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Abstract

Background: Evidence links gamma-glutamyl transferase (GGT) to mortality
in the general population. However, the relationship of GGT with all-cause
and cause-specific mortality risk has been little explored in type 2 diabetes
mellitus (T2DM) patients.

Methods: We recruited 20 340 community-dwelling T2DM patients between 2013
and 2014 in Jiangsu, China. Cox regression models were used to assess associations
of GGT with all-cause and specific-cause mortality. Restricted cubic splines were
used to analyze dose-response relationships between GGT and mortality. Stratified
analysis was conducted to examine potential interaction effects by age, sex,
smoking status, body mass index (BMI), diabetes duration, and dyslipidemia.
Results: During a median follow-up period of 7.04 years (interquartile range:
6.98-7.08), 2728 deaths occurred, including 902 (33.09%) due to cardiovascular
disease (CVD), and 754 (27.58%) due to cancer. GGT concentrations were posi-
tively associated with all-cause, CVD, and cancer mortality. Multivariable haz-
ard ratios (HRs) for the highest (Q5) vs. the lowest quintile (Q1) were 1.63
(95% confidence intervals [CI]: 1.44-1.84) for all-cause mortality, 1.87 (95% CI:
1.49-2.35) for CVD mortality, and 1.43 (95% CI: 1.13-1.81) for cancer mortality.
Effect modification by BMI and dyslipidemia was observed for all-cause mor-
tality (both p for interaction <.05), and HRs were stronger in the BMI <25 kg/m*
group and those without dyslipidemia.
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Conclusions: Our findings suggest that, in Chinese T2DM patients, elevated
serum GGT concentrations were associated with mortality for all-cause, CVD,
and cancer, and further research is needed to elucidate the role of obesity,
nonalcoholic fatty liver disease, and lipids in this association.

cancer, cardiovascular disease, gamma-glutamyl transferase, mortality, type 2 diabetes

« In people with type 2 diabetes, the risk of all-cause, cardiovascular disease,
and cancer mortality increased with higher gamma-glutamyl transferase

« Stronger effects of GGT levels and all-cause mortality were observed in the
group with body mass index <25 kg/m” and those with dyslipidemia.

« GGT could potentially be used to predict the risk of cardiovascular disease
and cancer among people with type 2 diabetes.
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1 | INTRODUCTION

Diabetes mellitus is a chronic metabolic disorder that is
rapidly becoming more common. According to the Inter-
national Diabetes Federation, the global diabetes preva-
lence in 2021 was approximately 10.5% (536.6 million
people), with the vast majority having type 2 diabetes
mellitus (T2DM)." The global prevalence of nonalcoholic
fatty liver disease (NAFLD) in T2DM patients reached
almost 60%, and the prevalence and incidence of cardio-
vascular diseases (CVD) have been found to be increased
in individuals with NAFLD.? Furthermore, NAFLD is a
condition known to impact gamma-glutamyl transferase
(GGT) activity and mortality.® Several prospective studies
among general population have reported that elevated
serum GGT concentrations are associated with a higher
risk of CVD mortality.*® GGT is suggested to be a
marker of metabolic and cardiovascular risk factors.
Moreover, a meta-analysis including 14 cohort studies
suggested positive associations of serum GGT concentra-
tion with overall cancer risk.” However, the relationship
between GGT concentration and mortality risk has been
little explored in T2DM patients.

Serum GGT is commonly used as a nonspecific
marker of liver dysfunction and a biological marker of
alcohol consumption.® In addition to their utility in clini-
cal practice, serum GGT concentrations have attracted
interest primarily for their associations with CVD, diabe-
tes, metabolic syndrome, and cancer. Prior studies
showed that GGT concentration was elevated in people

with T2DM, even in prediabetes.” There is also strong
evidence for a relationship between elevated serum GGT
concentration and increased oxidative stress, which have
been related to diabetes, cancer, and atherosclerosis and
resulting cardiovascular events.'®'* A prospective study
of 28 838 Finnish men and women showed that the asso-
ciations between serum GGT concentration and coronary
heart disease (CHD) risk were obviously stronger in
T2DM patients than in the general population."* How-
ever, contradictory results were observed in another anal-
ysis.'* In addition, studies have found regional
differences between GGT concentrations and mortality.
One meta-analysis including 10 prospective studies
reported that heterogeneity was reduced and nearly elim-
inated in most analysis after excluding two studies con-
ducted in Asian populations.’” Therefore, future studies
including more Asian populations will help in gaining
insight into the nature of these processes. Based on a Chi-
nese T2DM prospective cohort, this study explored the
associations of serum GGT concentrations with all-cause
and cause-specific mortality in T2DM populations.

2 | METHODS

2.1 | Study population.

Participants were enrolled from the Comprehensive
Research on the Prevention and Control of the Diabetes
(CRPCD) project in Jiangsu, China. In brief, the CRPCD
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project started in 2013, and 20 340 inhabitants were
involved at baseline. A standardized questionnaire was
used to collect information on demographic character-
istics, self-reported chronic disease history, and life-
style factors. In addition, physical measurements and
blood samples were taken at baseline. In the current
analysis, we excluded 287 participants with important
information lacking, 40 without GGT data, and 52 with
chronic liver disease at recruitment. Therefore, a total
of 19961 participants were included in the final
analysis.

2.2 | Assessment of serum gamma-
glutamyl transferase concentrations.

Blood samples were collected in the morning after over-
night fasting. All samples were analyzed in the laboratory
at KingMed Diagnostics (Jiangsu Cultural Industrial
Park, Nanjing, China). Serum GGT was measured by the
enzymatic rate method (Roche Cobas C701, Roche Diag-
nostics (Shanghai) Ltd).

2.3 | Ascertainment of outcomes
Participants were observed from the date of enrolment
until 31 December 2020. Causes of death was obtained
from the death certification system of the Jiangsu Pro-
vincial Center for Disease Control and Prevention. This
system provides complete and accurate specific-cause
death data that have been medically validated. The pri-
mary outcomes of the current study included all-cause
mortality (A00-Z99), CVD mortality (100-179), and can-
cer mortality (C00-C97). In addition, deaths due to
CVD were divided into the following subgroups: CHD
(I20-125) and stroke (I160-164). Cancer deaths were
divided into the following subgroups: esophagus cancer
(C15), gastric cancer (C16), intestinal cancer
(C18-C20), liver cancer (C22), pancreatic cancer (C25),
and lung cancer (C34), which were coded using the
10th revision of the International Classification of
Diseases (ICD-10).

24 | Ascertainment of covariates

A smoker was defined as having smoked more than
100 cigarettes in his or her lifetime.'® Alcohol consump-
tion was defined as at least one alcoholic drink per
month. Physical activity was measured as the total meta-
bolic equivalent per day for all activities. Diabetes dura-
tion was calculated by subtracting the data of first

diagnosis of diabetes from the date of enrolment at base-
line assessment. Education, income, medication history
(antidiabetic medication, insulin, and lipid-lowering
medicine), and history of physician-diagnosed CHD and
stroke were assessed at the time of interview. Height and
body weight were measured for individuals while ensur-
ing that heavy clothes and shoes were removed before
the measurements. Body mass index (BMI) was calcu-
lated by dividing weight in kilograms by the square of
height in meters.

2.5 | Statistical analysis

Baseline characteristics were described by means (SD)
for continuous variables and proportions for categorical
variables (n, %). The distribution of GGT values was
right skewed, therefore a natural-log transformed GGT
was applied. GGT values were categorized into five
groups using the 20th (reference), 40th, 60th, and 80th
percentiles as cut-points; the cutoff points corresponded
to 17, 23, 31, and 48 U/L. Person-time was calculated for
each individual from the date of recruitment to the date
of death or the date of last follow-up (31 December
2020).

Continuous variables were compared between
groups with independent ¢ tests and categorical vari-
ables were compared with chi-square tests. Cox regres-
sion models were used to analyze the associations of
serum GGT concentrations with all-cause and cause-
specific mortality. Hazard ratios (HRs) and 95% confi-
dence intervals (CIs) were calculated according to
quintiles of log-transformed GGT concentrations. Model
1 was adjusted for age at blood draw (continuous) and
sex. Model 2 was further adjusted for education, income,
smoking status, alcohol consumption, BMI (continu-
ous), physical activity (continuous), and lipid-lowering
medication use. All-cause and CVD mortality were addi-
tionally adjusted for self-reported stroke and CHD at
baseline. Model 3 was further adjusted for diabetes
duration (continuous), antidiabetic medication use and
insulin use.

To assess linearity in the associations of serum GGT
concentration with the risk of all-cause and specific-cause
mortality in the fully adjusted model, we performed
restricted cubic spline analysis with four knots and calcu-
lated the likelihood ratio test by comparing the model
with only the linear term of these markers to the model
with both the linear and cubic spline terms. The top 0.1%
of GGT concentrations (n = 20) was truncated to avoid
the effect of outliers on the curve. p for nonlinearity <.05
was considered nonlinearity, and p for linearity <.05 was
considered linearity.
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We also conducted stratified analysis according to age
(<70, >70 years), sex (female, male), BMI (<25, >25 kg/
m?), smoking status (never, ever), median diabetes dura-
tion (<5, >5 years), and dyslipidemia (no, yes). Dyslipide-
mia was defined by lipid indicators (total cholesterol
>6.22 mmol/L or triglycerides >2.26 mmol/L or high-
density lipoprotein <1.04 mmol/L or low-density lipopro-
tein >4.14 mmol/L) or hospital diagnosis. To investigate
potential effect modification by these stratification vari-
ables, we used a likelihood ratio test comparing the
models with and without interaction terms between GGT
concentrations and each of the stratification variables.
Considering that weight change is a typical symptom in
T2DM progression, we further analyze the associations of
serum GGT concentrations with all-cause and cause-spe-
cific mortality among nonobese (BMI <30 kg/m?*) T2DM
patients.

Sensitivity analysis was performed by excluding par-
ticipants in the first 2 years of follow-up (n = 556), partic-
ipants who died due to accident (ICD-10: VO00-Y98)
(n = 153), or participants who used lipid-lowering medi-
cine (n = 2081). Additionally, considering the disruption
caused by the COVID-19 pandemic, we changed the date
of the last follow-up to 31 December 2019 (before the
start of the COVID-19 pandemic) for sensitivity analysis.

All analysis were conducted in R 4.0.5 (The R founda-
tion for Statistical Computing, Vienna, Austria). All sta-
tistical tests were two sided, and p < .05 was considered
statistically significant.

3 | RESULTS

The median follow-up period was 7.04 years (interquar-
tile range: 6.98-7.08 years). Among 19 961 participants,
2728 deaths occurred, including 902 (33.09%) deaths due
to CVD and 754 (27.58%) deaths due to cancer. The distri-
bution of GGT is shown in Figure S1. The mean
(SD) value was 40.53 (61.01) U/L for GGT and 3.40 (0.67)
for log-transformed GGT. Table 1 summarizes the main
characteristics of the T2DM patients according to quintile
of serum GGT concentration. At baseline, the mean
(SD) age was 62.9 (9.9) years. Participants with higher
GGT concentrations had a higher BMI, lower levels of
physical activity, and a shorter diabetes duration. They
also tended to be younger and more likely to be current
smokers or drinkers.

3.1 | All-cause mortality.

As shown in Table 2, compared to the lowest quintile
(Q1), the highest quintile (Q5) of GGT concentration was

related to an increased risk of all-cause mortality in the
fully adjusted multivariable models (HR = 1.63, 95% CI:
1.44-1.84). As illustrated in Figure 1, restricted cubic
spline analysis showed that the association of log-
transformed GGT with all-cause mortality was generally
linear (p for nonlinear = .51 and p for linear <.0001).

3.2 | CVD mortality.

Higher GGT concentrations were associated with an
increased risk of CVD mortality (Model 2: HR for Q5
vs. Q1 =1.87, 95% CI. 1.49-2.35). The association
remained stable after further adjustment for diabetes
duration, antidiabetic medicine, and insulin use
(Table 2). For CVD-specific mortality, higher GGT con-
centrations were associated with a higher risk of CHD
and stroke mortality (HR for Q5 vs. Q1 = 2.09, 95% CI:
1.23-3.55 and HR for Q5 vs. Q1 = 1.91, 95% CI: 1.37-
2.66, respectively) (Figure S2). The dose-response
relationship between GGT concentrations and CVD
mortality shown in Figure 1 is nonlinear (p for
nonlinear = .04).

3.3 | Cancer mortality.
We observed positive associations of GGT concentration
with cancer mortality (HR for Q5 vs. Q1 = 1.43, 95% CI:
1.13-1.81) (Table 2). For cancer-specific mortality, higher
GGT concentrations were associated with increased risks
of liver cancer and intestinal cancer mortality (HR for Q5
vs Q1 =4.70, 95% CI:. 2.45-9.04 and HR for Q5 vs
Q1 = 2.56, 95% CI = 1.00-6.51, respectively) (Figure S2).
Restricted cubic spline analysis showed a nonlinear posi-
tive relationship of log-transformed GGT concentrations
with cancer mortality (p for nonlinear <.0001) (Figure 1).
Figure 2 shows the forest plot results of stratified
analysis. Associations of GGT concentration with all-
cause, CVD, and cancer mortality were largely consistent
across subgroups, with several exceptions. Significant
interactions were observed between BMI, dyslipidemia,
and GGT concentration for the risk of all-cause and CVD
mortality, with stronger positive effects for the
BMI <25 kg/m* group and those without dyslipidemia.
(both p for interaction <.05). Furthermore, among non-
obese T2DM patients, serum GGT concentration was also
positively associated with the risk of all-cause, CVD, and
cancer mortality (Table 3). In sensitivity analysis, the
aforementioned associations remained after excluding
556 participants who died within 2 years after the blood
draw, 153 participants who died due to an accident, and
2081 participants who used lipid-lowering medicine or
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TABLE 2  Associations of serum GGT concentration with all-cause and cause-specific mortality.

Quintile of log-transformed GGT concentrations, HR (95% CI)*

Cause of death Q1 Q2
All-cause deaths, N 474 553
Model 1 ref 1.10 (0.97-1.24)
Model 2 ref 1.12 (0.99-1.26)
Model 3 ref 1.12 (0.99-1.26)
CVD deaths, N 130 173
Model 1 ref 1.27 (1.01-1.59)
Model 2 ref 1.23 (0.98-1.55)
Model 3 ref 1.23 (0.98-1.54)
Cancer deaths, N 134 147
Model 1 ref 0.99 (0.78-1.25)
Model 2 ref 1.00 (0.79-1.26)
Model 3 ref 0.99 (0.79-1.26)

Q3
515
1.11 (0.98-1.26)
1.17 (1.03-1.33)
1.17 (1.03-1.33)
185
1.47 (1.17-1.85)
1.44 (1.15-1.81)
1.43 (1.14-1.80)
142
1.02 (0.81-1.30)
1.06 (0.83-1.35)
1.05 (0.83-1.34)

Q4
535
1.20 (1.06-1.36)
1.30 (1.14-1.47)
1.32 (1.16-1.50)
200
1.68 (1.35-2.10)
1.68 (1.34-2.11)
1.68 (1.34-2.11)
136
0.98 (0.77-1.25)
1.02 (0.80-1.31)
1.02 (0.79-1.30)

Q5
651
1.43 (1.27-1.62)
1.61 (1.42-1.82)
1.63 (1.44-1.84)
214
1.76 (1.41-2.20)
1.87 (1.49-2.35)
1.87 (1.49-2.35)
195
1.37 (1.10-1.72)
1.44 (1.15-1.82)
1.43 (1.13-1.81)

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; GGT, gamma-glutamyl transferase; HR, hazard ratio; ref, reference.

“Model 1 was adjusted for age at blood draw (continuous) and sex. Model 2 was further adjusted for education level (without formal education, primary school,
middle school, high school and above, unknown), income (<10 000, 10 000-30 000, 40 000-100 000, >100 000 yuan, unknown), smoking (never, previous,
current, unknown), alcohol consumption (never, previous, current, unknown), BMI (continuous), physical activity (continuous), and lipid-lowering medicine
use (no, yes, unknown). All-cause and CVD mortality were additionally adjusted for self-reported stroke (yes, no, unknown) and coronary heart disease

(yes, no, unknown) at baseline. Model 3 was further adjusted for diabetes duration (continuous), antidiabetic medication use (yes, no, unknown), and insulin

use (yes, no, unknown).

4 (A) J (B)

p nonlinear =.51 /

p linear <.0001 /

HR (95%CI) of CVD mortality

HR (95%C1) of all—cause mortality

T

p nonlinear =.04 .

1(©) ,

p nonlinear <.0001 /I

HR (95%Cl) of cancer mortality

20 25 30 35 40 a5 50 55 60 BY)
Log-transformed GGT levels

Log-transformed GGT levels

20 25 30 3 40 4

Log-transformed GGT levels

FIGURE 1 The dose-response relationship between log-transformed GGT (A-C) concentrations and all-cause and specific-cause
mortality according to restricted cubic spline regression analysis. The solid line represents estimates of hazard ratios; dashed lines represent

95% confidence intervals. GGT, gamma-glutamyl transferase.

C-reactive protein.* Among T2DM patients, a randomized
controlled trial with 9757 participants showed that
GGT >70 U/L was associated with higher death risks due
to CVD.?® In contrast, no association has been found
between higher GGT concentration with CVD mortality
in the third US National Health and Nutrition Examina-
tion Survey or a Korean occupational cohort with a
7-year follow-up study.”*® An observational cohort study
of 1952 T2DM patients also failed to show a relationship
between GGT concentration and CVD mortality after

adjusting HbA1c, metabolic syndrome, Charlson Comor-
bidity Index score, insulin therapy, and metformin
dose.*® Overall, associations between GGT concentration
and CVD mortality in T2DM patients remain uncertain.
Studies have shown that GGT plays an important role in
glutathione extracellular catabolism, and serum-like
GGT has been found in atheromatous plaques.*’ It has
been postulated that a potential mechanism linking GGT
concentration and CVD risk is that GGT mediates redox
reactions in the atheromatous plaque environment and
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may influence further development and changes in
atherosclerotic plaques.*’

Regarding cancer mortality, prior studies have sug-
gested that higher GGT concentrations predict cancer
mortality in a healthy population.>'®* Similar findings
were also observed in the T2DM population.®* In a pro-
spective study of 79 279 Austrian men followed up for
19 years, the authors found that GGT concentrations
were consistently associated with malignancies of diges-
tive organs, the respiratory system, and urinary organs.*”
Furthermore, a case-cohort study based on Taiwanese
men indicated that GGT concentration was significantly
associated with hepatocellular carcinoma mortality.” In
our analysis, GGT concentrations were associated with
liver cancer and intestinal cancer. The function of GGT
plays a role in regulating oxidative stress and the balance

of cellular proliferation and apoptosis.** GGT concentra-
tions are significantly elevated in malignant or prema-
lignant lesions and have been considered a factor that
confers survival and growth for rapidly dividing tumor
cells.** In stratified analysis, we found stronger effects
in participants aged <70 years. One possible explanation
is that the ability to maintain homeostasis and the liver's
ability to clear xenobiotics progressively are diminished
in elderly individuals.’®> Because GGT is a marker for
oxidative stress, the oxidative damage hypothesis is one
of the most prominent theories for aging. Almost all
organisms manifest physiological functional loss as they
age.”

Recent studies have shown that GGT is also an
important factor affecting the gut microbial structure and
gut microbiota diversity is closely related to our health.*®
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Quintile of log-transformed GGT concentrations, HR (95% CI)*

Associations of serum GGT concentration with all-cause and cause-specific mortality among nonobese T2DM patients.

Cause of death Q1 Q2
All-cause deaths, N 451 521
Model 1 ref 1.10 (0.97-1.25)
Model 2 ref 1.08 (0.95-1.23)
Model 3 ref 1.08 (0.96-1.23)
CVD deaths, N 121 161
Model 1 ref 1.28 (1.01-1.63)
Model 2 ref 1.23 (0.97-1.56)
Model 3 ref 1.23 (0.97-1.55)
Cancer deaths, N 129 139
Model 1 ref 0.98 (0.77-1.25)
Model 2 ref 0.98 (0.77-1.24)
Model 3 ref 0.97 (0.76-1.24)

Q3
468
1.11 (0.98-1.27)
1.09 (0.95-1.24)
1.09 (0.96-1.24)
166
1.49 (1.18-1.89)
1.39 (1.10-1.77)
1.39 (1.10-1.76)
130
1.02 (0.80-1.30)
1.02 (0.80-1.30)
1.01 (0.79-1.29)

Q4
487
1.22 (1.07-1.39)
1.20 (1.05-1.37)
1.22 (1.07-1.39)
183
1.75 (1.39-2.21)
1.67 (1.32-2.11)
1.67 (1.32-2.11)
120
0.95 (0.74-1.23)
0.95 (0.74-1.23)
0.95 (0.73-1.22)

Q5
578
1.45 (1.28-1.64)
1.45 (1.27-1.64)
1.47 (1.29-1.67)
180
1.72 (1.36-2.18)
1.73 (1.37-2.19)
1.73 (1.37-2.19)
169
1.34 (1.06-1.69)
1.35(1.06-1.71)
1.33 (1.05-1.68)

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; GGT, gamma-glutamyl transferase; HR, hazard ratio; ref, reference.

*Model 1 was adjusted for age at blood draw(continuous) and sex. Model 2 was further adjusted for education level (without formal education, primary school,
middle school, high school and above, unknown), income (<10 000, 10 000-30 000, 40 000-100 000, >100 000 yuan, unknown), smoking (never, previous,
current, unknown), alcohol consumption (never, previous, current, unknown), BMI (continuous), physical activity (continuous), and lipid-lowering medicine
use (no, yes, unknown). All-cause and CVD mortality were additionally adjusted for self-reported stroke (yes, no, unknown) and coronary heart disease (yes,
no, unknown) at baseline. Model 3 was further adjusted for diabetes duration (continuous), antidiabetic medication use (yes, no, unknown), and insulin use

(yes, no, unknown).

The disturbances in gut microbiota are involved in the
progression of T2DM, obesity, and cirrhosis.*”’*° Results
of a study conducted in patients with metabolic syn-
drome showed the structural and functional alterations
in the gut microbiome of male patients with elevated
GGT, characterized by reduced gut microbiota diversity,
increased inflammation-related “harmful bacteria” and
reduced anti-inflammatory and antiobesity-related “bene-
ficial bacteria”.*® GGT, as a proven biomarker of oxida-
tive stress, may mediate the chronic inflammatory
process in metabolic syndrome. In addition, GGT is also
a direct marker that may reflect the extent of hepatic fat
deposition, which may be a major cause of obesity.*’

Currently, two potential biological explanations for
the association between GGT and mortality are more fre-
quently suggested. One is that GGT directly contributes
to the increased risk of mortality, which may be due to
the fact that GGT is a marker of oxidative stress, which
plays an important role in CVD and cancer progres-
sion."*! Another is that the positive association may be
mediated by NAFLD, which causes a high prevalence of
liver damage in T2DM population. Studies have demon-
strated a strong association of obesity and increased
hepatic lipid with insulin resistance and cardiometabolic
risk.**** This is an essential issue in the field; however,
consensus about the mechanisms involved has not yet
been achieved.

Our findings suggested that GGT may be a powerful
indicator of T2DM prognosis. Given the role of GGT in
multiple disease mechanisms, we hypothesize GGT could
be a simple, safe, and noninvasive diagnostic tool that
could be used as a complement to traditional diagnostic
methods. Our study provided additional evidence for the
prediction of GGT on T2DM prognosis, which may pro-
vide a new direction for clinically targeted therapy. How-
ever, it may be premature to apply GGT in clinical
practice.

A major strength of the study is that research
population comprised T2DM patients in the Chinese
community-dwelling population, who differ from
patients in a hospital (possible Berkson's bias), and they
were thus well represented. In addition, serum GGT
detection was completed in the same laboratory with uni-
fied methods and instruments, effective controls of mea-
surement bias. However, several limitations need to be
considered. First, although patients with known hepatic
disease were excluded, the prevalence of NAFLD was
unknown due to a lack of ultrasound liver examination,
which did not allow us to evaluate the role of NAFLD in
the associations. Second, there may be regression dilution
bias using the baseline GGT concentration, so the one-
time collection of baseline information may not enable
us to assess changes throughout the whole follow-up
period. Third, the present study lacked data on the time



GUAN ET AL.

of smoking initiation and how much was smoked as well
as changes in income levels during COVID-19, which
may have an effect on mortality. Finally, the mortality
surveillance system may underreport and misclassify,
though underreporting surveys are performed every year
for the database, with automatic evaluation of misclassifi-
cations. Misclassification and underreporting were <5%.

5 | CONCLUSION

In conclusion, our findings suggest that, in the Chinese
T2DM population, elevated serum GGT concentration is
associated with higher mortality for all-cause, CVD, and
cancer. Future studies should focus on revealing the role
of obesity, NAFLD, and lipids in this association.
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