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Aims: To compare the risks of all-cause mortality, hepatic outcomes, major adverse

cardiovascular events between metformin users and nonusers for patients with

diabetes and cirrhosis.

Methods: From the Taiwan's National Health Insurance Research Database, we

selected propensity-score matched metformin users and nonusers from the cohorts

of type 2 diabetes mellitus with compensated (n = 26 164) or decompensated liver

cirrhosis (n = 15 056) between 1 January 2000 and 31 December 2009, and

followed them until 31 December 2010. Cox proportional hazards models with

robust sandwich standard error estimates were used to assess risk of investigated

outcomes for metformin users.

Results: The incidence rates of mortality during follow-up were 3.8 and 3.3 per

100 patient-years (adjusted hazard ratio [aHR] 1.13, 95% confidence interval

1.01–1.25) for metformin users and nonusers, respectively. The incidence rates of

cirrhotic decompensation during follow-up were 5.9 and 4.9 per 100 patient-years

(aHR 1.15, 95% confidence interval 1.04–1.27) for metformin users and nonusers.

The risk of death (P for trend <.01) and cirrhotic decompensation (P for trend <.0001)

associated with metformin use was significant for those taking metformin for >40

defined daily doses in 90 days or >1000 mg/d. The outcomes of metformin use vs

nonuse for type 2 diabetes mellitus with decompensated liver cirrhosis were not

statistically different, except that metformin users had higher risk of mortality

(aHR 1.15).

Conclusion: Metformin use was associated with higher risks of mortality and cirrhotic

decompensation in patients with compensated liver cirrhosis. Prospective studies are

required to confirm our results.
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1 | INTRODUCTION

About 29 million people in Europe1 and 5.5 million Americans live

with chronic liver disease or cirrhosis.2 Compensated liver cirrhosis is

associated with 4.7 times higher risk of death than the general popula-

tion; and the mortality risk of decompensated liver cirrhosis is 9.7-fold

higher.3 Diabetes mellitus (DM) also increases the likelihood of

steatohepatitis and cirrhosis by accumulative dyslipidaemia, free radi-

cals and cytokines.4

Patients with diabetes and advanced cirrhosis are prone to

hypoglycaemia and malnutrition, conditions that make glucose-

lowering therapy difficult. Cirrhosis associated hyperinsulinaemia can

further lower the biological efficiency of insulins and oral glucose-

lowering medications; by contrast, many medications are metabolized

or excreted by the liver, so the cirrhosis would weaken hepatic medi-

ated function and lead patients to develop hepatotoxicity.5

Metformin has many physiological advantages. It can activate

adenosine monophosphate-activated protein kinase, upregulate glu-

cose transporter 4 genes, increase glucose uptake and decrease oxida-

tive stress,6 resulting in reduced hepatic gluconeogenesis and aiding

lipid metabolism. It can also induce adiponectin and be helpful with

the prevention of hepatic inflammation, steatosis and fibrosis.4,6 In

animal models on cirrhotic status, metformin was shown to improve

lipid peroxidation, reduce liver injury, alleviate glucose intolerance and

insulin resistance.7 By inducing tumour suppressor liver kinase B1,

metformin was also reported to have anticancer and antiaging

effects.8 However, clinical evidence is lacking to clarify if metformin

could optimize treatment outcomes for patients with diabetes and

cirrhosis.

No clinical trial has specifically targeted the effectiveness of

metformin use for patients with coexistent diabetes and cirrhosis,

despite few observational studies with moderate numbers of

patients being reported.9,10 The glucose-lowering medication use in

patients with liver cirrhosis was complicated, not allowing conclu-

sive findings about the optimal treatment of these patients. There-

fore, we conducted this cohort study to investigate the outcomes

of metformin use in compensated and decompensated liver cirrhosis

with diabetes.

2 | METHODS

2.1 | Data source

We conducted this cohort study by using Taiwan's National Health

Insurance Research Database (NHIRD), which includes healthcare

data gathered from at least 99% of the 23 million people of Taiwan.11

The encrypted information recorded in the NHIRD includes demo-

graphics, diagnostic codes according to the International Classification

of Diseases 9th revision–Clinical Modification (ICD-9-CM) and drug

prescriptions. Our study was approved by the institutional review

board of the National Health Research Institutes (EC1060704-E) and

was granted a waiver of informed consent.

2.2 | Study design

We selected patients in the NHIRD who had both type 2 diabetes

and liver cirrhosis between 1 January 2000 and 31 December

2009, and followed them until 31 December 2010 (Figure 1). Type

2 diabetes was ascertained by the ICD-9-CM code 250.xx for at

least 2 outpatient diagnoses in 1 year or 1 hospitalization and

under glucose-lowering medication treatment. People with a pri-

mary diagnosis of ICD-9-CM codes 571.5, 571.2 or 571.6 for at

least 2 outpatient diagnoses in 1 year or 1 hospitalization were

defined as having liver cirrhosis. The algorithm for case definitions

of diabetes and cirrhosis based on ICD-9 coding has been validated

by medical record review in previous studies,12,13 showing the

accuracy of diabetes and cirrhosis diagnosis was 74.6 and 82.6%,

respectively. Patients with cirrhosis and ascites (789.59, 789.5),

hepatic encephalopathy (572.2), or variceal bleeding (456.0, 456.2)

were defined as having decompensated liver cirrhosis14; patients

without these complications were defined as compensated liver

cirrhosis. We excluded individuals younger than 20 or older than

100 years, not using glucose-lowering medications during the study

period, who died within 365 days after index date and those who

had incomplete data.

2.3 | Procedures

We defined the second date of concurrent diagnosis of type 2 DM

(T2DM) and liver cirrhosis as the comorbid date (Figure 2). Patients

who had ever taken metformin within 90 days after the comorbid

date were defined as metformin users, and those who were not pre-

scribed metformin in this period as nonusers. We defined the 91st

What is already known about this subject

• The glucose-lowering medication use in patients with

liver cirrhosis is complicated.

• Few studies have investigated appropriate glucose-

lowering medications for persons with diabetes and liver

cirrhosis.

What this study adds

• Metformin use was associated with 13% higher risk of

mortality as compared to nonuse.

• Metformin use, as compared to no use, was associated

with 15% higher risk of cirrhotic decompensation in

patients with compensated cirrhosis.
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day after the comorbid date as the index date. We identified variables

that were thought to be the potential confounders of our study,

including demographics, comorbidities diagnosed within 1 year before

the index date, and medications (e.g., glucose-lowering medications,

antihypertensive drugs, statin and aspirin). The comorbid disorders

selected in this study included hepatitis B virus (HBV) infection

(070.2, 070.3, V02.61) and hepatitis C virus (HCV) infection (070.41,

070.44, 070.51, 070.54, 070.70, 070.71, V02.62). To truly reflect

characteristics of our study subjects who were patients with diabetes

and liver cirrhosis, we used the chronic illness with complexity index

to quantify patients' comorbidity profiles,15 and the diabetes compli-

cations severity index score16 was used to define the diabetes

severity.

2.4 | Main outcomes

All-cause mortality was the main outcome of this study. Death was

defined by discharge from hospital with certified death (the dis-

charge date was defined as the death date) or termination of the

NHI coverage after discharge from hospital due to a critical illness

and no further healthcare utilization in the NHI records for more

than 1 year (the end of NHI coverage was defined as the death

date). We assessed the incidence rates of cirrhotic decompensation

(the composite of variceal bleeding, ascites and hepatic

encephalopathy),14 oesophageal varices with bleeding, abdominal

ascites, hepatic encephalopathy, jaundice (782.4) and hepatic failure

(characterized by jaundice, hepatic encephalopathy and an elevated

F IGURE 1 Flowchart of selection of study subjects

F IGURE 2 Patients who had ever taken
metformin within 90 days after the comorbid date
were defined as metformin users; the 91st day
after the comorbid date was defined as the index
date. DM, diabetes mellitus
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prothrombin time, as coded by ICD-9-CM 570, 572.2, 572.4,

572.8) to evaluate progression of liver cirrhosis. We also assessed

incidence rate of hepatocellular carcinoma (HCC, 155.x) and major

adverse cardiovascular events (MACE), including stroke (430–437),

ischaemic heart disease (410–414) and heart failure (428). Inci-

dence of hospitalization due to hypoglycaemia (251.0x, 251.1x, or

251.2x) and metabolic acidosis (276.2) were calculated to evaluate

possible complications of treatments.

2.5 | Statistical analyses

We used propensity score matching to optimize comparability

between metformin users and nonusers.17 The propensity score was

estimated for every patient by a nonparsimonious multivariable logis-

tic regression, with receipt of metformin as the dependent variable.

We included clinically relevant covariates in the analysis as

independent variables (Table 1). The nearest-neighbour algorithm was

applied to construct matched pairs, assuming that the proportion of

0.995–1.0 was perfect.18

Crude and multivariable adjusted Cox proportional hazards

models with robust sandwich standard error estimates were used to

compare the outcomes between metformin users and nonusers. All of

the analyses were done on an as-treated basis. The metformin users

were censored (i.e. stop following up) if they stopped metformin use

after the index date; by contrast, the metformin nonusers were cen-

sored if they started to use metformin after the defined index date.

Because the competing risks of death might confound the estimates

of risks for other outcomes, we applied the competing risk analysis for

adjustment.

The results are shown as adjusted hazard ratios (aHR) with 95%

confidence interval of metformin users, as compared with nonusers.

We checked the proportional-hazards assumption using the

Schoenfeld residuals test and complementary log–log plots. To calcu-

late risk of mortality, we censored patients at the time of defined

death or the end of study, whichever came first. For other investi-

gated outcomes, we censored patients on the date of death, the date

of respective outcomes, or end of follow-up on 31 December 2010,

whichever occurred first. We compared the cumulative incidence of

mortality and cirrhotic decompensation over time between metformin

users and nonusers by the Fine and Gray's sub-distribution hazard

model.

To assess dose-effect, we analysed the risk of mortality and

cirrhotic decompensation by the cumulative defined daily dose

(DDD) during the period of 90-day metformin exposure (≤15 DDD,

16–40 DDD, or >40 DDD) and the prescribed daily dose

(≤500 mg, 501–1000 mg, >1000 mg per day), relative to nonuse of

metformin. DDD is the assumed average maintenance dose

used for its main indication in adults, which is 2000 mg for

metformin.

We also conducted several additional sensitivity analyses by:

(i) excluding participants who were followed up for <180 days, to

see the consistence of the investigated outcomes and to prevent

selection bias by unintentionally excluding some cirrhotic patients

with shorter lifespan; (ii) adding an inverse probability of censoring

weight (IPCW)19,20 as a covariate to the intention-to-treat model

to account for nonrandom switches from metformin users to

nonusers, or vice versa, during the observation period. The IPCW

method assigned higher weights to the outcomes for those who

have not changed status of metformin use, by which we could

minimize the bias caused by the nonrandom censoring;

(iii) updating the metformin use status annually and modelling met-

formin exposure as a time-varying variable; and (iv) adding the vari-

ables of alcoholic disorders, HBV therapy (lamivudine, tenofovir

disoproxil, adefovir dipivoxil, entecavir and telbivudine) or HCV

therapy (interferons) to confirm our results (the adding variable

model). A 2-tailed P-value <.05 was considered as significant.

SAS version 9.4 and Stata SE version 11.0 were used for the

analyses.

3 | RESULTS

Between 1 January 2000 and 31 December 2009, a total of 26 164

patients were diagnosed with type 2 diabetes and compensated liver

cirrhosis, while 15 056 patients were diagnosed as having T2DM with

decompensated liver cirrhosis. The flowchart of the study subjects is

depicted in Figure 1.

Before matching, several differences were noted between the

2 groups (Table 1). After propensity score matching, 8612 paired dia-

betes subjects with compensated liver cirrhosis were selected. The

matched pairs were similar with respect to all covariates. The mean

age of the cohort was 56.2 years; the mean duration of diabetes was

1.8 years; the prevalence of HBV and HCV infections were 18.3

and 19.7%.

In the matched cohort of T2DM with compensated liver cirrhosis,

733 (8.51%) metformin users and 666 (7.73%) nonusers died during

follow-up (incidence rate 3.8 vs 3.3 per 100 patient-y). The multivari-

able models showed metformin users had significantly higher mortal-

ity risk (aHR 1.13 and 1.05 for adjusted model 1 and 2, respectively;

Table 2).

As shown in Table 2, compared to the nonusers, metformin users

had higher risk in developing variceal bleeding (aHR 1.18) and cirrhotic

decompensation (aHR 1.15); but had no significant difference in the

risks of ascites (aHR 0.99), hepatic encephalopathy (aHR 0.99) and

hepatic failure (aHR 1.07). If we used IPCW to account for nonrandom

censoring, metformin use could significantly increase risk of cirrhotic

decompensation (aHR 1.24), oesophageal varices bleeding (aHR 1.24),

hepatic ascites (aHR 1.12) and hepatic failure (aHR 1.11). Figure 3

depicts the cumulative incidence of mortality and cirrhotic decompen-

sation of metformin users and nonusers in T2DM with compensated

liver cirrhosis. However, metformin users did not have higher risks of

developing HCC, jaundice, MACE, hypoglycaemia or metabolic

acidosis.

As compared with patients not using metformin, those who

received ≤15 DDD (aHR 1.25) and 16–40 DDD (aHR 1.24) of

314 YEN ET AL.



T
A
B
L
E
1

B
as
el
in
e
ch

ar
ac
te
ri
st
ic
s
o
f
m
et
fo
rm

in
us
er
s
vs
.m

at
ch

ed
no

nu
se
rs

in
ty
pe

2
di
ab

et
es

pa
ti
en

ts
w
it
h
co

m
pe

ns
at
ed

liv
er

ci
rr
ho

si
s

M
ed

ic
at
io
n

B
ef
o
re

pr
o
pe

ns
it
y
sc
o
re

m
at
ch

A
ft
er

pr
o
pe

ns
it
y
sc
o
re

m
at
ch

M
et
fo
rm

in
us
er
s

M
et
fo
rm

in
no

nu
se
rs

M
et
fo
rm

in
us
er
s

M
et
fo
rm

in
n
o
n
u
se
rs

n
(1
0
2
4
8
)

%
n
(1
5
9
1
6
)

%
P
va

lu
e

n
(8
6
1
2
)

%
n
(8
6
1
2
)

%
P
va

lu
e

A
ge

(y
)

M
ea

n
(S
D
)

5
5
.4

(1
2
.1
)

5
7
.4

(1
3
.0
)

<
.0
0
1

5
6
.1

(1
2
.1
)

5
6
.2

(1
2
.4
)

.3
7

D
ia
be

te
s
du

ra
ti
o
n
(y
)

M
ea

n
(S
D
)

2
.0

(2
.3
)

1
.7

(2
.0
)

<
.0
0
1

1
.8

(2
.2
)

1
.8

(2
.1
)

.0
2

Se
x M
al
e

7
2
0
9

7
0
.4
%

1
1
0
5
1

6
9
.4
%

.1
2

6
0
4
6

7
0
.2
%

6
0
2
2

6
9
.9
%

.6
9

F
em

al
e

3
0
3
9

2
9
.7
%

4
8
6
5

3
0
.6
%

2
5
6
6

2
9
.8
%

2
5
9
0

3
0
.1
%

C
o
m
o
rb
id

di
so
rd
er
s

H
B
V

1
9
7
3

1
9
.3
%

2
7
3
3

1
7
.2
%

<
.0
0
1

1
5
8
7

1
8
.4
%

1
5
6
7

1
8
.2
%

.6
9

H
C
V

2
1
0
2

2
0
.5
%

2
9
6
7

1
8
.6
%

<
.0
0
1

1
6
9
4

1
9
.7
%

1
6
9
9

1
9
.7
%

.9
2

C
IC

in
de

x

0
3
7
0

3
.6
%

4
3
4

2
.7
%

<
.0
0
1

2
9
3

3
.4
%

3
1
5

3
.7
%

.3
6

1
3
1
6
8

3
0
.9
%

4
4
6
3

2
8
.0
%

2
5
8
0

3
0
.0
%

2
6
3
9

3
0
.6
%

≥
2

6
7
1
0

6
5
.5
%

1
1
0
1
9

6
9
.2
%

5
7
3
9

6
6
.6
%

5
6
5
8

6
5
.7
%

D
C
SI

sc
o
re

0
6
2
4
0

6
0
.9
%

9
9
2
2

6
2
.3
%

<
.0
0
1

5
3
4
4

6
2
.1
%

5
4
9
4

6
3
.8
%

.0
5

1
1
7
8
5

1
7
.4
%

2
3
3
7

1
4
.7
%

1
4
1
8

1
6
.5
%

1
3
7
1

1
5
.9
%

≥
2

2
2
2
3

2
1
.7
%

3
6
5
7

2
3
.0
%

1
8
5
0

2
1
.5
%

1
7
4
7

2
0
.3
%

A
nt
ih
yp

er
te
ns
iv
e
dr
ug

s

A
C
E
I/
A
R
B

3
2
4
3

3
1
.7
%

3
6
6
3

2
3
.0
%

<
.0
0
1

2
3
9
8

2
7
.8
%

2
4
0
4

2
7
.9
%

.9
2

β-
bl
o
ck
er
s

2
7
6
8

2
7
.0
%

3
8
4
1

2
4
.1
%

<
.0
0
1

2
2
3
3

2
5
.9
%

2
2
0
9

2
5
.7
%

.6
8

C
al
ci
um

-c
ha

nn
el

bl
o
ck
er
s

2
6
7
3

2
6
.1
%

3
5
7
3

2
2
.5
%

<
.0
0
1

2
1
1
7

2
4
.6
%

2
0
8
6

2
4
.2
%

.5
8

D
iu
re
ti
cs

3
3
9
3

3
3
.1
%

5
3
9
9

3
3
.9
%

.1
7

2
8
6
7

3
3
.3
%

2
8
1
3

3
2
.7
%

.3
8

O
th
er

an
ti
hy

pe
rt
en

si
ve

s
5
6
0

5
.5
%

8
4
8

5
.3
%

.6
3

4
7
4

5
.5
%

4
7
4

5
.5
%

>
.9
9

G
lu
co

se
-l
o
w
er
in
g
m
ed

ic
at
io
ns

Su
lf
o
ny

lu
re
a

7
1
3
3

6
9
.6
%

5
7
8
6

3
6
.4
%

<
.0
0
1

5
5
0
5

6
3
.9
%

5
5
1
5

6
4
.0
%

.8
7

M
eg

lit
in
id
e

8
1
7

8
.0
%

9
2
6

5
.8
%

<
.0
0
1

5
7
7

6
.7
%

6
2
3

7
.2
%

.1
7

α-
gl
uc

o
si
da

se
in
hi
bi
to
r

8
9
6

8
.7
%

8
0
0

5
.0
%

<
.0
0
1

5
9
8

6
.9
%

5
8
5

6
.8
%

.7
0

T
hi
az
o
lid

in
ed

io
ne

5
9
4

5
.8
%

3
0
6

1
.9
%

<
.0
0
1

2
8
6

3
.3
%

2
7
4

3
.2
%

.6
1

Si
ta
gl
ip
ti
n

5
8

0
.6
%

3
3

0
.2
%

<
.0
0
1

2
9

0
.3
%

2
6

0
.3
%

.6
9

In
su
lin

2
1
6
1

2
1
.1
%

2
3
2
5

1
4
.6
%

<
.0
0
1

1
5
6
6

1
8
.2
%

1
4
9
1

1
7
.3
%

.1
3

(C
o
nt
in
u
es
)

YEN ET AL. 315



metformin did not have significantly higher risks of death, but the risk

for those who received >40 DDD was significantly higher (aHR 1.38).

The P-value for dose–response trend was .0067. Similarly, compared

with nonusers, those who took ≤500 mg (aHR 1.18) or 501–1000 mg

(aHR 1.35) metformin per day did not have higher risks of death, but

the risk for those who received >1000 mg/d was significantly higher

(aHR 1.42; P for trend = .0029; Figure 4).

As compared with patients not using metformin, those who

received a cumulative DDD ≤15 (aHR 1.13) and > 40 (aHR 1.49) had

significantly higher risks of cirrhotic decompensation; but for those

who received a cumulative DDD of 16–40, the risk of developing cir-

rhotic decompensation was not significant (aHR 1.27). The P-value for

trend was <.0001. Similarly, compared with patients not using metfor-

min, those who took metformin ≤500 mg/d (aHR 1.13) did not have

higher risk of cirrhotic decompensation; but those who took

501–1000 (aHR 1.32) or >1000 (aHR 1.57) mg/d had significantly

higher risks of developing cirrhotic decompensation. The P-value for

trend was <.0001 (Figure 4).

After propensity score matching, the 4333 matched pairs of dia-

betes patients with decompensated cirrhosis were similar with respect

to all covariates, as shown in Supplementary Table S1. The multivari-

able models showed metformin users had significantly higher risk of

mortality (aHR 1.15, P = .03). Metformin users did not have higher

risks of developing HCC, hepatic failure, MACE, hypoglycaemia or

metabolic acidosis. The IPCW model did not show any significant

results for metformin use in patients with decompensated cirrhosis

(Table 3).

Instead of excluding participants who were followed up for

<365 days, we repeated the assessment by excluding those

followed up for <180 days (Tables S2 and S3). The metformin users

with compensated liver cirrhosis were associated with significantly

higher risk of cirrhotic decompensation (Tables S2). Metformin use

as compared with no use in decompensated liver cirrhosis was not

associated with risk of all-cause mortality, HCC, hepatic failure,

MACE, hypoglycaemia or metabolic acidosis (Table S3). The time-

varying analysis disclosed that metformin use in compensated cir-

rhosis was significantly associated with higher risks of cirrhotic

decompensation, variceal bleeding, hepatic ascites and hepatic fail-

ure (Table S4). Metformin use as compared with no use in

decompensated cirrhosis was not associated with any investigated

outcomes (Table S5). Our additional analysis for adding types of cir-

rhosis as covariates (the adding variable analysis) disclosed that

approximately 18.2, 19.9 and 22.0% of patients with compensated

cirrhosis have HBV infection, HCV infection and alcoholic disorders,

respectively (Table S6); approximately 20.3, 19.2 and 31.9% of

patients with decompensated cirrhosis have HBV infection, HCV

infection and alcoholic disorders, respectively (Table S7). When

including HBV and HCV therapy as covariates, the new model

exhibited that metformin use in compensated cirrhosis was signifi-

cantly associated with higher risks of mortality, cirrhotic decompen-

sation and variceal bleeding (Table S8); metformin use in

decompensated cirrhosis was significantly associated with higher

risk of all-cause mortality (Table S9).T
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4 | DISCUSSION

Our results showed that metformin use was associated with higher

risks of mortality and cirrhotic decompensation in patients with

diabetes and compensated liver cirrhosis. These higher risks were

dose dependent and persistent in the sensitivity tests. It also

significantly associated with higher risk of mortality in patients with

decompensated liver cirrhosis.

Zhang et al. used a hospitalized cohort to compare 172 patients

who continued metformin use for at least 3 months with 78 patients

who discontinued metformin use within 3 months after cirrhosis, con-

cluding that continuous use of metformin was associated with longer

survival.9 Zhang's study may not be able to reflect a true benefit of

metformin use in subjects with liver cirrhosis due to: (i) the discontinua-

tion group had higher model for end-stage liver disease and Child–Pugh

scores, indicating higher severity in liver dysfunction; and (ii) immortal

time bias (the continuation group was guaranteed to live for > 3 months

because the definition of continuation and the index date).

Nkontchou et al. conducted a hospital-based cohort study for

patients with HCV induced liver cirrhosis, recruiting 26 subjects with

metformin use and 74 patients receiving other glucose-lowering medi-

cations.10 The Nkontchou study indicated that aHR for metformin

users compared to nonusers was 0.19 for HCC development and 0.22

for liver-related death or transplantation; metformin use could pre-

vent cirrhotic patients from liver-related death or cancer by about

80%. However, results derived from studies with small sample size

might be interpreted cautiously. Vilar-Gomez et al. investigated

191 patients with diabetes and biopsy-proven nonalcoholic

F IGURE 3 The cumulative incidence of mortality (A) and cirrhotic
decompensation (B) between metformin users and nonusers in T2DM
with compensated liver cirrhosis, by the Fine and Gray's sub-
distribution hazard method

F IGURE 4 Outcomes of various dosage of metformin use compared to nonusers in patients with type 2 diabetes mellitus and compensated
liver cirrhosis. (A) by defined daily dose (DDD); (B) by prescribed daily dose (mg/d). *: P < .05, **: P < .001. The error bars correspond to the 95%
confidence intervals
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steatohepatitis and fibrosis or cirrhosis, revealing that long-term met-

formin uses might reduce the risks of all-cause mortality, liver trans-

plant and HCC.21 There is some difference between Vilar-Gomez's

and our studies. First, all our patients have cirrhosis and some of the

cirrhosis come from viral hepatitis. Second, Vilar-Gomez's patients are

from biopsy-proven case series, our patients are from population

based administrative database. Third, the case numbers are different.

Metformin has some adverse effects, including gastrointestinal

discomforts and reduction of serum vitamin B12 with long-term use.

Its use in advanced chronic kidney disease significantly increases the

risk of all-cause mortality.22 Metformin use could increase the risk of

lactic acidosis, but only few cirrhotic patients with lactic acidosis have

been reported.23 Our study demonstrated that the use of metformin

in compensated and decompensated cirrhotic patients was not associ-

ated with higher risk of metabolic acidosis.

Diabetes could aggravate the serious complications of liver

cirrhosis.4 Ampuero et al. reported that metformin could inhibit gluta-

minase activity and protect patients from hepatic encephalopathy,24

but our study found that using metformin in compensated liver

cirrhosis could significantly increase the risks of variceal bleeding and

cirrhotic decompensation, except hepatic encephalopathy. The differ-

ence might be due to different study methods, patient numbers and

some of our participants having chronic viral infection, different from

Ampuero's patients, most of whom had nonalcoholic fatty liver

disease.

Metformin does not undergo hepatic metabolism and is excreted

unchanged by glomerular filtration and tubular secretion into urine.25

It is not expected to cause or exacerbate liver injury. The case report

disclosed that metformin use had the chance of drug-induced

hepatitis.26 Animal studies demonstrated that metformin can

accumulate in rat liver 4 times more than the plasma concentration,

and can accumulate at 100 times higher concentration in the

mitochondria. Through the organic cation transporter 1, metformin

can enter cells and inhibit complex I of the mitochondrial electron

transport chain, which could decrease ATP production and lead to

energy stress.27 Supratherapeutic concentrations of metformin can

cause mitochondrial dysfunction through impairing the main site of

energy production; they could dose-dependently induce mitochon-

drial dysfunction and cytotoxicity of hepatocytes.28 Mitochondrial

injury has the potential to cause significant liver damage; persistent

mitochondrial dysfunction could progress to portal hypertension and

chronic liver failure.29 Pre-existing hepatic disorders also can aug-

ment the hepatic toxic effect. Many hepatic failure syndromes are

linked by the common pathway of mitochondrial injury.30 The above-

mentioned clues might be able to explain the results of our study.

One animal study disclosed that metformin can reduce hepatic resis-

tance and portal pressure in cirrhotic rats,31 but our results suggested

that metformin may increase portal pressure in patients with

coexisting diabetes and cirrhosis. Because the physiology, pathology

and pharmacological effects may be different between animal models

and human subjects, we need to do further studies to check the

change of portal pressure after metformin use in patients with

coexisted diabetes and liver cirrhosis.

The UK Prospective Diabetes Study disclosed that metformin

could decrease the risk of cardiovascular complication,32 but the use

of metformin in our cohorts did not have a beneficial effect on MACE.

One study has reported that cardiovascular disease was rare in

cirrhotic patients33; this might be related to a shorter duration of

diabetes in cirrhosis, reduced life expectancy of these patients, or

some protective factors from cirrhosis (e.g., low platelet count and

coagulation factors). Because cirrhotic patients have a lower incidence

of cardiovascular events, metformin might be difficult to provide

cardiovascular protection in these patients.

Our study had some strengths. First, this was a population-based

cohort study in the real-world practice setting with a long-term

follow-up. This study has the largest sample size regarding studying

on metformin use in T2DM with liver cirrhosis. Second, we detailed

the analysis of mortality, cirrhotic decompensation, metabolic acidosis

and cardiovascular complications, tried to give a comprehensive

description of outcomes for metformin use in T2DM with liver cirrho-

sis. Third, we derived our results from several study designs including

propensity score matching, competing risk adjustment, precise error

estimate for Cox proportional hazards models, IPCW adjustment to

account for bias caused by nonrandom censoring, and the effect of

time-varying exposure of metformin. Our study design could also

avoid immortal time bias by using a fixed exposure period (within

90 days after the comorbid date) to categorize metformin use and

nonuse, and setting the 91st date as the index date for both groups.

Nevertheless, this study is subject to some limitations. First, the

NHIRD did not provide complete information about patients' body

weight, alcohol consumption, cigarette smoking, physical activity or

family history—all of which might influence the measured outcomes.

Second, this dataset was short of biochemical results; therefore, we

could not calculate the Child–Pugh class and the model for end-stage

liver disease scores to classify the severity of liver cirrhosis. Instead,

we used clinical diagnosis to separate patients into compensated and

decompensated liver cirrhosis. Some patients with mild–moderate

ascites or minimal hepatic encephalopathy may not be fully captured

in outpatient clinics, which may lead to underdiagnosis of

decompensated cirrhosis and affect study results. However, we tried

to put in as many important variables as possible to balance the study

and control groups to increase their comparability. Third, the cohort

study was generally subject to some inevitable unknown confounding

factors; a prospective randomized study would be needed to verify

our results.

Finally, in this nationwide cohort study, metformin use in diabetes

with liver cirrhosis was associated with higher risks of mortality and

cirrhotic decompensation. Prospective studies are required to confirm

our results.
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