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increase the risk of developing type 2 diabetes in an Asian

population

Hsin-Hung Chen - Su-Yin Yeh - Hue-Yong Chen -
Cheng-Li Lin - Fung-Chang Sung + Chia-Hung Kao

Received: 6 August 2013 / Accepted: 14 December 2013 / Published online: 22 December 2013

© Springer-Verlag Berlin Heidelberg 2013

Abstract This study evaluated whether people with anky-
losing spondylitis (AS) and spondyloarthritis are at higher
risk of type 2 diabetes mellitus (T2DM). We used a sub-
dataset of the National Health Insurance Research Data-
base from 1996 to 2010 to established a AS cohort consist-
ing new patients with AS or spondyloarthritis (N = 7,778)
and a non-AS cohort without the diseases (N = 31,112).
Incidences of T2DM in the two cohorts, hazard ratios
(HRs) of risk of T2DM in association with AS, and cumu-
lative probability of having T2DM were estimated by the
end of 2010. The incidence of T2DM was 1.17-fold higher
in the AS cohort than in the non-AS cohort (13.5 vs. 11.5,
per 1,000 person-years), with an adjusted HR of 1.16 (95 %
CI = 1.05-1.29). The T2DM incidence was higher for
women than for men; while the Cox model measured sex-
specific adjusted HR of T2DM was higher for men than for
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women. The incidence rate of T2DM increased with age in
both cohorts, while the age-specific measures showed that
the adjusted HR of T2DM was higher in young AS patients
(<50 years of age) than older ones, compared to their
peers of non-AS group. The plot of Kaplan—-Meier analy-
sis showed that the overall probability of having T2DM
was 2 % higher in the AS cohort than in the non-AS cohort
(log-rank test: p < 0.0001). Patients with AS and spondy-
loarthritis have an increased risk of developing T2DM.
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Introduction

A mass survey in Chinese military and community
has shown that the prevalence of ankylosing spondyli-
tis (AS) and spondyloarthritis in China is similar to that
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in Caucasians in the United States and Europe [1]. AS
is a chronic inflammatory disease of the axial skeleton
with approximately 0.2-0.9 % of the general populations
affected [2]. Previous studies have suggested that patients
with AS exhibit increased cardiovascular (CV) mortal-
ity and morbidity [3-6]. Another study has found that
cerebrovascular diseases, such as stroke, are more com-
mon in patients with AS [7]. However, traditional CV risk
factors fail to explain well the increased CV events for
patients with AS [8]. Non-traditional CV risk factors such
as C-reactive protein (CRP) and interlukine-6 (IL-6) are
possible mechanisms in connection with CV events and
AS. Previous studies have associated insulin resistance (IR)
with both traditional or non-traditional factors of CV lead-
ing to the occurrence of CV events [9]. IR has been associ-
ated with not only CV disease but also rheumatoid arthritis
[10, 11]. Studies also suggested that IR is one of the criti-
cal pathogeneses of type 2 diabetes mellitus (T2DM) [12,
13]. However, to the best of our knowledge, only one paper
has addressed the association between AS and T2DM [14].
This study attempted to investigated whether patients with
AS are at higher risk of T2DM.

Methods
Data sources

In 1995, Taiwan implemented a compulsory single-payer
National Health Insurance (NHI) program, covering over
99 % of Taiwan’s 23.74 million residents [15]. With the
authorization from the Taiwan Department of Health, the
National Health Research Institutes (NHRI) has assisted
the Bureau of NHI to establish several datasets for admin-
istrative use and research. This study used a sub-dataset
consisting of longitudinal claims from 1996 to 2010 for a
randomly sampled 1,000,000 insured people. We used the
scrambled anonymous identification numbers of insured
people to link files, including the registry of beneficiaries,
inpatient claims, and ambulatory care claims. The Interna-
tional Classification of Disease, Ninth Revision of Clinical
Modification (ICD-9-CM), is available in the claims data
to define disease status. This study was exempted from full
institutional review (CMU-REC-101-012).

Study subjects

From the database, we identified a cohort of AS, consist-
ing of patients newly diagnosed with AS or spondyloar-
thritis from 2000 to 2010. Patients who had at least three
medical visits for the diseases were selected from out-
patient and/or inpatient claims base on the ICD-9 code
of 720 in both principal/secondary diagnostic fields. The
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initial ambulatory or inpatient claims diagnosis date was
defined as the index date. Patients with a history of TIDM
or T2DM (ICD-9 code 250) before the index date or miss-
ing information on age or sex were excluded. From the
insured population without the history of diabetes mellitus
and AS, we randomly selected fourfold of subjects as the
non-AS comparison cohort, frequency-matching for age
[every 5 years], sex, index year and comorbidities of the AS
cohort.

Outcome definition

Subjects in both AS and non-AS cohorts were followed up
until they were diagnosed with T2DM (ICD-9 code 250.
x0 and 250.x2), or they were censored because of loss to
follow-up, withdraw from the insurance, death, or until the
end of 2010. The patient with at least 3 diagnoses of T2DM
in outpatients and/or inpatients records during the follow-
up period was considered as a diabetic case. Principal diag-
nosis and secondary diagnosis were applied equally. Dur-
ing the follow-up period, there were 812 and 3,811 persons
censored (included death) in the AS and non-AS cohorts,
respectively. Patients diagnosed with type 1 diabetes were
excluded.

Sociodemographic characteristics and comorbidity

Sociodemographic characteristics including age, sex, and
income were compared between the two cohorts. Comor-
bidities presented if the disease appeared in subjects
were identified 3 or more visits in the principal and/or
secondary diagnose. The selected baseline comorbidities
included hypertension (ICD-9 codes 401-405), hyper-
lipidemia (ICD-9 code 272), stroke (ICD-9 code 430-
438), and coronary artery disease (CAD) (ICD-9 code
410-414).

Statistical analysis

Data analyses involved first comparing the AS cohort with
the non-AS cohort for the distribution of age, sex, monthly
income, and baseline comorbidities. The data were then
subjected to the Chi square test for categorical variables
and the t test for continuous variables. We estimated the
incidence rate using the number of identified T2DM events
divided by the total follow-up person-years for each cohort
by sex, age, monthly income and the comorbidity status
(yes or no). Univariate and multivariate Cox proportional
hazards regression analyses were conducted to calculate
hazard ratios (HRs) and 95 % confidence intervals (CIs)
for the risk of T2DM in association with AS. Multivariate
analysis included variable to sex, age and comorbidity sta-
tus. The probability of overall incident T2DM was assessed
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using the Kaplan—-Meier method, and the difference of
probabilities between the two cohorts was compared using
the log-rank test. All analyses were performed using the
SAS statistical package (version 9.2 for Windows; SAS
institute, Inc., Cary, NC, USA) and the results were consid-
ered statistically significant when two-tailed p values were
less than 0.05.

Results
Baseline characteristics of the study participants

Eligible study subjects comprised 5,818 persons in the AS
cohort and 23,265 persons in the non-AS cohort (Table 1).
The average follow-up periods were 5.80 + 3.18 years for
the AS cohort and 5.78 £ 3.21 years for the comparison
cohort. There were more men (53.0 %) and subjects aged
<50 years (61.7 %). The monthly income was lower for the
AS cohort. Both cohorts had similar age, sex and comor-
bidities distributions.

Table 1 Comparison of demographics and comorbidity between
ankylosing spondylitis patients and comparison cohort in 2000-2010

Ankylosing spondylitis p value

No (N = 23,265)  Yes (N = 5,818)

n % n %

Age (year)

<35 7,400 31.8 1,851 31.8 0.99

36-50 6,957 29.9 1,740 29.9

51-65 5,276 22.7 1,319 22.7

>65 3,632 15.6 908 15.6

Mean (SD)? 450 17.8 453 175 0.27
Sex

Female 10,941 47.0 2,736 47.0 0.99

Male 12,324 53.0 3,082 53.0
Income (NT$)?

<15,000 8,457 36.4 1,913 329 <0.0001

15,000-22,799 10,015 43.1 2,708 46.6

>22,800 4,793 20.6 1,197 20.6
Comorbidity

Hypertension 5,591 24.0 1,398 24.0 0.99

Hyperlipidemia 3,428 14.7 858 14.8 0.98

Stroke 1,904 8.18 471 8.20 0.97
CAD 4,153 17.9 1,040 17.9 0.96
Chi square test
CAD coronary artery disease

& Ttest

® NT$: New Taiwan Dollars per month. One New Taiwan Dollar
equals 0.03 US Dollar

End points

The overall incidence of T2DM was 1.17-fold greater in
the AS cohort than in the non-AS cohort (13.5 vs. 11.5, per
1,000 person-years), with an adjusted HR of 1.16 (95 %
CI = 1.05-1.29) (Table 2).

Subgroup analyses

The sex-specific analysis in Table 2 shows that incidence of
diabetes was greater in women than in men in both cohorts.
However, the analysis sex-specific HRs showed that men
with AS had a higher relative hazard of diabetes than
women with AS had. The incidence of diabetes increased
with age in both cohorts. However, the age-specific AS
to non-AS HRs showed that AS patients aged less than
50 years had the highest hazard of diabetes compared with
their peers of same ages with an adjusted HR of 1.28 (95 %
CI = 1.08-1.53). The incidence of T2DM was significantly
higher in subjects presence of anyone comorbidity than in
those without the comorbidity in both cohorts. Among sub-
jects without comorbidity, the AS cohort had an adjusted
HR of 1.32 (95 % CI = 1.10-1.58) compared with non-AS
cohort.

The plot of the Kaplan—-Meier analysis showed that, by
the end of 11 follow-up years, the cumulative probabil-
ity to develop T2DM was 2 % greater for the AS cohort
than the non-AS cohort (13.3 vs. 11.3 %) (log-rank test:
p = 0.0027) (Fig. 1).

Discussion

Using the Taiwan National Health Insurance data [16], our
study showed that the risk of T2DM in the AS patients in
Taiwan is 17.4 % higher than that in the general popula-
tion. The relative risk is even 33.7 % greater for AS patients
without the comorbidities, indicating patients with AS are
at a higher risk of developing diabetes without the influ-
ence of other comorbid conditions. Our additional data
analysis did show a higher comorbidity prevalence in the
AS cohort than in the non-AS cohort, including hyperten-
sion, hyperlipidemia, stroke, and CVD. These comorbidi-
ties correspond to worldwide T2DM findings [14]. Patients
with AS are thus at an increased risk of T2DM. Our study
also showed that the incidence of T2DM in women with
AS was higher than that in men with AS (14.8 vs. 12.3 per
1,000 person-years). This gap is slightly smaller than the
gap between women and men in the general population,
indicating the impact of AS is some what greater for men
than for women. In addition, we found the incidence of
T2DM increasing with age in both AS and non-AS cohorts.
But, the age-specific analysis showed a higher relative
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Table 2 Incidence of type 2 diabetes by sex, age and comorbidity status and hazard ratio for ankylosing spondylitis cohort compared with

comparison cohort in 2000-2010

Variables Ankylosing spondylitis Compared to non-AS
No Yes
Event PY Rate® Event PY Rate® Crude HR® (95 % CI) Adjusted HR® (95 % CT)
All 1,542 134,561 11.5 454 33,765 13.5 1.17 (1.06, 1.30)** 1.16 (1.05, 1.29)**
Sex
Female 819 62,498 13.1 233 15,757 14.8 1.13 (0.98, 1.31) 1.11 (0.96, 1.28)
Male 723 72,063 10.0 221 18,008 12.3 1.22 (1.05, 1.42)** 1.22 (1.05, 1.42)**
Age
<50 508 87,255 5.82 167 22,005 7.59 1.30 (1.10, 1.55)** 1.28 (1.08, 1.53)**
51-65 655 29,629 22.1 172 7,370 233 1.06 (0.89, 1.25) 1.05 (0.89, 1.24)
>65 379 17,676 21.4 115 4,391 26.2 1.21 (0.98, 1.49) 1.22 (0.99, 1.50)
Comorbidity?
No 472 93,450 5.05 159 23,547 6.75 1.34 (1.12, 1.60)** 1.32(1.10, 1.58)**
Yes 1,070 41,111 26.0 295 10,218 28.9 1.11 (0.97, 1.26) 1.11 (0.97, 1.26)
** p<0.01

@ Rate: incidence rate, per 1,000 person-years
® Crude HR: related hazard ratio
¢ Adjusted HR: multiple analysis including age, sex, and income (NT$)

4 Comorbidity: these subjects with anyone of the comorbidities including hypertension, hyperlipidemia, stroke, and CAD were classified as the

comorbidity group

—— Non-AS cohort
81 ---- AS cohort
o

Log-rank Test: P-value=0.0027

Probability free of type 2 diabetes

T T T T T
0 2 4 6 8 10 12

Time to diagnosis of type 2 diabetes (years)

Fig. 1 Probability free of type 2 diabetes for patients with (dashed
line) or without (solid line) ankylosing spondylitis

risk of diabetes for younger patients with AS than for old
patients with AS. This may indicate that the impact of AS is
stronger for young patients than for old patients.

Previous studies have suggested that inflammation is
one of factors leading to T2DM and subsequent diabetic
vascular complications. C-reactive protein (CRP) is an
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inflammatory marker and the concentration is elevated
among obese and diabetic patients [17, 18]. CRP is also
a marker appearing in patients with atherosclerosis and
acute-stage AS [19]. TNF alpha (TNF-a) is another inflam-
matory cytokine in patients with AS. TNF-a is involved in
the IR pathway playing a primary role leading to abnormal-
ities of glucose metabolism [20-22]. TNF-a can inhibit the
tyrosine kinase activity of the insulin receptor through insu-
lin receptor substrate-1 serine phosphorylation and causes
hyperglycemia [23]. Decreased exercise is also a factor
associated with developing T2DM [12, 13]. Patients with
AS are more likely to be physically inactive and or immo-
bile because of complications of spinal cord compression
or spinal fracture. The restricted motion and/or decreased
lung function appear in the late life or uncontrolled stage
of AS may increase the diabetes risk. HLA-B27 has been
found in certain patients with AS [24, 25]. Studies have
also found patients with DM are more prevalent with the
existence of HLA DR3 and DR4 [26-28]. Another two
studies suggested that the HLA phenotype is associated
with DM and AS [29, 30]. The medications for AS treat-
ment may also explain of higher incidence of T2DM in
AS patients. Corticosteroid therapy is a common cause of
hyperglycemia [31]. Non-steroidal anti-inflammatory drugs
(NSAIDs) are among the common prescriptions for pain
control and anti-inflammation for patients with AS. Studies
have also associated the risk of hypertension and CV events
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with the use of these drugs [32, 33]. Patients with hyper-
tension are more likely to have T2DM through increased
IR [34]. Anti-TNF therapy appears to have no effect on the
control of glucose metabolism for patients with AS [35].

The typical age of onset of AS in the Western population
is of young adults. A German study found near 80 % of
patients of AS are diagnosed before 50 years old [36]. Bak-
land et al. [37] found in Northern Norway that the mean
age was in 20 s years old in Northern Norway patients. On
the other hand, in our study, approximately 62 % of the
patients were diagnosed before the ages of 50 years and
more than 17 % subjects were older than 65 years. Ethnic
variation may explain partly of the difference. More impor-
tantly, the Taiwan National Health Insurance was lunched
in 1995 and the claims data available for public uses began
in 1996. Some patients who were prevalent before the
availability of the insurance may have their clinic visits
after 1996.

The strength of our study is the use of population data
representative of the general population. However, certain
limitations to our findings should be considered. First, the
NHIRD does not contain detailed information regarding
smoking habits, alcohol consumption, and family history
of systemic diseases; all of which may have association
with diabetes. Second, patients with AS were likely to have
more physician visits than general population and increased
the diagnosis of diabetes. However, this diagnosis bias has
been minimized because our AS cohort and non-AS cohort
are matched by comorbidities as well. Third, evidence
derived from a retrospective cohort study is typically lower
in statistical quality than that derived from randomized tri-
als because of potential biases related to adjustments for
confounding variables. In spite of our careful study design
and control measures for confounding factors, bias result-
ing from unknown confounders may have affected our
results. Fourth, all data in the NHIRD are anonymous. The
relevant clinical variables, such as blood pressure, imaging
results, pathology findings, and serum laboratory data were
unavailable for this study. However, the data regarding AS
and diabetes diagnoses were nonetheless reliable.

In conclusion, the nationwide population-based cohort
study found AS and other inflammatory spondyloarthritis
increase the risk of developing type 2 diabetes in an Asian
population. However, because of the study limitations,
additional unbiased studies and randomized control trials
on the biological mechanisms are required before any con-
clusions can be confirmed.
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