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Background: The objective of our research was to assess the possible link between diabetes mellitus (DM) and liver cirrho-
sis in chronic hepatitis B (CHB) patients in Wuhan, China.

Material/Methods: Individuals with a diagnosis of both liver cirrhosis and chronic HBV infection (n=257), and CHB-only patients
(n=514) were matched 1: 2 by age and sex. Demographic, lifestyle, laboratory, and clinical characteristics were
reviewed. Univariate and the multiple logistic regression analysis were conducted to investigate the associa-
tion between DM and HBV-related liver cirrhosis.

Results: The prevalence of DM was higher among CHB patients with liver cirrhosis than in those without liver cirrhosis
(22.2% vs. 12.8%, P=0.001), yielding an adjusted odds ratio (AOR) of 2.317 and a 95% confidence interval (Cl)
of 1.528-3.513. Among them, 87.7% of liver cirrhosis patients were diagnosed with DM before liver cirrhosis
diagnosis, yielding an AOR (95% Cl) of 2.386 (1.533-3.714). In comparison to patients with a DM duration of
2-5 years, the AOR (95% Cl) for those with a DM duration >5 years was 2.073 (0.701-6.132). In DM treatment,
the AOR (95% Cl) for those treated with insulin was 4.746 (1.329-16.949).

Conclusions: DM was associated with cirrhosis risk in CHB patients in Wuhan, China.
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Background

Liver cirrhosis, a late stage of liver fibrosis caused by a variety of
liver diseases and conditions, is recognized as being pertinent to
end-stage liver disease-related mortality around the world [1].
In China, several known factors, including viral hepatitis, alco-
holic liver disease, nonalcoholic fatty liver disease (NAFLD), and
parasitic infection, can contribute to liver cirrhosis. Among these
factors, viral hepatitis-associated end-stage liver diseases, espe-
cially those caused by hepatitis B virus (HBV) infection, have
increased in recent years, leading to high mortality from liver
diseases in China [2]. An estimated 300 000 individuals die an-
nually of HBV-related liver cirrhosis and hepatocellular carcino-
ma (HCC), and many of these infected patients do not know of
their disease [3]. Considering the major impact on the global bur-
den of liver diseases, it is crucial to recognize the associated risk
factors of HBV-related liver cirrhosis to decrease its incidence.

The pathogenesis of liver cirrhosis is multifactorial and not ful-
ly understood at present. Several host or viral factors, includ-
ing older age, male sex, alcohol consumption, and viral co-
infections [4,5], are thought to promote the progression of liver
fibrosis. Recently, the association between diabetes mellitus (DM)
and end-stage liver diseases have been reported; these include
liver cirrhosis and HCC [6-9]. DM is a global health problem.
In 2014, the International Diabetes Federation estimated that
963 million people had diabetes in China, accounting for 25% of
the estimated world population of diabetics [10]. Emerging evi-
dence suggests that DM is a potential predictor for the progres-
sion of liver cirrhosis and HCC, both in NAFLD and in HCV infec-
tion [11-14]. However, the role of DM in end-stage liver diseases
in CHB patients remains controversial. Some studies concluded
DM emerged as an independent risk factor for HCC in CHB pa-
tients and increased mortality in patients with HBV cirrhosis [6,7],
while no such association was demonstrated in other studies [8,9].

These published studies were carried out in different coun-
tries and failed to reach a consensus. Moreover, no informa-
tion was available about the link between DM and HBV-related
liver cirrhosis, particularly in mainland China, where the natu-
ral history of chronic HBV infections differs significantly from
those in Taiwan and Western countries [2]. Thus, the present
study assessed whether DM increases the risk of HBV-related
liver cirrhosis while adjusting for other known risk factors for
liver cirrhosis in mainland China.

Material and Methods

Study population

This retrospective research was carried out on patients diag-
nosed and hospitalized at Renmin Hospital of Wuhan University
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in China from January 2018 to February 2019. A total of 1536
participants, diagnosed as having CHB by the existence of HBV
DNA and HBsAg in the serum for more than 6 months, were re-
cruited in our study. After careful review and analysis of med-
ical records, 129 patients were excluded due to incomplete
clinical data. Another 469 patients were excluded according
to the criteria in the next paragraphs. Of these, 257 patients
who had liver cirrhosis were assigned to the case group, and
514 CHB patients without liver cirrhosis matched 2: 1 with
cases for age (3 years) and sex were assigned to the control
group. To further explore the relationship between DM and
HBV-related liver cirrhosis, all patients without a history or evi-
dence of DM were withdrawn from the analysis. To ensure DM
was not induced by liver cirrhosis, the study of the relation-
ship between diabetes-related variables and the cirrhosis risk
was limited to patients diagnosed with DM for more than 1
year before diagnosis of liver cirrhosis. Diabetes-related vari-
ables were considered, including age at diabetes diagnosis,
duration of diabetes, complications of diabetes (e.g., retinop-
athy, nephropathy, and neuropathy), whether the patient was
treated with exogenous insulin, and lifestyle factors.

Exclusion criteria were: (a) below 18 years of age; (b) co-infec-
tion with HCV or other types of hepatitis virus; (c) co-infection
with human immunodeficiency virus; (d) history or proof of
any category of malignancy; (e) history or proof of schistoso-
miasis infection; (f) history or evidence of drinking or alcohol-
ic liver disease; (g) existence of other liver disease, including
NAFLD, autoimmune liver disease, and primary biliary cirrho-
sis (PBC), and drug-induced liver injury.

The study was approved by the Renmin Hospital Ethics
Committee [(2013) E-lun word (KY-035)]. All participants gave
written consent and agreed to have their information stored
in the hospital database for research purposes.

Evidence for liver cirrhosis diagnosis

The proof of liver cirrhosis diagnosis was based on physical
examination, evidence from biochemistry or radiology, or by
liver biopsy.

Diagnosis of DM

The diagnosis of DM was primarily established according to a
known history of diabetes under anti-diabetic therapy or 1 or
more of the following criteria: a fasting glucose level >7.0 mmol/L,
a random glucose level >11.1 mmol/L, and a glucose level
>11.1 mmol/L at 2 h in the 75-g oral glucose tolerance test [15].
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469 patients excluded:
« 31 co-infection with HCV

1536 patients eligible

« 3 co-infection with HIV

« 58 hepatocellular carcinoma
+ 169 other malignant tumors
« 18 alcoholic liver driseases

v

1067 patients selected

+ 103 history or evidence of drinking
« 16 schistosomias infection l

!

« 27 nonalcoholic fatty liver disease __,
+ 11 autoimmune liver disease | 292 liver cirthosis |

| 775 CHB-only patients |

« 14 drug-induced liver injury l

i ----------------------------------------- 94 data not complete

«19 primary biliary cirrhosis
292 liver cirrhosis
35 data not complete  [-s-a-eraseenenaseen s

681 patients matched for
age and sex

l ----------------------------------------- 167 patients not selected

| 257 cases included |

| 514 controls included |

Figure 1. Flowchart of selection of study patients. CHB — chronic hepatitis B; HBV — hepatitis B virus; HIV — human immunodeficiency

virus.

Demographic and clinical characteristics

After review of the medical records, the following demographic
and clinical characteristics related data were obtained: sex,
age, hypertension, gallstones, cigarette smoking, diagnosis of
DM, treatment of DM, duration of DM, complications of DM,
glucose (GLU), alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), alkaline phosphatase (ALP), g-glutamine
transferase (GGT), albumin (ALB), glycated albumin (GA), total
bilirubin (TBIL), leucine aminopeptidase (LAP), total choles-
terol (TC), triglyceride (TG), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), small and
low-density lipoprotein (sdLDL), apolipoprotein Al (ApoA1l),
apolipoprotein B (ApoB), and titer of HBV DNA.

Statistical analysis

Continuous variables are expressed as median and interquar-
tile range, and categorical variables are presented as numbers
and percentages. Differences were compared using the inde-
pendent-samples t test for continuous variables and by the
chi-square test for categorical variables. We considered two-
tailed P<0.05 as statistically significant. Univariate logistic re-
gression analysis was performed. Then, some variables were
included in the multivariate logistic regression model if the
P value was <0.1 according to the results of univariate analy-
sis. Lastly, we calculated adjusted odds ratios (AORs) and 95%
confidence intervals (Cls) according to the logistic regression
analysis. All statistical analyses were performed in SPSS ver-
sion 23.0 (SPSS, Inc., Chicago, IL, USA).

Results

Patients demographic and clinical characteristics

The selection process of subjects in our study is shown in
Figure 1. Patient demographic and clinical characteristics are
summarized in Table 1. Among CHB patients with liver cir-
rhosis (case group), males accounted for 66.5%, with an av-
erage age of 55.00 years. Among CHB-only patients (control
group), males accounted for 65.6%, with an average age of
53.00 years. We observed significant differences in the prev-
alence of DM, parameters of liver function, and blood lipid
level between the 2 groups. Patients in the case group were
more likely to have DM (22.2% vs. 12.8%; P=0.001) and gall-
stones (25.3% vs. 15.2%; P=0.001); however, the prevalence
of hypertension was lower (16.0% vs. 25.7%; P=0.002), and
the percentage of smokers exhibited no significant difference
between the 2 groups.

Patients in the case group had higher levels of ALP, AST, GGT,
ALB, TBIL, LAP, GA, and GLU. However, they had decreased lev-
els of blood lipid profile, including TC, TG, HDL-C, LDL-C, sdLDL,
ApoA1l, and ApoB. The levels of ALT and HBV DNA in the case
group were similar to those in the control group.

Factors associated with development of HBV-related liver
cirrhosis

Our univariate analysis suggested that smoking was not as-
sociated with HBV-related liver cirrhosis. The incidence of DM
and gallstones in CHB patients with liver cirrhosis was high-
er than in those without liver cirrhosis (Table 2). However,
CHB-only patients had a higher prevalence of hypertension,
hypercholesteremia (TC »5.72 mmol/L), and hypertriglyceri-
demia (TG »1.7 mmol/L). Then, DM, hypertension, gallstones,
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Table 1. Demographic and clinical characteristics of study patients.

Characteristics

Liver cirrhosis (N=257)

CLINICAL RESEARCH

CHB-only (N=514)

Male, N (%) 171

HBV DNA (IU/mL)

(100.00, 130500.00)

478.00 (100.00, 24700.00)

CHB - chronic hepatitis B; HBV — hepatitis B virus; ALT — alanine aminotransferase; AST — aspartate aminotransferase; ALP — alkaline
phosphatase; GGT — g-glutamine transferase; ALB — albumin; GA - glycated albumin; TBIL — total bilirubin; LAP — leucine
aminopeptidase; TC — total cholesterol; TG — triglyceride; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein
cholesterol; sdLDL — small and low-density lipoprotein; ApoAl — apolipoprotein Al; ApoB — apolipoprotein B; GLU — glucose.

The median and interquartile range and independent-samples t test were used for continuous variables. The numbers (percentages)

and chi-square test were used for categorical variables.

TG levels, and TC levels were incorporated into the multivari-
ate analysis. After adjusting for possible confounding factors,
we found that gallstones were related to HBV-related liver
cirrhosis, yielding an AOR (95% Cl) of 1.733 (1.184-2.538).
Interestingly, our multivariate analysis showed a significant-
ly different prevalence of hypertension, hypercholesteremia,
and hypertriglyceridemia between the 2 groups. Among them,
87.7% of liver cirrhosis patients were diagnosed as having DM
before liver cirrhosis diagnosis, yielding an AOR (95% Cl) of
2.386 (1.533-3.714) (Figure 2).

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Relationship between diabetes-related variables and HBV-
related cirrhosis risk development in diabetes patients

Fifty liver cirrhosis patients with DM and 57 CHB-only pa-
tients with DM (controls) remained eligible for the final anal-
ysis (Table 3). Univariate analysis indicated that the duration
of diabetes and the treatment of diabetes (insulin treatment
and oral treatment) might be related to the development of
liver cirrhosis. However, other factors, including sex, age at dia-
betes diagnosis, presence of diabetes complications, TC levels,
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Figure 2. AOR for the relationship between DM
25 and the cirrhosis risk. CHB — chronic
=l hepatitis B; AOR — adjusted odds ratio;
207 =l DM - diabetes mellitus. The AOR for
15 - - the association between DM and the
= N=57 risk of liver cirrhosis according to the
10 4 duration of DM. AORs were adjusted
for the effect of hypertension,
5 N=T g gallstones, TC levels, and TG levels.
0 -
All DM <1year DM >1year DM
Il Liver cirrhosis 22.2 27 19.5
[l CHB-only 12.8 1.7 1.1
AOR (95% (1) 2.317(1.258-3.513)  1.926(0.683-5.434) 2.386/(1.533-3.714)

Table 2. Relationship between potential factors and HBV-related liver cirrhosis.

. Liver cirrhosis CHB-only Univariable analysis Multivariable analysis
Variable

(N=257) (N=514) OR (95% CI) pValue  AOR (95% Cl) p Value
Sex 1.044 (0.761-1.433) 0.788 = =
”””” Female, N (%) 8 (35 177 G44)
”””” Male, NGO 171 665) 337 656
Csmoking 1317 0879-1972) o181 - -
”””” No NGO 211 821) 444 (858
”””” Ye, NGO 46.a79 73042
CWypettension 0549 (0373-0810) 0002 0521 (0.347-0781) 0002
”””” NoNGO 216 840) 382 (743)
”””” Yes NG 41060 132 @5
CGallstones 1892 (1307-2741) 0001 1733 (1.184-2538)  0.005
”””” NoNGS 192 (A7) 436 (848
”””” Yes, NGO 65 (53 78 (s)
e 0.285(0127-0640) 0002 0356 (0.155-0.819) 0015
”””” <s72mmolLN(6) 250 (97.3) 468 OL)
”””” s7T2mmolLNGY 7 @7 46 @9
e 0.502(0339-0744) 0001 0553 (0.365-0.838) 0005
”””” SL7mmoVLN() 218 @8 379 @3
”””” SL7mmolL NG 39 (152) 135 @63)
CDiabetes 1935 (1308-2862) <0001 2317 (1528-3513) <0.001
”””” NoNG 200 (778 448 €7
”””” Yes NG 57 (22 es 129

DM- diabetes mellitus; CHB — chronic hepatitis B; HBV — hepatitis B virus; TC — total cholesterol; TG — triglyceride; OR — odds ratio;
95% Cl — 95% confidence interval; AOR — adjusted odds ratio.
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Table 3. Association between diabetes-related variables and liver cirrhosis risk in patients with dual diagnosis of CHB and DM.

. Ren At CHB-only Univariable analysis Multivariable analysis
Variable
L) L) OR (95% CI)

Sex 0.816 (0.369-1.804) 0.615 = =
”””” Female N(%) 19 G80) 19 (03)
”””” Male, NS 316200 38 697
 Age at diabetes diagnosis (ea) 1304 (0609-2793) 0494 - -
”””” <o 23640 30620
”””” 50 27 @eo) 27 @A)
Duration of diabetes 2474 (1075-5694) 0033 2073 (0701-6.132) 0187
”””” 2Syears, NGO 12 @a0) 31 GA4)
”””” sSyears, NGO 38 (760) 26 @se)
Complications of diabetes 0895 (0323-2479) 0831 - -
”””” No NGO 42 @42 47 @5
”””” YesN®®  s(s®  10ar8

Insulin treatment of

diabetes

No, N (%) 16 (32.0) 43 (75.4)

"""" Yes N 34 680 14 (a6
Onaltreatment of diabetes 0.205 (0.088-0.480) <0.001 0328 (0.094-1150) 0082
"""" NoNGO 39 80) 24 @21
"""" YN 1@ 3679
Wypettenson 0464 (0207-1.040) 0062 0243 (0085-0.691) 0008
"""" NoNGO 36 0200 31 G4
"""" YesN®®) 1480 26 @56
CGalstones 2286 (0898-5817) 0083 3668(1157-11625) 0027
"""" NoNG) 35 00) 48 €42
"""" Ye,N® 15600 9.as®
e 0433 (0080-2339) 0331 - -
"""" S72mmoVLN®) 48 960) 52 012
"""" ss2mmoVLNG) 2 @0 s @)
e 0941(0419-2116) 0883 - -
"""" SL7mmo/LNGH 34 680) 38 667
"""" 7mmolL NG 16 G20) 19 (33)

CHB - chronic hepatitis B; DM — diabetes mellitus; HBV — hepatitis B virus; TC — total cholesterol; TG — triglyceride; OR — odds ratio;
95% Cl — 95% confidence interval; AOR — adjusted odds ratio.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
8117 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




CLINICAL RESEARCH

and TG levels, were not linked to the cirrhosis risk in our uni-
variate analysis. Multivariate analysis was used to examine
the role of duration of diabetes, exogenous insulin treatment,
oral treatment, presence of gallstones, and presence of hy-
pertension. We found that CHB patients treated with exoge-
nous insulin had higher cirrhosis risk, yielding AORs (95% Cl)
of 4.746 (1.329-16.949). However, the relationship between
oral treatment and risk of liver cirrhosis was not statistically
significant (P=0.082), and there was no correlation between
cirrhosis risk and duration of DM in our multivariate analysis
(P=0.187). However, a significantly different prevalence of hy-
pertension and gallstones was observed between the 2 groups
in our multivariate analysis, but not in than univariate analysis.

Discussion

DM was related to cirrhosis risk in CHB patients, indepen-
dently of other known risk factors. Our results are consistent
with the findings of a study conducted in Taiwan that indicat-
ed a positive association between diabetes and liver cirrhosis
in chronic HBsAg carriers [16], but that study failed to consid-
er the impact of potential factors, including treatment of dia-
betes and blood lipid levels. The AOR found in our study was
somewhat lower after adjustment for hypertension, gallstones,
total cholesterol level, and triglyceride level. Likewise, a na-
tionwide cohort study indicated that DM was an independent
predictor for liver cirrhosis and its decompensation in CHB pa-
tients and provided similar results [17]. Given the detrimental
impact of male sex and older age on liver cirrhosis in 2 stud-
ies [16,17], our participants were matched by age and sex to
eliminate interference.

Interestingly, another study found an independent association
between diabetes and more severe fibrosis rather than mild fi-
brosis, both in CHB and CHC patients [18]. A retrospective study
of 145 liver cirrhosis patients with acute upper gastrointestinal
bleeding indicated that DM can increase the risk of in-hospital
mortality [19], but another study came to the opposite conclu-
sion. In 2016, Han et al. conducted a retrospective case-con-
trol study and found that T2DM is not be a risk factor for HCC
in HBV cirrhosis patients [20]. The precise mechanism remains
unclear and little is known about the associations between age
at diabetes diagnosis, diabetes duration, treatment of diabe-
tes, and cirrhosis risk among CHB patients in mainland China.

Our findings indicated that participants treated with exogenous
insulin had higher cirrhosis risk compared with those without
exogenous insulin treatment, which might be associated with
the accretion of circulating insulin levels. Additionally, our uni-
variate analysis found that CHB patients with diabetes for more
than 5 years had increased risk of liver cirrhosis. However, this
association was not statistically significant when the analysis
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was restricted to studies adjusting for other diabetes-related
variables. These results might be driven by strong results found
for insulin treatment, since most diabetics with longer disease
duration were treated with insulin. To the best of our know!-
edge, the relationship between diabetes duration and risk of
liver cirrhosis has not been analyzed previously in clinical stud-
ies. However, some studies have shown that insulin treatment
was associated with increased risk of HCC [21,22], and diabe-
tes duration was not associated with HCC [23,24], which were
similar to our findings. Notably, we found no evidence that age
at diabetes diagnosis was related to HBV-related liver cirrhosis.

In our study, the presence of gallstones was associated with
liver cirrhosis, yielding an AOR (95% Cl) of 1.733 (1.184-2.538)
for all patients. Notably, in CHB patients with DM, the AOR
(95% Cl) [3.668 (1.157-11.625)] was slightly higher. The find-
ings of a retrospective study suggested that gallstone diseases
are a predictor of diabetes [25]. Therefore, a possible explana-
tion for our study results might be the presence of gallstone
diseases, which can influence diabetes status. Interestingly,
we found that the association between oral treatment and
liver cirrhosis was not statistically significant.

The underlying mechanisms linking DM and liver cirrhosis, par-
ticularly in patients with HBV infection, are not clear. The hy-
pothesis of the adverse impact of DM on liver cirrhosis may
be related to insulin resistance (IR) [26-28]. IR in hepatocytes
directly disturbs glucose metabolism and interferes with cell
survival and proliferation. Our findings suggest that insulin in-
duces the hyperphosphorylation of IRS1 and AKT, which was
previously reported in activated hepatic stellate cells (HSC) [29].
In addition, high levels of circulating blood glucose or insulin
can enhance expression of collagen and other hepatic fibrosis-
related precursors in HSC [30]. Furthermore, oxidative stress
caused by hyperglycemia may be another factor promoting
liver fibrosis [31]. These findings might help explain how DM
was associated with liver cirrhosis in CHB patients in our study.

There are some limitations to our study. First, the number of
cases was not large, particularly within categories of CHB pa-
tients who had diabetes, limiting the interpretation of sub-
group analyses. Secondly, no information on specific types of
oral hypoglycemic agents was available, so we could not as-
sess their role in liver cirrhosis. Finally, no data were available
on family history of cirrhosis.

Conclusions

We found that DM was associated with cirrhosis risk in CHB
patients in Wuhan, China. We also found a significant correla-
tion between exogenous insulin treatment and liver cirrhosis
among patients dually diagnosed with CHB and DM.
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