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OBJECTIVEdWe examined the predictors and risks associated with pre-existing versus new-
onset diabetes mellitus (DM) after initiation of chronic dialysis therapy in end-stage renal disease
(ESRD) patients.

RESEARCH DESIGN AND METHODSdIn the Taiwan National Health Insurance Re-
search Database, we examined records of ESRD patients who initiated dialysis between 1999 and
2005. Patients were followed until death, transplant, dialysis withdrawal, or 31 December 2008.
Predictors of new-onset DM and mortality were calculated using Cox models.

RESULTSdA total of 51,487 incident dialysis patients were examined in this study, including
25,321 patients with pre-existing DM, 3,346with new-onset DM, and 22,820 without DM at any
time. Patients’ age (mean 6 SD) was 61.8 6 11.5, 61.6 6 13.7, and 56.5 6 16.6 years in pre-
existing, new-onset DM, and without DM groups, respectively. The cumulative incidence rate of
new-onset DM was 4% at 1 year and 21% at 9 years. Dialysis modality was not a risk factor for
new-onset DM (peritoneal dialysis to hemodialysis hazard ratio [HR] of new-onset DM, 0.94
[95%CI 0.83–1.06]). Pre-existing DMwas associated with 80% higher death risk (HR 1.81 [95%
CI 1.75–1.87]), whereas the new-onset DM was associated with 10% increased death risk (HR
1.10 [95% CI 1.03–1.17]).

CONCLUSIONSdWhereas dialysis modality does not appear to associate with new-onset
DM, both pre-existing and new-onset DM are related to higher long-term mortality in mainte-
nance dialysis patients.
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The increasing prevalence of diabetes
mellitus (DM) is a global health issue
in the obese and aging (1). Chronic

kidney disease is an important complica-
tion of DM. Diabetic nephropathy, the
leading cause of end-stage renal disease
(ESRD) (2), accounts for ;40% of pa-
tients on maintenance dialysis (3).

Many studies (2,4) report an associa-
tion between pre-existing DM at the initi-
ation of dialysis and a poor outcome in
ESRD patients undergoing dialysis. How-
ever, few published studies have focused
on postdialysis new-onset DM (4–7).
Glucose is one of the contents of hemo-
dialysates (8) and peritoneal dialysates

(9). Peritoneal dialysis (PD) patients,
who received 24-h continuous high-
glucose–concentrationperitoneal dialysates,
can develop hyperglycemia and transient
hyperinsulinism (10). Woodward et al.
(6), examining the U.S. Renal Data Sys-
tem, showed the incidence of new-onset
DM to be ;6% per year in dialysis pa-
tients. In Asia, Chinese patients in Hong
Kong have been observed to have a high
prevalence of hyperglycemia with a daily
exchange of 1.5% glucose dialysate (7).
Some epidemiological studies of glycemic
load in relation to incident DM report in-
consistent results. For example, although
high intake of foods with high glycemic
load has been found to increase the risk
of type 2DM inChinese (11),Mosdøl et al.
(12) did not find such an association in the
Whitehall II study. Nevertheless, one
meta-analysis of prospective cohort stud-
ies enrolling 13 trials concluded that there
was a positive association between glyce-
mic load and type 2 DM (13). Pure glu-
cose has the highest glycemic index, but
few long-term follow-up studies have in-
vestigated the glucose load and the risk of
DM, especially in patients with ESRD. In
addition, it has been demonstrated that
increased plasma glucose levels are an in-
dependent risk factor for mortality among
dialysis patients, even a minor degree of hy-
perglycemia (7). It has also been reported
that the cumulative advanced atheroscle-
rotic change in DM could be responsible
for the increased further cardiovascular
mortality thereafter.

The worldwide number of ESRD
patients undergoing dialysis has grown
significantly in recent decades. The in-
cidence and prevalence rates of ESRD are
high in Taiwan (14). However, studies on
new-onset DM are scarce, especially stud-
ies with epidemiological data from a na-
tional cohort of Asians with ESRD on
maintenance dialysis. Therefore, this
study investigates whether there is an as-
sociation between dialysis modality and
new-onset DM and whether new-onset
DM is a risk factor for long-term mortal-
ity. To find out, we used a large dataset
from the Taiwan National Health Insur-
ance Research Database (NHIRD) from
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1999 to 2008 to evaluate the epidemiology,
incidence, and mortality of new-onset DM
in ESRD patients undergoing dialysis.

RESEARCH DESIGN AND
METHODS

Database
The National Health Insurance (NHI)
program has provided compulsory uni-
versal health insurance in Taiwan since
1995. With the exception of prison in-
mates, all citizens are enrolled in the
program. All contracted medical institu-
tionsmust submit standard computerized
claim documents for medical expenses.
Patients with ESRD are eligible for any
type of renal replacement therapy free of
any charge. All chronic dialysis patients
are covered by NHI.

Data were obtained from the NHIRD
(Bureau of National Health Insurance;
www.doh.gov.tw/statistic/index.htm [in
Chinese]; http://www.doh.gov.tw/EN2006/
index_EN.aspx [in English]) and released
for research by the Taiwan National
Health Research Institute. The NHIRD
covers nearly all (99%) inpatient and out-
patientmedical benefit claims for Taiwan’s
23 million residents, is one of the largest
and most comprehensive databases in the
world, and has been used extensively in
various studies. Patient identification
numbers, sex, birthday, dates of admis-
sion and discharge, medical institutions
providing the services, the ICD-9-CM di-
agnostic and procedure codes (up to five
each), and outcomes are encrypted. This
study tapped the NHIRD for ambulatory
care claims, all inpatient claims, and the
updated registry for beneficiaries from
1998 to 2008 for this study. All datasets
can be interlinked.

Patient selection and definition
For this longitudinal cohort study, we
selected incident ESRD patients on main-
tenance dialysis who began renal replace-
ment therapy between 1 January 1999
and 31 December 2005 from outpatient
claims (n = 51,794) (Supplementary Fig.
1). ESRD patients on maintenance dialy-
sis were defined as having undergone di-
alysis for .90 days. Patients who had
undergone renal transplantation before
beginning dialysis were excluded (n =
307). Patients were followed up from
the first reported date of dialysis to the
date of death, end of dialysis, or 31 De-
cember 2008. In total, 51,487 incident
dialysis patients were analyzed in this
study. We first examined the patients

with DM diagnosed before the initiation
of dialysis (pre-existing DM group, n =
25,321). Next, we identified the patients

with new-onset DM during the follow-up
period from a subset of patients who did
not have pre-existing DM (n = 26,166).

Table 1dPatient characteristics and association with pre-existing DM (n = 25,321), new-
onset DM (n = 3,346), and non-DM (n = 22,820) in ESRD dialysis patients

Pre-existing DM New-onset DM Non-DM P value

Sex ,0.001
Female 12,828 (47.8) 1,948 (7.3) 12,036 (44.9)
Male 12,493 (50.6) 1,398 (5.7) 10,784 (43.7)

Age at start of dialysis (years) ,0.001
,45 1,779 (22.4) 407 (5.1) 5,744 (72.4)
45–64 12,450 (55.3) 1,376 (6.1) 8,688 (38.6)
$65 11,092 (52.7) 1,563 (7.4) 8,388 (39.9)

Dialysis modality ,0.001
HD 24,185 (50.5) 3,044 (6.4) 20,651 (43.1)
PD 1,136 (31.5) 302 (8.4) 2,169 (60.1)

Baseline comorbidity
HTN ,0.001
No 2,759 (25.2) 908 (8.3) 7,369 (66.5)
Yes 22,562 (55.6) 2,438 (6.0) 15,551 (38.3)

CHF ,0.001
No 16,572 (42.6) 2,737 (7.0) 19,626 (50.4)
Yes 8,749 (69.7) 609 (4.9) 3,194 (25.4)

CAD ,0.001
No 19,543 (43.8) 2,730 (6.8) 19,784 (49.3)
Yes 7,778 (67.8) 616 (5.4) 3,072 (26.8)

CVD ,0.001
No 21,041 (46.4) 3,032 (6.7) 21,276 (46.9)
Yes 4,280 (69.7) 314 (5.1) 1,544 (25.2)

Peripheral vascular disease ,0.001
No 24,096 (48.8) 3,227 (6.5) 22,016 (44.6)
Yes 1,225 (57) 119 (5.5) 804 (37.4)

Other cardiaca ,0.001
No 22,842 (48.7) 3,031 (6.5) 21,051 (44.9)
Yes 2,479 (54.3) 315 (6.9) 1,769 (38.8)

Dysrhythmia ,0.001
No 23,612 (48.9) 3,133 (6.5) 21,519 (44.6)
Yes 1,709 (53) 213 (6.6) 1,301 (40.4)

COPD ,0.001
No 22,702 (48.7) 2,996 (6.4) 20,942 (44.9)
Yes 2,619 (54) 350 (7.2) 1,878 (38.7)

Gastrointestinal bleeding ,0.001
No 19,452 (48.5) 2,569 (6.4) 18,077 (45.1)
Yes 5,869 (51.5) 777 (6.8) 4,743 (41.6)

Liver disease 0.002
No 22,997 (48.9) 3,068 (6.5) 20,925 (44.5)
Yes 2,324 (51.7) 278 (6.2) 1,895 (42.1)

Cancer ,0.001
No 24,124 (49.8) 3,154 (6.5) 21,191 (43.7)
Yes 1,197 (39.7) 192 (6.4) 1,629 (54)

Hyperuricemia ,0.001
No 22,540 (50.5) 2,773 (6.2) 19,344 (43.3)
Yes 2,781 (40.7) 573 (8.4) 3,476 (50.9)

Dyslipidemia ,0.001
No 19,499 (44.6) 3,042 (7.0) 21,204 (48.5)
Yes 5,822 (75.2) 304 (3.9) 1,616 (20.9)

Data are n (%) unless otherwise indicated. aIncludes pericarditis, endocarditis, myocarditis, other compli-
cations of heart disease, heart transplant, heart valve replacement, and cardiac devices.

3028 DIABETES CARE, VOLUME 36, OCTOBER 2013 care.diabetesjournals.org

New-onset DM after dialysis

http://www.doh.gov.tw/statistic/index.htm
http://www.doh.gov.tw/EN2006/index_EN.aspx
http://www.doh.gov.tw/EN2006/index_EN.aspx
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-2148/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-2148/-/DC1


New-onset DM after the initiation of di-
alysis was defined as DM diagnosed at
least 3 months after dialysis began (new-
onset DM group, n = 3,346). The remain-
ing members of the no pre-existing DM,
those without new-onset DM during
follow-up period, were assigned to the
non-DM group (n = 22,820).

Ascertaining the demographic and
comorbid variables
We linked to the diagnostic codes
through the inpatient and outpatient
claims databases of the NHI. Cases of
DM and those with comorbidities were
identified according to one of the follow-
ing definitions: 1) diagnostic codes in
outpatient visits if the patient had an
initial diagnosis at any time the year lead-
ing up to beginning of dialysis and then
experienced one or more additional diag-
noses within the subsequent 12 months,
and the first and last outpatient visit
within 1 year must had to be .30 days
apart to avoid accidental inclusion of
miscoded patients; or 2) diagnostic codes
in hospitalization databases at least one
time within the year leading up to start
of dialysis. This method of identifying
these comorbidities has been used ex-
tensively in various studies of Taiwan
NHIRD, and many articles have been
published (15–18). This study included
not only the cumulative incidence of
new-onset DM, but also date of death,
patient demographics, and baseline co-
morbidities. ICD codes are provided in
Supplementary Table 1.

Statistical analyses
Baseline characteristics between groups
(pre-existing DM, new-onset DM, and
without DM) were compared. Age was
entered as a categorical variable (,45,
45–64, and $65 years). Significance was
set at P , 0.05. The cumulative propor-
tion of patients with new-onset DM and of
survivors after the initiation of dialysis
was calculated using the Kaplan-Meier
method. The log-rank test was used to
analyze significance. Cox proportional
hazards models were used to identify
the risk factors of new-onset DM and
mortality after the initiation of dialysis.
Hazard ratios (HRs) and 95% CIs were
derived from Cox proportional hazards
models. Cox models met the assumption
of proportionality of risks. The purpose-
ful selection process begins by a univari-
ate analysis of each variable. Any variable
having a significant univariate test was se-
lected as a candidate for the multivariate

analysis. The independent associations
were examined using multivariate analy-
sis. All statistical operations were per-
formed using the Statistical Package for
Social Sciences for Windows 17.0 (SPSS
Inc., Chicago, IL).

RESULTS

Demographics and clinical
characteristics
A total of 51,487 incident dialysis patients
were enrolled in this study. Of these
patients, 25,321 had pre-existing DM,
3,346 had new-onset DM, and the other
22,820 did not have DM throughout the
study period (Table 1). There were 147
cases of type 1 DM among 25,321 pre-
existing DM patients, but no type 1 DM
among 3,346 new-onset DM patients.
A total of 7% of female and 6% of male
patients had new-onset DM (P , 0.001).
Only 5% of those,45 years old had new-
onset DM, but 7% of those$65 years old
did (P , 0.001). In Taiwanese dialysis
patients, 93% patients received hemodi-
alysis (HD), and only 7% patients re-
ceived PD. A total of 51 and 6% of the
HD patients had pre-existing DM and
new-onset DM, respectively, whereas
only 32 and 8% of the PD patients had
pre-existing DM had new-onset DM, re-
spectively (P , 0.001).

Cumulative incidence and risk
factors for new-onset DM
The cumulative incidence rate of new-
onset DM were 4% at 1 year, 9% at 3
years, 14% at 5 years, and 21% at 9 years
(Supplementary Fig. 2A). Being female,
being older, and having baseline comor-
bidities were independent risk factors for
new-onset DM in dialysis patients (Table
2). There was no significant difference be-
tween the modalities of HD and PD with
regard to new-onset DM (Supplementary
Fig. 2B). Patients $65 years old had
nearly a threefold increase in new-onset
DM compared with those ,45 years old
(HR 3.00 [95%CI 2.68–3.60]). Addition-
ally, factors increasing the likelihood that
new-onset DM would develop included
hypertension (HTN) (HR 1.08, 95% CI
1.00–1.17), congestive heart failure
(CHF) (HR 1.26, 95%CI 1.14–1.38), cor-
onary artery disease (CAD) (HR 1.19
[95% CI 1.08–1.31]), cerebrovascular
accident (CVA) (HR 1.39 [95% CI 1.24–
1.57]), and chronic obstructive pulmo-
nary disease (COPD) (HR 1.20 [95% CI
1.07–1.35]).

Cumulative survival rate and risk
factors for all-cause mortality
The Kaplan-Meier survival curves for pa-
tients in the pre-existing DM, new-onset
DM, and non-DM groups are shown in

Table 2dRisk factors for new-onset DM after initiation of dialysis in ESRD non–pre-existing
DM dialysis patients (n = 26,166)

Covariate Univariate analysis Multivariate analysis

Sex (male vs. female) 0.88 (0.82–0.84)* 0.84 (0.78–0.91)*
Age at start of dialysis (years)
,45 1 1
45–64 2.24 (2.01–2.51)* 2.15 (1.92–2.40)*
$65 3.44 (3.09–3.84)* 3.00 (2.68–3.36)*

Dialysis modality (PD vs. HD) 0.94 (0.83–1.06) d
HTN (yes vs. no) 1.27 (1.18–1.38)* 1.08 (1.00–1.17)*
CHF (yes vs. no) 1.57 (1.44–1.72)* 1.26 (1.14–1.38)*
CAD (yes vs. no) 1.67 (1.53–1.82)* 1.19 (1.08–1.31)*
CVD (yes vs. no) 1.77 (1.58–1.99)* 1.39 (1.24–1.57)*
Peripheral vascular disease (yes vs. no) 1.13 (0.94–1.36) d
Other cardiaca (yes vs. no) 1.33 (1.19–1.50)* 1.13 (1.01–1.28)*
Dysrhythmia (yes vs. no) 1.33 (1.16–1.53)* 0.93 (0.80–1.07)
COPD (yes vs. no) 1.59 (1.42–1.78)* 1.20 (1.07–1.35)*
Gastrointestinal bleeding (yes vs. no) 1.28 (1.18–1.39)* 1.10 (1.01–1.19)*
Liver disease (yes vs. no) 1.10 (0.97–1.24) d
Cancer (yes vs. no) 1.03 (0.89–1.19) d
Hyperuricemia (yes vs. no) 1.22 (1.11–1.33)* 1.07 (0.97–1.18)
Dyslipidemia (yes vs. no) 1.31 (1.16–1.47)* 1.21 (1.07–1.36)*

Data are HR (95%CI). *HR adjusted for sex, age, HTN, CHF, CAD, CVA, other cardiac disease, dysrhythmia,
COPD, gastrointestinal bleeding, hyperuricemia, and dyslipidemia. aIncludes pericarditis, endocarditis,
myocarditis, other complications of heart disease, heart transplant, heart valve replacement, and cardiac
devices.
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Fig. 1. The cumulative survival rate of the
pre-existing DM group was 92% at 1 year,
51% at 5 years, and 26% at 9 years. The
cumulative survival rate of the new-onset
DM group was 96% at 1 year, 68% at
5 years, and 42% at 9 years. The cumula-
tive survival rate of the non-DM group
was 95% at 1 year, 74% at 5 years, and
58% at 9 years. The differences in survival
among these three groupswere significant
(log-rank: P , 0.001). We have further
analyzed the survival rate after new-onset
DMwas diagnosed (Supplementary Fig. 3)
and found the mean duration between
new-onset DM diagnosed and death was
6.106 1.01 years.

Pre-existing DM was associated with
80% higher death risk (HR 1.81 [95% CI
1.75–1.87]), whereas the new-onset DM
was associated with 10% increased death
risk (HR 1.10 [95%CI 1.03–1.17]) (Table
3). As can be seen in Supplementary Table
2, further analysis revealed individuals
with pre-existing DM ,45 years old
were 2.99 (95% CI 2.65–3.39) times
more likely to die than individuals of a
similar age without DM, with the HR de-
creasing in elderly individuals with pre-
existing DM. The trend was similar to
those with new-onset DM compared

with those without DM. Risk estimates
for mortality tended to be higher in
women than in men in both pre-existing
DM and new-onset DM groups.

CONCLUSIONSdIn this nationwide
study of 51,487 incident dialysis patients,
we found no significant association be-
tween dialysis modality and new-onset
DM. However, new-onset DM was signif-
icantly associated with sex, age, and
baseline comorbidity. It was a risk factor
for long-term mortality in patients on
maintenance dialysis.

The incidence of new-onset DM after
dialysis varies. One study (5) reported
that the incidence after HD was 20 per
1,000 patient-years, and the prevalence
was 7.6% during only 3 years of follow-
up. Our nearly 10-year follow-up study
found a higher incidence (29 per 1,000
patient-years) and prevalence (12.8%)
rate after HD. Another 6-year follow-up
study (4) reported that 8.5% of dialysis
patients, including HD and PD, who ini-
tiated dialysis developed new-onset DM
within 6 years. In our study, 12.7% of di-
alysis patients, including HD and PD, de-
veloped new-onset DM within 10 years.
This higher rate of new-onset DM may

reflect the longer follow-up period in
our study.Woodward et al. (6) also found
that immunosuppressant agents had
great impact on the new-onset DM and
reported that new-onset DM over the
first 2 years posttransplant had a very
high incidence of almost 18–30% among
patients receiving cyclosporine and
tacrolimus.

We found no significant difference in
percentage of new-onset DM after the
initiation of dialysis between patients un-
dergoing HD (12.80%) and patients un-
dergoing PD (12.20%), even after
adjustment. This finding differs from
that for the wait-listed transplanted renal
allograft recipients in Woodward et al.
(6). This discrepancy may be because the
results in Woodward et al. (6) were not
adjusted.

Being female and being older were
significant risk factors for the develop-
ment of new-onset DM in our patients.
Age not only affected the prevalence of
new-onset DM, but also the mortality.
The prevalence of DM increases with age
(1), which is considered one parameter of
diabetes risk scores (19). The pathogene-
sis of age-related DM is related to insulin
resistance and decreased b-cell function
(20). We also found that cardiovascular
disease (CVD) to be a significant risk fac-
tor for the development of new-onset
DM. This relationship might be explained
by the fact that atherosclerosis contrib-
utes to most of the macrovascular disease.
Dyslipidemia and vascular inflammation
result in endothelial dysfunction and ath-
erosclerosis (21). Elevated values of cir-
culatory makers such as interleukin-6
and high-sensitivity C-reactive protein
(CRP) commonly accompany CVD. Vas-
cular inflammation and endothelial dys-
function may also be associated with an
increased risk of developing type 2 DM.
Hu et al. (22) conducted a prospective,
case-control study of inflammatory
markers as predictors of type 2 DM
among 32,826 subjects. These data sup-
port the role of inflammation in the patho-
genesis in type 2 DM. A 4-year follow-up
study in a nationwide cohort of 27,628
subjects shows elevated levels of CRP and
interleukin-6 predict the development of
type 2 DM (23). A 7.2-year follow-up
study also showed that subjects with ele-
vated CRP had a higher risk of developing
diabetes and concluded that inflammation
could be one of the risk factors for develop-
ing DM (24). Meigs et al. (25) performed
a prospective study that showed that en-
dothelial dysfunction could predict type 2

Figure 1dCrude overall survival curves after initiation of dialysis stratified by pre-existing DM
(n = 25,321), new-onset DM (n = 3,346), and non-DM (n = 22,820) in ESRD dialysis patients.
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DM independent of other known risk fac-
tors. One study enrolled 8,291 Italian pa-
tients with a myocardial infarction within
the previous 3 months who were free of di-
abetes at baseline. During 26,785 person-
years follow-up, the study showed that
patients with a recent myocardial infarction
had a higher annual incidence rate of im-
paired fasting glucose and DM (26). In ad-
dition, some common prescribed drugs for
CVD, such as statin, might also result in
dysglycemia. Many meta-analyses reported
an association between statin use and a
10% increase in risk for incident diabetes
(27–29).

HTN might be a significant factor
associated with new-onset DM indepen-
dent of other cardiovascular comorbidi-
ties, such as CHF, CAD, or other CVD. In
our study, we found HTN to be a risk
factor for new-onset DM in patients with
ESRD under maintenance dialysis. One
prospective study by Conen et al. (30) ex-
amined the relationship for blood pres-
sure and blood pressure progression
with the incident diabetes in the general
population. They found patients with
baseline HTN had a higher risk of devel-
oping DM independent of BMI and other
components of metabolic syndrome. The
reasons for this relationship are uncertain.
Endothelial dysfunction might be one
of the common pathophysiological

pathways between HTN and incident
type 2 DM.

Other studies have reported similar
findings. One reported the death rate at
the end of a 3-year follow-up to be
significantly higher in patients with
new-onset DM undergoing HD and sec-
ond highest in patients with pre-existing
DM than in those without DM (49.2 vs.
50.6 vs. 41%, respectively) (5). Another
study reported that ESRD patients on PD,
with increased fasting plasma glucose lev-
els, had a greater mortality rate (7). In our
study, patients undergoing HD and PD
were enrolled and followed-up for ;10
years. We found the cumulative survival
rate to be highest in those without DM,
moderate in those with new-onset DM,
and lowest in those with pre-existing
DM. From the Kaplan-Meier survival
plot, we found survival curves of patients
with new-onset DM and without DM be-
gan to diverge 3 years after initiation of
dialysis therapy. This may reflect cumu-
lative or delayed damage caused by the
increased glucose level. We have further
analyzed the survival rate after new-onset
DM was diagnosed (Supplementary Fig.
3) and found the mean duration between
new-onset DM diagnosed and death was
6.10 6 1.01 years.

There are several limitations to our
study. First, the comorbidity diagnoses

relied on the claims data and ICD-9-CM
diagnosis codes and may have some
disease misclassifications. Second, we
were unable to take into account the
severity of the diseases. Third, it would
be interesting to consider what would
happen to patients with pre-existing DM
who stopped taking insulin and/or oral
agents due to recurrent hypoglycemia and
lowered A1C ,6% while off all medica-
tions. However, our study lacked specific
data on medical prescriptions and labora-
tory data for this analysis. Finally, it
would be better to describe the associa-
tion with cardiovascular mortality; how-
ever, the Taiwan Bureau of NHI does not
afford the cross-link information between
this and the database of causes of death.

In conclusion, we found that female
sex, old age, and some comorbidities were
associated with new-onset DM. Dialysis
modality was not a significant predictor of
new-onset DM. In addition, new-onset
DM increased long-term mortality more
than non-DM. Physicians might want to
pay attention to the plasma glucose level
of high-risk patients undergoing dialysis.
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