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Diabetes and End-Stage Renal
Disease Synergistically Contribute
to Increased Incidence of
Cardiovascular Events: A
Nationwide Follow-up Study
During 1998–2009
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OBJECTIVE

This study aimed to investigate the effect of interaction of diabetes and end-stage
renal disease (ESRD) on the risks of cardiovascular (CV) events.
RESEARCH DESIGN AND METHODS

RESULTS

A total 648,851 non-ESRD individuals and 71,397 ESRD patients, including 53,342
and 34,754 diabetic patients, respectively, were followed up during 1998–2009. A
monotonic risk pattern of CV-related incidences was noted with the presence of
diabetes, ESRD, or both, respectively, after stratiﬁcation by age and sex. De novo
diabetes showed similar increased risks for CV incidences, especially AMI and
stroke. There is a multiplicatively synergistic effect of diabetes and ESRD for CVrelated risks, especially for AMI and stroke, of which the adjusted hazard ratios
(aHRs) were 5.24 (95% CI 4.83–5.68) and 2.43 (2.32–2.55), respectively, in comparison with people without diabetes or ESRD; de novo diabetes after ESRD had
similar effects with aHRs of 4.12 (3.49–4.87) and 1.75 (1.57–1.95), respectively.
CONCLUSIONS

Diabetes and ESRD synergistically increase risks of CV events. Proactive screening
and control for diabetes in patients with ESRD should be built into our daily
practice.
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CARDIOVASCULAR AND METABOLIC RISK

By using two representative national cohorts, we determined the age- and sexspeciﬁc incidences and 20-year risks of incident CV events, including acute myocardial infarction (AMI), stroke, and congestive heart failure (CHF), stratiﬁed by
the presence of diabetes, de novo diabetes after ESRD, or ESRD. Individuals were
excluded if age ,18 years or if previous CV events or malignancies were present
before enrollment. Cox proportional hazards models were also constructed with
adjustments for competing risk of mortality.
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Diabetes and ESRD and the Risk of CV Events

In recent years, noncommunicable
diseases (NCDs) are becoming
responsible for more morbidity and
premature death than communicable
disease worldwide (1), and this has lead
to enormous losses of human capital
and high health care expenditure. It is
estimated that cardiovascular (CV)
disease and diabetes together will
reduce global gross domestic product by
5% in 2015 (1). Chronic kidney disease
(CKD), another NCD, is also prevalent
worldwide (2,3), and its most severe
form, end-stage renal disease (ESRD),
accounts for ;2–6% of the global
annual health care budget, although
affected patients represent only 0.02–
0.2% of the total population (4,5). More
efforts should thus be expended on
controlling NCDs, including diabetes,
ESRD, and the related complications.
This is not only a health care issue but
also a ﬁnancial one, especially for
countries that have a policy of universal
health care coverage, such as Taiwan.
In fact, CV disease is a frequent
complication of ESRD and diabetes and
is responsible for high mortality and
morbidity in these two patient
populations (6–9). Although
considerable resources have been spent
on efforts to reduce the incidence of CV
events in patients with diabetes and
ESRD in recent decades, such individuals
still face poor outcomes of CV events
compared with the general population
(10,11). To date, most previous studies
exploring CV events in ESRD patients
have been based on mortality rates
rather than counting the new incidence
of CV events (5,11–13), which usually
underestimate such events because of
coding only one underlying cause of
death (14). Furthermore, data on the
excess risks of combination of diabetes
or de novo diabetes after ESRD and
ESRD on the composite or different
types of CV events, which are important
for designing primary prevention
strategies, are limited. In this study, we
aimed to determine and compare the
age- and sex-speciﬁc incidence rates and
hazard ratios of individual CV events,
including acute myocardial infarction
(AMI), stroke, and congestive heart
failure (CHF) or the composite CV events
(either AMI, stroke, or CHF), among
patients with or without diabetes, de
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novo diabetes after ESRD, or ESRD who
never had a previous CV event, by using
two sets of national cohorts derived
from the National Health Insurance
(NHI) Research Database in Taiwan. We
also estimated the 20-year risks of
various CV events by calculating their
cumulative incidence rates (CIRs) for
patients at various age intervals.

medical services. Besides, peer reviews
of randomly selected cases and
concomitant penalties for any false
reports provide support for the accuracy
of this data claim system, and it has
been used in a number of high-quality
research projects (17–19).

RESEARCH DESIGN AND METHODS

To identify new-onset CV events,
including AMI, stroke, and CHF, we
excluded patients with previous
diagnoses of AMI (coded as ICD-9 410.
X), stroke (ICD-9 430–438), and CHF
(ICD-9 398.91, 425, 428, 402.X1, 404.X1,
and 404.X3) before 1998 or before the
diagnosis of diabetes or ESRD. To ensure
the above requirements, we examined
the inpatient claim data for 1997 and
1998 for each study subject in the nonESRD cohort and before the enrolled
date of identiﬁed individuals in the ESRD
cohort. We also excluded individuals
aged ,18 years at enrollment. Those
who received maintenance dialysis
during 1998–2009 were also excluded in
the non-ESRD cohort. Moreover, we
excluded individuals who had been
admitted to hospital for malignancy
(ICD-9 140–208, 230–234, and V10) in
the period 1996–1997 or before the
identiﬁcation of diabetes or dialysis to
avoid confounding in the results. ICD-9
codes 250, 357.2, 362.0X, and 366.41
were included as diabetes-related
diagnoses. Patients were thus
recognized as having diabetes if any of
these codes were found in their
discharge summary or if they had two
separate ambulatory care visits for
diabetes-related diagnoses within 1
year and the interval between these two
visits was .30 days apart. In the
Longitudinal Health Insurance Database
2000, individuals with newly diagnosed
diabetes during 1998–2009 were
classiﬁed into the diabetes/non-ESRD
group. The onset of diabetes in this
group was recorded as the date of the
ﬁrst visit for diabetes care during 1998–
2009. Individuals without any diabetesrelated diagnoses during the follow-up
period were classiﬁed into the
nondiabetes/non-ESRD group. In the
ESRD cohort, patients with diabetesrelated diagnoses before or after
initiating dialysis were classiﬁed into the
diabetes/ESRD and de novo diabetes/

Sources of Data Files

This study was approved by the ethics
review board of the National Cheng
Kung University Hospital (A-ER-101089). This work uses the data collected
from the reimbursement records of the
NHI program in Taiwan, in which the
personal identiﬁcation information is
encrypted, and these data are
maintained by the National Health
Research Institutes for research
purposes (15). The NHI has been
established since March 1995 and
covered .98% inhabitants in Taiwan
(16). Most importantly, the NHI has a list
of catastrophic illnesses, of which all
registered cases are waived for all
copayment, and ESRD is included as one
of them. In this study, two sets of
databases were used for analysis. The
ﬁrst one originated from the
representative database of 1 million
beneﬁciaries, named by Longitudinal
Health Insurance Database 2000, which
was constructed by systematic sampling
from .23 million beneﬁciaries within
the registry during 1996–2000. There
were no statistically signiﬁcant
differences in sex and age distribution,
as reported by the National Health
Research Institutes (15). The second is a
speciﬁc database that recruited all ESRD
patients who started maintenance
dialysis during 1998–2009. Individuals
would be recognized as patients on
maintenance dialysis if they had the
order codes directly related to
hemodialysis and peritoneal dialysis in
their inpatient or ambulatory care for
more than three consecutive months.
Both databases contained detailed
information of each enrolled individual
about the date of admission or
discharge, time of visits for ambulatory
care, and up to ﬁve hospital discharge or
three ambulatory care diagnostic codes
(in accordance with the regulations of
the ICD-9) when he or she sought

Study Design and Identiﬁcation of the
Study Population
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ESRD groups, respectively, in order to
more speciﬁcally identify the effects of
prevalent or incident diabetes with
regard to further CV risks. The detailed
enrollment process used for our study
cohort is shown in Fig. 1.

non-ESRD population and one month
after the last medical visit in ESRD
population if they stopped receiving
medical services from the NHI.

End Point of the Study

We identiﬁed the following major
comorbidities as risk factors for our
study subjects: CKD (ICD-9 016.0, 095.4,
189.0, 189.9, 223.0, 236.91, 250.4,
271.4, 274.1, 283.11, 403.X1, 404.X2,
404.X3, 440.1, 442.1, 447.3, 572.4, 580–
588, 591, 642.1, 646.2, 753.12–753.17,
753.19, 753.2, and 794.4), liver disease
(ICD-9 570, 571, and 572.4),
hypertension (ICD-9 401–402 and 405),
anemia (ICD-9 280–285), hyperlipidemia
(ICD-9 272.0–272.4), coronary artery
disease (ICD-9 414.8 and 414.9), chronic
obstructive pulmonary disease (ICD-9
491–494, 496, and 510), gastrointestinal
bleeding (ICD-9 456.0–456.2, 530.7,
531–534, 569.84, 569.85, and 578),
peripheral artery occlusive disease (ICD-9
440–444, 447, and 557), and malignancy.
Patients would be treated as having a
comorbidity if any of these diseases
occurred before censoring or the
development of the CV events of
interest. The age of each individual was
calculated by the difference between the
index date and the date of birth.

We deﬁned a new diagnosis of any of
AMI, stroke, or CHF from the inpatient
claim data as the end point of the
follow-up of composite CV events. The
date of reaching the end point would be
the ﬁrst day of hospitalization. However,
subjects with any one or two of the
above three diagnoses were still
considered eligible for follow-up with
regard to the development of the other
event(s) in the period 1998–2009. The
inpatient claims contain the data of date
of birth, sex, geographic area, dates of
admission and discharge, a maximum of
ﬁve leading discharged diagnoses, and
up to four operation procedure codes,
which make such observations possible.
The total follow-up period was 12 years,
from 1 January 1998 to 31 December
2009. The date of censoring would be
the end of the study (31 December
2009) or the date of last withdrawal
from the NHI. We deﬁned the date of
mortality as the individual withdrew
from the NHI program due to death in

Identiﬁcation of Comorbidities and
Other Data

Statistical Methods

The estimation of the age- and sexspeciﬁc incidence rates of newly
developed CV events (AMI, stroke, and
CHF or composite events) was
determined by the Poisson assumption
or accumulated follow-up person-years.
CIRs between indicated age intervals
(CIRt1–t2) were calculated to estimate
the occurrence of CV events in nonESRD and ESRD patients with or without
diabetes by using the following formula:
CIRt1 2 t2 ¼ 1 2 e 2 S1 ðIRiÞðtiÞ (20,21). For
example, CIR40–59 indicates the CIR of
target events in individuals survived
from 40 to 59 years of age. The KaplanMeier method was performed to reveal
the CV event–free survival rate, and we
selected the log-rank test to examine
whether there were any differences in
the risk of CV events in the ﬁve study
groups. Since patients under dialysis are
at much higher risk of mortality than is
the general population (22), we might
overestimate the CV-related risks if the
computation does not account for
competing risk of death. Thus, we
analyzed the risks of CV diseases by CIR
and Cox proportional hazards model
after allowing for competing risk of
death. Most statistical analyses were
performed with SAS, version 9.2 (SAS
Institute, Cary, NC), except the analysis

Figure 1—Flowchart of the establishment of the cohort in this study. CVA, cerebrovascular accident; DM, diabetes.
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of the Kaplan-Meier estimates,
competing risk-adjusted CIRs, and Cox
proportional hazards model, which
were carried out by the R statistical
program. A P value ,0.05 was
considered statistically signiﬁcant.
RESULTS
Baseline Characteristics of the Study
Subjects

A total of 648,851 non-ESRD individuals
and 71,397 ESRD patients including
53,342 and 34,754 prevalent and
incident diabetic patients, respectively,
were enrolled into the ﬁnal analysis. The
median follow-up periods were 12.0,
4.9, 3.7, 2.4, and 1.7 years in the
nondiabetes/non-ESRD, diabetes/
non-ESRD, nondiabetes/ESRD, diabetes/
ESRD, and de novo diabetes/ESRD
groups, respectively. Table 1 reveals the
demographic characteristics and the
comorbidities in the population when
considering the composite CV events as
the end point. Because we are
estimating the incidence rates for AMI,
stroke, and CHF, there are minor
differences in counting the presence of
comorbidities for the above three
speciﬁc events. The prevalence rates of
comorbidities for various CV outcomes
are summarized in Supplementary
Tables 1–3. ESRD patients were found to
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show higher proportions of
hypertension, anemia, gastrointestinal
bleeding, and peripheral artery disease
than non-ESRD individuals, while
diabetic patients showed higher
proportions of hyperlipidemia among
the ﬁve study populations (Table 1).
Incidence Rates and 20-Year Risks of
Composite or Separate CV Events in
the Stratiﬁed Populations

The age- and sex-speciﬁc incidence rates
and CIRs with various age intervals of
each CV event are presented in Table 2.
For AMI, the crude incidence rates of
men were 0.67, 2.97, 6.63, 18.72, and
20.97 per 1,000 person-years in the
nondiabetes/non-ESRD, diabetes/nonESRD, nondiabetes/ESRD, diabetes/
ESRD, and de novo diabetes/ESRD
groups, respectively, while the
corresponding ﬁgures for women were
0.19, 1.54, 2.88, 16.46, and 14.87. The
incidence rates generally increase along
with age. However, the increased risks
in patients with diabetes and/or ESRD
for AMI diminished as people aged. For
example, within the 18- to 39-year-old
male group, individuals in the diabetes/
non-ESRD, nondiabetes/ESRD,
diabetes/ESRD, and de novo diabetes/
ESRD groups were associated with 8.13-,
10.47-, 65.33- and 69.80-fold increases

in incidence rates compared with the
nondiabetes/non-ESRD groups.
However, when individuals were .80
years old, diabetes, ESRD, the presence
of both, or de novo diabetes/ESRD only
increased the risks by 1.44-, 3.56-, 6.34-,
and 7.46-fold, respectively. Similar
ﬁndings were also observed among the
females, and such a trend also persisted
for stroke and CHF. Moreover, the
magnitude of the increased risk of AMI
and stroke among patients in the
diabetes/ESRD group is almost equal or
even higher than the direct
multiplication product of the associated
risks of two factors independently,
except in subjects aged ,40 years. This
implies that the disease processes of
diabetes and ESRD may independently
and synergistically contribute to the
occurrence of AMI and stroke. A similar
phenomenon could also be observed in
the de novo diabetes/ESRD group after
stratiﬁcation by age (Table 2). In
contrast, this synergistic and
multiplicative effect was attenuated
upon analysis of the risk of CHF.
To estimate the effect of diabetes and
ESRD on risks of CV events, we
calculated the CIR within speciﬁc time
intervals, which assumed that the
interested subjects had not died of

Table 1—Demographic and clinical characteristics of ESRD and non-ESRD populations stratiﬁed by diabetes
Non-ESRD
Categories

ESRD

Nondiabetes

Diabetes

Nondiabetes

Diabetes

De novo diabetes

Age (years), n
18–39
40–49
50–59
60–69
70–79
$80

363,185
110,223
51,483
38,785
23,866
7,967

5,521
11,397
15,233
11,868
7,403
1,920

5,567
6,932
6,903
7,160
7,192
2,889

1,072
3,607
7,860
8,929
6,530
1,608

205
640
1,351
1,320
1,239
393

Sex, n
Male
Female

303,272
292,237

27,930
25,412

17,256
19,387

15,189
14,417

2,547
2,601

2.98
8.92
15.99
3.29
8.18
3.36
9.13
15.00
1.82
5.13

16.11
28.77
56.78
5.38
51.70
13.97
20.34
28.17
6.59
6.41

100
16.80
71.40
43.18
23.10
14.11
17.02
34.19
12.33
11.18

100
16.51
88.14
29.31
47.41
21.63
17.46
35.09
16.64
6.61

100
17.41
81.50
33.76
40.10
21.91
19.10
39.51
20.90
5.92

595,509

53,342

36,643

29,606

5,148

Comorbidities (%)
CKD
Liver disease
Hypertension
Anemia
Hyperlipidemia
Coronary artery disease
Chronic obstructive pulmonary disease
Gastrointestinal bleeding
Peripheral vascular disease
Cancer
Total subjects, n

P
,0.0001

,0.0001

,0.0001
,0.0001
,0.0001
,0.0001
,0.0001
,0.0001
,0.0001
,0.0001
,0.0001
,0.0001
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Table 2—Incidence rates (per 1,000 patient-years) of AMI, stroke, and CHF in the study population stratiﬁed by ESRD
and diabetes
Non-ESRD
ESRD
Nondiabetes

Diabetes

Nondiabetes

Diabetes

De novo diabetes

Variables

AMI

Stroke

CHF

AMI

Stroke

CHF

AMI

Stroke

CHF

AMI

Stroke

CHF

AMI

Stroke

CHF

Male
Age (years)
18–39
40–49
50–59
60–69
70–79
$80
CIR40–59
CIR50–69
CIR60–79

0.15
0.63
1.48
2.57
3.55
5.09
0.02
0.04
0.06

0.53
2.63
6.50
13.24
21.41
27.28
0.09
0.18
0.29

0.09
0.34
0.94
2.75
7.57
15.96
0.01
0.04
0.10

1.22
1.84
2.93
3.64
5.34
7.34
0.05
0.06
0.09

2.38
6.01
11.67
20.69
28.96
43.31
0.16
0.28
0.39

0.45
1.07
2.37
4.80
9.00
19.40
0.03
0.07
0.13

1.57
3.52
6.28
8.15
14.27
18.13
0.09
0.13
0.20

7.14
12.11
16.22
27.11
27.42
10.28
0.25
0.35
0.42

7.97
7.88
11.53
15.00
25.89
37.05
0.18
0.23
0.34

9.80
10.04
17.05
22.69
27.09
32.29
0.24
0.33
0.39

27.44
38.67
50.21
53.49
53.31
44.70
0.59
0.65
0.66

12.05
16.32
19.97
24.35
33.87
56.49
0.30
0.36
0.44

10.47
8.26
20.09
24.41
30.69
37.97
0.25
0.36
0.42

31.75
33.78
45.88
65.41
54.38
43.48
0.55
0.67
0.70

5.24
12.82
14.74
23.00
21.36
30.49
0.24
0.31
0.36

Female
Age (years)
18–39
40–49
50–59
60–69
70–79
$80
CIR40–59
CIR50–69
CIR60–79

0.01
0.08
0.29
0.86
2.22
3.41
0.00
0.01
0.03

0.26
1.27
3.49
8.96
18.76
29.23
0.05
0.12
0.24

0.04
0.18
0.67
2.49
8.39
18.66
0.01
0.03
0.10

0.33
0.49
1.09
1.83
3.44
7.03
0.02
0.03
0.05

1.07
3.87
7.22
14.04
25.60
37.51
0.10
0.19
0.33

0.41
0.62
1.87
4.31
9.61
21.12
0.02
0.06
0.13

0.70
0.77
1.97
3.38
8.82
10.90
0.03
0.05
0.11

5.30
8.37
11.99
18.47
36.71
52.90
0.18
0.26
0.42

6.27
6.39
8.09
14.88
21.53
43.11
0.13
0.21
0.31

7.11
10.74
12.65
17.04
24.03
31.18
0.21
0.26
0.34

12.93
33.95
41.18
49.84
56.89
55.02
0.53
0.60
0.66

12.16
16.31
18.61
24.02
32.61
52.43
0.29
0.35
0.43

0.00
5.80
13.06
18.18
19.25
21.65
0.17
0.27
0.31

28.37
17.75
36.79
44.38
55.07
44.25
0.42
0.56
0.63

6.33
4.27
11.46
24.02
28.05
38.79
0.15
0.30
0.41

CIR40–59, 50–69, 60–79: CIRs of each indicated CV events in individuals survived from 40–59, 50–69, 60–79 years of age.

other diseases during the same period
of time. As most dialysis patients might
be deceased within one to two decades
(22), we calculated the CIR40–59, CIR50–69,
and CIR60–79 of each CV event, which
were ;0.15–0.70 and 0.03–0.42 for
subjects with and without diabetes in
ESRD population, with males always
higher than females. The same as before,
the difference between CIR40–59, CIR50–69,
and CIR60–79 of each CV event between
the diabetes/ESRD and de novo
diabetes/ESRD groups was minimal. The
event numbers of each individual CV
outcome are summarized in
Supplementary Table 4.
Supplementary Table 5 summarizes the
age- and sex-speciﬁc incidence rates and
CIRs for composite CV events of each
stratiﬁed group. The CIRs of composite
CV events could be up to 0.87 and 0.86
in the male and female dialysis
population, respectively. It also shows
the stratiﬁed rates of the ﬁrst CV events
for AMI, stroke, and CHF. The
occurrence of strokes is the highest in all
ﬁve study cohorts, even after age and
sex stratiﬁcation. ESRD patients seem to
be prone to developing CHF ﬁrst.

Adjusted Hazard Ratios and CIRs of
Various CV Outcomes After Adjustment
for Competing Risk of Death

During competing risk model
construction, we found different
magnitudes of interaction of diabetes
and ESRD for various CV outcomes, and
we were also interested in exploring the
potential effect of de novo diabetes.
Thus, we stratiﬁed the study
populations into ﬁve distinctive groups.
After adjustment for the effect of
competing risk of mortality, the
pronounced effects of age on the risks
of various CV events were revealed
(Table 3). The adjusted hazard ratios
(aHRs) ranged from 4.28 to 36.03
among groups within different age
strata. For AMI and stroke, the
monotonic risk patterns presented
incrementally from nondiabetes/nonESRD, diabetes/non-ESRD,
nondiabetes/ESRD, de novo diabetes/
ESRD, to diabetes/ESRD groups,
respectively. For composite CV events
and CHF, the risk patterns were similar,
but the risks of the de novo diabetes/
ESRD group were less than those of the
nondiabetes/ESRD group. The results of

aHRs also pointed out the synergistic
effect of diabetes and ESRD, while the
effect was attenuated in the de novo
diabetes/ESRD group.
Supplementary Table 6 reveals that
patients in the diabetes/ESRD group still
had the highest age- and sex-speciﬁc
CIRs during the study period (1998–
2009) after accounting for competing
risk of death among all study
subpopulations. The CIRs of various CV
events in the de novo diabetes/ESRD
group were usually similar or slightly
higher than those of the nondiabetes/
ESRD group, which might be partly
attributed to the higher mortality rates
(up to four- to ﬁvefold increased risk) in
the de novo diabetes/ESRD group than
in the nondiabetes/ESRD group (data
not shown).
The composite and each separate CV
event–free rate, analyzed by the KaplanMeier method, are shown in
Supplementary Fig. 1. There were
statistically signiﬁcant differences in the
incidences of all three CV events among
the ﬁve study cohorts (P , 0.0001 by log
rank tests).
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0.64 (0.58–0.70)
1.29 (1.20–1.38)
0.86 (0.79–0.94)
1.19 (1.12–1.27)
1.54 (1.44–1.65)
0.80 (0.75–0.86)
0.73 (0.68–0.78)
0.87 (0.79–0.96)
0.38 (0.34–0.44)

,0.0001
,0.0001
,0.0001
,0.0001

0.82 (0.80–0.84)

0.75 (0.73–0.77)

0.87 (0.83–0.90)
0.38 (0.36–0.40)

2.21 (2.08–2.34)
1.00

,0.0001
,0.0001
,0.0001
,0.0001
,0.0001

,0.0001

1.00
4.59 (4.03–5.22)
10.35 (9.11–11.76)
15.33 (13.45–17.48)
19.04 (16.63–21.80)
17.28 (14.69–20.32)

0.78 (0.75–0.80)
1.28 (1.25–1.32)
0.91 (0.87–0.94)
0.85 (0.83–0.87)
1.21 (1.18–1.25)

1.39 (1.36–1.42)
1.00

Sex
Male
Female

Comorbidities
Liver disease
Hypertension
Anemia
Hyperlipidemia
Coronary artery disease
Chronic obstructive
pulmonary disease
Gastrointestinal
bleeding
Peripheral vascular
disease
Cancer

1.00
5.17 (4.92–5.43)
12.46 (11.87–13.08)
21.78 (20.73–22.88)
29.73 (28.23–31.31)
29.08 (27.31–30.96)

Age (years)
18–39
40–49
50–59
60–69
70–79
$80
,0.0001
,0.0001
,0.0001
,0.0001
,0.0001

5.24 (4.83–5.68)
4.12 (3.49–4.87)

,0.0001
,0.0001

3.25 (3.12–3.39)

2.19 (2.00–2.39)

Diabetes/ESRD

De novo diabetes/ESRD

Diabetes/non-ESRD
Nondiabetes/ESRD

1.67 (1.51–1.84)
2.72 (2.47–2.99)

1.00

AMI

,0.0001
,0.0001

1.00

P

1.60 (1.54–1.66)
2.27 (2.18–2.36)

Nondiabetes/non-ESRD

Composite CV events

0.0041
,0.0001

,0.0001

0.79 (0.75–0.83)
0.34 (0.32–0.37)

0.73 (0.71–0.75)

0.69 (0.67–0.71)

0.78 (0.74–0.81)
1.39 (1.35–1.44)
0.88 (0.84–0.92)
0.77 (0.75–0.80)
0.96 (0.92–0.998)

1.38 (1.35–1.42)
1.00

1.00
5.63 (5.31–5.97)
13.96 (13.17–14.79)
25.11 (23.68–26.62)
32.55 (30.61–34.61)
27.29 (25.31–29.43)

1.75 (1.57–1.95)

2.43 (2.32–2.55)

1.60 (1.54–1.67)
1.63 (1.55–1.72)

1.00

Stroke

,0.0001
,0.0001

,0.0001

,0.0001

,0.0001
,0.0001
,0.0001
,0.0001
0.038

,0.0001

,0.0001
,0.0001
,0.0001
,0.0001
,0.0001

,0.0001

,0.0001

,0.0001
,0.0001

P

1.08 (1.01–1.16)
0.52 (0.47–0.56)

0.88 (0.84–0.93)

1.31 (1.24–1.37)

0.90 (0.85–0.96)
1.02 (0.97–1.07)
0.99 (0.94–1.05)
0.89 (0.85–0.94)
1.85 (1.75–1.95)

1.05 (1.00–1.09)
1.00

1.00
4.28 (3.82–4.80)
10.12 (9.05–11.31)
17.97 (16.05–20.12)
28.51 (25.36–32.04)
36.03 (31.75–40.89)

2.25 (1.92–2.63)

4.12 (3.85–4.41)

1.52 (1.41–1.65)
3.72 (3.47–3.99)

1.00

CHF

0.017
,0.0001

,0.0001

,0.0001

0.0009
0.47
0.81
,0.0001
,0.0001

0.043

,0.0001
,0.0001
,0.0001
,0.0001
,0.0001

,0.0001

,0.0001

,0.0001
,0.0001

P
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,0.0001

,0.0001
,0.0001
,0.0001
,0.0001
,0.0001

,0.0001

,0.0001
,0.0001
,0.0001
,0.0001
,0.0001

,0.0001

,0.0001

,0.0001
,0.0001

P

Table 3—aHRs (95% CI) of the proportional hazards model for AMI, stroke, CHF, and composite CV events (including AMI, stroke, and CHF) after accounting for competing
risk of mortality
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CONCLUSIONS

This study shows that the occurrence of
diabetes and the occurrence of ESRD
synergistically contribute to the
increased incidence of CV events,
especially for AMI and stroke, in an
approximately multiplicative
magnitude. For example, when the
incidence rates in males aged between
50 and 59 years are considered,
diabetes alone and ESRD alone elicit
1.98- and 4.24-fold increased risks of
AMI, while the presence of both
together is associated with an 11.52fold increased risk (Table 2). Such a
magnitude for increased risks of AMI
and stroke are nearly more than a
multiplicative effect, while that of CHF is
slightly less than that. Since we only
included newly diagnosed cases of
diabetes/ESRD and stratiﬁed all the
results by age, sex, and presence of
diabetes and/or ESRD, these factors
cannot be potential confounders to our
ﬁndings. When we summarized all CV
events (AMI, stroke, and CHF) together,
the same trend appears to be
consistently present (Supplementary
Table 5). Furthermore, a monotonic
increment of CV risk pattern could also
be observed with the presence of
diabetes, ESRD, or both even after
adjustment for multiple confounding
factors, including mortality, in the Cox
model (Table 3). Similarly, nearly
multiplicative effects of diabetes and
ESRD for AMI and stroke, but not for
CHF, were again found. As we included
new ESRD patients with prevalent
diabetes and excluded those who
developed diabetes after ESRD, we
might have overestimated the
synergistic effect of diabetes/ESRD. We
thus conducted the same estimation of
incidence rates and aHRs of CV events
using only ESRD patients with de novo
development of diabetes. After
adjustment for competing risk of death,
we still detected synergistic effects for
AMI and stroke, although the
magnitudes were slightly lower than a
multiplicative effect (Table 3).
Therefore, we tentatively conclude that
diabetes and ESRD work synergistically
in the occurrence of CV events, while a
nearly multiplicative effect could also be
revealed for risks of AMI and stroke.
Moreover, since the 20-year risk of a
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composite CV event ranged from 0.73 to
0.87 in men and 0.57 to 0.86 in women
of the diabetes/ESRD or de novo
diabetes/ESRD group, these numbers
would be easily explained to patients in
order to convince them to take
preventive measures more proactively.
Diabetes is known to increase CV risks in
ESRD patients (23). However, few
studies have explored the effect of de
novo diabetes on CV risks in ESRD
patients, and our study results
highlighted the heavy burden of CV
events in this population (Tables 2–3
and Supplementary Table 5). The
incidence rates and 20-year risks at
various age intervals of all CV outcomes
except CHF were similar between the
diabetes/ESRD and de novo diabetes/
ESRD groups, whose risks in both
populations were substantially higher
than those in the nondiabetes/ESRD
population. Only modest reduced risk of
CHF was noted in patients in the de novo
diabetes/ESRD group compared with
that in the diabetes/ESRD group. The
slightly reduced hazard ratios in the de
novo diabetes/ESRD group compared
with the diabetes/ESRD group could be
partially explained by the higher
mortality rates in the de novo diabetes/
ESRD group (data not shown). We thus
propose proactive regular screening of
the presence of de novo diabetes after
dialysis for early glycemic control and
prevention and elimination of multiple
risk factors related to CV events.
From a pathophysiological point of view,
diabetes and ESRD patients share many
CV risk factors leading to atherosclerosis,
including hypertension, hyperlipidemia,
endothelial dysfunction, oxidative stress,
and insulin resistance (23–25). However,
some CV risk factors are unique and
probably mechanistically independent in
diabetic or ESRD patients, which may
work synergistically to accelerate the
occurrence of CV events. For example,
patients with diabetes would have
hyperinsulinemia and hyperglycemia,
which may play a central role in the
activation of local inﬂammatory signaling
of the vasculature and subsequent
atherosclerosis (26). The imbalanced
calcium and phosphate metabolism in
ESRD patients may induce vascular
calciﬁcation and arterial stiffness, which
may lead to elevated blood pressure and

risk of CV events (27). Indoxyl sulfate, one
of the many uremic toxins, can induce
oxidative stress, impair endothelial
healing ability, and associate with
increased CV-related mortality (28).
Hypervolemia and positive sodium
balance may aggravate the development
of CHF in dialysis patients (29).
Furthermore, even the hemodialysis
procedure itself, which can induce a
repeated inﬂammatory response, likely
predisposes dialysis patients to coronary
artery disease and stroke (30). Long-term
exposure to high-glucose dialysate in
peritoneal dialysis patients might result in
insulin resistance, obesity, and an
atherogenic lipid proﬁle, which
contribute to further development of CV
events (31). Therefore, the synergistic
effects of these two major factors are
pathophysiologically plausible and
deserve further studies for prevention.
We found that young females without
diabetes or ESRD are less likely to
develop CV events compared with males
of the same age in Taiwanese (Table 2
and Supplementary Table 5), which
corroborates previous reports from
Western countries (32–34). While this
trend of developing CV events,
especially AMI and stroke, persists for
women with either diabetes or ESRD
alone, strikingly, this advantage for
younger women almost totally
disappears for those with the
combination of both illnesses (Table 2).
This indicates that the possible effect of
intrinsic cardioprotective factors in
young females might be diminished by
the combined effect of diabetes and
ESRD, and more studies should be
carried out to test different hypotheses
related to the hormonal balance
between estrogens and androgens
(35–37).
Ethnicity may affect the distinct
distribution and burdens of CV diseases.
According to the 2012 annual report
from the American Heart Association,
the incidence and lifetime risk for AMI
are higher than those of stroke and CHF
in the general population (34). In
contrast, we demonstrated that the
incidence and 20-year risk of stroke are
higher than those of AMI and CHF in all
stratiﬁed populations (Table 3). Among
these, our ﬁndings in diabetic patients
are consistent with those of previous
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studies that examined other ethnic
Chinese populations (38). However, as
9 or 10 modiﬁable risk factors may
contribute to ~90% of the risk of AMI
and strokes (39,40), the different
patterns of CV events could be more
easily explained by the prevalence of
different risk factors in different ethnic
groups, and the prevention strategy
should focus on reducing the risk factors
that the local population faces, in
addition to reactive control of
comorbidities (Table 1).
In our study, the available results did not
seem to support the multiplicative
effect of diabetes and ESRD on the risk
of developing CHF. Since many risk
factors contribute to the occurrence of
CHF, including infection, ﬂuid overload,
high salt intake, valvular heart diseases,
smoking, overweight, coronary artery
disease, medications used, etc., such a
complex network between these
factors cannot simply be explained by
diabetes and ESRD and ﬁnally revealed
the attenuated effect of diabetes and
ESRD in synergy for the risk of
developing CHF.
This study has the following limitations.
First, since the NHI Research Database
did not contain any information related
to the usual risk factors for CV events,
such as BMI and smoking, we were
unable to control for them in our data
analysis. However, as patients with
diagnosis of either diabetes or ESRD are
commonly advised to quit smoking and
maintain their ideal body weight, the
magnitude of potential confounding
effects might not be sufﬁciently large to
account for the multiplicative effect of
these two conditions. Second, we were
unable to include individuals who died
of CV disease before reaching any
hospital, which might result in an
underestimation of the incidence of CV
events. However, as the hospitalization
of those with CV events into the
emergency department or ward usually
did not depend on presence of diabetes/
ESRD, the bias would not be a
differential one and would only lead
toward the null effect. Third, based on
the representative national cohorts for
the study, we identiﬁed that there were
only 0.22% (120 of 53,342 subjects) with
type 1 diabetes in our diabetes/nonESRD group, while there were 0.38%
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(437 of 115,201) subjects with type 1
diabetes in the other incident ESRD
cohort registered in the catastrophic
illness during 1998–2009. Thus, our
ﬁndings related to diabetes should be
limited to type 2 diabetes.
In conclusion, the occurrence of
diabetes and the occurrence of ESRD
synergistically associate with increased
risks of CV events and have a nearly
multiplicative effect on risks of AMI and
stroke. Twenty-year risks for any CV
events are ;13–50% in the diabetic
population and 30–87% in ESRD
patients. De novo diabetes carries CVrelated 20-year risks similar to those of
prevalent diabetes in ESRD patients,
while the risks were attenuated after
accounting for the effect of death. Thus,
the ongoing efforts to reduce the
traditional or unique CV risk factors in
diabetes and/or ESRD populations
should never be overemphasized.
Moreover, we recommend regular
proactive screening of diabetes in ESRD
patients for early intervention.
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