011,
1.015)  0.001

1.010 (1.007,
1.012) 0.001

1.004 (1.002,
1.007)  0.001

GGT
(quartile)

       

Q1 Ref Ref Ref Ref

Q2 2.176 (1.717,
2.757) 0.001

1.809 (1.427,
2.293)

1.661 (1.308,
2.108) 0.001

1.402 (1.100,
1.785)  0.001

Q3 5.066 (4.075,
6.298) 0.001

3.335 (2.678,
4.154)

2.888 (2.310,
3.609) 0.001

2.103 (1.671,
2.648)  0.001

Q4 8.202 (6.625,
10.156) 0.001

4.548 (3.661,
5.650)

3.653 (2.915,
4.579) 0.001

2.347 (1.853,
2.973) 0.001

P for
trend

<0.001 <0.001 <0.001 <0.001

Incident NAFLD HR (95% CI) P

Fitting model by standard linear regression 1.010 1.007-1.012 0.001

Fitting model by two-piecewise linear regression

In�ection point of GGT    

≤26U/L 1.104 1.089-1.120 0.001

>26U/L 1.001 0.999-1.004 0.3640

P for log likelihood ratio test 0.001
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Characteristic No of participants HR (95%CI) P value P for interacion

Age, years 0.5082

< 30 2251 1.005 (0.999, 1.010)  0.1221  

30 to < 40 3549 1.010 (1.006, 1.014) <0.001  

40 to < 50 2700 1.011 (1.006, 1.016) <0.001  

50 to < 60 1570 1.009 (1.003, 1.015) 0.003  

60 to < 70 826 1.005 (0.996, 1.014) 0.272  

≥70 1010 1.010 (1.003, 1.018) 0.009  

Gender       0.2162

Female 5395 1.008(1.005-1.011) <0.001  

Male 6511 1.011(1.008-1.013) <0.001  

BMI (kg/m2)       0.1886

< 18.5 942 1.038 (0.932, 1.155) 0.499  

≥ 18.5, < 24 9377 1.013 (1.010, 1.015) <0.001  

≥ 24 1587 1.009 (1.005, 1.012) <0.001  

SBP (mmHg) 0.9399

< 140 10188 1.009(1.007-1.012) <0.001  

≥ 140 1718 1.010(1.005-1.014) <0.001  

DBP (mmHg) 0.7567

< 90 10941 1.010(1.007-1.012) <0.001  

≥ 90 965 1.010(1.005-1.016) <0.001  

HDL-c (mmol/L)  0.6828

1 1014 1.007 (1.001, 1.013) 0.0179  

≥1 10892 1.009 (1.006, 1.011) <0.001  

ALT (U/L)  0.0011

≤40 11314 1.012 (1.010, 1.015) <0.001  

40 592 1.003 (0.998, 1.008) 0.1828  

Cr (mmol/L) 0.0769

< 82 5919 1.007 (1.003, 1.010) <0.001  

Note 1:
Above
model
adjusted for
age, gender,
BMI, SBP,
DBP, , TC,
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≥ 82 5987 1.011 (1.008, 1.014) <0.001  

UA (umol//L) 0.3937

420 10962 1.010 (1.008, 1.012) <0.001  

≥420 944 1.007 (1.002, 1.013) 0.007  

FBG (mmol/L) 0.2557

6.1 11074 1.010 (1.008, 1.013) <0.001  

≥6.1 832 1.007 (1.002, 1.012) 0.009  

TG, HDL-C,
LDL-C, ALT,
AST, ALP,
ALB, GLB,
TB, DBIL,
BUN, Cr, UA,
FBG. Note 2:
In each
case, the
model is not

adjusted for the strati�cation variable.

Figures
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Figure 1

See image above for �gure legend.
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Figure 2

See image above for �gure legend.
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Figure 3

See image above for �gure legend.


