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Background: Metabolic risk factors including obesity, insulin resistance, dyslipidemia, metabolic syndrome 
(MS), and diabetes are associated with nonalcoholic fatty liver disease (NAFLD). γ-Glutamyl transpeptidase 
(GGT) and high-density lipoprotein cholesterol (HDL-C) are associated with insulin resistance, 
dyslipidemia, oxidative stress, and obesity. We investigated the associations between GGT/HDL-C ratio and 
prevalence of NAFLD in a Chinese population. 
Methods: The study included 1,813 NAFLD (526 females, 1,287 males) and 4,513 non-NAFLD (3,077 
females, 1,436 males) participants. The diagnosis of NAFLD was based on ultrasonography. 
Results: Participants with NAFLD had higher GGT/HDL-C ratio, BMI, WC, TG, TC, and HOMA-
IR, but lower HDL-C than participants without NAFLD. GGT/HDL-C ratio was significantly associated 
with prevalence of NAFLD. Specifically, for each 1 unit increase in GGT/HDL-C ratio, the prevalence of 
NAFLD will increase by 0.3%. As GGT/HDL-C ratio quartiles increased, prevalence of NAFLD/MS in Q4 
(highest GGT/HDL-C ratio quartile) was 6.362/3.968 times higher than that in Q1 (lowest GGT/HDL-C 
ratio quartile). The AUC [0.799 (0.788–0.810)] for GGT/HDL-C ratio was significantly higher than those 
for GGT and HDL-C alone. 
Conclusions: The present results suggest that GGT/HDL-C ratio can be used as a predictive factor for 
prevalence of NAFLD after adjustment for confounding variables.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most 
common liver disease worldwide, with an estimated global 
prevalence of 15–40% that continues to increase rapidly (1). 

NAFLD encompasses a wide spectrum of conditions from 

benign accumulation of fat in hepatocytes to nonalcoholic 

steatohepatitis (NASH), cirrhosis, and end-stage liver 

disease (2,3). Metabolic risk factors like obesity, insulin 

634

Original Article

https://crossmark.crossref.org/dialog/?doi=10.21037/atm-19-4516


Feng et al. GGT/HDL-C and NAFLD/MS

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(10):634 | http://dx.doi.org/10.21037/atm-19-4516

Page 2 of 11

resistance (IR), dyslipidemia, and diabetes are associated 
with NAFLD (4-6), while the pathogenesis of NASH 
remains unclear. Several theories for NAFLD have been 
proposed, from the Two Hit Theory to the Multiple Hit 
Theory, and involve widespread metabolic dysfunction 
through interactions of genetic and environmental factors 
as well as crosstalk among the adipose tissue, pancreas, 
gut, and liver (2,7). A biopsy is the gold standard test for 
NAFLD, but is not feasible for epidemiological studies 
aiming to screen for NAFLD in healthy populations (7,8). 
Therefore, it is imperative to identify novel predictors 
for liver damage in NAFLD, with the aims of preventing 
progression from simple fatty liver to NASH and formulating 
early intervention strategies.

Recently, studies have indicated associations of γ-glutamyl 
transpeptidase (GGT) and high-density lipoprotein 
cholesterol (HDL-C) with NAFLD. Cruz et al. (9) found 
that GGT was more strongly associated with severity of 
fatty liver than alanine aminotransferase (ALT). Mansour-
Ghanaei et al. (10) and Novakovic et al. (11) demonstrated 
a significant relationship between increased GGT and 
increased degree of NAFLD. Alam et al. (12) showed that 
serum ALT and aspartate aminotransferase (AST) levels 
were unable to predict NASH, while serum GGT level 
was significantly higher in NASH patients than in simple 
steatosis patients, with sensitivity of 45% and specificity 
of 68%, in a Bangladesh population. HDL-C has anti-
inflammatory, antioxidant, and antithrombotic properties 
and is associated with IR, dyslipidemia, atherogenic indices, 
and obesity (13,14). Decreased HDL-C concentration is 
one of the characteristics of metabolic syndrome (MS) (15).  
IR may be an underlying mechanism leading to dyslipidemia 
featuring decreased HDL-C among MS components. 
NAFLD is strongly associated with MS (8,16). It can 
be seen from the above literature that single increase in 
GGT can be used as an indicator of steatosis in liver cells, 
while single decrease in HDL-C is associated with IR and 
dyslipidemia. However, the prognostic value of single GGT 
and single HDL-C measurements is limited. Given that 
GGT and HDL-C are both associated with NAFLD, we 
calculated their ratio, and speculated that GGT/HDL-C 
ratio may combine both functions to indicate NAFLD. 
The objectives of the present study were to investigate the 
predictive value of GGT/HDL-C ratio for NAFLD and to 
evaluate the diagnostic efficacy of GGT/HDL-C ratio in 
NAFLD in a Chinese general population.

We present the following article in accordance with the 

STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-19-4516).

Methods

Study population

A total of 7,882 consecutive participants who underwent a 
general health checkup at the Health Care Centre in the 
First Affiliated Hospital of Medical College of Zhejiang 
University between July 2014 and November 2017 were 
initially enrolled. The personal history examined during 
the health checkup included alcohol consumption, history 
of liver disease, hypertension, and diabetes, and medication 
use for hypertension, hyperlipidemia, and diabetes. Among 
the 7,882 participants, 1,556 were excluded for one or 
more of the following criteria: alcohol consumption >30 
g/day for men and >20 g/day for women (n=705); viral 
hepatitis or history of liver disease, including liver cirrhosis, 
chronic hepatitis, and autoimmune hepatitis (n=761); 
history of malignancy (n=45); presence of pregnancy (n=30); 
and missing laboratory data or incomplete participant 
information (n=15). The final sample size was 6,326 
participants. We divided the 6,326 participants into two 
groups: NAFLD group (n=1,813), comprising 526 females 
(age: 53.1±9.4 years) and 1,287 males (age: 48.2±9.3 years); 
and non-NAFLD group (n=4,513), comprising 2,551 
females (46.3±10.1 years) and 1,962 males (age: 48.1± 
10.5 years). This work was approved by the Ethics Committee 
of the First Affiliated Hospital of Medical College at 
Zhejiang University (Ethics Approval Ref: 2019-1486) and 
informed consent was obtained from participants.

Diagnostic criteria

NAFLD was diagnosed according to the guidelines 
established for the diagnosis and treatment of NAFLD 
issued by the Chinese National Consensus Workshop on 
Nonalcoholic Fatty Liver Disease (17). The diagnosis of 
NAFLD was based on ultrasonography findings of hepatic 
steatosis associated with characteristic echo patterns 
using a Toshiba Nemio 20 sonography machine with a 
3.5-MHz probe (Toshiba, Tokyo, Japan). The hepatic 
ultrasound examinations were performed by experienced 
doctors. The characteristics of the echo patterns for 
hepatic steatosis included ultrasound beam attenuation, 
diffuse hyperechogenicity of liver, and poor visualization of 
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intrahepatic structures.
MS was diagnosed in participants with three or more of 

the following criteria (18): (I) abdominal obesity (central 
obesity): waist circumstance (WC) ≥90 cm in men or ≥85 cm  
in women; (II) hyperglycemia: fasting plasma glucose 
(FPG) ≥6.1 mmol/L or plasma glucose 2 h after breakfast  
≥7.8 mmol/L and/or confirmed diabetes under treatment; 
(III) hypertension: blood pressure ≥130/85 mmHg and/or 
on antihypertensive therapy; (IV) fasting triglyceride (TG) 
≥1.70 mmol/L and/or on anti-hyperlipidemic therapy; (V) 
fasting HDL-C <1.0 mmol/L in males or <1.3 mmol/L in 
females.

Assessment of clinical and biochemical variables

All participants underwent a physical examination that 
included anthropometry, blood pressure measurement, 
and health habit inventory. The physical examination was 
performed by trained doctors. Systolic blood pressure 
(SBP) and diastolic blood pressure (DBP) were measured 
by an automated sphygmomanometer with the subject in 
the sitting position. Body mass index (BMI) was calculated 
as measured weight (kg) divided by height squared (m2). 
According to the criteria for Chinese people, normal weight 
was defined as BMI ≥18.5 and <24 kg/m2, overweight as 
BMI ≥24 and <28 kg/m2, and obesity as BMI ≥28 kg/m2. All 
venous blood samples were obtained in the morning after a 
12-h fast.

The following biochemical parameters were determined 
in all participants: ALT, AST, alkaline phosphatase 
(ALP), TG, total cholesterol (TC), HDL-C, low-density 
lipoprotein cholesterol (LDL-C), GGT, FPG, creatinine 
(Cr), uric acid (UA), and insulin (INS). ALT, AST, TG, 
TC, GGT, HDL-C, LDL-C, Cr, UA, and FPG levels 
were measured by a Hitachi DDP autoanalyzer (Hitachi 
Corp., Ibaragi, Japan) using assay-specific Roche reagents 
(Roche Diagnostics, Indianapolis, IN, USA). Hepatitis 
B virus surface antigen, anti-hepatitis C virus antibody, 
and INS were determined by electrochemiluminescence 
immunoassay using an ARCHITECT i4000 (Abbott 
Diagnostics, Abbott Park, IL, USA). IR was assessed by 
the homeostasis model assessment of insulin resistance 
(HOMA-IR) according to the following equation: HOMA-
IR (mIU·mmol/L) = fasting insulin (mIU/L) × fasting 
glucose (mmol/L)/22.5. All biochemical parameters were 
conducted in the same laboratory and the laboratory quality 
control is within the control range.

Statistical analysis

Statistical analyses were performed using SPSS version 
22 software (SPSS, Chicago, IL, USA). One-sample 
Kolmogorov-Smirnov tests were used to assess the 
normality of data distributions. Data were presented 
as mean ± standard deviation when the distribution 
was normal and median (interquartile range) when the 
distribution was skewed. Categorical data were displayed 
as absolute and relative frequencies. Differences between/
among groups were analyzed by Student’s t-test/one-way 
analysis of variance (ANOVA) or the Mann-Whitney U 
test/Kruskal-Wallis H test for continuous variables, and 
the chi-square test for categorical variables. Comparisons 
of prevalence of MS and NAFLD by GGT/HDL-C ratio 
quartiles were carried out by the Cochran-Armitage trend 
test. Spearman correlation analysis was used to examine the 
correlations between GGT/HDL-C ratio and clinical and 
laboratory parameters. Binary logistic regression was carried 
out to evaluate the association between GGT/HDL-C ratio 
and NAFLD after adjustment for clinical and biochemical 
variables. Receiver-operating characteristic (ROC) curve 
analyses were performed to assess the diagnostic accuracy 
of GGT/HDL-C ratio to detect NAFLD. For this, optimal 
cutoff values were selected by maximizing the sum of 
sensitivity and specificity, the sensitivity, specificity, and 
areas under the ROC curves (AUCs) of GGT/HDL-C ratio 
were obtained by comparing participants with and without 
NAFLD (NAFLD vs. non-NAFLD), and the differences 
between the AUCs were evaluated by the Z statistical 
test (19). Values of P<0.05 were considered statistically 
significant.

Results

Baseline characteristics of the participants 

The baseline characteristics of the participants are shown in 
Table 1. For the NAFLD group, BMI, WC, SBP, DBP, ALT, 
AST, ALP, GGT, TG, TC, HDL-C, GGT/HDL-C ratio, 
LDL-C, FPG, Cr, UA, HOMA-IR, and smoking differed 
significantly compared with the non-NAFLD group (P<0.05 
for all). Participants with NAFLD were older and had 
higher BMI, WC, GGT/HDL-C ratio, TG, TC, LDL-C, 
INS, HOMA-IR, and FPG than participants without 
NAFLD. The prevalence of MS was 58.3% in NAFLD 
participants, compared with only 14.5% in non-NAFLD 
participants.

https://www.ncbi.nlm.nih.gov/pubmed/29611386
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Characteristics of NAFLD participants according to 
quartiles of GGT/HDL-C ratio

We divided the NAFLD participants into four groups: 
Q1 (lowest), Q2, Q3, and Q4 (highest) according to the 
quartiles of GGT/HDL-C ratio. As the GGT/HDL-C 
ratio quartiles increased, prevalence of MS and NAFLD 

gradually increased. Each quartile was further divided into 
three body weight groups: normal-weight, overweight, and 
obesity groups. From the first to fourth quartiles: normal-
weight participants, the prevalences of NAFLD (0.6–3.2%; 
P<0.001) and MS (0.4–2.8%; P<0.001) increased; for 
overweight participants, the prevalences of NAFLD (0.9–

Table 1 Baseline characteristics of the study population (n=6,326)

Characteristics Overall (n=6,326) NO-NAFLD (n=4,513) NAFLD (n=1,813) P

Age (year) 47.81±10.18 47.08±10.32 49.63±9.58 <0.001*

Female (%) 3,077 (48.6) 2,551 (56.5) 526 (29.0) <0.001
$

WC (cm) 85.12±9.37 82.01±8.18 92.9±7.48 <0.001*

BMI (kg/m
2
) 24.09±3.21 23.03±2.72 26.73±2.77 <0.001*

Obesity (%) 693 (11.0) 178 (3.9) 515 (28.4) <0.001
$

SBP (mmHg) 128±18 125±18 136±18 <0.001*

DBP (mmHg) 77±12 75±11 83±11 <0.001*

ALP (U/L) 66 [54–79] 64 [53–78] 70 [59–82] <0.001
#

ALT (U/L) 18 [13–28] 16 [12–23] 27 [19–40] <0.001
#

AST (U/L) 20 [17–24] 19 [16–23] 22 [19–28] <0.001
#

GGT (U/L) 21 [14–34] 18 [12–27] 33 [23–50] <0.001
#

Cr (μmol/L) 70 [59–81] 67 [58–80] 75 [63–85] <0.001
#

Glu (mmol/L) 4.82 (4.51–5.22) 4.73 (4.46–5.07) 5.11 (4.69–5.78) <0.001
#

TC (mmol/L) 4.65 (4.11–5.25) 4.58 (4.07–5.16) 4.84 (4.28–5.46) <0.001
#

TG (mmol/L) 1.23 (0.87–1.82) 1.05 (0.78–1.49) 1.8 (1.34–2.56) <0.001
#

HDL-C (mmol/L) 1.23 (1.02–1.48) 1.31 (1.10–1.55) 1.06 (0.91–1.23) <0.001
#

LDL-C (mmol/L) 2.69 (2.23–3.20) 2.63 (2.20–3.13) 2.83 (2.36–3.34) <0.001
#

UA (μmol/L) 313 [256–378] 292 [242–351] 368 [312–426] <0.001
#

INS (μU/mL) 8.5 (5.9–12) 7.4 (5.3–10.2) 12 (9.1–16) <0.001
#

HOMA-IR 1.86 (1.24–2.71) 1.57 (1.10–2.22) 2.82 (2.07–3.95) <0.001
#

GGT/HDL-C 17.65 (10.16–31.83) 13.60 (8.71–23.08) 32.00 (20.89–50.99) <0.001
#

Diabetes (%) 631 (10.0) 245 (5.4) 386 (21.3) <0.001
$

MS (%) 1710 (27.0) 653 (14.5) 1057 (58.3) <0.001
$

Smoke (%) 966 (15.3) 577 (12.8) 389 (21.5) <0.001
$

Physical exercise (%) 1,933 (30.6) 1,397 (31.0) 536 (29.6) 0.278
$

NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist 
circumstance; MS, metabolic syndrome; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; 
TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; Cr, creatinine; UA, uric acid; INS, insulin; Glu, glucose; 
HOMA-IR, homeostasis model assessment of insulin resistance; GGT, γ-glutamyl transpeptidase; HDL-C, high-density lipoprotein 
cholesterol; GGT/HDL-C, GGT/HDL-C ratio. Continuous variables were presented as mean ± SD or median (interquartile range). The 
statistical significance of differences between the non-NAFLD group and NAFLD group were analyzed by Student’s t-test (*), the Mann-
Whitney U test (

#
), or the chi-square test (

$
).
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21.1%; P<0.001) and MS (1.0–21.0%; P<0.001) increased; 
and for obese participants, the prevalences of NAFLD (1.4–
43.4%; P<0.001) and MS (1.2–40.1%; P<0.001) increased. 
Therefore, the higher the GGT/HDL-C ratio quartile 
was and the heavier the participants were, the higher the 
prevalence of NAFLD and MS was.

Correlation analyses between GGT/HDL-C ratio and 
other variables 

The correlation analyses revealed that GGT/HDL-C ratio 
in NAFLD participants was correlated with age (P<0.001), 
WC (P<0.001), BMI (P<0.001), SBP (P=0.001), DBP 
(P<0.001), ALT (P<0.001), AST (P<0.001), ALP (P<0.001), 
TG (P<0.001), TC (P<0.001), UA (P<0.001), HOMA-
IR (P<0.001), prevalence of MS (P<0.001), and smoking 
(P<0.001). Therefore, GGT/HDL-C ratio was associated 

with liver enzymology markers (ALT, AST, and ALP), 
abdominal obesity (BMI and WC), IR (HOMA-IR), and 
prevalence of MS. These findings suggest that the indicated 
variables may act as cofactors for the link between GGT/
HDL-C ratio and NAFLD.

Association between GGT/HDL-C ratio and prevalence of 
NAFLD/MS

Univariate regression analyses were performed to analyze 
the associations between GGT/HDL-C ratio and 
prevalence of NAFLD/MS in the 6,326 participants (Table 2)  
with forward selection. Data in Table 2 shows that age, sex, 
WC, BMI, SBP, DBP, ALT, AST, TG, TC, LDL-C, UA, 
HOMA-IR, and smoking (all P<0.05) could impact the 
prevalence of NAFLD/MS. On the basis of the univariate 
analyses, these indicators were included in the multivariate 

Table 2 Associations of GGT/HDL-C ratio with prevalence of NAFLD/MS by univariate regression analyses

Characteristics
NAFLD MS

OR (95% CI) P OR (95% CI) P

Sex (male) 3.181 (2.829–3.577) <0.001 2.165 (1.929–2.428) <0.001

Age 1.025 (1.020–1.031) <0.001 1.042 (1.036–1.048) <0.001

WC 1.195 (1.183–1.207) <0.001 1.177 (1.166–1.189) <0.001

BMI 1.633 (1.589–1.679) <0.001 1.505 (1.468–1.543) <0.001

SBP 1.034 (1.031–1.037) <0.001 1.050 (1.046–1.053) <0.001

DBP 1.061 (1.056–1.067) <0.001 1.080 (1.074–1.086) <0.001

ALP 1.013 (1.011–1.016) <0.001 1.018 (1.015–1.021) <0.001

ALT 1.047 (1.043–1.051) <0.001 1.025 (1.022–1.029) <0.001

AST 1.042 (1.036–1.049) <0.001 1.024 (1.018–1.030) <0.001

Cr 1.026 (1.022–1.030) <0.001 1.018 (1.014–1.022) <0.001

TC 1.381 (1.299–1.469) <0.001 1.233 (1.160–1.312) <0.001

TG 2.333 (2.177–2.500) <0.001 5.970 (5.379–6.625) <0.001

LDL-C 1.389 (1.293–1.492) <0.001 1.069 (0.994–1.149) 0.072

UA 1.010 (1.009–1.011) <0.001 1.007 (1.006–1.008) <0.001

HOMA-IR 2.386 (2.255–2.526) <0.001 2.259 (2.138–2.387) <0.001

Smoke (%) 1.864 (1.617–2.149) <0.001 1.816 (1.572–2.097) <0.001

GGT/HDL-C 1.036 (1.033–1.039) <0.001 1.035 (1.032–1.038) <0.001

NAFLD, nonalcoholic fatty liver disease; MS, metabolic syndrome; OR, odds ratio; BMI, body mass index; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; WC, waist circumstance; MS, metabolic syndrome; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; ALP, alkaline phosphatase; TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; Cr, 
creatinine; UA, uric acid; HOMA-IR, homeostasis model assessment of insulin resistance; GGT/HDL-C, GGT/HDL-C ratio.
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regression analysis for NAFLD/MS. The results of the 
adjusted binary logistic regression analysis models are shown 
in Table 3. In the multivariable adjusted models, the odds 
ratio (OR) and 95% confidence interval (CI) for NAFLD was 
1.003 (1.001–1.006) and that for MS was 1.003 (1.000–1.007) 
in all 6326 participants (Table 3). Thus, each 1 unit increase in 
GGT/HDL-C ratio will increase the prevalence of NAFLD 
by 0.3% in all participants, and by 0.4% in overweight 
participants (Table 4). Furthermore, each 1 unit increase in 
GGT/HDL-C ratio will increase the prevalence of MS by 
0.5% in overweight participants (Table 4). 

To increase the ability of the models to identify risks 
for the prevalence of NAFLD/MS, we conducted binary 
regression analyses to analyze the associations between 
GGT/HDL-C ratio quartiles and prevalence of NAFLD/
MS (Table 5). In the multivariable adjusted models, the ORs 
of GGT/HDL-C ratio quartiles comparing the highest 
quartile (Q4) versus the lowest quartile (Q1) were 6.362 

(4.420–9.156) for NAFLD and 3.968 (2.641–5.962) for MS 
in all participants. Therefore, the prevalence of NAFLD/
MS in the Q4 group will be 6.362/3.968 times higher than 
that in the Q1 group. In overweight participants, the ORs 
(Q4 vs. Q1) were 4.934 (2.879–8.457; P<0.001) for NAFLD 
and 2.580 (1.422–4.680; P<0.001) for MS, indicating that 
the prevalence of NAFLD/MS in the Q4 group will be 
4.934/2.580 times higher than that in the Q1 group. In 
normal-weight participants, the ORs (Q4 vs. Q1) were 4.437 
(2.306–8.537; P<0.001) for NAFLD and 3.117 (1.462–6.644; 
P<0.001) for MS, meaning that the prevalence of NAFLD/
MS in the Q4 group will be 4.437/3.117 times higher than 
that in the Q1 group. 

Predictive value of GGT/HDL-C ratio for prevalence of 
NAFLD 

To compare the predictive value of GGT/HDL-C ratio 
for NAFLD, we performed ROC curve analyses (Figure 1). 
For prediction of NAFLD, the AUCs for GGT/HDL-C 
ratio, GGT, and HDL-C were 0.799 (0.788–0.810), 0.773 
(0.761–0.785), and 0.726 (0.712–0.739), respectively 
(all P<0.001). The AUCs for GGT/HDL-C ratio were 
significantly higher than those for GGT or HDL-C alone 
(both P<0.001, by Z-statistics). The optimal cut-off value 
for GGT/HDL-C ratio was 21.3, with sensitivity of 74.5% 
and specificity of 71.7%. Briefly, GGT/HDL-C ratio was 
an independent predictive factor for prevalence of NAFLD.

Conclusions

Participants with NAFLD had higher GGT/HDL-C 

Table 3 Associations of GGT/HDL-C ratio with prevalence of NAFLD/MS by multivariate regression analyses

Model
NAFLD MS

OR (95% CI) P value OR (95% CI) P value

1 1.017 (1.014–1.020) <0.001 1.021 (1.018–1.024) <0.001

2 1.013 (1.010–1.016) <0.001 1.023 (1.019–1.026) <0.001

3 1.011 (1.008–1.014) <0.001 1.022 (1.018–1.028) <0.001

4 1.004 (1.001–1.007) 0.006 1.004 (1.001–1.008) 0.026

5 1.003 (1.001–1.006) 0.037 1.003 (1.000–1.007) 0.084

Adjusted model 1: Age, WC, BMI, SBP, DBP, sex, and smoking (baseline indexes); model 2: model 1 + ALP, AST, and ALT (liver markers); 
model 3: model 2 + Cr and UA (kidney markers); model 4: model 3 + TC, TG, and LDL-C (lipid markers); model 5: model 4 + HOMA-IR. 
NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist 
circumstance; MS, metabolic syndrome; GGT, γ-glutamyl transpeptidase; HDL-C, high-density lipoprotein cholesterol; GGT/HDL-C, GGT/
HDL-C ratio. 

Table 4 ORs of GGT/HDL-C ratio in normal-weight and overweight 
participants

Groups OR (95% CI) P value 

NAFLD

Normal weight 1.007 (1.000–1.014) 0.062

Overweight 1.004 (1.001–1.008) 0.014

MS

Normal weight 1.002 (0.993–1.010) 0.704

Overweight 1.005 (1.001–1.009) 0.035

Adjusted model 5 (shown in Table 3).
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ratio, BMI, WC, TG, TC, GGT, and HOMA-IR than 
participants without NAFLD, but lower HDL-C. GGT/
HDL-C ratio was closely associated with liver enzymology 
markers (ALT and AST), abdominal obesity (BMI and 
WC), and IR (INS and HOMA-IR) by correlation analyses. 
The AUCs (95% confidence interval) for GGT/HDL-C 
ratio [0.799 (0.788–0.810)] were significantly higher than 
those for GGT or HDL-C alone. GGT/HDL-C ratio was 
significantly associated with prevalence of NAFLD: for 
each 1 unit increase in GGT/HDL-C ratio, the prevalence 
of NAFLD will increase by 0.3%. To increase the ability to 
identify risks for the prevalence of NAFLD/MS, we divided 
the NAFLD participants into four groups: Q1 (lowest), Q2, 
Q3, and Q4 (highest) according to the quartiles of GGT/
HDL-C ratio, and found that the prevalence of NAFLD/
MS in the Q4 group will be 6.362/3.968 times higher than 
that in the Q1 group. As the GGT/HDL-C ratio quartiles 
increased, the prevalence of MS and NAFLD gradually 
increased.

GGT is a surface enzyme that cleaves extracellular 
glutathione (GSH), maintains GSH homeostasis, and plays 
a key role in mitigating the effects of oxidative stress (20). 

Elevated GGT activity is associated with MS, cardiovascular 
risk factors, systemic inflammation, and oxidative stress, and 
serum GGT activity is widely used as a sensitive indicator of 
fatty liver disease, alcohol ingestion, hepatic inflammation, 
and hepatitis (20,21). Oxidative stress upregulates 
intracellular GGT level, and thus intracellular GGT level 
can be considered a biomarker for oxidative stress associated 
with GSH metabolism (22,23). Alam and colleagues advised 
NASH patients to undertake moderate-intensity exercise 
and dietary restriction for 1 year, and found that both lean 
and non-lean NASH patients exhibited weight loss and 
reduced GGT, which was more obvious in non-lean than 
lean NASH patients (12,24). Thus, GGT is closely related 
to NASH in both lean and non-lean patients, but more 
closely associated with NASH in non-lean patients (24,25). 
These findings are similar to those in the present study, 
wherein the ORs for GGT/HDL-C ratio quartile with 
prevalence of NAFLD in normal-weight and overweight 
people were 4.437 and 4.934, respectively, indicating that a 
higher quartile was associated with a higher risk of NAFLD 
in obese people. These findings probably arise because 
NAFLD is a manifestation of MS in the liver, and thus liver 

Table 5 ORs of GGT/HDL-C ratio quartiles by multivariate regression analyses

Quartiles
NAFLD MS

OR (95% CI) P value for trend OR (95% CI) P value for trend

All <0.001 <0.001

Q4 (highest) 6.362 (4.420–9.156) 3.968 (2.641–5.962)

Q3 5.213 (3.704–7.339) 3.511 (2.397–5.142)

Q2 3.077 (2.203–4.300) 2.303 (1.588–3.340)

Q1 (lowest) 1 1

Normal weight <0.001 <0.001

Q4 (highest) 4.437 (2.306–8.537) 3.117 (1.462–6.644)

Q3 4.149 (2.272–7.577) 5.061 (2.591–9.884)

Q2 1.699 (0.931–3.102) 1.514 (2.142–5.394)

Q1 (lowest) 1 1

Overweight <0.001 <0.001

Q4 (highest) 4.934 (2.879–8.457) 2.580 (1.422–4.680)

Q3 4.362 (2.612–7.285) 2.182 (1.242–3.835)

Q2 3.300 (2.002–5.440) 1.627 (0.939–2.809)

Q1 (lowest) 1 1

Adjusted model 5 (showed in Table 3); According to the quartiles of GGT/HDL-C ratio, Q1: lowest quartiles; Q2: lower quartiles; Q3: higher 
quartiles; Q4: highest quartiles.
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damage in NAFLD patients was more obvious than that 
in MS patients. Saoi et al. (26) found that high-risk NASH 
patients were indicative for lower circulating γ-glutamyl 
dipeptide concentrations and higher serum GGT activity. 
Therefore, the γ-glutamyl cycle has an important role for 
intracellular GSH reserves during oxidative stress, which is 
relevant to the pathophysiology of advanced NAFLD stages 
with severe liver inflammation and fibrosis (26). Hossain  
et al. (21) found that Bangladeshi adults with elevated levels 
of GGT and IR were more likely to develop NAFLD and 
demonstrated a significant positive association between 
HOMA-IR and GGT after adjusting for the effects of WC 
in Bangladeshi NAFLD subjects.

D y s l i p i d e m i a  i s  a  r i s k  f a c t o r  f o r  N A F L D . 
Hypertriglyceridemia leads to decreased HDL-C through 
enhanced clearance of hepatic lipase (27,28). Studies by 
Klisic and colleagues showed that higher HDL-C was an 
independent predictor for advanced liver fibrosis (29,30). 
Wu et al. (31) demonstrated that NAFLD patients had 
reduced HDL-C, and especially severe NAFLD. In 
newly diagnosed type 2 diabetes mellitus patients, Ren  

et al. (32) found that low HDL-C was associated with IR, 
and that IR may be an underlying mechanism leading to 
dyslipidemia. Alkassabany et al. (33) further showed that 
NAFLD was significantly associated with low HDL-C, 
high TG, HOMA-IR, and number of MS components 
in schoolchildren. After adjustment for adiposity and IR, 
DeFilippis et al. (34) found that NAFLD was associated 
with low serum HDL-C in the normal-weight population. 
Other studies indicated that low HDL-C was associated 
with increased risk of cardiovascular events, IR, energy 
intake, carbohydrate intake, and weight gain, and that both 
energy and carbohydrate restriction should be considered 
in overweight and obese subjects with low HDL-C (35,36). 
In our study, NAFLD patients had low HDL-C and IR 
compared with non-NAFLD participants.

Single high GGT can be used as an indicator of steatosis 
in liver cells, while single low HDL-C is associated with 
IR and dyslipidemia, suggesting that GGT/HDL-C ratio 
can combine the functions of GGT and HDL-C alone. 
Thus, higher GGT/HDL-C ratio may be correlated 
with IR, dyslipidemia, and steatosis in liver cells in the 
pathomechanism of NAFLD. Therefore, we performed 
ROC curve analyses to predict the diagnostic value of 
GGT/HDL-C ratio for NAFLD, and found that the AUC 
for GGT/HDL-C ratio was significantly higher than those 
for GGT or HDL-C alone, and had high diagnostic value 
(AUC: 0.799) (19). GGT/HDL-C ratio can be considered 
to play a role in predicting the prevalence of NAFLD. 
Furthermore, because GGT and HDL are routine test 
indicators in clinical laboratories, the tests are easy to 
conduct and the cost performance index is high, indicating 
good application prospects of GGT/HDL-C ratio in 
NAFLD patients.

The present study has several potential limitations. First, 
it was a single-center cross-sectional study. Therefore, 
cause-and-effect relationships could not be inferred between 
changes in GGT/HDL-C ratio and NAFLD. Second, 
the diagnosis of NAFLD was based on ultrasonographic 
examination, which may lead to incorrect diagnosis of 
NAFLD in 10–30% of cases (37). Third, our samples were 
limited to Chinese adults, and thus the results of our study 
may not be applicable to other ethnic groups and children. 
Finally, there were significant differences in baseline 
characteristics between the NAFLD and non-NAFLD 
groups, and we did not match the two groups. Despite 
these limitations, the strengths of our study were the large 
sample size, the use of multiple regression models to adjust 

Figure 1 ROC curves of GGT/HDL-C ratio for prevalence 
of NAFLD. ROC curves, receiver-operating characteristic 
curves; AUCs, areas under the ROC curves; GGT, γ-glutamyl 
transpeptidase; HDL-C, high-density lipoprotein cholesterol; 
GGT/HDL-C ratio, GGT/HDL-C ratio; NAFLD, nonalcoholic 
fatty liver disease.
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for many confounding factors, and the fact that GGT/
HDL-C ratio is an easy and inexpensive marker with wide 
application value.

In conclusion, our results demonstrated a significant 
correlation between GGT/HDL-C ratio and NAFLD. 
Thus, GGT/HDL-C ratio can be considered to predict the 
prevalence of NAFLD after adjustment for confounding 
variables in both normal-weight and overweight Chinese 
populations. 
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