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ABSTRACT

Introduction: Renal injury is a common com-
plication of liver cirrhosis and type 2 diabetes
mellitus (T2DM). The aim of this study was to
analyze the association between cirrhosis and
dialysis in patients with T2DM.
Methods: Thiswasa retrospective studyof specific
patient populations using data collected from the

National Health Insurance Research Database,
National Health Research Institutes, Taiwan on
patients treatedbetween1999and2007.The study
population comprised 1271,759 patients with
T2DM without cirrhosis, 38,860 patients with cir-
rhosis without T2DM, 11,487 patients with T2DM
and cirrhosis, and579,173patientswithout T2DM
and cirrhosis (non-cirrhotic control group).
Results: The average incidence of dialysis in
patients with T2DM and liver cirrhosis (2.466%)
was10.6-, 2.3-, and102.7-foldhigher than that in
patients with T2DM without cirrhosis (0.232%),
with cirrhosis without T2DM (1.071%), and
patients without both T2DM and cirrhosis
(0.024%), respectively. Adjusted odds ratio (OR)
for dialysis risk was 3.19 in patients with T2DM
and cirrhosis, 2.16 in patients with T2DM with-
out cirrhosis, and 1.98 in patients with cirrhosis
without T2DM, compared to that in patients
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without T2DM and cirrhosis. Male sex (adjusted
hazard ratio [HR] 1.15), age (45–49 vs.
20–34 years [reference]; adjusted HR 1.34), low-
income households (adjusted HR 1.46), cirrhosis
(adjusted HR 3.42), and diabetic complications
severity index (adjusted HR 1.71) were predictors
of dialysis in T2DM patients. In addition, those
with T2DM participating in the pay-for-perfor-
mance (P4P) program had a significantly lower
relative risk for requiring dialysis (HR 0.64).
Conclusion: Liver cirrhosis is an independent
risk factor for dialysis in patients with T2DM.
Participating in the P4P program for diabetes
care may reduce the risk of requiring dialysis in
patients with T2DM.

Keywords: Dialysis; Liver cirrhosis; Type 2
diabetes

Key Summary Points

Why carry out the study?

The incidence and prevalence of end-stage
renal disease requiring dialysis in Taiwanese
patientswithdiabeteshavebeenreported to
be the highest in the world.

Renal function impairment is one of the
complications of liver cirrhosis.

We investigated the hypothesis that
cirrhosis isa risk factor fordialysis inpatients
with type 2 diabetes mellitus (T2DM).

What was learned from the study?

The results revealed that cirrhosis
significantly increased the risk of requiring
dialysis in T2DM patients in Taiwan.

In addition to traditional chronic
complications of diabetes, it is necessary
to screen for liver disease more
aggressively to avoid disease progression
and the subsequent increased risk of renal
failure requiring long-term dialysis.

Participating in the pay-for-performance
program for diabetes care may reduce the
risk of requiring dialysis in patients with
T2DM.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12866273.

INTRODUCTION

The prevalence of diabetes worldwide among
adults has doubled since 1980, with type 2
diabetes mellitus (T2DM) being the most com-
mon form of diabetes [1–3]. In Taiwan, the
prevalence is 11.8% among individuals aged[
18 years (adults; males 13.1%, females 10.5%)
[4]. The incidence and prevalence of end stage
renal disease (ESRD) requiring persistent dialysis
in Taiwanese patients with diabetes has been
reported to be among the highest in the world
[2]. Diabetic patients with the added complica-
tion of nephropathy have higher mortality rates
than those without nephropathy [5, 6]. Renal
failure is one of the most common causes of
death among diabetic patients, while poor gly-
cemic control is associated with a shortened
lifespan among diabetic patients, especially
those with diabetic nephropathy [7].

Renal function impairment is one of the
complications of liver cirrhosis. Both liver and
kidney disease are associated with an increased
risk of mortality in patients with diabetes [8, 9].
Many studies have confirmed the relationships
between chronic liver disease, liver cirrhosis,
and glucose abnormalities [10, 11]. The liver
plays a key role in the pathophysiology of dia-
betes. A large proportion of patients with cir-
rhosis have insulin resistance, and diabetes is
common in patients with liver disease [12–14].
Diabetes, chronic liver disease and cirrhosis,
and kidney disease ranked fifth, tenth, and
ninth, respectively, among the ten leading
causes of death in Taiwan in 2017; therefore, we
cannot ignore the effect of these three interre-
lated diseases on the health of Taiwanese people
[15].

The pathogenesis and prevention of T2DM-
related nephropathy and the mechanisms of
reciprocal causation between chronic liver dis-
ease and diabetes have been studied. However,
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few studies have investigated the incidence of
ESRD and persistent dialysis in patients with
diabetes, with and without cirrhosis. Therefore,
the aim of our study was to investigate the
impact of liver cirrhosis on the incidence of
dialysis among patients with T2DM. We
hypothesized that cirrhosis is a risk factor for
dialysis in patients with T2DM.

METHODS

Data Source

This study was based on data collected by the
National Health Insurance Research Database
(NHIRD), which falls within the framework of
the National Health Insurance (NHI) program of
the National Health Insurance Administration,
Ministry of Health and Welfare and managed by
the National Health Research Institutes under
license; consequently, data cannot be made
freely available. Requests for access to data in
the NHIRD should be made to the National
Health Research Institutes, Taiwan. Over 99% of
Taiwanese citizens have been enrolled in the
NHI program since 1995.

The database used in this study consisted of
two data subsets from the NHIRD. One was the
longitudinal cohort of a specific patient data-
base that contained the original claim data of
Taiwanese patients with diabetes mellitus or
cirrhosis or those who were receiving dialysis
treatment. The second was the longitudinal
health insurance database (LHID) of one mil-
lion people randomly selected from the NHI
registry for beneficiaries in Taiwan. Both data
subsets comprised data on demographic char-
acteristics and detailed clinical records, includ-
ing age, sex, premium-based salary, outpatient
visits, diagnostic codes, and admission records.
All personal identification data were encrypted
and anonymous. This study was approved by
the research ethics committee of China Medical
University and Hospital (IRB Number:
CMUH103-REC-003).

Study Subjects

The study included adults aged[ 20 years who
were divided into four groups: Group 1, patients
with T2DM without cirrhosis; Group 2, patients
with cirrhosis without T2DM; Group 3, patients
with T2DM and cirrhosis; and Group 4, patients
without T2DM and cirrhosis (non-cirrhotic
control group). Group 4 was the reference
group, and patients included in this group were
recruited from the LHID, while patients in the
three other groups were enrolled from a partic-
ular patient database. In order to reduce the
study bias and focus on the effects of cirrhosis
on dialysis among patients with T2DM, Group 3
only comprised patients who had developed
cirrhosis after being diagnosed with T2DM.

Patients with T2DM were defined as those
who had been hospitalized once or had made
more than three outpatient visits within a
365-day period and who had been diagnosed
with diabetes based on the following Interna-
tional Classification of Diseases, Ninth Revision
(ICD-9) diagnosis codes: 250, 250.00, and
250.02. Patients with type 1 T2DM (T1DM)
(ICD-9 codes: 250.01, 250.03), gestational dia-
betes mellitus (ICD-9 codes: 648.0, 648.8),
neonatal diabetes mellitus (ICD-9 code: 775.1),
and abnormal glucose tolerance test results
(ICD-9 code: 790.2) were excluded. Patients on
dialysis were identified as those who had a
chronic kidney disease diagnosed with ICD-9
code 585 and had received continuous dialysis
treatment for [ 3 months from 1998 to 2007
(including hemodialysis, peritoneal dialysis,
and alternating hemodialysis or peritoneal
dialysis). The date of diagnosis was defined as
the date of the first dialysis. Patients who nee-
ded dialysis for acute renal failure were exclu-
ded. Patients with cirrhosis were those defined
as being hospitalized once or who had more
than three outpatient visits within a 365-day
period and who had been diagnosed with cir-
rhosis according to ICD-9 diagnosis codes
571.2, 571.5, and 571.6. We excluded patients
with a cirrhosis diagnosis or on dialysis prior to
the study to reduce bias. Figure 1 shows the
flowchart of patient selection for inclusion.
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Fig. 1 Flowchart of the study subject selection process. NHIRD National Health Insurance Research Database, LHID
Longitudinal Health Insurance Database, T2DM type 2 diabetes mellitus
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Study Design

This study was conducted using 1998–2007
claim data in the NHIRD and enrolled patients
as study subjects from 1999 to 2007 to ensure
the exclusion condition. The exclusion period
for each participant was the year before enroll-
ment in the study. For example, when patients
were enrolled in 1999, the exclusion period was
1998. As a first step, we evaluated the different
risks and related factors for dialysis between the
four groups. Second, we evaluated the impact of
cirrhosis on those on dialysis with T2DM. Each
patient with T2DM was followed up until the
date of incident dialysis or the end of 2007,
whichever occurred first. Patients with ESRD
requiring persistent dialysis were defined as
those who continuously received hemodialysis
and/or peritoneal dialysis for[ 3 months. The
date of diagnosis was defined as the first date of
receiving dialysis.

The control variables were sex, age, pre-
mium-based salary, low-income household,
urbanization of residence area, Charlson
Comorbidity Index (CCI), and Diabetic Com-
plications Severity Index (DCSI). Premium-
based salaries of those included in the study
were divided into eight groups according to the
payroll bracket table of the National Health
Insurance Administration, Taiwan. Low-income
household status was derived from the registry
of beneficiaries files from the study database,
which means that the income of these patients
was less than twofold the poverty threshold
[16]. Insured dependents refers to those who
have no income from salaries and wages and are
financially dependent on family members. For
example, an unemployed spouse or children are
the health-insured dependents in a family.

Residential locations were determined
according to seven levels of urbanization (a:
highly urbanized township; b: moderately
urbanized township; c: developing township; d:
general township; e: aging township; f: agricul-
tural township; g: rural area) and, based on
urbanization characteristics, re-classified into
four levels, with level 1 including a; level 2
including b ? c; level 3 including d; and level 4
including e ? f ? g [17]. The CCI was designed
to be used with medical records for research

relying on ICD-9-Clinical Modification (ICD-9-
CM) diagnosis and procedure codes. This index
is widely used in studies of disease outcome and
resource use employing administrative data-
bases. Further developed by Deyo et al., the CCI
includes comorbidities such as myocardial
infarct, congestive heart failure, peripheral vas-
cular disease, cerebrovascular disease, dementia,
chronic pulmonary disease, connective tissue
disease, rheumatologic disease, ulcer disease,
mild liver disease, hemiplegia, renal disease,
tumor, malignancy, etc. The severity of comor-
bidities is scored as B 1, 2, 3, C 4, in which a
higher score represents increased disease sever-
ity [18]. Complications of diabetes were classi-
fied and scored based on the DCSI published by
Young et al., which includes retinopathy,
nephropathy, neuropathy, cerebrovascular,
cardiovascular and peripheral vascular disease,
and metabolic complications identified by ICD-
9CM, from which, we excluded nephropathy
because it was the endpoint of our study [19]. In
addition to ‘‘with or without complications,’’
the DCSI was calculated according to the
severity score of complications (0, 1 or 2
points). If a patient had such complications, the
patient scored 1 more point in DCSI; if the
complications were severe, the score was 2
points. The DCSI is a 13-point scale; however,
nephropathy (score 2 points) was excluded in
the present study. Therefore, the highest
achievable score was 11. Taiwan pay-for-per-
formance (P4P) is designed as an integrated
team-care program with team members,
including doctors, nurses, dietitians, and other
paramedical workers. The program offers
financial rewards to doctors, partly based on the
outcome of the patients. Diabetic patients who
join the program need to undergo physical
examinations, biochemical tests, and health
education sessions regularly. In addition to the
regular follow up by a medical team, P4P pro-
grams offer self-management education and
support and are aimed to avoid subsequent
complications of diabetes.
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Statistical Analysis

The software used in the present study was SAS
version 9.1 (SAS Institute, Cary, NC, USA). Fre-
quency distribution and percentages were used
to present descriptive statistics, while means,
standard deviation, frequencies, and percentage
distribution were used to describe overall char-
acteristics. A Chi-square test was used to analyze
the relationship between each variable and
dialysis. Logistic regression was used to analyze
the correlation of different groups and incident
dialysis in order to calculate the odds ratios
(OR), after controlling for sex, age, premium-
based salary, low-income household, urbaniza-
tion, and CCI. Cox proportional hazard models
were used to investigate risks for requiring
dialysis in patients with T2DM after controlling
for sex, age, premium-based salary, low-income
household, urbanization, and the DCSI. Statis-
tical significance was defined as p\0.05.

RESULTS

The Study Group Comprising Patients
with T2DM and Cirrhosis had the Highest
Proportion of Patients Undergoing
Dialysis

The characteristics of each study group are
presented in Table 1. After exclusion, the total
number of patients with T2DM without cir-
rhosis included in the study was 1271,759, of
whom 17,331 required dialysis therapy. Among
patients with cirrhosis without T2DM, 37,662
did not undergo dialysis before the end of the
observation period; however, 1198 patients
received dialysis therapy. Among patients with
T2DM and cirrhosis, dialysis was not needed by
10,708 patients; however, 779 patients received
dialysis therapy. A total of 579,173 patients
were included in the group without T2DM or
cirrhosis, of whom 577,151 patients did not
undergo dialysis, and 2022 patients required
dialysis therapy before the end of the observa-
tion period.

Trends Among Patients Requiring Long-
Term Dialysis

The trends in patients who required long-term
dialysis among the four study groups in Taiwan
from 1999 to 2007 are shown in Fig. 2. The
highest incidence of patients who required
dialysis occurred among those with T2DM and
liver cirrhosis (average incidence 2.466%) and
the lowest incidence occurred among patients
without T2DM or cirrhosis (average incidence
0.024%). The average incidence of patients who
required dialysis in the cirrhosis without T2DM
and T2DM without cirrhosis groups were 1.071
and 0.232%, respectively. This trend in the
incidence of patients who required dialysis in
the four groups remained unchanged during
the 10-year observation period. Also, this trend
in the incidence of patients requiring dialysis
remained unchanged continuously during the
observation period (Fig. 2; Electronic Supple-
mentary Material Table S1).

Risk Factors for Dialysis Requirement

Table 2 shows the results of the logistic regres-
sion on the risks for requiring dialysis in each
group. Multivariate logistic regression analysis
was used to adjust for sex, age, premium-based
salary, low-income households, urbanization,
and the CCI. Compared with patients without
T2DM or cirrhosis, for patients with T2DM and
cirrhosis the unadjusted OR was 20.77 (95%
confidence interval [CI] 19.08–22.60, p\ 0.001)
and the adjusted OR was 3.19 (95% CI
2.92–3.48, p\0.001); in patients with T2DM
without cirrhosis the unadjusted OR was 3.94
(95% CI 3.77–4.13, p\ 0.001) and the adjusted
OR was 2.16 (95% CI 2.05–2.27, p\0.001); and
in patients with cirrhosis without T2DM, the
unadjusted OR was 9.08 (95% CI 8.45–9.76,
p\0.001) and the adjusted OR was 1.98 (95%
CI 1.84–2.14, p\0.001). The comparison of
unadjusted OR to adjusted OR revealed that
before adjustment, the study groups in
descending order of incidence of patients
requiring dialysis were T2DM with cirrhosis,
cirrhosis without T2DM, and T2DM without
cirrhosis. However, after adjustment, the
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Table 1 Characteristics of study groups

Variablesa T2DM and
cirrhosis

T2DM without
cirrhosis

Cirrhosis without
T2DM

No T2DM and no
cirrhosis

N % N % N % n %

Total 11,487 100.00 1,271,759 100.00 38,860 100.00 579,173 100.00

Dialysis

Yes 779 6.78 17,331 1.36 1198 3.08 2022 0.35

No 10,708 93.22 1,254,428 98.64 37,662 96.92 577,151 99.65

Sex

Female 3422 29.79 599,420 47.13 9760 25.12 283,925 49.02

Male 8065 70.21 672,339 52.87 29,100 74.88 295,248 50.98

Age (years)b 65.18 ± 11.71 62.72 ± 13.88 62.53 ± 13.66 49.58 ± 15.29

20–34 48 0.42 28,823 2.27 908 2.34 100,020 17.27

35–39 153 1.33 35,502 2.79 1360 3.50 84,277 14.55

40–44 333 2.90 65,916 5.18 2337 6.01 81,683 14.10

45–49 721 6.28 107,593 8.46 3323 8.55 76,077 13.14

50–54 1165 10.14 151,257 11.89 3910 10.06 63,456 10.96

55–59 1430 12.45 177,438 13.95 4284 11.02 47,341 8.17

60–64 1552 13.51 140,995 11.09 4475 11.52 27,357 4.72

65–69 1860 16.19 149,541 11.76 5219 13.43 26,061 4.50

C 70 4225 36.78 414,693 32.61 13,044 33.57 72,885 12.58

Missing data 1 16

Premium-based salary (NT$)

Insured dependent 3512 30.60 378,344 29.79 10,396 26.77 99,815 17.23

B 17,280 2441 21.27 263,778 20.77 8619 22.19 141,358 24.41

17,281–22,800 4219 36.76 382,448 30.12 14,308 36.84 158,442 27.36

22,801–36,300 685 5.97 121,768 9.59 2672 6.88 78,258 13.51

36,301–45,800 388 3.38 62,863 4.95 1557 4.01 43,944 7.59

45,801–57,800 73 0.64 19,218 1.51 555 1.43 24,120 4.16

57,801–72,800 104 0.91 22,042 1.74 452 1.16 18,517 3.20

[ 72,800 56 0.49 19,400 1.53 278 0.72 14,718 2.54

Missing data 9 1898 23 1

Low-income household

Yes 217 1.89 18,573 1.46 756 1.95 4599 0.79

No 11,270 98.11 1,253,186 98.54 38,104 98.05 574,574 99.21
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adjusted OR in patients with cirrhosis without
T2DM was lower than that in patients with
T2DM without cirrhosis. The adjusted OR of
dialysis in patients with low-income house-
holds was 1.37 (95% CI 1.25–1.51, p\ 0.001)
compared to patients with non-low-income
households. The results of the analysis of pre-
mium-based salary showed that insured depen-
dents and those who had lower premium-based
salaries had higher adjusted ORs for dialysis. In
contrast, those with higher premium-based sal-
aries had lower adjusted ORs for dialysis
(p\ 0.05). The adjusted ORs of dialysis was
significantly higher in high-level urbanization
areas compared with low-level ones (p\ 0.05).

Relative Risks and Related Factors
for Dialysis

Table 3 shows the adjusted hazard ratio (HR)
and 95% CI for dialysis in patients with T2DM.
In accordance with the analytical methods used
for diabetic complications, Model I and Model
II were used to present the results. In Model I,

the categorical variables were types of diabetic
complications, while in Model II, diabetic
complications were continuous variables calcu-
lated using the DCSI.

Model I Diabetic complications were classified
by types in Model I. Adjusted HR in male
patients was 1.16 (95% CI 1.13–1.20); further,
patients who were 45–49 years old had the
highest adjusted HR (1.33, 95% CI 1.15–1.53)
compared with patients who were 20–34 years
old. When a premium-based salary of B 17,280
was used as the reference group, insured
dependents had the highest adjusted HR. Low-
income households were found to a risk factor
for dialysis (adjusted HR 1.44, 95% CI
1.30–1.59). The relative risks for requiring dial-
ysis in the population living in cities with
higher levels of urbanization were [ 1
(p\ 0.05). With regards to diabetes complica-
tions, compared with patients without compli-
cations, the adjusted HR for dialysis in
descending order were as follows: peripheral
vascular disease (3.54, 95% CI 3.39–3.69),

Table 1 continued

Variablesa T2DM and
cirrhosis

T2DM without
cirrhosis

Cirrhosis without
T2DM

No T2DM and no
cirrhosis

N % N % N % n %

Urbanization

1 2580 22.57 348,758 27.50 8954 23.17 180,368 31.16

2 4922 43.06 574,096 45.26 17,000 43.98 272,422 47.06

3 2028 17.74 193,297 15.24 6790 17.57 75,576 13.06

4 1901 16.63 152,226 12.00 5908 15.29 50,505 8.72

Missing data 56 3382 208 302

CCI

B 1 744 6.48 780,538 61.37 3949 10.16 478,570 82.63

2 1373 11.95 184,657 14.52 13,198 33.96 56,179 9.70

3 2492 21.69 182,424 14.34 8796 22.64 23,963 4.14

C 4 6878 59.88 124,140 9.76 12,917 33.24 20,461 3.53

CCI Charlson Comorbidity Index, NT$ New Taiwan Dollar, T2DM type 2 diabetes mellitus
a See section Study Design for detailed description of the variables
b Mean ± standard deviation (SD)
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metabolic complications (3.06, 95% CI
2.75–3.42), cerebrovascular disease (2.06, 95%
CI 1.94–2.18), cardiovascular disease (2.04, 95%
CI 1.93–2.17), and neuropathy (1.71, 95% CI
1.63–1.79). Regarding the role of cirrhosis in the
need for long-term dialysis in patients with
T2DM, when using non-cirrhosis patients as a
reference group, the adjusted HR of dialysis in
patients with cirrhosis was 3.30 (95% CI
3.07–3.55), ranking second to that in patients
with diabetic peripheral vascular disease (ad-
justed HR 3.54). When using patients not par-
ticipating in the P4P program for diabetes care
as a reference group, those with T2DM partici-
pating in the P4P program had a lower relative
risk for requiring dialysis (HR 0.64, 95% CI
0.61–0.67). The adjusted HR of diabetic
retinopathy was 0.54 (95% CI 0.48–0.60).

Model II In Model II, T2DM complications
were calculated according to the DCSI. The
findings of sex, age, and socioeconomic condi-
tions were consistent with Model I. With
respect to severity of diabetic complications,
when using patients without complications as a

reference group, the adjusted HR increased by
1.71-fold (95% CI 1.68–1.75) for each additional
level of DCSI severity. Regarding the role of
cirrhosis in determining requirements for long-
term dialysis in patients with T2DM, when
using patients without liver cirrhosis as a refer-
ence group, the adjusted HR in patients with
cirrhosis was 3.42 (95% CI 3.18–3.68). The
adjusted HR in diabetic complication scores was
1.71. When using patients not participating in
the P4P program for diabetes care as a reference
group, the relative risk for requiring dialysis in
T2DM patients participating in the P4P program
fell to 0.63 (95% CI 0.60–0.65).

DISCUSSION

Trends in the Incidence of Dialysis Among
Patients with Diabetes and/or Cirrhosis

The results of the present study indicate that the
incidence of patients who progressed to ESRD
and required persistent dialysis was significantly

Fig. 2 Trend in the incidence of continuous dialysis among the four study groups from 1999 to 2007 T2DM type 2
diabetes mellitus
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Table 2 Relative risks and related factors for dialysis using logistic regression analysis

Variables Unadjusted Adjusted

OR 95% CI p value OR 95% CI p value

Groups

T2DM and cirrhosis 20.77 19.08–22.6 \ 0.001 3.19 2.92–3.48 \ 0.001

T2DM without cirrhosis 3.94 3.77–4.13 \ 0.001 2.16 2.05–2.27 \ 0.001

Cirrhosis without T2DM 9.08 8.45–9.76 \ 0.001 1.98 1.84–2.14 \ 0.001

Non-T2DM and non-cirrhotic (reference)

Sex

Female (reference)

Male 1.11 1.08–1.14 \ 0.001 1.01 0.98–1.03 0.746

Age (years)

20–34 (reference)

35–39 1.38 1.22–1.57 \ 0.001 0.98 0.86–1.11 0.709

40–44 2.35 2.10–2.62 \ 0.001 1.16 1.04–1.30 0.011

45–49 3.24 2.92–3.59 \ 0.001 1.21 1.09–1.35 \ 0.001

50–54 3.83 3.46–4.24 \ 0.001 1.16 1.05–1.29 0.005

55–59 3.58 3.23–3.96 \ 0.001 0.89 0.80–0.99 0.028

60–64 4.55 4.11–5.04 \ 0.001 0.89 0.80–0.99 0.031

65–69 4.51 4.08–5.00 \ 0.001 0.74 0.67–0.83 \ 0.001

C 70 3.81 3.46–4.20 \ 0.001 0.57 0.51–0.63 \ 0.001

Premium-based salary (NT$)

Insured dependent 1.36 1.31–1.41 \ 0.001 1.23 1.18–1.28 \ 0.001

B 17,280 NT (reference)

17,281–22,800 1.14 1.10–1,10 \ 0.001 1.12 1.07–1.17 \ 0.001

22,801–36,300 0.60 0.56–0.64 \ 0.001 0.66 0.61–0.70 \ 0.001

36,301–45,800 0.53 0.48–0.57 \ 0.001 0.60 0.55–0.65 \ 0.001

45,801–57,800 0.32 0.28–0.38 \ 0.001 0.49 0.41–0.57 \ 0.001

57,801–72,800 0.40 0.35–0.46 \ 0.001 0.51 0.44–0.60 \ 0.001

[ 72,800 0.26 0.22–0.32 \ 0.001 0.36 0.29–0.44 \ 0.001

Low-income household

No (reference)

Yes 1.98 1.82–2.17 \ 0.001 1.37 1.25–1.51 \ 0.001

2620 Diabetes Ther (2020) 11:2611–2628



higher in those patients with T2DM and cir-
rhosis than in the other patient groups. This
trend remained unchanged during the entire
observation period. A previous study showed
that approximately 26.2% of patients with
T2DM in the USA had diabetic kidney disease,
defined by albuminuria, reduced estimated
glomerular filtration rate, or both [6]. In a study
carried out in France, the incidence rate of
dialysis was 18.4 per 1000 person-years in
patients with T2DM [20]. Significant causal
factors for the need for dialysis in Taiwan is the
ageing population and a rapidly increasing rate
of T2DM [2]. In 2010, diabetes accounted for 66
and 61% of patients with ESRD in Singapore
and Malaysia, respectively. Korea, Hong Kong,
Taiwan, and Japan reported rates of ESRD due to
diabetic nephropathy of [ 40% in 2012 [21].
According to US Renal Data System data, the
proportion of ESRD patients with diabetes has
stabilized and may even have declined in recent
years [22]. However, the incidence of ESRD
requiring dialysis among patients with T2DM
and cirrhosis increased in the present study,
while the incidence of dialysis in the other
groups decreased during the observation period.

Impact of Cirrhosis on the Incidence
of Dialysis in T2DM

Many studies have investigated the relationship
between chronic liver disease, liver cirrhosis,
and renal injury, and regardless of whether liver
disease is infectious (especially hepatitis C) or
non-infectious (such as non-alcoholic fatty liver
disease), nephropathy is corroborated
[6, 10, 12]. Acute kidney injury is known to
occur in patients with advanced cirrhosis [23].
Although diabetic nephropathy complications
are characterized by glomerular lesions and
sclerosis [24], cirrhosis-related nephropathy is
usually an acute renal injury with a major
clinical presentation of renal tubular damage.
Nephropathy in patients with cirrhosis and
diabetes may progress to chronic kidney disease,
acute kidney injury, even leading to mixed
acute and chronic renal injuries that worsen
and complicate the nephropathy. In the past,
few studies have investigated the association
with cirrhosis in patients with T2DM, and its
impact on progression to ESRD requiring long-
term dialysis therapy.

Between 1999 and 2007, the average inci-
dence of dialysis among patients with T2DM

Table 2 continued

Variables Unadjusted Adjusted

OR 95% CI p value OR 95% CI p value

Urbanizations

1 0.88 0.84–0.93 \ 0.001 1.17 1.11–1.23 \ 0.001

2 0.96 0.92–1.01 0.100 1.17 1.11–1.22 \ 0.001

3 0.98 0.93–1.03 0.354 1.05 0.99–1.10 0.097

4 (reference)

CCI

B 1 (reference)

2 5.98 5.69–6.28 \ 0.001 5.68 5.40–5.97 \ 0.001

3 9.38 8.95–9.83 \ 0.001 8.25 7.86–8.65 \ 0.001

C 4 28.98 27.80–30.20 \ 0.001 26.39 25.26–27.57 \ 0.001

CI Confidence interval, OR odds ratio
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Table 3 Relative risks and related factors for dialysis among patients with type 2 diabetes mellitus

Variables Model I Model II

Adjusted HR 95% CI p value Adjusted HR 95% CI p value

Liver cirrhosis

No (reference)

Yes 3.30 3.07–3.55 \ 0.001 3.42 3.18–3.68 \ 0.001

Sex

Female (reference)

Male 1.16 1.13–1.2 \ 0.001 1.15 1.12–1.19 \ 0.001

Age (years)

20–34 (reference)

35–39 1.12 0.94–1.32 0.200 1.11 0.94–1.31 0.234

40–44 1.29 1.12–1.5 0.001 1.29 1.12–1.50 0.001

45–49 1.33 1.15–1.53 \ 0.001 1.33 1.15–1.53 \ 0.001

50–54 1.30 1.13–1.49 \ 0.001 1.30 1.13–1.49 \ 0.001

55–59 0.94 0.82–1.08 0.392 0.93 0.81–1.07 0.335

60–64 0.95 0.82–1.09 0.439 0.94 0.82–1.08 0.402

65–69 0.81 0.71–0.94 0.004 0.80 0.70–0.92 0.002

C 70 0.63 0.55–0.72 \ 0.001 0.62 0.54–0.71 \ 0.001

Premium-based salary (NT$)

Insured dependent 1.22 1.17–1.27 \ 0.001 1.21 1.16–1.26 \ 0.001

B 17,280 (reference)

17,281–22,800 1.11 1.06–1.16 \ 0.001 1.12 1.07–1.17 \ 0.001

22,801–36,300 0.59 0.55–0.64 \ 0.001 0.60 0.56–0.64 \ 0.001

36,301–45,800 0.55 0.5–0.61 \ 0.001 0.55 0.50–0.60 \ 0.001

45,801–57,800 0.41 0.34–0.49 \ 0.001 0.40 0.33–0.49 \ 0.001

57,801–72,800 0.45 0.38–0.53 \ 0.001 0.45 0.38–0.53 \ 0.001

[ 72,800 0.29 0.23–0.36 \ 0.001 0.28 0.22–0.35 \ 0.001

Low-income household

No (reference)

Yes 1.44 1.3–1.59 \ 0.001 1.46 1.33–1.62 \ 0.001
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and liver cirrhosis (2.466%) was 10.6 times, 2.3
times, and 102.7 times higher than that among
patients with T2DM without cirrhosis (0.232%),
cirrhosis without T2DM (1.071%), and non-
T2DM and non-cirrhosis (0.024%), respectively.
This trend in the incidence of patients who
required dialysis remained unchanged during
the ten-year observation period. The OR for
requiring dialysis in patients with T2DM and
cirrhosis was the highest among the four groups
in this study.

Impact of Chronic Complications
on the Incidence of Dialysis Among T2DM

The logistic regression showed that patients in
low-income households, insured dependents,
and those with lower premium-based salary had

a higher risk of requiring dialysis. According to a
survey of living conditions among low-income
households in 2008 from the Ministry of the
Interior, Taiwan, 70.40% of heads of house-
holds did not complete junior high school
education. The education level in low-income
households may be lower than that in the
general population, which provides evidence
supporting the inferences stated above. The
results of the Cox model indicate that male sex,
low-income households, complications of dia-
betes, contained peripheral vascular disease,
metabolic complications, cerebrovascular dis-
ease, cardiovascular disease and neuropathy,
and cirrhosis were risk factors for dialysis in the
patients with T2DM in our study. When com-
plications of diabetes were analyzed according
to the DCSI, their severity remained a risk factor
for dialysis. An unexpected outcome of our

Table 3 continued

Variables Model I Model II

Adjusted HR 95% CI p value Adjusted HR 95% CI p value

Urbanizations

1 1.11 1.05–1.17 0.001 1.09 1.03–1.15 0.003

2 1.15 1.1–1.21 \ 0.001 1.13 1.08–1.19 \ 0.001

3 1.08 1.02–1.14 0.009 1.07 1.01–1.13 0.025

4 (reference)

P4P

No (reference)

Yes 0.64 0.61–0.67 \ 0.001 0.63 0.60–0.65 \ 0.001

Complications of diabetes

Retinopathy 0.54 0.48–0.6 \ 0.001

Neuropathy 1.71 1.63–1.79 \ 0.001

Cerebrovascular 2.06 1.94–2.18 \ 0.001

Cardiovascular 2.04 1.93–2.17 \ 0.001

Peripheral vascular disease 3.54 3.39–3.69 \ 0.001

Metabolic 3.06 2.75–3.42 \ 0.001

DCSI 1.71 1.68–1.75 \ 0.001

DCSI Diabetes Complications Severity Index, HR hazard ratio, P4P pay-for-performance
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analysis was that patients with diabetic
retinopathy had a lower risk for requiring dial-
ysis than patients without this microvascular
complication. Possible reasons for this outcome
are as follows. First, this study showed the
diagnostic status of diseases, which differs from
disease morbidity. The diagnosis of diabetic
retinopathy is not as straightforward as the
diagnosis of other diabetic complications. Dia-
betic retinopathy must be diagnosed via exam-
ination of the fundus, which is usually
performed by ophthalmologists using an oph-
thalmoscope, while other complications can be
diagnosed by internal or family medicine
physicians. Furthermore, the early symptoms of
diabetic retinopathy are not obvious, and its
clinical presentations are not highly specific;
thus, it can be easily overlooked unless the
condition deteriorates acutely. In contrast,
although neuropathy also occurs in the early
stage of diabetes, its symptoms are often more
obvious (e.g., peripheral numbness, tingling).
Therefore, it is easier for physicians to diagnose
diabetic neuropathy based on its symptomatic
manifestations. As a result of these factors,
screening rates for diabetic retinopathy may be
low, resulting in an underestimation of diabetic
retinopathy.

Previous studies have shown that diabetic
nephropathy is associated with age, sex, and
poor blood pressure and blood glucose control
and that there is a relationship between blood
glucose control and diabetic microvascular
complications [25, 26]. Diabetic nephropathy is
closely associated with diabetic macrovascular
complications as hyperglycemia is an important
cerebrovascular risk factor that induces a variety
of biochemical changes within endothelial cells
in the cerebral vasculature [27]. T2DM is asso-
ciated with at least a twofold increased risk for
all diabetic macrovascular complications, coro-
nary heart disease, stroke, and peripheral vas-
cular disease [28]. Therefore, both
complications and the severity of the disease are
significantly associated with the need for dial-
ysis in patients with T2DM. According to the
results of the present study, in terms of the role
of cirrhosis in the need for dialysis in patients
with T2DM, the adjusted HR in patients with
cirrhosis ranked second only to that in patients

with diabetic peripheral vascular disease. In
addition to traditional risk factors, cirrhosis is
an important independent risk factor for dialy-
sis in patients with T2DM.

Impact of Joining the P4P Program
for Diabetes Care on the Incidence
of Dialysis in T2DM

There was a 36% risk reduction in dialysis in
T2DM patients who joined the P4P program for
diabetes care. The P4P program for diabetes care
was implemented in Taiwan in 2001. Studies
have documented the effectiveness of the P4P
program in improving essential clinical exami-
nations and lowering the incidence of compli-
cations [29, 30]. If problems related to screening
anddiagnosis rates are excluded,previous studies
have also have demonstrated the inconsistency
between diabetic retinopathy and nephropathy,
which is consistentwith the results of the present
study. One previous study showed that diabetic
retinopathy was not a predictive factor of
nephropathy [31]. In contrast, diabetic
retinopathy has been proposed as a predictor for
diabetic nephropathy in a recent meta-analysis
[32]. Whether genes and ethnicity play a role
remains to be determined. Moreover, not all
diabetic patients experience renal dysfunction
due to diabetic nephropathy. The prevalence of
non-diabetic renal disease (NDRD) in patients
with diabetes is high, mainly presenting as non-
diabetes-related glomerulonephritis or intersti-
tial nephropathy [33–35].

The results of the present study may be
explained by the low, even rare, prevalence of
diabetic retinopathy in the patient population in
this study and the short duration of diabetes.
However, in order to deal with low screening and
diagnosis rates for retinopathy, prospective
clinical studies are required to investigate the
association between diabetic retinopathy and
nephropathy inT2DMinorder tounderstand the
underlying reasons and relevant mechanisms.

Limitations

There are a few limitations to this study that
should be acknowledged in the present study.
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First, the NHIRD and the ICD-9 diagnosis codes
were used to define relevant diseases. Thus,
although no laboratory data were required for
diagnosis, a relatively strict diagnostic defini-
tion was adopted. Second, patients who had
been hospitalized once or had more than three
outpatient visit in a 365-day period and who
were diagnosed with diabetes or cirrhosis based
on the ICD-9 diagnosis codes were included in
this study. The definition of diabetes employed
in previous studies in Taiwan was used [36]. A
sample questionnaire survey asking patients
about the status of their medication use and
physicians’ notifications were used as diagnostic
criteria in a previous study and the consistency
between ICD-9 codes and questionnaires veri-
fied the sensitivity (96.9%) and positive pre-
dictive value (93.9%) of this approach. Third, in
the present study, the amount of insurance and
urbanization levels of the region were used to
estimate socioeconomic status and the
urban–rural gap; however, the actual situation
may be different. No record of patients’ life-
styles, health behaviors, and clinical data was
available in the NHIRD; thus, we were unable to
draw relevant inferences based on disease
mechanisms. Additionally, patients’ medica-
tions were not analyzed in the present study.

Strength of the Study

The strength of the study is that it combined
two large and representative nationwide data-
bases in Taiwan to analyze the correlation
between cirrhosis and dialysis among patients
with T2DM, thereby avoiding bias from selec-
tion, non-response, or poor recall. Previous
epidemiology studies have shown that the
NHIRD has good levels of accuracy and com-
pleteness [37, 38]. The association between the
presence of cirrhosis and incident dialysis is
present, even though only 10 years of data from
the database were used; the study maintains the
accuracy and representativeness of the database.

CONCLUSIONS

The results of the present study indicate that
cirrhosis significantly increases the risk of the

need for dialysis in T2DM patients. Between
1999 and 2007, the average incidence of dialysis
was 10.2-fold greater in patients with diabetes
and cirrhosis than in patients with T2DM
without cirrhosis. After adjustment, the adjus-
ted OR was significantly higher in patients with
T2DM and cirrhosis than in patients with T2DM
without cirrhosis. If T2DM patients have
abnormal liver functions, it is necessary to pre-
vent disease progression to cirrhosis, which
leads to an increased risk of requiring dialysis.
In addition to cirrhosis, risk factors for dialysis
in T2DM patients also include male sex, older
age, low-income households, and diabetic
complications. The risk of requiring dialysis in
T2DM patients with cirrhosis ranked second
only to that in patients with diabetic peripheral
vascular disease. Early and immediate preven-
tion of renal disease requires intervention in
populations at high risk of requiring dialysis to
avoid progression to long-term dialysis treat-
ment, which causes a significant burden on
families and society and increases healthcare
costs. Prospective clinical studies are required to
further investigate the mechanisms and associ-
ation between diabetic retinopathy and dialysis.
According to the results of this study, partici-
pation in the P4P program for diabetes care may
reduce the risk of requiring dialysis in patients
with T2DM.
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11. Jáquez Quintana JO, Garcı́a-Compean D, González
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