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Abstract
BACKGROUND
Gamma-glutamyl transferase (GGT) is associated with the risk of cardiovascular
disease (CVD) in the general population.

WJG https://www.wjgnet.com May 21, 2020 Volume 26 Issue 192416

https://www.wjgnet.com
https://dx.doi.org/10.3748/wjg.v26.i19.2416
http://orcid.org/0000-0002-3530-3621
http://orcid.org/0000-0002-9105-5837
http://orcid.org/0000-0001-8221-5299
http://orcid.org/0000-0001-7443-5056
http://orcid.org/0000-0001-5244-0372
http://orcid.org/0000-0002-8334-0267
http://orcid.org/0000-0003-3590-2664
http://orcid.org/0000-0002-7546-2117
http://orcid.org/0000-0002-1931-6326
http://orcid.org/0000-0002-6263-1436
http://orcid.org/0000-0002-2932-1962
http://orcid.org/0000-0002-9965-1561
http://orcid.org/0000-0003-2215-9410
http://orcid.org/0000-0001-6459-8329
mailto:battan5410@gmail.com


Chulalongkorn University,
Bangkok, Thailand.

Informed consent statement: This
is a retrospective study and
exemption of signed informed
consent application had been
approved by Ethics Committee.
The analysis used anonymous
clinical data after each patient
agreed to treatment by written
consent.

Conflict-of-interest statement:
There are no conflicts of interest to
report.

Data sharing statement: No
additional data are available.

STROBE statement: The authors
have read the STROBE Statement-
checklist of items, and the
manuscript was prepared and
revised according to the STROBE
Statement-checklist of items.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: January 18, 2020
Peer-review  started:  January  18,
2020
First decision: February 28, 2020
Revised: April 26, 2020
Accepted: April 29, 2020
Article in press: April 29, 2020
Published online: May 21, 2020

P-Reviewer: Fan JG, Popovic DS
S-Editor: Tang JZ
L-Editor: Filipodia
E-Editor: Ma YJ

AIM
To identify the association of baseline GGT level and QRISK2 score among
patients with biopsy-proven nonalcoholic fatty liver disease (NAFLD).

METHODS
This was a retrospective study involving 1535 biopsy-proven NAFLD patients
from 10 Asian centers in 8 countries using data collected by the Gut and Obesity
in Asia (referred to as “GO ASIA”) workgroup. All patients with available
baseline GGT levels and all 16 variables for the QRISK2 calculation (QRISK2-
2017; developed by researchers at the United Kingdom National Health Service;
https://qrisk.org/2017/; 10-year cardiovascular risk estimation) were included
and compared to healthy controls with the same age, sex, and ethnicity. Relative
risk was reported. QRISK2 score > 10% was defined as the high-CVD-risk group.
Fibrosis stages 3 and 4 (F3 and F4) were considered advanced fibrosis.

RESULTS
A total of 1122 patients (73%) had complete data and were included in the final
analysis; 314 (28%) had advanced fibrosis. The median age (interquartile range
[IQR]) of the study population was 53 (44-60) years, 532 (47.4%) were females,
and 492 (43.9%) were of Chinese ethnicity. The median 10-year CVD risk (IQR)
was 5.9% (2.6-10.9), and the median relative risk of CVD over 10 years (IQR) was
1.65 (1.13-2.2) compared to healthy individuals with the same age, sex, and
ethnicity. The high-CVD-risk group was significantly older than the low-risk
group (median [IQR]: 63 [59-67] vs 49 [41-55] years; P < 0.001). Higher fibrosis
stages in biopsy-proven NAFLD patients brought a significantly higher CVD risk
(P < 0.001). Median GGT level was not different between the two groups (GGT
[U/L]: Median [IQR], high risk 60 [37-113] vs low risk 66 [38-103], P = 0.56). There
was no correlation between baseline GGT level and 10-year CVD risk based on
the QRISK2 score (r = 0.02).

CONCLUSION
The CVD risk of NAFLD patients is higher than that of healthy individuals.
Baseline GGT level cannot predict CVD risk in NAFLD patients. However,
advanced fibrosis is a predictor of a high CVD risk.

Key words: Nonalcoholic fatty liver disease; Gamma glutamyl transferase; QRISK;
Cardiovascular risk; Gut and Obesity in Asia

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The median 10-year cardiovascular disease risk of nonalcoholic fatty liver
disease (NAFLD) patients according to QRISK2 score was higher than that of healthy
individuals of the same age, sex, and ethnicity. Apart from traditional risk factors,
advanced fibrosis is a predictor of high-risk cardiovascular disease in NAFLD patients.
However, the baseline gamma-glutamyl transferase level and high gamma-glutamyl
transferase quartile cannot be used to predict cardiovascular risk in patients with
established NAFLD.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is increasing in prevalence worldwide and
has become a major chronic liver disease[1].  Growing clinical evidence shows that
NAFLD is not confined to the liver but is also associated with extrahepatic diseases,
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and the majority of deaths among patients with NAFLD are from cardiovascular
disease (CVD)[2]. Most studies have shown that NAFLD is an independent risk factor
for CVD after adjustment for other common risk factors[3,4].

The potential pathogenesis of CVD in NAFLD patients is chronic activation of the
inflammatory pathway[5]. One of the mechanisms is the alteration in the production,
modification, and clearance of circulating lipoproteins in NAFLD, which play a major
role in the atherosclerotic process. Previous studies have shown that nonalcoholic
steatohepatitis patients have increased in small dense, low-density lipoprotein (LDL)
3, and LDL4 levels, which are related to atherogenesis. Levels of oxidized LDL level, a
circulating product of lipid peroxidation, also increase and trigger inflammatory
responses[6-8].

Currently, there is no consensus statement related to the evaluation of CVD risk in
patients with NAFLD. In the general population, according to recent guidelines on the
primary  prevention  of  CVD,  adults  who  are  40-75  years  of  age  and  are  being
evaluated  for  CVD  prevention  should  undergo  race-  and  sex-specific  10-year
atherosclerotic CVD risk estimation that aids in guiding preventive intervention[9].
QRISK2, for estimating the 10-year risk of CVD, is now used across England’s health
service (NHS England) with guidance from the National Institute of Health and Care
Excellence  and NHS Health  Check.  In  addition,  QRISK2 has  a  variety  of  ethnic
specifications in its risk calculators, including for Asians[10-12].

Apart from the risk prediction model,  gamma-glutamyl transferase (GGT) is a
potential serum marker that has shown promise for the prediction of CVD in the
general population. GGT is a membrane-bound enzyme involved in maintaining the
metabolism of glutathione, the most important cellular antioxidant in humans. GGT
functions  by  degrading  glutathione,  as  a  result,  GGT  elevation  is  an  indirect
measurement of oxidative stress[13-15] and antioxidant inadequacy[16]. A recent large
observational study in Korea showed an independent association and dose-response
relationship between serum GGT level  and atherosclerotic  CVD risk[17].  A meta-
analysis in 2019 included patients with coronary artery disease and suggested that
elevated serum GGT levels were an independent predictor of CVD[18]. A recent study
in the general population showed that the highest risk of all-cause mortality and
cardiovascular event was in the highest baseline GGT quartile group regardless of the
degree of fatty liver[19].

In this study, we identified the association of baseline GGT level and QRISK2-2017,
and determined the 10-year  cardiovascular  risk estimation among patients  with
biopsy-proven NAFLD using data collected by the Gut and Obesity in Asia (GO
ASIA) workgroup.

MATERIALS AND METHODS

Participating centers and cases
This is a cross-sectional study involving 1535 biopsy-proven NAFLD patients from 10
Asian centers in 8 countries in the GO ASIA workgroup. The GO ASIA workgroup
was formed in November 2014 with the aim of studying the relationship between
obesity and gastrointestinal and liver diseases in the Asia-Pacific region through
multinational collaborative studies[20]. A database consisting of biopsy-proven NAFLD
patients was formed through contributions from participating members of the GO
ASIA workgroup.

The  centers  that  participated  in  this  study  were  as  follows:  Chulalongkorn
University, Thailand; University of Malaya, Malaysia; Singapore General Hospital,
Singapore; Shanghai Jiaotong University School of Medicine, China; The Catholic
University Korea, Korea; Mahidol University, Thailand; Post Graduate Institute of
Medical Education and Research, India; National University of Singapore, Singapore;
Yokohama City University Graduate School of Medicine, Japan; and The Chinese
University of Hong Kong, Hong Kong, China. Ethics approval was obtained from
each center prior to the commencement of the study.

NAFLD was diagnosed based on ultrasonography findings of  fatty  liver  with
exclusion of viral hepatitis B and C infection, significant alcohol intake, and the use of
medications  that  can  cause  hepatic  steatosis.  Persistent  elevated  serum
aminotransferase levels were the main indication for liver biopsy in order to rule out
other possible etiologies. Only patients with biopsy confirmed NAFLD were included.
Patients with other causes of chronic liver disease, incomplete histological data, and
without significant hepatic steatosis were excluded. Only patients aged 25-84 years
were  included,  according  to  the  age  range  for  which  QRISK2-2017  has  been
validated[10].

Demographic, anthropometric, clinical, and laboratory data were collected using a
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standard protocol. A patient was considered to have diabetes mellitus if there was a
self-reported history of diabetes mellitus or if fasting blood sugar was ≥ 7.0 mmol/L.
A patient was considered to have dyslipidemia if there was a self-reported history of
dyslipidemia, if  the serum total cholesterol (TC) was ≥ 5.2 mmol/L, if  the serum
triglycerides were ≥ 1.7 mmol/L, if the serum high-density lipoprotein (HDL) was <
1.0 mmol/L for men or < 1.3 mmol/L for women, or if  the serum LDL was ≥ 3.4
mmol/L. All laboratory parameters included in the study were measured within 3 mo
of liver biopsy. Hypertension was based on self-reported history. If patients were
using any drugs for diabetes mellitus, dyslipidemia or hypertension, they were also
considered to the corresponding metabolic disorder.

Histological data and liver stiffness measurement
Histopathological  findings  were  reported  according  to  the  Non-Alcoholic
Steatohepatitis Clinical Research Network Scoring System. The NAFLD Activity Score
(NAS) is defined as the unweighted sum of the scores for steatosis, which is given for
the presence of significant hepatic steatosis (0-3), lobular inflammation (0-3), and
ballooning (0-2), for a total score ranging from 0 to 8. Nonalcoholic steatohepatitis is
defined as steatosis with hepatocyte ballooning and inflammation with or without
fibrosis[21]. The slides were reviewed by a pathologist at each center. Fibrosis stages 3
and 4 were considered advanced fibrosis (F3-4).

Liver  stiffness  (LS)  was  measured  by  transient  elastography  (TE)  and  was
expressed  in  kPa.  In  this  study,  only  LS  values  with  at  least  10  validated
measurements and an interquartile range (IQR) to median value ratio (IQR/M) of < 30
were considered reliable.

Cardiovascular risk assessment
All patients with available baseline GGT levels and all 16 variables used for QRISK2
calculation (The QRISK®2/2017; developed by researchers at the UK National Health
Service; https://qrisk.org/2017/) were included. Absolute 10-year cardiovascular
risk was calculated and compared to that of the healthy controls with the same age,
sex,  and  ethnicity  using  QRISK2  calculator  which  was  well  validated  from
QRESEARCH  database[10-12].  The  comparison  was  reported  as  relative  risk[22].  A
QRISK2 score of ≥ 10% was defined as the high-CVD-risk group[10]. Any missing data
for the QRISK calculation were inputted as missing in the calculator tool.

Statistical analysis
Normality of continuous variables was verified with the Kolmogorov–Smirnov test.
Nonnormally  distributed  data  were  reported  as  the  median  and  IQR and  were
analyzed  by  the  Mann-Whitney  U  test.  Categorical  variables  were  reported  as
percentages and were analyzed using the chi-square test. Factors associated with high
CVD were identified using binary logistic regression analysis. A two-tailed P value of
< 0.05 was considered statistically significant. Analyses were performed using SPSS
22.0 (SPSS Inc., Chicago, IL, United States).

Abnormal GGT levels were different in each center. We analyzed both the absolute
GGT level and GGT ratio (absolute GGT level divided by the normal cutoff at each
center). GGT level was also divided into 4 quartiles of absolute GGT level: Quartile 1
(Q1), percentile (p) < 25; Q2, p25-p49; Q3, p50-p74; and Q4, p ≥ 75. The correlation
between  GGT  and  cardiovascular  risk  was  assessed  by  Pearson  correlation.
Comparisons between GGT quartiles were performed by using the Kruskal–Wallis
test.

RESULTS
A total  of  1122 patients  (73%) had complete data and were included in the final
analysis. A flow diagram of patient selection is shown in Supplemental Figure 1. The
median age (IQR) of the study population was 53 (44-60) years, and 532 (47.4%) were
females. The median body mass index (kg/m2) was 28.36 (25.8-31.47). The number of
participants of Chinese ethnicity was 492 (43.9%). The median baseline GGT level
(U/L) was 64 (41-105). According to liver biopsy results, the median of NAS was 4 (3-
5), and advanced fibrosis was found in 314 (28%) patients. The median 10-year CVD
risk according to the QRISK2 (IQR) was 5.9% (2.6-10.9), and the median relative risk
of 10-year CVD risk according to the QRISK2 (IQR) was 1.65 (1.13-2.2), compared to
healthy controls with the same age, sex, and ethnicity (Table 1).

Comparison of NAFLD patients between the high-CVD-risk group and the low-CVD-
risk group
The median (IQR) 10-year CVD risk in the high-CVD-risk group was 14.7% (12-19.3),
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Table 1  Baseline characteristics of nonalcoholic fatty liver disease patients and comparison between low- and high-cardiovascular
disease-risk groups

Characteristics Total Low risk High risk P value

median (IQR); n (%) n = 1122 n = 800 n = 322 N/A

Age in yr 53 (44-60) 49 (41-55) 63 (59-67) < 0.001

Female 532 (47.4%) 391 (48.9%) 141 (43.8%) 0.12

Weight (kg) 76 (66-87) 77 (67-88) 74 (65-84) 0.002

Height (m) 1.63 (1.56-1.7) 1.64 (1.57-1.71) 1.61 (1.55-1.67) < 0.001

BMI (kg/m2) 28.36 (25.8-31.47) 28.38 (25.84-31.45) 28.31 (25.68-31.65) 0.572

Waist circumference (cm) 96.5 (89-104) 96 (88.3-103.5) 98 (90-106) 0.017

Hip circumference (cm) 103 (97-109) 103 (97-109) 102.5 (96-109) 0.502

Ethnic origin: Chinese 492 (43.9%) 405 (50.6%) 87 (27%) < 0.001

Diabetes 642 (57.2%) 365 (45.6%) 277 (86%) < 0.001

Hypertension 639 (57%) 400 (50.1%) 239 (74.5%) < 0.001

Dyslipidemia 635 (56.6%) 419 (66.6%) 216 (75.5%) 0.007

Albumin (g/L) 44 (41-46) 44 (42-46) 42.5 (39-45) < 0.001

ALT (U/L) 63 (41-100) 69 (43-106) 49 (30-82) < 0.001

AST (U/L) 40 (41-61) 41 (27-61) 39 (28-62) 0.98

ALP (U/L) 75 (41-96) 76 (63-95.5) 74 (58-96.5) 0.63

GGT (U/L) 64 (41-105) 66 (38-103) 60 (37-113) 0.563

HbA1c (%) 6.6 (41-7.5) 6.2 (5.6-7.2) 7.2 (6-7.9) < 0.001

Total cholesterol (mmol/L) 4.8 (41-5.5) 4.9 (4.3-5.6) 4.4 (3-5.113) < 0.001

LDL cholesterol (mmol/L) 2.8 (41-3.4) 2.95 (2.4-3.56) 2.465 (1-3.1) < 0.001

HDL cholesterol (mmol/L) 1.2 (41-1.4) 1.2 (1-1.4) 1.14 (0-1.37) 0.002

Triglycerides (mmol/L) 1.6 (41-2.1) 1.6 (1.151-2.1) 1.6 (1-2.13) 0.411

Hemoglobin (g/dL) 14.0 (41-15.2) 14.2 (13.3-15.3) 13.6 (12-14.6) < 0.001

Platelet (109/L) 243 (41-289) 249 (205-294.25) 229 (189-280) < 0.001

WBC (109/L) 7.1 (41-8.4) 7.03 (5.8-8.39) 7.25 (5-8.4) 0.28

NAFLD Activity Score1 4 (3-5) 4 (3-5) 4 (3-5) 0.684

Significant fibrosis (≥ F2): histopathology 464 (41.4%) 286 (35.9%) 178 (55.3%) < 0.001

Advanced fibrosis (≥ F3): histopathology 314 (28%) 173 (21.7%) 141 (43.8%) < 0.001

Cirrhosis 109 (9.7%) 50 (6.3%) 59 (18.3%) < 0.001

CAP 325 (294-349) 323 (297-349) 326 (286-349) 0.979

Liver stiffness measurement: TE (kPa) 9.3 (6.7-13.9) 8.6 (6.3-12) 11 (7.6-15.8) < 0.001

10-year CVD risk by QRISK2 (%) 5.9 (2.6-10.9) 3.8 (1.9-6.4) 14.7 (12-19.3) < 0.001

Relative risk of 10-year CVD risk 1.65 (1.13-2.2) 1.51 (1.06-2.26) 1.76 (1-2.08) < 0.001

N/A: Not applicable; NAFLD: Nonalcoholic fatty liver disease; CVD: Cardiovascular disease; BMI: Body mass index; GGT: Gamma-glutamyl transferase;
AST:  Aspartate  transaminase;  ALT:  Alanine  transaminase;  ALP:  Alkaline  phosphatase;  CAP:  Controlled  attenuation  parameter;  TE:  Transient
elastography; WBC: White blood cell; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; IQR: Interquartile range; F: Fibrosis stage.
1Commonly referred to as NAS.

compared to 3.8% (1.9-6.4) in the low-risk group, with statistical difference (P < 0.001).
In the high-CVD-risk group, the median age was significantly older than that in the
low-risk group (63 [59-67] vs 49 [41-55] years; P < 0.001). The high-risk group had a
significantly higher prevalence of diabetes (86% vs 45.6%), hypertension (74.5% vs
50.1%),  and  dyslipidemia  (75.5%  vs  66.6%),  with  all  P  values  <  0.01.  GGT  and
aspartate transaminase (AST) were not different between the two groups (GGT [U/L]:
median [IQR], 60 [37-113] vs 66 [38-103], P = 0.563; AST [U/L], 39 [28-62] vs 41 [27-61],
P  = 0.98). However, the alanine transaminase (ALT) level (U/L) was significantly
lower in the high-CVD-risk group (49 [30-82] vs 69 [43-106], P < 0.001) (Table 1).

According to  the  liver  biopsy results,  NASs were  similar  between the  groups
(median [IQR]: high-risk group 4 [3-5] vs low-risk group 4 [3-5], P = 0.684). The high-
CVD-risk group was associated with a higher prevalence of advanced fibrosis by liver
biopsy (141 [43.8%] vs 173 [21.7%], P < 0.001). Higher fibrosis stage according to liver
biopsy significantly was associated with a higher CVD risk (P < 0.001) (Figure 1). LS
measurement in the high-CVD-risk group showed higher median TE (IQR) than that
in the low-risk group (11 kPa [7.6-15.8] vs 8.6 kPa [6.3-12], P < 0.001). However, the
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Figure 1

Figure 1  Cardiovascular disease risks and fibrosis stages. Median (interquartile range [IQR]) 10-year
cardiovascular disease risks were fibrosis stages (F) 0 = 3.3 (1.5-6.6), F1 = 5.5 (2.4-10.4), F2 = 6.2 (2.6-9.9), F3 = 8.8
(4.8-13.4), and F4 = 10.3 (6.7-14.1) with statistically significant difference (P < 0.001). Post hoc analysis found that
the significant differences were between F0 and F1, F0 and F2, F0 and F3, F0 and F4, F1 and F3, F1 and F4, F2 and
F3, F2 and F4. Nonalcoholic fatty liver disease patients with advanced fibrosis (F3-4) had a higher median 10-year
cardiovascular disease (CVD) risk according to QRISK2 (P < 0.001).

median controlled attenuation parameter was similar between the two groups (P =
0.98) (Table 1).

Predictors of high CVD risk in patients with NAFLD
In the univariate analysis, clinical parameters that predicted higher CVD risk were
older age, larger waist circumference, diabetes, hypertension, dyslipidemia, and non-
Chinese ethnicity (P < 0.01). Higher HbA1c, lower albumin, ALT, TC, LDL, and HDL
were predictors of high CVD risk (P < 0.01). Baseline GGT level did not predict high
CVD risk (P  = 0.27).  Higher fibrosis stage according to liver biopsy and TE were
predictors of high CVD risk (P < 0.01). In the multivariate analysis, only older age,
non-Chinese ethnicity, diabetes, and lower HDL were predictors of high CVD risk (P
< 0.01) (Table 2). All of the variables had no multicollinearity.

Correlation between baseline GGT level and 10-year CVD risk by QRISK2
There  was  no  correlation  between baseline  GGT level  and 10-year  CVD risk  by
QRISK2 (r  =  0.022,  P  =  0.463)  (Figure  2).  When baseline  GGT (U/L)  levels  were
divided into four quartiles (Q), the median (IQR) 10-year CVD risks according to
QRISK2 were as follows: Q1 = 6.1 (2.7-11.2), Q2 = 6.6 (2.9-11.9), Q3 = 4.7 (2.4-9.1) and
Q4 = 6.4 (2.6-12.9), with a statistically significant difference (P < 0.001) (Table 3). Post
hoc analysis revealed that the differences were between Q3 and Q1 (P = 0.02), Q3 and
Q2 (P = 0.009), and Q3 and Q4 (P = 0.003).

DISCUSSION
Previous data have shown that NAFLD is associated with an increased risk of CVD[4].
Our study demonstrated a higher median 10-year CVD risk, according to QRISK2, in
liver biopsy-confirmed NAFLD patients than in healthy controls with the same age,
sex, and ethnicity.  In addition, our study found that an increase in fibrosis stage
significantly increased CVD risk, and advanced fibrosis was a predictor of a high risk
of CVD in univariate analysis. Previous meta-analysis revealed that a higher fibrosis
stage was associated with an increase in all-cause mortality and liver-related mortality
in NAFLD patients; however, this study did not specifically highlight CVD risk and
fibrosis stage[23]. Another study on NAFLD related to CVD confirmed that NAFLD
with advanced fibrosis,  based on the NAFLD fibrosis score,  was associated with
subclinical  atherosclerosis  parameters:  Carotid  intima-media  thickness,  and the
presence of carotid plaque and arterial stiffness in NAFLD patients, independent of
conventional cardiometabolic risk factors[24].

A recent study using ultrasound diagnosis of NAFLD showed a higher risk of CVD
in the NAFLD group than in the non-NAFLD group, and a high fibrosis 4 score was
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Table 2  Univariate and multivariate analyses of high-cardiovascular disease-risk predictors

Parameters

Univariate analysis Multivariate analysis

Exp (B) 95%CI P value Exp (B) 95%CI P value

Lower Upper Lower Upper

Age (yr) 1.39 1.33 1.45 < 0.01 1.80 1.57 2.05 0.00

BMI (kg/m2) 1.00 0.98 1.02 0.97 0.97 0.84 1.11 0.63

Waist circumference (cm) 1.01 1.00 1.03 0.02 1.03 0.97 1.10 0.37

Ethnic origin: Chinese 0.36 0.27 0.48 < 0.01 0.05 0.01 0.15 0.00

Diabetes 7.34 5.20 10.35 < 0.01 319.11 60.63 1679.65 0.00

Hypertension 2.91 2.18 3.87 < 0.01 1.43 0.56 3.66 0.45

Dyslipidemia 1.55 1.13 2.12 0.01 1.18 0.43 3.25 0.75

Albumin (g/L) 0.87 0.84 0.90 < 0.01 0.96 0.85 1.09 0.56

ALT (U/L) 0.99 0.99 0.99 < 0.01 1.00 0.99 1.01 0.80

GGT (U/L) 1.00 1.00 1.00 0.27

HbA1c (%) 1.36 1.23 1.51 < 0.01 0.97 0.75 1.26 0.80

Total cholesterol (mmol/L) 0.68 0.59 0.78 < 0.01 1.82 0.69 4.80 0.23

LDL cholesterol (mmol/L) 0.58 0.49 0.68 < 0.01 1.05 0.35 3.13 0.93

HDL cholesterol (mmol/L) 0.52 0.35 0.76 < 0.01 0.05 0.01 0.21 0.00

Platelet (109/L) 1.00 0.99 1.00 < 0.01 1.00 0.99 1.01 0.59

Fibrosis stage by liver biopsy 1.53 1.38 1.69 < 0.01 1.12 0.74 1.68 0.60

TE (kPa) 1.06 1.04 1.08 < 0.01 1.00 0.93 1.06 0.91

CI: Confidence interval; BMI: Body mass index; ALT: Alanine transaminase; GGT: Gamma-glutamyl transferase; TE: Transient elastography; HDL: High-
density lipoprotein; LDL: Low-density lipoprotein.

independently associated with the risk of CVD[25]. Our study emphasized on the value
of fibrosis stage in the prediction of CVD risk, even using noninvasive assessment
such as TE. However, in multivariate analysis, only traditional risk factors still played
a key role in CVD risk assessment. To date, there is no specific recommendation for
CVD risk assessment in NAFLD patients. However, using risk assessment from the
general population is still essential for preventive measures for NAFLD patients. In
clinical practice, identifying the fibrosis stage in NAFLD patients not only predicts the
risk of liver-related complications but also CVD risk. The inclusion of liver assessment
parameters in CVD risk assessment may predict CVD in the NAFLD group more
precisely. Prospective studies are needed.

According to our findings, lower TC and LDL were associated with higher CVD
risk in univariate analysis but not in multivariate analysis. However, this could be
explained by the  fact  that  the  patients  included in  the  study may have been on
medication for dyslipidemia that masked the levels of TC and LDL. In patients with
dyslipidemia  showed no significant  difference  in  TC and LDL levels  from non-
dyslipidemia in our study. When we focused on the presence of dyslipidemia, which
was defined as an abnormal lipid profile or the use of any drugs as evidence of the
corresponding metabolic disorders, we found that dyslipidemia was a risk factor for
high-risk CVD.

In previous studies, baseline GGT levels were associated with CVD risk in the
general  population.  A large observational  study classified serum GGT into four
quartiles, and the highest serum GGT quartile had a significant association with CVD
compared to the lowest quartile[17]. A meta-analysis of GGT level and CVD mortality
showed that  the moderate,  high and highest  levels  of  GGT had a higher  pooled
hazard ratio of CVD mortality than the lowest levels of GGT[26]. A meta-analysis in
2013  reported  that  elevated  plasma  GGT  significantly  increased  the  risk  of
cardiovascular and all-cause mortality. However, a subgroup analysis reported no
association in an Asian population[27,28].

Our  study  in  patients  with  biopsy-proven  NAFLD  reported  no  relationship
between baseline GGT level and CVD risk,  which was assessed by QRISK2. This
result could be explained by the fact that the patients included in this study were only
Asian, and the previously mentioned meta-analysis showed conflicting results in this
subgroup. Second, NAFLD might confound GGT levels: Serum GGT levels in patients
with NAFLD could be elevated in relation to high visceral fat mass. A study in an
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Figure 2

Figure 2  Scatter plot of baseline gamma-glutamyl transferase levels and QRISK2 scores found no correlation (r = 0.022, P = 0.463). CVD: Cardiovascular
disease; GGT: Gamma-glutamyl transferase.

obesity clinic demonstrated that GGT level was significantly higher in patients with
increased visceral adipose tissue after adjusting for body mass index and C-reactive
protein[29]. Another study demonstrated a correlation between GGT levels and liver fat
estimated by proton magnetic resonance spectroscopy and changes in GGT levels
associated with hepatic  steatosis  after  weight  loss[30].  Conversely,  a  study in  the
general population showed that baseline and visit to visit variability in GGT levels
had  a  linear  relationship  with  all-cause  mortality  and  cardiovascular  events,
independent of fatty liver. However, fatty liver in this study was calculated based on
the  fatty  liver  index,  which  incorporated  the  GGT level  in  the  score  and  might
confound the result[19]. We performed binary logistic regression analysis and found
that individuals with higher GGT levels had a higher prevalence of grade 3 steatosis
(odds ratio, 1.001; 95% confidence interval, 1.000-1.003, P = 0.028) and individuals in
higher  GGT  quartiles  also  had  a  higher  proportion  of  grade  3  steatosis
(Supplemental  Figure 2).  As a result,  GGT levels in NAFLD patients may reflect
hepatic steatosis rather than long-term CVD risk.

The association between GGT and CVD is still debated in regard to whether GGT
plays a direct role in the pathogenesis of atherosclerotic processes or coexists. One of
the mechanisms of GGT and the atherosclerotic process is the role of GGT in the
breakdown of glutathione which has a function of against oxidative stress, leading to
the  production  of  cysteinyl-glycine  dipeptide:  a  strong  reducing  agent  that
participates in stepwise peroxidation reactions (including LDLs), and exerts a local
pro-oxidant and proinflammatory action[31,32]. A plague analysis study revealed the
presence of the enzyme product cysteinyl-glycine in the atherosclerotic plague and
correlation between mean plaque GGT concentrations and serum GGT levels[33].

We found that the ALT level was significantly lower in the high-CVD-risk group,
but this effect was attenuated in the multivariate analysis. A previous meta-analysis in
the general population showed no association between ALT and overall CVD risks[34].
However, in NAFLD patients, lower ALT level is associated with advanced fibrosis
stage[35]  and ALT level  is  included in  fibrosis  prediction  scores  such  as  NAFLD
Fibrosis Score, and fibrosis 4 index[36]. This may confound the univariate analysis of
ALT in our study.

The strengths of our study were patients with NAFLD diagnosed by liver biopsy
which is the gold standard for NAFLD diagnosis and a large number of patients were
included. However, the limitations of our study were the measurement of CVD risk
based on QRISK2 and the lack of long-term follow-up CVD outcome even if this tool
was well validated in the general population and included calculations for the Asian
ethnicity,  it  could  underestimate  actual  CVD  events  compared  to  Framingham
score[22].

In summary, NAFLD patients have higher 10-year-cardiovascular risk than healthy
controls with the same age, sex, and ethnicity. Apart from traditional risk factors,
advanced fibrosis is a predictor for high risk CVD. However, the baseline GGT level
cannot be used to predict cardiovascular risk in patients with established NAFLD.
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Table 3  Comparison between quartiles of baseline gamma-glutamyl transferase level and median 10-year cardiovascular disease risk
according to QRISK2, median (interquartile range)

Quartiles Q1 Q2 Q3 Q4 P value

Patients, n = 1122 279 273 282 288

Median GGT (U/L) 29 (23-33) 48 (43-56) 81 (71-89) 151 (122-220)

High CVD risk (%) 84 (30.1) 86 (31.5) 61 (21.6) 91 (31.6) 0.025

Median 10-year, CVD risk (%) 6.1 (2.7-11.2) 6.6 (2.9-11.9) 4.7 (2.4-9.1) 6.4 (2.6-12.9) < 0.001

CVD: Cardiovascular disease; GGT: Gamma-glutamyl transferase; Q: Quartiles.

ARTICLE HIGHLIGHTS
Research background
In general population, gamma-glutamyl transferase (GGT) levels have shown the promising
results  in  cardiovascular  disease  (CVD)  risk  prediction.  The  proposed  mechanism  of  the
association between GGT level and CVD risk is GGT function on the metabolism of glutathione,
which is an important cellular antioxidant in humans.

Research motivation
GGT activities are reportedly abundant in the liver. In nonalcoholic fatty liver disease (NAFLD)
patients, whether GGT levels can predict CVD risk is largely debated. Our study focused on the
association of GGT level and CVD risk in NAFLD patients.

Research objectives
We aimed to identify the association of baseline GGT level and the QRISK2 score among patients
with biopsy-proven NAFLD.

Research methods
This was a retrospective study involving 1535 biopsy-proven NAFLD patients from 10 Asian
centers in 8 countries using data collected by the Gut and Obesity in Asia workgroup. Patients
with available baseline GGT level and variables for the QRISK2 calculation were included.

Research results
A total  of  1122 patients  were included in the final  analysis.  The median 10-year CVD risk
(interquartile range [IQR]) was 5.9% (2.6-10.9), and the median relative risk of CVD over 10 years
(IQR) was 1.65 (1.13-2.2) compared to healthy individuals with the same age, sex, and ethnicity.
Higher fibrosis stages in biopsy-proven NAFLD patients brought a significantly higher CVD risk
(P < 0.001). Median GGT level was not different between the two groups (GGT [U/L]: median
[IQR], high risk 60 [37-113] vs low risk 66 [38-103], P = 0.56). There was no correlation between
baseline GGT level and 10-year CVD risk based on the QRISK2 score (r = 0.02).

Research conclusions
NAFLD patients have higher 10-year-CVD risk than healthy controls. Apart from traditional risk
factors, advanced fibrosis is a predictor of high-risk CVD. However, the baseline GGT level and
GGT quartile cannot be used to predict CVD risk in patients with established NAFLD.

Research perspectives
To date, CVD risk assessment in NAFLD patients is based on general population risk assessment
tools. Including liver fibrosis parameters may assist in identifying NAFLD patients with high-
CVD-risk. Prospective studies are needed.
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