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Purpose: The aim of this study is to investigate the association between the use of disease-
modifying antirheumatic drugs (DMARDs) and diabetes mellitus (DM) in patients with ankylos-
ing spondylitis (AS), rheumatoid arthritis (RA), or psoriasis/psoriatic arthritis (PS/PSA).
Patients and methods: This retrospective cohort study used a nationwide, population-based
administrative database to enroll 84,989 cases with AS, RA, or PS/PSA who initiated treat-
ment with anti-tumor necrosis factor (anti-TNF) drugs or nonbiologic DMARDs. Multivariable
analysis was used to estimate the effect of different therapies on the risk of DM.

Results: The incidence rates of DM per 1,000 person-years were 8.3 for users of anti-TNF drugs,
13.3 for users of cyclosporine (CSA), 8.4 for users of hydroxychloroquine (HCQ), and 8.1 for
users of other nonbiologic DMARDs. Compared with the users of nonbiologic DMARDs, the
multivariate-adjusted hazard ratios (aHRs) for DM were significantly lower for those who used
anti-TNF drugs with HCQ (aHR: 0.49, 95% confidence interval [CI]: 0.36—0.66) and those who
used HCQ alone (aHR: 0.70, 95% CI: 0.63—0.78), but not for those who used anti-TNFs without
HCQ (aHR: 1.23, 95% CI: 0.94-1.60) or CSA (aHR: 1.14, 95% CI: 0.77-1.70).
Conclusion: The aHR for DM was lowest for patients with RA and PS/PSA who initiated treat-
ment with an anti-TNF agent with concomitant HCQ, followed by HCQ users. Those who used
anti-TNF agents without HCQ and other nonbiologic DMARDs had a similar risk of DM.
Keywords: ankylosing spondylitis, rheumatoid arthritis, psoriasis, psoriatic arthritis, diabetes
mellitus

Introduction
Individuals with chronic inflammation have an increased risk of cardiovascular
disease,' and some of this increased risk is mediated by the development of increased
insulin resistance and diabetes mellitus (DM).*> More specifically, cardiovascular
disease is a major cause of death in patients with rheumatoid arthritis (RA),® and indi-
viduals with RA or psoriasis (PS) have an increased risk of insulin resistance and DM.”
Other researches have indicated that patients with PS may experience accelerated
development of insulin resistance and onset of DM.®¥ Patients with systemic lupus
erythematosus (SLE) also have an increased risk of DM.!?

The tumor necrosis factor (TNF) is a cytokine that performs diverse functions, and
its actions may underlie the relationship of autoimmune diseases with an increased
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insulin resistance and DM.!'"!2 TNF inhibitors, such as
etanercept (ETN) and adalimumab (ADA), may be prescribed
to patients with RA, PS and psoriatic arthritis (PSA), and
other autoimmune diseases. Thus, it seems possible that
patients given an anti-TNF drug for treatment of an autoim-
mune disease may also benefit by having delayed develop-
ment of DM and reduced risk of cardiovascular disease.
In fact, a recent study of RA patients reported that patients
who used a TNF inhibitor had a reduced risk of DM." These
results are in line with the in vitro study by Zhou et al,'* who
studied cultured human adipocytes and concluded that TNF
increases the sensitivity of adipocytes to insulin.

Hydroxychloroquine (HCQ) is best known as a traditional
treatment for malaria, but is also indicated for patients with
RA and SLE. HCQ may also inhibit the development of
insulin resistance and DM in patients with RA and PS.">"7
The mechanism of action of HCQ in the prevention of insu-
lin resistance and DM is not completely resolved, but may
involve blocking of toll-like receptors 7 and 9 and inhibition
of the production of interferon-c..'®

To the best of our knowledge, no study has yet exam-
ined the association between the use of a disease-modifying
antirheumatic drug (DMARD) and the risk of DM in a
nationwide cohort of patients with ankylosing spondylitis
(AS), RA, and PS/PSA. This study used the Taiwanese
National Health Insurance Research Database (NHIRD) to
estimate the risk of incident DM in a nationwide cohort of
patients who initiated treatment with an anti-TNF agent,
cyclosporine (CSA), HCQ, or another nonbiologic DMARD
for RA, PS/PSA, or AS.

Patients and methods
Study design, data source, and patient

selection

This was a retrospective cohort study that used data from the
National Health Insurance (NHI) program of Taiwan, which
covers more than 99% of the population. The National Health
Research Institute (NHRI) manages the NHIRD and releases
claims data of ambulatory care, inpatient services, dental ser-
vices, traditional Chinese medical services, and prescription
drug use for research purposes. All data were encrypted to
ensure anonymity before being sent to the NHRI, and data that
may enable identification of individuals were removed before
release to researchers. Some individual information, such as
use of tobacco and alcohol, examination data, and family his-
tory of DM, are not included in the NHIRD. To improve the
accuracy of coding, the Bureau of NHI routinely performs
random checks of patient charts to ensure coding validity."

The present study utilized ambulatory, inpatient, and
enrollment claims data from the NHIRD for the period
1999-2011 to identify all the patients, regardless of age,
with diagnoses of AS (at least 3 outpatient department
[OPD] visits with a diagnosis based on the International
Classification of Diseases-9 [ICD9] code 720.0), RA (at least
3 OPD visits with a diagnosis of ICD9 code 714.0 and
with a catastrophic illness certificate), or PS/PSA (at least
3 OPD visits with a diagnosis of code ICD9 696.0-1). All
enrolled patients were given prescriptions for an anti-TNF
agent (ETN or ADA) or a traditional synthetic DMARD
(oral CSA, oral or injectable methotrexate [MTX], HCQ,
sulfasalazine [SSZ], leflunomide [LEF], or azathioprine
[AZA]). Although HCQ is not in the treatment guidelines
for these autoimmune diseases, some clinical practitioners in
Taiwan continue to prescribe HCQ for these patients, as an
off-label treatment. CSA is sometimes used with MTX for the
treatment of RA, and we examined this drug because studies
of transplant patients indicate that it may increase the risk
of DM. In Taiwan, patients with some catastrophic illnesses
including RA receive catastrophic illness certificates after
a thorough review of clinical data by at least 2 specialists;
this study used the NHI catastrophic illness files, including
ambulatory, inpatient, and enrollment claims, to identify
incident RA cases. Patients with diagnoses of DM (ICD9-CM
code 250.X) before initiation of DMARD therapy were
excluded. This research was approved by the Institutional
Review Board (IRB) I & II of Taichung Veterans General
Hospital (IRB number: CE16217B). Informed consent was
not obtained because all personal details traced had been
anonymized before analysis.

DMARD use in Taiwan

Based on a review of the NHIRD, the commonly used drugs
(in the order of frequency) for AS are nonsteroidal anti-
inflammatory drugs (NSAIDs), salazopyrine, corticosteroid,
anti-TNF agent, and HCQ); those used for RA are NSAIDs,
corticosteroid, MTX, salazopyrine, LEF, anti-TNF agent,
CSA, and AZA; those used for PS are MTX, CSA, LEF, sala-
zopyrine, and anti-TNF agent; and those used for PSA are
NSAIDs, corticosteroid, MTX, LEF, salazopyrine, and
anti-TNF agent. Anti-TNF therapy is currently a second-line
treatment in Taiwan. The National Health Insurance Admin-
istration (NHIA), which manages the NHI program, approved
the use of ETN for RA treatment in 2003, and ETN and ADA
for the treatment of AS and PS/PSA in 2009. Certified rheu-
matologists can initiate anti-TNF therapy for patients with
inadequate response or intolerant to conventional standard
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treatment according to the NHIA guideline,” which is based
on the National Institute for Health and Care Excellence
guideline?! but with slight modification.

Index dates

The drug index date was defined as the first date of obser-
vation of AS, RA, or PS/PSA from an ambulatory visit at
which a prescription for an anti-TNF agent or a traditional
synthetic DMARD was given. The DM index date was the
date on which there was a diagnosis of DM (ICD9-CM code
250.X), which includes type-1 and type-2 DM, and concur-
rent prescription of an anti-diabetes medication for more than
28 days after January 1, 2001.

Outcome variables and potential

confounders

The outcome variable was the time from the drug index date
to the first date of an ambulatory visit with a diagnosis of
DM (ICD9-CM code 250.X) and the concurrent prescrip-
tion of any anti-diabetes drugs. The censored date was
the last date of prescription of a DMARD. The potential
confounders considered were age, sex, disease duration,
Charlson comorbidity index (CCI), and prior or concomitant
use of a corticosteroid.

Statistical analysis

For comparison of the effect of different treatments on DM,
patients were classified into 4 groups according to DMARD
use; a fifth group was used for Kaplan—Meier survival
analysis. Comparison of continuous variables employed
an analysis of variance (ANOVA) test, and comparison
of categorical variables employed a Chi-square test. The
effect of different DMARDs on risk of DM was determined
by calculating adjusted hazard ratios (aHRs) and 95%
confidence intervals (CIs) using Cox proportional regres-
sion analysis after adjustment for potential confounders.
A 2-tailed P-value less than 0.05 was considered statistically
significant. Age is presented as mean and standard deviation,
and 1-way ANOVA with a Bonfferroni post hoc test was used
to evaluate differences among the 4 groups. Categorical data
are presented as number and percentage, and the 4 groups
were compared with Fisher’s exact test. The cumulative inci-
dence of DM was calculated as 1 minus the Kaplan—-Meier
estimate of DM-free rate, and the cumulative incidence of
DM in the 4 or 5 medication groups (with HCQ as the fifth
group) was determined with the log-rank test. All statistical
analyses were conducted using SPSS version 18.0 for
Windows (SPSS Inc., Chicago, IL, USA).

Results

This retrospective cohort study used a nationwide, population-
based administrative database (1999-2011) to enroll 84,989
patients. There were 36,329 patients with AS, 33,112 patients
with RA, and 15,638 patients with PS/PSA. All enrolled
patients initiated treatment with an anti-TNF agent or a
nonbiologic DMARD. We categorized patients into 4 mutu-
ally exclusive groups based on DMARD use: 1) anti-TNF
agent with or without another DMARD (n=6,824); 2) CSA
without an anti-TNF agent or HCQ (n=1,084); 3) HCQ
without an anti-TNF agent or CSA (n=27,033); and 4) other
nonbiologic DMARD without an anti-TNF agent, CSA, or
HCQ (n=50,048; reference group).

Characteristics of enrolled patients

Table 1 summarizes the characteristics of patients in these
4 groups. Patients in the reference group (mean age:
39.0 years) were significantly younger than those in the
other groups (anti-TNF: 49.2 years, CSA: 48.0 years,
HCQ: 50.5 years). Most patients in the anti-TNF, CSA, and
HCQ groups were female (66.7%—72.6%), but most of the
patients in the reference group were male (67.3%). Most
patients in the anti-TNF, CSA, and HCQ groups had RA
(72.9%—78.9%), but most patients in the reference group had
AS (61.8%) or PS/PSA (26.0%). Most subjects in the CSA,
HCQ, and reference groups had a disease duration less than
5 years (77.2%—-88.9%), but only 38.2% of subjects in the
anti-TNF group had a disease duration less than 5 years. Most
patients in the anti-TNF and CSA groups had pretreatment
CCI scores of 1-4 (79.5% and 77.3%, respectively), most
patients in the HCQ group had CCI scores of 0-1 (76.6%),
and most patients in the reference group had CCI scores of
0(73.8%). Analysis of the pretreatment use of prednisolone-
equivalents within 1 year indicated that most patients in the
anti-TNF group (69.7%) and CSA group (64.2%) took more
than 1 mg/day, and most patients in the HCQ group (80.1%)
and reference group (92.2%) took no more than 1 mg/day.
There were significantly fewer overall patients in the refer-
ence group who used MTX (n=13,893, 31.1%, P<<0.001),
but significantly more patients in the reference group with
AS who used MTX (n=3,159, 22.7%, P<<0.001).

Incidence of DM in patients who used
different DMARDs

Table 2 shows the incidence of newly diagnosed DM in each
of the 4 groups. There were 127 cases of DM in the anti-
TNF group, 26 in the CSA group, 1,000 in the HCQ group,
and 1,486 in the reference group. The CSA group had the
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Table | Characteristics of Taiwanese patients with AS, RA, or PS/PSA who initiated therapy with a DMARD from 1999 to 201 |

Variable DMARD therapy P-value
Anti-TNF? CSA* HCQ* Reference?
(n=6,824) (n=2,940) (n=27,783) (n=44,635)
Age at initiation of DMARD:s (years) 49.2 (14.9) 43.6 (15.7) 50.3 (15.5) 382 (14.7) <0.001
Sex
Female 4,553 (66.7%) 1,313 (44.7%) 20,058 (72.2%) 13,200 (29.6%) <0.001
Male 2,271 (33.3%) 1,627 (55.3%) 7,725 (27.8%) 31,435 (70.4%)
Disease group
AS 1,126 (16.5%) 204 (6.9%) 4,384 (15.8%) 30,473 (68.3%) <0.001
RA 4,975 (72.9%) 874 (29.7%) 21,530 (77.5%) 3,148 (7.1%)
PS/PSA 723 (10.6%) 1,862 (63.3%) 1,869 (6.7%) 11,014 (24.7%)
Disease duration
=<5 years 2,606 (38.2%) 1,756 (59.7%) 24,735 (89.0%) 35,343 (79.2%) <0.001
>5-10 years 2,593 (38.0%) 788 (26.8%) 2,396 (8.6%) 6,033 (13.5%)
>10 years 1,625 (23.8%) 396 (13.5%) 652 (2.3%) 3,259 (7.3%)
Pretreatment CCl score
0 1,131 (16.6%) 1,618 (55.0%) 10,525 (37.9%) 33,628 (75.3%) <0.001
| 3,428 (50.2%) 734 (25.0%) 10,822 (39.0%) 7,082 (15.9%)
2-4 1,998 (29.3%) 460 (15.6%) 5,467 (19.7%) 3,015 (6.8%)
=5 267 (3.9%) 128 (4.4%) 969 (3.5%) 910 (2.0%)
Pretreatment prednisolone dose®
None 1,536 (22.5%) 1,245 (42.3%) 10,098 (36.3%) 30,631 (68.6%) <0.001
=| mg/day 535 (7.8%) 785 (26.7%) 12,279 (44.2%) 10,592 (23.7%)
>| mg/day 4,753 (69.7%) 910 (31.0%) 5,406 (19.5%) 3,412 (7.6%)
MTX used
Total 4,884 (71.6%) 2,111 (71.8%) 15,029 (54.1%) 13,893 (31.1%) <0.001
AS 212 (4.3%) 55 (2.6%) 890 (5.9%) 3,159 (22.7%) <0.001
RA 4,272 (87.5%) 560 (26.5%) 13,440 (89.4%) 1,945 (14.0%)
PS/PSA 400 (8.2%) 1,496 (70.9%) 699 (4.7%) 8,789 (63.3%)

Notes: ‘Based on the DMARD medication use, the patients were categorized into 4 mutually exclusive groups: (1) anti-TNF: TNF inhibitors with or without other DMARDs;
(2) CSA: without TNF inhibitors or HCQ; (3) HCQ: without TNF inhibitors or CSA; (4) reference: nonbiologic DMARDs without TNF inhibitors, CSA, or HCQ. ®Daily
average-equivalent dose in the | year before the index date.

Abbreviations: AS, ankylosing spondylitis; RA, rheumatoid arthritis; PS/PSA, psoriasis/psoriatic arthritis; DMARD, disease-modifying antirheumatic drug; TNF, tumor

necrosis factor; CSA, cyclosporine; HCQ, hydroxychloroquine; CCI, Charlson comorbidity index; MTX, methotrexate.

highest DM incident density (13.26 per 1,000 person-years),
followed by the HCQ group (8.37 per 1,000 person years),
the anti-TNF group (8.26 per 1,000 person-years), and the
reference group (8.12 per 1,000 person-years).

Figure 1A shows the cumulative incidence of DM in each
of these 4 groups. These results show that the anti-TNF group
had a significantly lower cumulative incidence of DM than
the CSA group (P=0.014). The HCQ and reference groups

Table 2 Incidence of DM in patients who used different DMARDs

also had significantly lower cumulative incidences of DM
than the CSA group (P=0.022 and P=0.013, respectively).
We further categorized anti-TNF users as those who did
and did not use HCQ (Figure 1B). This analysis showed that
there was no protective effect of using an anti-TNF agent
when HCQ was not used concomitantly. In particular, the
cumulative DM incidence in the group that used anti-TNF
without HCQ was comparable to that of the CSA group, and

DMARD therapy

Anti-TNF? CSA: HCQ* Reference?

(n=6,824) (n=2,940) (n=27,783) (n=44,635)
Sum of person-years 43,964.5 13,258.9 39,458.5 105,835.9
New diagnoses of DM 127.0 138.0 1,073.0 1,137.0
Incidence (per 1,000 person-years) 29 10.4 27.2 10.7

Notes: ‘Based on the DMARD medication use, the patients were categorized into 4 mutually exclusive groups: (1) anti-TNF: TNF inhibitors with or without other DMARDs;
(2) CSA without TNF inhibitors or HCQ; (3) HCQ without TNF inhibitors or CSA; (4) reference: other nonbiologic DMARDs without TNF inhibitors, CSA, or HCQ.
Abbreviations: DM, diabetes mellitus; DMARD, disease-modifying antirheumatic drug; TNF, tumor necrosis factor; CSA, cyclosporine; HCQ, hydroxychloroquine.
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Figure | Cumulative incidence of DM with patients classified into 4 DMARD groups (A) and 5 DMARD groups (B). (A) The cumulative incidence of DM in the CSA group
was significantly higher than that in the other 3 groups (vs anti-TNF: P=0.014; vs HCQ: P=0.022; vs other nonbiologic DMARDs: P=0.013). (B) The cumulative incidence of
DM was similar in the CSA group and the group that used anti-TNF without HCQ, and significantly lower in the other 3 groups (anti-TNF + HCQ, HCQ, other DMARDs);
the cumulative incidence of DM in the anti-TNF + HCQ group was significantly lower than in the other 4 groups (vs anti-TNF without HCQ: P<<0.001; vs CSA: P<<0.001; vs

HCQ: P=0.015; vs other DMARDs: P=0.031).

Abbreviations: DM, diabetes mellitus; DMARD, disease-modifying antirheumatic drug; CSA, cyclosporine; TNF, tumor necrosis factor; HCQ, hydroxychloroquine.

significantly higher than the other 3 groups (P=0.001 for all
comparisons). The protective effect of using an anti-TNF
agent remained significant in the anti-TNF + HCQ group,
and this group had a lower cumulative incidence of DM
than all other groups (vs anti-TNF without HCQ: P<<0.001;
vs CSA: P<<0.001; vs HCQ: P=0.015; vs reference group:
P=0.031).

Risk factors for DM

Table 3 summarizes the risk factors for DM in our population.
The univariate analysis indicated that the following factors
were associated with an increased risk of DM: advanced age,
PA/PSA and RA rather than AS, longer disease duration
(>5-10 years vs =5 years), higher pretreatment CCI score,
and pretreatment use of prednisolone. In addition, relative
to the use of reference therapy, use of an anti-TNF agent
with HCQ had a significant protective effect, whereas the
use of an anti-TNF agent alone and use of CSA increased
the risk of DM.

Table 3 also shows the results of the multivariable
analysis of the risk of DM. These results show that the
following factors were independently associated with an
increased risk of DM: advanced age (aHR: 1.04, P<<0.001),
PS/PSA rather than AS (aHR: 2.44, P<<0.001), pretreatment
CCI score of 2—4 (aHR: 1.29, P<<0.001) or 5 or more (aHR:
1.38, P=0.006) rather than CCI score of 0, and pretreatment
use of prednisolone at 1 mg/day or less (aHR: 1.26, P<<0.001)
or more than 1 mg/day (aHR: 1.30, P<<0.001) relative to no

prednisolone use. These results also show that relative to the
use of the reference therapy, the use of an anti-TNF agent
with HCQ (aHR: 0.49, P<<0.001) and use of HCQ alone
(aHR: 0.70, P<<0.001) had protective effects. In addition,
the use of prednisolone, MTX, SSZ, LEF, and AZA also
protected against the development of DM.

Risk factors for DM with stratification by

disease duration

We further analyzed the risk of DM with stratification
by disease duration (Table 4). The multivariable Cox
regression models showed that among those with disease
durations of 5 years or less and 5-10 years, there were
significant associations of advanced age, PS/PSA, and
higher pretreatment CCI score with DM. The association of
pretreatment prednisolone use with DM occurred in those
with a disease duration of 5 years or less, but not in those
with disease durations of 5-10 years and more than 10 years.
Relative to the reference treatment, anti-TNF + HCQ therapy
was protective in those with disease durations of 5 years
or less (aHR: 0.56, P=0.003) and 5-10 years (aHR: 0.33,
P<0.001); HCQ therapy had a protective effect in those with
disease durations of 5 years or less (aHR: 0.71, P<<0.001),
5-10 years (aHR: 0.61, P=0.017), and more than 10 years
(aHR: 0.21, P=0.040). Prednisolone, MTX, SSZ, and LEF
were protective for those with a disease duration of 5 or fewer
years, but provided decreasing benefit for those with disease
for more than 5 years.
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Table 3 Univariate (crude HR) and multivariate (adjusted HR) analysis of factors associated with DM

Variable Crude HR (95% CI) P-value Adjusted HR (95% CI) P-value
Age 1.04 (1.04, 1.04) <0.001* 1.03 (1.03, 1.04) <0.001*
Sex (male to female) 0.90 (0.83, 0.97) 0.008* 1.05 (0.96, 1.15) 0.299
Disease group

AS Reference Reference

RA 1.99 (1.81, 2.20) <0.001* 1.90 (1.61, 2.25) <0.001*

PS/PSA 3.50 (3.13,3.91) <0.001* 3.09 (2.63, 3.62) <0.001*
Disease duration

=5 years Reference Reference

>5-10 years 1.45 (1.28, 1.64) <0.001* 0.82 (0.71, 0.94) 0.004*

>10 years 1.22 (0.92, 1.63) 0.168 0.51 (0.38, 0.69) <0.001*
Pretreatment CCl

0 Reference Reference

| 1.15 (1.04, 1.26) 0.005* 1.04 (0.94, 1.15) 0.459

2-4 1.87 (1.68, 2.08) <0.001* 1.28 (1.13, 1.44) <0.001*

=5 1.96 (1.56, 2.47) <0.001* 1.36 (1.08, 1.72) 0.010%
Pretreatment prednisolone dose®

None Reference Reference

= mg/day 1.36 (1.25, 1.48) <0.001* 1.35(1.22, 1.48) <0.001*

>| mg/day 1.47 (1.32, 1.64) <0.001* 1.45 (1.27, 1.65) <0.001*
DMARD group Reference Reference

Anti-TNF (CSA/HCQ: —/-) 1.64 (1.29, 2.10) <0.001* 1.18 (0.89, 1.56) 0.244

Anti-TNF (CSA/HCQ: +/-) 0.98 (0.44, 2.18) 0.957 0.72 (0.32, 1.62) 0.428

Anti-TNF (CSA/HCQ: —/+) 0.73 (0.54, 1.01) 0.056 0.44 (0.31, 0.63) <0.001*

Anti-TNF (CSA/HCQ: +/+) 0.84 (0.47, 1.48) 0.541 0.65 (0.36, 1.17) 0.152

CSA 1.66 (1.39, 1.98) <0.001* 0.90 (0.75, 1.08) 0.256

HCQ 1.12 (1.03, 1.21) 0.011* 0.57 (0.50, 0.65) <0.001*
Prednisolone 0.81 (0.74, 0.89) <0.001* 0.67 (0.60, 0.74) <0.001*
MTX 0.95 (0.88, 1.03) 0.230 0.58 (0.53, 0.64) <0.001*
N4 0.42 (0.38, 0.45) <0.001* 0.65 (0.59, 0.71) <0.001*
LEF 0.60 (0.50, 0.71) <0.001* 0.62 (0.51, 0.74) <0.001*
AZA 0.99 (0.83, 1.18) 0.929 0.96 (0.81, 1.15) 0.694

Notes: Reference for DMARD group: other nonbiologic DMARDs without TNF inhibitors, CSA, or HCQ. *Daily average-equivalent dose in the | year before the index

date. *P<<0.05 indicates a significant association with DM.

Abbreviations: HR, hazard ratio; DM, diabetes mellitus; Cl, confidence interval; AS, ankylosing spondylitis; RA, rheumatoid arthritis; PS/PSA, psoriasis/psoriatic arthritis;
CCl, Charlson comorbidity index; DMARD, disease-modifying antirheumatic drug; TNF, tumor necrosis factor; CSA, cyclosporine; HCQ, hydroxychloroquine; MTX,

methotrexate; SSZ, sulfasalazine; LEF, leflunomide; AZA, azathioprine.

Risk factors for DM with stratification by

type of disease

Finally, we analyzed the risk of DM with stratification by
type of autoimmune disease (Table 5). This analysis showed
significant associations of advanced age with DM in all
3 groups. In the AS group, males were more likely to develop
DM than females (hazard ratio [HR]: 1.31, P=0.012). In the
PS/PSA group, patients with a disease duration longer than
10 years were less likely to develop DM relative to those with
a disease duration of 5 years or less (HR: 0.41, P<<0.001).
In the AS and RA groups, patients with a high pretreatment
CCI score and those who used prednisolone before treat-
ment had an increased risk of DM. In the AS group, there
were no newly diagnosed cases of DM among those given

anti-TNF + HCQ therapy, and the use of other drug regimens
had no significant effect on the development of DM. In the
RA group, anti-TNF + HCQ therapy (HR: 0.45, P<<0.001)
and HCQ alone (HR: 0.66, P<<0.001) had significant pro-
tective effects. In the PS/PSA group, HCQ had a significant
protective effect (HR: 0.66, P=0.004).

Discussion

This study is the first population-based cohort study to
examine the association between the use of different
DMARDs and DM among patients with AS, RA, or PS/PSA.
Our major finding is that the risk of DM was lowest for
patients with RA or PS/PSA who initiated treatment with
an anti-TNF agent and concomitant HCQ, followed by those
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Table 4 Multivariable analysis of risk factors for DM with stratification by disease duration

Variable Duration =<5 years Duration >5-10 years Duration >10 years
(n=64,440) (n=11,810) (n=5,932)
Adjusted HR (95% CI) P-value Adjusted HR (95% CI) P-value Adjusted HR (95% CI) P-value

Age 1.04 (1.03, 1.04) <0.001* 1.03 (1.02, 1.04) <0.001* 1.02 (1.00, 1.04) 0.109
Sex (male to female) 1.07 (0.97, 1.18) 0.196 0.96 (0.73, 1.24) 0.732 0.91 (0.47, 1.73) 0.763
Disease group

AS Reference Reference Reference

RA 1.82 (1.52, 2.18) <0.001* 2.79 (1.51, 5.17) 0.001* 0.83 (0.23, 2.97) 0.773

PS/PSA 2.90 (2.43, 3.44) <0.001*  4.96 (2.93, 8.43) <0.001* 0.82(0.32, 2.14) 0.686
Pretreatment CCl

0 Reference Reference Reference

| 1.04 (0.93, 1.17) 0.445 0.88 (0.63, 1.23) 0.470 2.55 (1.26, 5.17) 0.009*

2-4 1.24 (1.09, 1.41) 0.001* 1.39 (0.99, 1.95) 0.060 2.26 (0.96, 5.34) 0.063

=5 1.41 (1.09, 1.82) 0.009* 1.15 (0.62, 2.14) 0.656 1.66 (0.37, 7.40) 0.506
Pretreatment prednisolone dose®

None Reference Reference Reference

=| mg/day 1.35 (1.22, 1.50) <0.001* 1.28 (0.95, 1.73) 0.101 1.48 (0.73, 2.99) 0.281

>| mg/day 1.44 (1.25, 1.66) <0.001* 1.61 (1.12,2.32) 0.009* 1.21 (0.52, 2.80) 0.658
DMARD group Reference Reference Reference

Anti-TNF (CSA/HCQ: —/-)  0.87 (0.53, 1.41) 0.568 1.10 (0.64, 1.90) 0.719 0.68 (0.30, 1.55) 0.356

Anti-TNF (CSA/HCQ: +/-)  1.20 (0.44, 3.26) 0.715 0.44 (0.10, 1.86) 0.261 NA

Anti-TNF (CSA/HCQ: —/+)  0.41 (0.26, 0.67) <0.001* 0.42 (0.22, 0.78) 0.006* 0.20 (0.04, 1.11) 0.066

Anti-TNF (CSA/HCQ: +/4)  1.15 (0.60, 2.20) 0.675 0.17 (0.04, 0.75) 0.019* NA 0.984

CSA 0.92 (0.75, 1.14) 0.440 0.79 (0.52, 1.21) 0.277 0.31 (0.07, 1.34) 0.117

HCQ 0.57 (0.50, 0.66) <0.001* 051 (0.34,0.77) 0.001* 0.12 (0.03, 0.56) 0.007*
Prednisolone 0.66 (0.58, 0.74) <0.001* 0.63 (0.48, 0.84) 0.001* 1.33 (0.69, 2.59) 0.394
MTX 0.61 (0.55, 0.67) <0.001*  0.47 (0.35, 0.63) <0.001* 0.34(0.17,0.67) 0.002*
Ssz 0.61 (0.55, 0.67) <0.001*  0.97 (0.75, 1.24) 0.792 0.57 (0.29, 1.10) 0.094
LEF 0.58 (0.47, 0.71) <0.001* 0.71 (0.47, 1.08) 0.109 0.74 (0.27, 2.01) 0.560
AZA 1.01 (0.83, 1.22) 0.934 0.65 (0.36, 1.19) 0.162 1.07 (0.31, 3.71) 0911

Notes: Reference for DMARD group: other nonbiologic DMARDs without TNF inhibitors, CSA, or HCQ. NA indicates HR not available due to no new cases of DM. *Daily
average-equivalent dose within | year before the index date. *Significant association with DM.

Abbreviations: DM, diabetes mellitus; HR, hazard ratio; Cl, confidence interval; AS, ankylosing spondylitis; RA, rheumatoid arthritis; PS/PSA, psoriasis/psoriatic arthritis;
CCl, Charlson comorbidity index; DMARD, disease-modifying antirheumatic drug; TNF, tumor necrosis factor; CSA, cyclosporine; HCQ, hydroxychloroquine; NA, not
available; MTX, methotrexate; SSZ, sulfasalazine; LEF, leflunomide; AZA, azathioprine.

who used HCQ without an anti-TNF agent. Users of anti-
TNF agents without HCQ and users of other nonbiologic
DMARD:s had a similar risk of DM. Anti-TNF therapy and
HCQ provided no benefit for patients with AS or PS/PSA.
HCAQ is rarely used for the treatment of PS/PSA because it
may exacerbate the symptoms.?

The finding that anti-TNF therapy alone had no effect
on the development of DM might seem surprising because a
previous research has indicated that anti-TNF therapy reduced
insulin resistance and the risk of DM in patients with RA."
These apparently discrepant findings may be explained by
the differences of ethnic groups, the criteria used for patient
selection, and history of prednisolone usage. In addition, the
protective effect of prednisolone on the development of DM
is also unexpected because steroids may exacerbate DM.

A major strength of this study is that we used a nationwide
population sample of Taiwanese men and women, most of

whom are of Han Chinese ancestry. This design reduced
selection bias, so we believe that the results are applicable to
the general population of Taiwan. Another advantage of the
present study relative to previous studies is that we adjusted
for corticosteroid dosage, and did not simply classify patients
as users and nonusers. Corticosteroids are indicated for
patients with autoimmune diseases, especially PS and PSA,*
and it is well known that they can increase insulin resistance
and promote the development of DM.** Research that does
not adjust for steroid dose may therefore overestimate the
protective effect of anti-TNF agents because patients given
anti-TNF agents may require lower doses of steroids.?

In agreement with our results, previous studies have also
reported that HCQ can improve insulin tolerance or reduce
the incidence of DM.?*?7 Based on studies of an animal
model, HCQ appears to directly affect the pancreas, lead-
ing to elevated blood insulin and reduced blood glucose.?
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Table 5 Multivariable analysis of factors associated with DM with stratification by type of disease

Variable AS (n=36,187) RA (n=30,527) PS/PSA (n=15,468)
Adjusted HR (95% Cl) P-value Adjusted HR (95% CI) P-value Adjusted HR (95% Cl) P-value

Age 1.06 (1.05, 1.06) <0.001* 1.03 (1.03, 1.03) <0.001* 1.03 (1.02, 1.03) <0.001*
Sex (male to female) 1.33 (1.07, 1.64) 0.009* 1.04 (091, 1.19) 0.581 0.99 (0.84, 1.17) 0911
Disease duration

=5 years Reference Reference Reference

>5-10 years 0.76 (0.49, 1.20) 0.243 0.87 (0.68, I.11) 0.266 0.78 (0.65, 0.94) 0.008*

>0 years 1.68 (0.72, 3.94) 0.228 0.66 (0.32, 1.35) 0.257 0.33 (0.22, 0.50) <0.001*
Pretreatment CCI

0 Reference Reference Reference

| 1.05 (0.83, 1.33) 0.682 0.92 (0.80, 1.06) 0.262 1.10 (0.88, 1.37) 0.398

24 1.60 (1.21, 2.11) <0.001* 1.13 (0.96, 1.32) 0.144 1.16 (0.90, 1.49) 0.265

=5 1.48 (0.88, 2.51) 0.141 1.19(0.87, 1.64) 0.280 1.30 (0.82, 2.06) 0.260
Pretreatment prednisolone dose®

None Reference Reference Reference

=| mg/day 1.35 (1.11, 1.64) 0.003* 1.44 (1.25, 1.66) <0.001* 1.26 (1.05, 1.51) 0.012*

>| mg/day 1.31(0.99, 1.73) 0.062 1.57 (1.31, 1.90) <0.001* 1.50 (1.15, 1.95) 0.003*
DMARD group Reference Reference Reference

Anti-TNF (CSA/HCQ: —/-)  0.95 (0.44, 2.04) 0.897 0.90 (0.62, 1.32) 0.592 1.39 (0.66, 2.93) 0.379

Anti-TNF (CSA/HCQ: +/-)  NA 0.83 (0.36, 1.92) 0.666 NA

Anti-TNF (CSA/HCQ: —/+) NA 0.39 (0.27, 0.58) <0.001*  0.44 (0.06, 3.16) 0.412

Anti-TNF (CSA/HCQ: +/+) NA 0.58 (0.31, 1.08) 0.086 NA

CSA I.11 (0.40, 3.06) 0.844 0.92 (0.60, 1.43) 0.719 0.81 (0.66, 1.01) 0.059

HCQ 0.54 (0.39, 0.75) <0.001* 0.51 (0.43,0.61) <0.001* 0.43(0.32,0.59) <0.001*
Prednisolone 0.70 (0.58, 0.84) <0.001* 0.62 (0.51, 0.75) <0.001* 0.64 (0.54,0.77) <0.001*
MTX 0.83 (0.66, 1.05) 0.127 0.59 (0.52, 0.67) <0.001* 0.35(0.28, 0.43) <0.001*
Ssz 0.35 (0.25, 0.47) <0.001* 0.69 (0.61, 0.78) <0.001* 0.63 (0.53, 0.76) <0.001*
LEF 1.53 (0.72, 3.25) 0.273 0.59 (0.48, 0.73) <0.001* 0.58 (0.39, 0.88) 0.010*
AZA 1.04 (0.64, 1.68) 0.877 1.05 (0.83, 1.33) 0.677 0.60 (0.42, 0.87) 0.007*

Notes: Reference for DMARD group: other nonbiologic DMARDs without TNF inhibitors, CSA, or HCQ. NA indicates HR not available due to no new cases of DM. *Daily
average-equivalent dose within | year before the index date. *Significant association with DM.

Abbreviations: DM, diabetes mellitus; AS, ankylosing spondylitis; RA, rheumatoid arthritis; PS/PSA, psoriasis/psoriatic arthritis; HR, hazard ratio; Cl, confidence interval;
CCl, Charlson comorbidity index; DMARD, disease-modifying antirheumatic drug; TNF, tumor necrosis factor; CSA, cyclosporine; HCQ, hydroxychloroquine; NA, not
available; MTX, methotrexate; SSZ, sulfasalazine; LEF, leflunomide; AZA, azathioprine.

Moreover, additional clinical research supports the use of
HCQ for improving glucose metabolism in patients with
rheumatic diseases®® and for having other beneficial effects
in patients with cancers, infections, and dyslipidemia.*

Limitations

Nonetheless, there were some limitations in this study. First,
DM diagnoses were based on an administrative database,
and therefore should have high accuracy. However, such
non-differential misclassification is always biased toward the
null, so this would not change the nature of the relationships
we found, but only their significance. Second, the accuracy
of diagnoses of AS and PS/PSA may be a concern, as is the
diagnosis of nearly all autoimmune disorders. However, our
RA diagnosis is not a concern because the certification of
catastrophic illness requires validation by 2 or more rheuma-
tologists and a comprehensive review of the patients’ clinical
data. Another limitation is that in examining the relationship

of use of DMARDs with DM, the pathologies may differ for
patients receiving different treatments. The lack of informa-
tion on disease activity, functional disability, and structural
damage means that we could not adjust for confounding by
these factors in the statistical analysis. Finally, our admin-
istrative database does not provide laboratory or clinical
information on disease severity. The disease duration was the
time from date of diagnosis to date of initiating a DMARD.
Therefore, those who initiated a DMARD earlier may have
had a greater disease activity or severity. Disease severity
may be related to the risk of DM, but was not available in
the database.

Conclusion

We performed a nationwide survey to examine the associa-
tion between the use of different DMARD therapies and the
development of DM in patients diagnosed with AS, RA,
or PS/PSA. The results indicated that the risk of DM was
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significantly lower in patients with RA or PS/PSA who initi-
ated treatment with an anti-TNF agent with concomitant HCQ
and was also lower in those who used HCQ but no anti-TNF
agent. Users of anti-TNF agents without HCQ and users of
other nonbiologic DMARDs had a similar risk of DM.
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