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Abstract

Objective: To estimate and compare the burdens of opportunistic infections and herpes zoster in real-world
practice among patients with various systemic rheumatic diseases.

Methods: This 13-year cohort study used national health insurance data to compare the incidence rates (IRs) of nine
opportunistic infections among patients with five rheumatic diseases. The analyses were stratified according to follow-
up duration using Poisson regression, and Cox models were used to compare the risk of first opportunistic infection.

Results: During 2000–2013, we identified 76,966 patients who had polymyositis/dermatomyositis (PM/DM, 2270 cases),
systemic lupus erythematosus (SLE, 15,961 cases), systemic sclerosis (SSc, 2071 cases), rheumatoid arthritis (RA, 38,355
cases), or primary Sjögren’s syndrome (pSS, 18,309 cases). The IR of opportunistic infections was highest for PM/DM
cases (61.3/1000 person-years, 95% confidence interval [CI] 56.6–66.2), followed by SLE cases (43.1/1000 person-years,
95% CI 41.7–44.5), SSc cases (31.6/1000 person-years, 95% CI 28.3–35.1), RA cases (25.0/1000 person-years, 95% CI 24.4–
25.7), and pSS cases (24.1/1000 person-years, 95% CI 23.1–25.2). Multivariable Cox analysis revealed that, relative to SLE,
PM/DM was associated with a significantly higher risk of opportunistic infections (hazard ratio 1.18, 95% CI 1.08–1.29).
The risk of opportunistic infections was highest during the first year after the diagnosis of all five rheumatic diseases.

Conclusions: The risk of opportunistic infection was highest for PM/DM, followed by SLE, SSc, RA, and pSS. Careful
observation and preventive therapy for opportunistic infections may be warranted in selected PM/DM patients,
especially during the first year after the diagnosis.

Keywords: Polymyositis, Dermatomyositis, Systemic lupus erythematosus, Systemic rheumatic disease, Opportunistic
infection

Introduction
Infection remains a leading cause of morbidity,
hospitalization, and mortality among patients with auto-
immune rheumatic disease [1, 2]. Furthermore, the esti-
mated rates of infectious complications can be 26–50%
among patients with polymyositis/dermatomyositis (PM/
DM) or systemic lupus erythematosus (SLE) [3–5]. Several
factors may influence the vulnerability of patients with

rheumatic diseases, with infectious diseases being strongly
associated with their frequent use of corticosteroids and im-
munosuppressive agents. There is also evidence that innate
and adaptive immunity against various pathogens is im-
paired in patients with SLE [6]. Moreover, the development
of infection in patients with rheumatic diseases leads to a
much poorer prognosis relative to that of patients without
infectious diseases [2, 7].
In addition to common infections, opportunistic infection

(OI) has emerged as an important complication in devel-
oped countries [8]. Interestingly, the risks of herpes zoster
and Pneumocystis jiroveci pneumonia are elevated among
SLE patients [9, 10], while DM was recently shown to be
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associated with elevated rates of herpes zoster and tubercu-
losis [11, 12]. However, most previous studies regarding the
relationship between rheumatic diseases and OI were
focused on SLE and were limited by their small-scale or
single-centre designs. Furthermore, there is scarce research
regarding the incidence rates (IRs) of OI in other major
connective tissue diseases, such as systemic sclerosis (SSc)
and primary Sjögren’s syndrome (pSS). Moreover, among
patients with PM/DM or SLE, there are no large-scale stud-
ies regarding the incidences of other OIs (e.g. aspergillosis,
cryptococcosis, non-tuberculous mycobacteria, and cyto-
megalovirus infection). We are also unaware of any studies
regarding whether the burden of OI varies among different
connective tissue diseases. Therefore, the present study
aimed to determine the incidence rates of various OIs in
real-world practice among Taiwanese patients with five sys-
temic rheumatic diseases (SLE, PM/DM, SSc, pSS, and
rheumatoid arthritis [RA]). We also compared the risks of
OIs between these rheumatic diseases.

Methods
Data source
This retrospective cohort study evaluated data from
Taiwan’s National Health Insurance Research Database
(NHIRD; http://nhird.nhri.org.tw/en/index.html), which is
maintained by Taiwan’s National Health Research Institutes
(NHRI). The NHIRD contains detailed demographic and
healthcare information, including relevant diagnostic and
procedural codes, for > 23,000,000 individuals (approxi-
mately 99% of Taiwan’s population). Furthermore, the size
of the NHIRD has led to its extensive use for epidemio-
logical studies [13], which have validated its accuracy for
identifying major diseases, such as diabetes mellitus and
cerebrovascular disease [14, 15]. The study’s retrospective
protocol to evaluate de-identified secondary data was ap-
proved by the institutional review board of National Cheng
Kung University Hospital (B-EX-108-012).

Patients
The five rheumatic diseases were identified using codes
from the International Classification of Diseases, ninth revi-
sion, clinical modification (ICD-9-CM). Thus, inpatient and
outpatient care claims were searched to identify cases in-
volving SLE (710.0), RA (714.0), SSc (710.1), pSS (710.2),
and PM/DM (710.4 and 710.3). To increase the specificity
of case ascertainment for the five rheumatic diseases, we
also evaluated catastrophic illness certificates, which are
issued by the Bureau of National Health Insurance to pa-
tients with autoimmune diseases (e.g. SLE, RA, PM/DM,
pSS, or SSc) in order to exempt them from co-payment
requirements for related medical care. The certificate is
only issued to the patient when their medical records,
laboratory data, and imaging results have been reviewed by
two independent rheumatologists, who confirm that the

corresponding classification criteria have been fulfilled. For
example, the certificate can be issued to SLE patients when
their symptoms, laboratory findings, and radiographic find-
ings fulfill the 1997 American College of Rheumatology
Revised Criteria for Classification of Systemic Lupus Ery-
thematosus [16]. In RA cases, the American Rheumatism
Association 1987 revised criteria or the 2010 American Col-
lege of Rheumatology/European League Against Rheuma-
tism criteria must be fulfilled [17, 18]. The revised
American–European Consensus Group Classification Cri-
teria or the European classification criteria are used for pSS
[19, 20], the 1980 systemic sclerosis classification criteria
are used for SSc [21], and Bohan and Peter’s criteria are
used for PM/DM [22, 23]. Patients without catastrophic ill-
ness certificates were excluded from our study.
The present study only included incident cases of

autoimmune rheumatic diseases and excluded patients
with ≥ 2 rheumatic diagnoses to ensure that we did not
consider patients with secondary Sjögren’s syndrome or
overlapping syndromes. The index date was defined as
the first diagnosis of autoimmune disease between Janu-
ary 1, 2000, and December 31, 2013. Patients were
followed up until the last episode of OI, death, or the
end date (December 31, 2013).

Identification of OI
Based on the ICD-9-CM codes and the 2015 consensus
recommendations for infection reporting [8], the OI types
were defined as candidiasis (112), aspergillosis (117.3,
484.6), Cryptococcus infection (117.5, 321.0), Pneumocystis
jiroveci pneumonia (136.3), cytomegalovirus infection
(078.5, 771.1), salmonellosis (003), tuberculosis (010–018),
non-tuberculous Mycobacterium infection (031.0, 031.2,
031.8, 031.9), herpes zoster (053), toxoplasmosis (130),
coccidioidomycosis (114), and histoplasmosis (115). These
codes for OI were generally considered to be accurate in
the administrative database [24, 25], although case ascer-
tainment was improved by restricting the eligible cases to
those that involved inpatient claims using these codes,
with the exception of herpes zoster, which generally does
not require hospitalization. Patients were allowed to have
multiple OI types or multiple episodes of the same OI, al-
though only the first episode for each OI type was consid-
ered in the analysis of cases with multiple episodes of the
same OI. Patients who had experienced OI before the
index date were excluded from the analysis.

Covariate information
Patient characteristics (age, sex, income level, and comor-
bidities) were retrieved, and income level was used as a
surrogate for socioeconomic status by categorizing the
average monthly income as low (≤ 19,200 New Taiwan dol-
lars [NTDs]), intermediate (19,201–40,000 NTD), and high
(> 40,000 NTD). The selected baseline comorbidities were
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identified using ICD-9-CM codes for diabetes (250),
chronic kidney disease (580–587), hypertension (401–405),
ischaemic heart disease (410–414), cancer (140–208), dysli-
pidaemia (272), congestive heart failure (428), chronic ob-
structive lung disease (491, 492, 496), cerebrovascular
disease (430–438), peripheral artery disease (443), liver cir-
rhosis (571.2, 571.5, 571.6), hepatitis B virus infection
(070.2, 070.3, v02.61), hepatitis C virus infection (070.41,
070.44, 070.51, 070.54, 070.70, 070.71, v02.62), dementia
(290, 294.1, 294.2, 331.0), and depression (296.2, 296.3,
311). Comorbidities were considered present if the corre-
sponding code was used for a single inpatient claim or ≥ 3
outpatient visits. We also recorded the use of various medi-
cations within 90 days of the index date, including systemic
corticosteroid, cyclophosphamide, methotrexate, azathio-
prine, cyclosporine, and leflunomide.

Statistical analysis
Demographic data and baseline comorbidities were pre-
sented as mean ± standard deviation for continuous vari-
ables or as number (percentage) for categorical variables.
These variables were then analysed using Student’s inde-
pendent t test or Pearson’s chi-squared test. Incidence rates
(IRs) for overall OIs, and individual OI types, were esti-
mated by dividing the total number of OI episodes by the
relevant person-years value during the observation period.
The time from rheumatic disease diagnosis to OI occur-
rence was stratified as 0–1 year, 1–2 years, 2–3 years, 4–5
years, and > 5 years, and the incidence rate ratios (IRRs) for
OI at the various follow-up times were estimated using
Poisson regression. The Kaplan-Meier method and log-
rank test were used to identify differences in the cumulative
incidences of OI between the five rheumatic diseases. Cox
proportional hazard regression analyses were performed to
estimate the effects of each disease on the risk of the first
OI episode, after adjusting for age, sex, income level, and
comorbidities. Crude and adjusted hazard ratios (HRs and
aHRs) with 95% confidence intervals (CIs) were used to
describe the magnitudes of these effects.

Sensitivity analysis
To investigate the robustness of the main findings, sensi-
tivity analyses were designed by excluding herpes zoster
from the definition of OI. The same methods were then
used to determine estimates of OI risk among patients
with the various rheumatic diseases. An additional sensi-
tivity analysis was performed to generate subdistribution
hazard ratios (sHRs) via the competing risk regression
model using Fine and Gray’s method [26], with death as
the competing risk. A two-sided P value of < 0.05 was
considered significant. All data management and statis-
tical analyses were performed using Stata 13 software
(StataCorp, College Station, TX, USA).

Results
Patient characteristics
Between January 1, 2000, and December 31, 2013, we iden-
tified 76,966 patients with rheumatic diseases, including 15,
961 SLE cases, 38,355 RA cases, 18,309 pSS cases, 2071 SSc
cases, and 2270 PM/DM cases. Table 1 shows the patients’
demographic characteristics, comorbidities, medications,
and mean follow-up duration. Female sex was the predom-
inant factor for all five rheumatic diseases. The highest
female-to-male ratios were observed for SLE and pSS. The
mean age was lowest in SLE cases (37.2 ± 17.0 years) and
was highest in pSS cases (54.7 ± 14.3 years). Diabetes,
hypertension, and dyslipidaemia were the most common
comorbidities, and the proportion of patients with cancer
was highest among patients with PM/DM, while that of pa-
tients with depression was highest among patients with
pSS. Patients with RA, SLE, and SSc had longer follow-up
times than those with PM/DM and pSS. Additional file 1:
Table S1 shows the calendar year distributions of the index
dates for patients with each rheumatic disease.

Incidence of OI
We identified 13,002 episodes in 11,554 patients with
OI. Among these patients, 10,341 cases (89.5%) involved
1 episode, 1020 cases (8.8%) involved 2 episodes, and
193 cases (1.7%) involved ≥ 3 episodes. Table 2 shows
the IR and 95% CI values for total OI and the various OI
types according to the patients’ rheumatic diseases, al-
though < 2 events were detected for toxoplasmosis, coc-
cidioidomycosis, and histoplasmosis, which were omitted
from the analyses. The highest IR for total OI was ob-
served in PM/DM cases (61.3/1000 person-years, 95% CI
56.6–66.2), which were followed by SLE cases (43.1/1000
person-years, 95% CI 41.7–44.5), SSc cases (31.6/1000
person-years, 95% CI 28.3–35.1), RA cases (25.0/1000
person-years, 95% CI 24.4–25.7), and pSS cases (24.1/
1000 person-years, 95% CI 23.1–25.2). Relative to the
SLE cohort, the IRR for OI in the PM/DM cohort was
1.42 (95% CI 1.31–1.55) (Table 3). Sub-analyses of the
OI types revealed generally similar rankings from highest
to lowest (PM/DM followed by SLE, SSc, RA, and pSS),
with the exception that the IR for salmonellosis was
highest in the SLE cohort.
Table 4 shows the IRRs for OI according to the

follow-up period. The risk of OI was highest during the
first year after the diagnosis of the rheumatic diseases,
with gradually decreasing risk over time. The lowest IR
values for OI were observed at > 5 years after the diagno-
sis of PM/DM, SLE, RA, and pSS.

Cumulative incidence and relative hazard of the first OI event
Figure 1 shows the cumulative incidences of total OI
over 10 years in the rheumatic disease cohorts. The
highest risk was observed in the PM/DM cohort, which
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was followed by the SLE cohort, the SSc cohort, the RA
cohort, and the pSS cohort (log-rank P < 0.001). We also
examined the cumulative incidences of non-herpes zos-
ter OIs, fungal OIs, and non-Candida fungal infections,
which revealed similar risk patterns (Fig. 1b–d).

The Cox regression model, which was adjusted for
age, sex, income level, and comorbidities, revealed that
the risk of the first OI event was 18% higher in the PM/
DM group than in the SLE group (aHR 1.18, 95% CI
1.08–1.29). Relative to the SLE group, reduced risks of

Table 1 Patient characteristics according to systemic rheumatic disease

Variable SLE (N = 15,961) PM/DM (N = 2270) SSc (N = 2071) RA (N = 38,355) pSS (N = 18,309)

Sex, n (%)

Male 2027 (12.7) 760 (33.5) 544 (26.3) 9013 (23.5) 2032 (11.1)

Female 13,934 (87.3) 1510 (66.5) 1527 (73.7) 29,342 (76.5) 16,277 (88.9)

Age in years, mean ± SD 37.2 ± 17.0 47.8 ± 17.7 51.8 ± 15.3 53.3 ± 15.4 54.7 ± 14.3

Age group, n (%)

0–16 years 1342 (8.4) 148 (6.5) 32 (1.6) 712 (1.8) 42 (0.2)

16–45 years 9853 (61.7) 767 (33.8) 610 (29.4) 9688 (25.3) 4363 (23.8)

45–65 years 3512 (22.1) 975 (43.0) 1000 (48.3) 19,105 (49.8) 9456 (51.6)

> 65 years 1254 (7.8) 380 (16.7) 429 (20.7) 8850 (23.1) 4448 (24.4)

Income in NTD, n (%)

Low (< 19,200) 8092 (50.7) 1270 (56.0) 1129 (54.5) 20,647 (53.8) 9521 (52.0)

Intermediate (19,201–40,000) 6071 (38.1) 747 (32.9) 721 (34.8) 14,024 (36.5) 6526 (35.6)

High (> 40,000) 1798 (11.2) 253 (11.1) 221 (10.7) 3684 (9.7) 2262 (12.4)

Comorbidities, n (%)

Diabetes mellitus 807 (5.1) 255 (11.3) 226 (11.0) 4528 (11.8) 2116 (11.5)

Hypertension 2574 (16.1) 536 (23.6) 556 (26.8) 10,485 (27.3) 5277 (28.8)

Chronic kidney disease 1390 (8.7) 99 (4.4) 147 (7.1) 1839 (4.8) 1064 (5.8)

COPD 862 (5.4) 240 (10.6) 273 (13.2) 3930 (10.3) 2218 (12.1)

Ischaemic heart disease 971 (6.1) 264 (11.6) 282 (13.6) 4643 (12.1) 2892 (15.9)

Dyslipidaemia 1202 (7.5) 381 (16.8) 315 (15.3) 5743 (14.9) 3634 (19.8)

CHF 541 (3.4) 105 (4.6) 147 (7.1) 1303 (3.4) 584 (3.2)

Liver cirrhosis 270 (1.69) 37 (1.6) 58 (2.8) 444 (1.1) 401 (2.2)

Cerebrovascular disease 7.3 (4.4) 101 (4.5) 126 (6.1) 2235 (5.8) 1658 (9.1)

Cancer 739 (4.6) 279 (12.3) 128 (6.2) 2116 (5.5) 1567 (8.5)

Peripheral artery disease 942 (5.9) 140 (6.2) 624 (30.1) 1314 (3.4) 1145 (6.25)

HBV infection 317 (2.0) 113 (4.9) 46 (2.2) 1118 (2.9) 727 (3.9)

HCV infection 249 (1.6) 54 (2.4) 39 (1.9) 877 (2.3) 705 (3.8)

Depression 735 (4.6) 109 (4.8) 110 (5.3) 2265 (5.9) 2262 (12.3)

Dementia 92 (0.6) 13 (0.6) 12 (0.6) 322 (0.8) 279 (1.5)

Medications, n (%)

Corticosteroid 13,846 (86.7) 2146 (94.5) 1442 (69.6) 29,284 (76.3) 8912 (48.7)

Cyclophosphamide 1320 (8.3) 208 (9.2) 186 (9.0) 192 (0.5) 229 (1.25)

Methotrexate 626 (3.9) 668 (29.4) 155 (7.5) 21,310 (55.6) 829 (4.5)

Azathioprine 3965 (24.8) 708 (31.2) 166 (8.0) 621 (1.6) 1104 (6.0)

Cyclosporine 270 (1.7) 99 (4.4) 37 (1.8) 1105 (2.9) 104 (0.57)

Leflunomide 35 (0.21) 15 (0.7) 11 (0.5) 1914 (5.0) 108 (0.59)

Length of follow-up (years), mean ± SD 5.6 ± 4.2 4.5 ± 4.1 5.3 ± 4.0 5.9 ± 3.9 4.5 ± 3.5

SLE systemic lupus erythematosus, PM/DM polymyositis/dermatomyositis, RA rheumatoid arthritis, pSS primary Sjögren’s syndrome, SSc systemic sclerosis, SD
standard deviation, NTD New Taiwan dollars, COPD chronic obstructive pulmonary disease, CHF congestive heart failure, HBV hepatitis B virus, HCV hepatitis
C virus
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OI were observed in the SSc group (aHR 0.58, 95% CI
0.51–0.65), the RA group (aHR 0.46, 95% CI 0.44–0.48),
and the pSS group (aHR 0.42, 95% CI 0.39–0.44). Similar
results were observed in the sensitivity analyses when
herpes zoster was excluded from the outcome measure-
ment (Table 5). The sensitivity analysis using the multi-
variable competing risk regression model also revealed
that the PM/DM cohort had a significantly higher risk of
OI than the SLE cohort (sHR 1.17, 95% CI 1.07–1.29),
while lower risks of OI were observed in the SSc cohort

(sHR 0.67, 95% CI 0.59–0.75), the RA cohort (sHR 0.59,
95% CI 0.57–0.62), and the pSS cohort (sHR 0.56, 95%
CI 0.53–0.59).

Discussion
To the best of our knowledge, this is the first nationally
representative study to investigate the incidence of vari-
ous OI types, including invasive fungal infection, myco-
bacterium infection, salmonellosis, and cytomegalovirus
infection, among patients with five major immune-
mediated diseases (PM/DM, SLE, RA, SSc, and pSS).
Our study is also the first to demonstrate that the risks
of OI vary for each specific disease, with the highest risk
observed for PM/DM, followed by SLE, SSc, RA, and
pSS. In addition, we found that the risk of OI was high-
est during the first year after the diagnosis of rheumatic
disease, with the risk subsequently decreasing at longer
intervals after the diagnosis.
Previous studies have indicated that SLE patients have

higher rates of bacterial infection or OI than the general
population [1, 2], which has been attributed to various
factors. For example, several immune abnormalities have
been reported in SLE patients, including complement
deficiency [27], complement receptor deficiency [9, 28],
defective chemotaxis and phagocytosis [7], decreased
production of interleukin-8 by polymorphonuclear leu-
kocytes [29], and impaired activity of T-helper cells
against viral antigens [30]. Furthermore, disease-related
factors can also increase the risk of OI in patients with
SLE, with their lupus activity index independently pre-
dicting the risk of hospitalization for infectious disease

Table 2 Incidence rates of opportunistic infections according to systemic rheumatic disease

SLE (N = 15,961,
PY = 89,256)

PM/DM (N = 2270,
PY = 10,252)

SSc (N = 2071,
PY = 10,868)

RA (N = 38,355,
PY = 22,7549)

pSS (N = 18,309,
PY = 81,995)

Events IR (95% CI) Events IR (95% CI) Events IR (95% CI) Events IR (95% CI) Events IR (95% CI)

Fungus

Aspergillus 16 0.18 (0.10–0.29) 6 0.59 (0.22–1.27) 1 0.09 (0.01–0.51) 22 0.10 (0.06–0.15) 5 0.06 (0.02–0.14)

Candidiasis 388 4.35 (3.93–4.80) 85 8.29 (6.62–10.25) 49 4.51 (3.34–5.96) 426 1.87 (1.70–2.06) 145 1.77 (1.49–2.08)

Cryptococcus 39 0.44 (0.31–0.60) 9 0.88 (0.40–1.67) 2 0.18 (0.02–0.67) 45 0.20 (0.14–0.27) 14 0.17 (0.09–0.29)

PJP 45 0.51 (0.37–0.67) 18 1.76 (1.04–2.78) 4 0.37 (0.10–0.94) 18 0.08 (0.05–0.13) 9 0.11 (0.05–0.21)

Subtotal 488 5.48 (4.99–5.98) 118 11.5 (9.53–13.8) 56 5.15 (3.89–6.69) 511 2.25 (2.06–2.45) 173 2.11 (1.81–2.45)

CMV 100 1.12 (0.91–1.37) 18 1.76 (1.04–2.78) 4 0.37 (0.10–0.94) 29 0.13 (0.09–0.18) 15 0.18 (0.10–0.30)

Salmonellosis 272 3.05 (2.70–3.43) 30 2.93 (1.97–4.18) 11 1.01 (0.51–1.81) 118 0.52 (0.43–0.62) 27 0.33 (0.22–0.48)

Herpes zoster 2580 28.9 (27.8–30.0) 377 36.8 (33.2–40.7) 216 19.9 (17.3–22.7) 4084 17.9 (17.4–18.5) 1502 18.3 (17.4–19.3)

TB 341 3.82 (3.43–4.25) 71 6.93 (5.41–8.74) 47 4.32 (3.18–5.75) 839 3.69 (3.44–3.95) 213 2.60 (2.26–2.97)

NTM 63 0.71 (0.54–0.90) 14 1.37 (0.75–2.29) 9 0.82 (0.38–1.57) 121 0.53 (0.44–0.64) 48 0.59 (0.43–0.78)

Non-herpes zoster
infection

1264 14.2 (13.4–15.0) 251 24.5 (21.6–27.7) 127 11.7 (9.74–13.9) 1617 7.10 (6.76–7.40) 476 5.81 (5.30–6.35)

Total 3844 43.1 (41.7–44.5) 628 61.3 (56.6–66.2) 343 31.6 (28.3–35.1) 5701 25.0 (24.4–25.7) 1978 24.1 (23.1–25.2)

Incidence rates (IRs) are reported as the number of cases per 1000 person-years
SLE systemic lupus erythematosus, RA rheumatoid arthritis, pSS primary Sjögren’s syndrome, SSc systemic sclerosis, PM/DM polymyositis/dermatomyositis, PJP
Pneumocystis jiroveci pneumonia, CMV cytomegalovirus, TB tuberculosis, NTM non-tuberculosis mycobacterium, PY person-years

Table 3 Unadjusted incidence rate ratio for total and non-
herpes zoster opportunistic infections in patients with different
systemic rheumatic diseases

Incidence rate ratio 95% CI P value

Total opportunistic infections

SLE 1 (reference) – –

PM/DM 1.42 1.31–1.55 < 0.001

SSc 0.73 0.65–0.85 < 0.001

RA 0.58 0.56–0.61 < 0.001

pSS 0.56 0.53–0.59 < 0.001

Non-herpes zoster opportunistic infections

SLE 1 (reference) – –

PM/DM 1.73 1.50–1.98 < 0.001

SSc 0.83 0.68–0.99 0.035

RA 0.50 0.46–0.54 < 0.001

pSS 0.41 0.37–0.45 < 0.001

SLE systemic lupus erythematosus, RA rheumatoid arthritis, pSS primary
Sjögren’s syndrome, SSc systemic sclerosis, PM/DM polymyositis/
dermatomyositis, CI confidence interval
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Table 4 Incidence rates and ratios for total opportunistic infections and non-herpes zoster infections according to systemic
rheumatic disease and follow-up duration

Follow-up
years

Person-year Total opportunistic infections Non-herpes zoster opportunistic infections

Events IR IRR Events IR IRR

SLE

0–1 14,355 1212 84.4 2.76 (2.53–2.99) 425 29.6 2.86 (2.48–3.31)

1–2 12,495 540 43.2 1.41 (1.27–1.57) 168 13.5 1.30 (1.07–1.58)

2–3 11,050 418 37.8 1.24 (1.10–1.38) 126 11.4 1.10 (0.89–1.36)

3–4 9729 359 36.9 1.20 (1.06–1.36) 106 10.9 1.05 (0.84–1.31)

4–5 8483 300 35.3 1.15 (1.01–1.31) 96 11.3 1.09 (0.86–1.38)

> 5 33,144 1015 30.6 1 (reference) 343 10.4 1 (reference)

Total 89,256 3844 43.1 – 1264 14.2 –

RA

0–1 36,271 1123 30.9 1.32 (1.23–1.43) 331 9.13 1.44 (1.25–1.66)

1–2 32,300 825 25.5 1.09 (1.01–1.18) 226 7.00 1.10 (0.94–1.29)

2–3 28,646 676 23.6 1.01 (0.92–1.10) 201 7.02 1.11 (0.94–1.31)

3–4 25,375 596 23.5 1.01 (0.91–1.10) 165 6.51 1.03 (0.86–1.22)

4–5 22,283 547 24.5 1.05 (0.95–1.15) 170 7.63 1.20 (1.01–1.43)

> 5 82,674 1934 23.4 1 (reference) 524 6.34 1 (reference)

Total 227,549 5701 25.0 – 1617 7.10 –

pSS

0–1 16,658 528 31.7 1.54 (1.36–1.75) 152 9.12 1.85 (1.44–2.37)

1–2 13,798 355 25.7 1.25 (1.08–1.43) 71 5.15 1.04 (0.76–1.41)

2–3 11,438 242 21.1 1.03 (0.88–1.20) 49 4.28 0.87 (0.61–1.22)

3–4 9386 196 20.8 1.01 (0.85–1.20) 47 5.01 1.01 (0.71–1.43)

4–5 7657 182 23.7 1.15 (0.97–1.37) 43 5.62 1.14 (0.78–1.62)

> 5 23,058 475 20.6 1 (reference) 114 4.94 1 (reference)

Total 81,995 1978 24.1 – 476 5.81 –

SSc

0–1 1875 80 42.6 1.61 (1.18–2.18) 34 18.1 1.68 (1.04–2.72)

1–2 1600 57 35.6 1.34 (0.95–1.88) 18 11.2 1.04 (0.56–1.86)

2–3 1380 46 33.3 1.26 (0.87–1.80) 16 11.5 1.08 (0.56–1.96)

3–4 1183 40 33.8 1.27 (0.86–1.85) 11 9.29 0.86 (0.40–1.71)

4–5 1024 19 18.5 0.70 (0.40–1.15) 7 6.83 0.63 (0.24–1.43)

> 5 3806 101 26.5 1 (reference) 41 10.7 1 (reference)

Total 10,868 343 31.6 – 127 11.7 –

PM/DM

0–1 1882 277 147.2 5.47 (4.31–6.98) 137 72.8 11.2 (7.14–18.2)

1–2 1510 100 66.2 2.46 (1.84–3.29) 36 23.8 3.66 (2.11–6.46)

2–3 1277 78 61.1 2.27 (1.66–3.09) 23 18.8 2.76 (1.48–5.15)

3–4 1098 42 38.2 1.42 (0.96–2.06) 17 15.4 2.37 (1.19–4.64)

4–5 957 36 37.6 1.40 (0.92–2.07) 15 15.6 2.40 (1.17–4.81)

> 5 3528 95 26.9 1 (reference) 23 6.51 1 (reference)

Total 10,252 628 61.3 – 127 24.5 –

IRs are reported as the number of cases per 1000 person-years
IR incidence rate, IRR incidence rate ratio, SLE systemic lupus erythematosus, RA rheumatoid arthritis, pSS primary Sjögren’s syndrome, SSc systemic sclerosis,
PM/DM polymyositis/dermatomyositis
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[9]. Frequent use of glucocorticoids and immunosup-
pressive agents is also an important risk factor for
unusual infection, and it has been reported that cyclo-
phosphamide use for serious SLE manifestations is
linked to fatal OIs [31]. A recent observational study also

revealed that corticosteroid use had a dose-dependent
effect on the rate of OIs [10].
One of the present study’s main findings was that the

IR of OI was significantly higher for PM/DM than for
SLE, even after adjusting for age, sex, and comorbidities.

Fig. 1 Comparing the cumulative incidences of a overall opportunistic infections (OI), b non-herpes zoster OIs, c fungal OIs, and d non-Candida
fungal OIs. The patients were grouped according to their systemic rheumatic diseases: polymyositis/dermatomyositis (PM/DM), systemic lupus
erythematosus (SLE), systemic sclerosis (SSc), rheumatoid arthritis (RA), and primary Sjögren’s syndrome (pSS)

Table 5 Comparing the risks of opportunistic infection according to systemic rheumatic disease by Cox regression and competing
risk regression models

Cox regression Competing risk regression

Crude HR Adjusted HR Crude sHR Adjusted sHR

Opportunistic infections

SLE 1 (reference) 1 (reference) 1 (reference) 1 (reference)

PM/DM 1.38 (1.26–1.51) 1.18 (1.08–1.29) 1.22 (1.11–1.34) 1.17 (1.07–1.29)

SSc 0.75 (0.67–0.85) 0.58 (0.51–0.65) 0.70 (0.62–0.78) 0.67 (0.59–0.75)

RA 0.61 (1.26–1.51) 0.46 (0.44–0.48) 0.62 (0.59–0.65) 0.59 (0.57–0.62)

pSS 0.57 (0.54–0.60) 0.42 (0.39–0.44) 0.58 (0.55–0.61) 0.56 (0.53–0.59)

Non-herpes zoster opportunistic infections

SLE 1 (reference) 1 (reference) 1 (reference) 1 (reference)

PM/DM 1.63 (1.41–1.89) 1.22 (1.05–1.42) 1.44 (1.24–1.68) 1.22 (1.05–1.43)

SSc 0.83 (0.68–1.01) 0.55 (0.45–0.67) 0.77 (0.64–0.93) 0.65 (0.54–0.79)

RA 0.50 (0.47–0.54) 0.33 (0.30–0.36) 0.51 (0.47–0.55) 0.45 (0.42–0.49)

pSS 0.38 (0.34–0.42) 0.25 (0.22–0.28) 0.39 (0.34–0.43) 0.35 (0.31–0.39)

HR hazard ratio, sHR subdistribution hazard ratio, SLE systemic lupus erythematosus, RA rheumatoid arthritis, pSS primary Sjögren’s syndrome, SSc systemic
sclerosis, PM/DM polymyositis/dermatomyositis
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There are several possible explanations for this result.
First, interstitial lung disease is a serious complication in
up to 40–65% of PM/DM cases [32, 33], and patients
with interstitial lung disease may be vulnerable to pul-
monary infections by Mycobacterium and Aspergillus
species [34, 35]. Second, PM/DM patients often require
more intensive immunosuppression than SLE patients,
and fatal refractory interstitial lung disease associated
with PM/DM is not uncommon, with Kameda et al. [36]
reporting that treatment using cyclophosphamide plus
glucocorticoids was only effective in 25% of these critical
patients. Triple therapy using cyclophosphamide, cyclo-
sporin A, and glucocorticoids has been suggested to in-
crease the response rate in these refractory patients [37],
although no combination treatments (e.g. > 2 immuno-
suppressive agents) have been suggested for SLE pa-
tients, even in cases with lupus nephritis [38]. Thus,
intensive immunosuppression may expose PM/DM pa-
tients to a significantly higher risk of OI than SLE pa-
tients. Third, PM/DM are strongly associated with a
broad range of malignancies [39], which could contrib-
ute to the increased risk of OI through the use of cyto-
toxic anti-cancer therapies. Interestingly, malignancy can
be present at the onset of idiopathic inflammatory myo-
sitis or may develop before or after the diagnosis of PM/
DM [39], although we found that the risk of OI
remained higher for PM/DM patients than for SLE pa-
tients, even after adjusting our regression model for vari-
ous cancer types. Fourth, involvement of the striated
muscle at the oropharynx and upper third of the
oesophagus can be observed in PM/DM patients, which
can alter their ability to swallow and increase their risk
of aspiration pneumonia [40]. Similarly, a small propor-
tion of PM/DM patients experience thoracic muscle my-
opathy, which leads to ventilatory compromise, difficulty
managing respiratory secretions, and an elevated risk of
respiratory infection [3, 41].
Although infectious complications are more common

in patients with connective tissue diseases, it is unclear
whether the risk of OI varies over time. The present
study revealed that the risk of OI was highest during the
first year after the diagnosis of systemic rheumatic dis-
ease, especially among PM/DM patients, where the IR of
OI during the first year after diagnosis was approxi-
mately 5.4 times greater than the IR at > 5 years after
diagnosis. Similarly, a French study of 156 PM/DM
patients revealed that 62.5% of the OI events occurred
during the first year after the PM/DM diagnosis [42].
Another cohort study explored the risk of herpes virus
infection in 134 DM patients and also indicated that the
IR was highest during the first year after DM diagnosis
[43]. Other research has evaluated the courses of adult
and juvenile DM patients, and the results suggested that
disease activity was highest during the 6–12 months after

the DM diagnosis, with improvement apparently accom-
panied by corticosteroid treatment [44–46]. Moreover,
the required dosage of corticosteroid immunosuppres-
sion for DM was lower after 12 months of use and
remained relatively constant until 36 months of use [46].
However, some studies have indicated that 11–30% of
PM/DM patients developed OI before starting immuno-
suppressive therapy [42, 47]. Therefore, both high-dose
corticosteroid treatment and high disease activity may
contribute to the enhanced risk of OI during the first
year after PM/DM diagnosis.
The introduction of biological agents has been a major

advance in the treatment of RA [48]. For example,
tumour necrosis factor alpha (TNF-α) inhibitors have
potent immunosuppressive effect in this setting and can
prevent radiographic progression or induce clinical re-
mission in RA patients [49]. However, infectious compli-
cations are important concerns when patients are
receiving anti-TNF therapies [50], and there is evidence
that anti-TNF therapies are associated with increased
risks of serious infections that may require
hospitalization [51–53]. In this context, etanercept and
adalimumab were the first biologic agents approved for
the treatment of severe RA in Taiwan and were widely
used after 2004. However, we did not perform separate
analyses of the risks of OI before and after the era of
biological therapy in Taiwan, and caution should be
exercised when interpreting our data regarding the inci-
dence of OI in RA cases. It is important to note that RA
patients receiving anti-TNF therapy or other biological
agents may experience a higher risk of OI, relative to
their apparent risk based on our findings.
Taiwan is a country with an intermediate burden of tu-

berculosis, based on an estimated IR of 68 cases per 100,
000 population in 2011 [54]. Our study revealed that inci-
dences of tuberculosis in all five rheumatic diseases were
several times higher than that in the general population,
with the highest risk observed in the PM/DM cohort. These
findings agree with the results from previous record-linkage
studies conducted in Western countries [55, 56].
The strength of the present study lies in the use of a na-

tionally representative data source with long-term follow-
up data, which allowed us to examine the risks of overall
and specific OIs according to five systemic rheumatic dis-
eases. Nevertheless, our findings must be interpreted in
the light of several limitations. First, the dataset lacked in-
formation regarding the activity or severity of the rheum-
atic diseases. Second, we did not incorporate variables
regarding the exposure of glucocorticoids and immuno-
suppressants into our regression model, which precluded
an analysis of their influence on the risk of OI. However,
given the time-varying nature of medication use, it would
be more appropriate to adopt a case-control study design
for assessing the impact of immunosuppressive drugs.
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Third, we only counted the first episode in cases with
multiple episodes of the same OI, which suggests that our
calculated IR values might be underestimated.

Conclusion
This nationally representative cohort study revealed that
patients with PM/DM had the highest risk of OI,
followed by SLE, SSc, RA, and pSS, in order of decreas-
ing risk. Furthermore, the highest risk of OI was ob-
served during the first year after the diagnosis of
systemic rheumatic disease, especially in cases of PM/
DM. These findings highlight the importance of moni-
toring for OI development during the treatment of these
autoimmune rheumatic diseases, especially for patients
with PM/DM.
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