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Abstract
Background: People living with HIV (PLWH) have been shown to have an increased risk of autoimmune diseases.
Corticosteroids are the cornerstone of autoimmune diseases treatment, but their use is associated with an increased risk of
infections. It is unclear how HIV status affects the risk of infection associated with corticosteroids use.
Methods: We conducted a retrospective cohort study from 1991 to 2011, using a medico-administrative database from
Quebec. Medical billing codes were used to identify PLWH, and we matched them on age, sex, and index date with up to 4
HIV-negative controls. The exposure of interest was the use of corticosteroids, defined as a systemic corticosteroid dispensation
lasting at least 20 days. The outcome of interest was hospitalization for severe infection. Crude and adjusted incidence rates
ratios of infection were obtained using a random effect Poisson model, and results were stratified by HIV status.
Results: In total, 4798 PLWH were matched to 17 644 HIV-negative controls, among which 1083 (22.6%) PLWH and 1854
(10.5%) HIV-negative controls received at least one course of corticosteroid. The mean duration of corticosteroids use was
4± 4.4 months in PLWH and 1.6± 5.5 months in HIV-negative controls. The incidence rate ratio (IRR) for infections associated
with corticosteroids use was 2.49[1.71–3.60] in PLWH and 1.32[0.71–2.47] in HIV-negative controls (P value for interaction
0.18). The most frequent infections were pulmonary infections (50.4%), followed by urinary tract infections (26%) and oppor-
tunistic infections (10.5%).
Conclusion: Although our interaction term did not reach significance, the increased risk of infection associated with cortico-
steroids use was more pronounced in PLWH. However, further research with contemporary data is warranted to confirm if the
risk associated with corticosteroids use remains high in PLWH with well-controlled HIV infection.
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Key Points

- Strength: The major strength of this study is its large
sample size of 4798 PLWH and 17 644 HIV- controls,
matched for sex and age.

- Key findings: We found that the increment in risk of severe
infections is greater in PLWH taking corticosteroids than
in age and sex-matched pairs who are not.
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Introduction
The rate of AIDS-related infections has significantly decreased
since the introduction of Highly Active Antiretroviral Treatment
(HAART).1–4 According to the World Health Organization
(WHO), 680 000 people worldwide died from AIDS-related ill-
nesses in 2020, compared to 1.9 million in 2004 and 1.3 million
in 2010.5 Improvements in antiretroviral treatment have resulted
in prolonged lifespans, but a set of chronic diseases has
emerged in people livingwithHIV (PLWH), such as cardiovascu-
lar, metabolic, liver, neurocognitive, cancer, and autoimmune dis-
eases.6–8 Several studies have established that PLWH are at
increased risk of developing autoimmune diseases compared to
the general population.9–12 Prior investigations of a large
HIV-positive cohort study in Quebec compared the incidence
rate of autoimmune disease to that of HIV-negative controls
matched for sex and age and found that in PLWH the incidence
rate was 16.14 (14.65- 17.79) per 1000 person-years (PY), com-
pared to 6.44 (5.90-7.02) per 1000 PY in the HIV-negative
group. PLWHweremore than twice as likely to have autoimmune
disease than their matched counterparts.13

Corticosteroids are the cornerstone of autoimmune disease
treatment. Moreover, they are often used as an adjunctive treat-
ment for cancers or certain infections such as severe meningitis,
pneumocystis jirovecii pneumonia, all of which appear to be
more prevalent in PLWH.14–18 However, corticosteroids use
is associated with an increased risk of other infections, which
is well documented in HIV-negative populations. Two system-
atic reviews and meta-analyses estimated the relative risk of
corticosteroids-associated infections (CAIs) to be 1.6 IC
[1.3-1.8],19,20 with a more pronounced risk observed in
people with underlying medical conditions,19 but these meta-
analyses did not include PLWH.

To date, it remains unclear whether HIV status modulates the
risk of CAIs.21 Given the higher incidence of autoimmune diseases
and other chronic diseases in PLWH, establishing the safety of cor-
ticosteroids used for their treatment is paramount. In this study, we
hypothesized that CAIs risk would be higher in PLWH versus an
age and sex-matched HIV-negative population.

Patients and Methods

Study Design
We conducted a retrospective cohort study using the administra-
tive healthcare database of the Régie de l’Assurance-maladie du
Québec (RAMQ), province of Québec, Canada.

Database Description
Every resident of the province of Québec, Canada, is admissible
for universal medical care coverage, of which RAMQ is the
unique provider. In 2020, this included about 8.2 million
people.22 The database contains data on medical billing claims
and hospitalization discharge summaries. Information is also avail-
able on all prescription drug dispensations for subscribers to the

public pharmaceutical insurance (including name of drug,
dosage, quantity of dispensed medication, and duration of pre-
scription). Pharmaceutical insurance is mandatory in Québec,
but there are multiple providers. RAMQ provides insurance for
all residents aged≥ 65, recipients of last-resort financial assistance,
and residents who do not have access to a private insurance plan;
this represents about 40% of the total Québec population.

Cohort Constitution
HIV infection was identified using ICD-9 codes in physician
billing claims (042-044 and Québec-specific ICD-9 7958) and
pharmaceutical dispensation of at least one HIV-specific antire-
troviral drug. Each HIV-positive patient was matched to up to
four HIV-negative patients by age, sex and cohort entry date.
The earliest date of the first HIV-specific code or date of the
first dispensation for any HIV-specific drug was defined as
the cohort entry date for PLWH. HIV-negative controls were
assigned the cohort entry date of their matched counterparts.
The exclusion criteria were: being less than 18 years old at
cohort entry, having no public insurance drug coverage for a
year before cohort entry, or prior use of corticosteroids before
cohort entry. Patients were followed in the cohort until the
occurrence of 1) death, 2) end of pharmaceutical insurance cov-
erage, or 3) the end of the study. The study period was from first
January 1991 to 31st of December 2011.

Exposure and Outcome
The exposure of interest was corticosteroids use, defined as a
systemic corticosteroids dispensation lasting at least 20 days.
Corticosteroids use was considered as time-dependent variable.
Corticosteroids dispensation was identified using DIN codes,
listed in Appendix 1. A 30-day grace period between dispensa-
tions was used to define continuous treatment episodes,
meaning that 2 consecutive treatments were considered as the
same treatment episode when the gap between the end of the
first dispensation and the start of the following one was less
than 30 days. In addition, we considered a 7-day lag period at
treatment initiation to limit protopathic bias, when an undiag-
nosed but symptomatic infectious event would generate cortico-
steroids prescriptions such as prednisone given for chronic
obstructive pulmonary disease (COPD) flare-ups, which would
inaccurately be ascertained as a CAIs. This lag period also
allowed time for the biological effect of corticosteroids to increase
CAIs risk. Patients were considered unexposed for 7 days follow-
ing the start of a corticosteroid dispensation, and dispensations
lasting less than 7 days were not considered. The use of other
immunosuppressant drugs (such as disease modifying antirheu-
matic drugs and biological immunosuppressant) were also noted.

The primary outcome was hospitalization for severe infec-
tions. Severe infections were identified using ICD-9 and
ICD-10 codes in hospitalization discharge summaries.
Admission date was considered as diagnosis date and severe
infections occurring less than 30 days apart were considered
as the same infectious event. The subtypes of severe infections
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(sepsis, pulmonary, abdominal, joint and tissue, nervous central
system, urinary tract, and cutaneous infections) and their corre-
sponding codes are presented in the Appendix 2.

Statistical Analysis
Appropriate descriptive statistics were used to compare baseline
characteristics and corticosteroids use in both cohorts. Crude and
adjusted incidence rates ratios of hospitalization for severe infec-
tion were obtained using a Poisson model. To explore the potential
effect modification of HIV status on the risk of severe infections
related to corticosteroids use, an interaction term between HIV
and corticosteroids use was added into the model. In addition,
we also considered a random effect to account for repeated
events. All results are presented stratified by HIV status. Due to
the limited data on non-corticosteroids immunosuppressants and
combined treatment, these exposures were not included in the
analysis. Models were adjusted for hepatitis C, alcohol abuse,
chronic obstructive lung disease, chronic kidney disease, diabetes,
and active cancer, (Appendix 3). A secular trend analysis was also
conducted to evaluate the effect of the calendar time variable on
the incidence rate of severe infections, given the evolving HIV
treatment landscape as well as the optimal access to potent antire-
troviral therapy, all of which characterize our study period.23 The
Akaike information criterion (AIC) was used for model selection.
All analyses were performed using R software version 1.2.1335.

Ethical Approval and Informed Consent
This research project was approved by the Commission d’Accès à
l’Information, and the Ethics review board of the Centre

Hospitalier de l’Université de Montréal (CHUM) research center
(Approval number 2008-4773). Given the anonymized nature of
the data, the need for individual consent was waived.

Results

Characteristics of Study Population
Figure 1 shows the population selection process. We included
4798 PLWH receiving antiretroviral therapy and matched them
to 17 644 HIV-negative controls. Baseline characteristics are
shown in Table 1. Both groups were of similar age (mean 50
years old). Mean duration of follow-up was 6.3 years in
PLWH and 4.9 years in the HIV-negative controls. Alcohol
abuse was more prevalent in PLWH (5.8% vs 1.2%). At base-
line, PLWH had more prevalent comorbidities such as chronic
kidney failure (1.2% vs 0.3%), cancer (1.6% vs 0.27%), chronic
obstructive lung disease (7.3% vs 2.9%), hepatitis B (1.8% vs
0.02%) and hepatitis C (3% vs 0.02%). AIDS-defining condi-
tions were present in 19% of PLWH.

Corticosteroids use
Significantly more PLWH (1083, 22.6%) than HIV-negative
controls (1854, 10.5%) received at least one course of cortico-
steroids (p< 0.001). Table 2 presents corticosteroids use in both
cohorts. Median time between cohort inclusion and corticoste-
roids use was 3.9 years [1.3-7.2] in PLWH and 4 years [1.9-7.9]
in HIV-negative controls. Mean duration of corticosteroids use
was 4± 4.4 months in PLWH and 1.6± 5.5 month in
HIV-negative controls (p < 0.001). Prednisone was the most
commonly used corticosteroids (82% in PLWH vs 75% in

Figure 1. Flow chart of study participants.
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Table 1. Baseline Characteristics of Study Participants.

HIV-positive
n= 4798

HIV-negative
n= 17 644 p value

Age, years
mean, (SD) 50.3(11) 50.6(11) 0.048

Male Sex 3704 (77.4) 13 286 (75.3) 0.0058
Follow-up duration, years*

Mean, SD 6.3(0.07) 4.9(0.03) <0.001
Median, IQR 4.7(8.2) 3.6(6.2)

Total persons years of follow up 30 345.8 86 565.5
Hepatitis C infection 144(3) 42(0.23) <0.001
Alcohol abuse 280(5.8) 214(1.2) <0.001
Cardiovascular disease 163(3.4) 316(1.8) 0.54
Chronic obstructive lung disease 348(7.3) 525(3) <0.001
Hypertension or use anti HTA drug 189 (3.9) 836(4.7) 0.0018
Asthma 319(6.6) 525(3) <0.001
Chronic Kidney failure 56(1.2) 50(0.28) <0.001
Type 2 Diabetes or use of anti-diabetic drug

(oral hypoglycemic drugs or insulin)
151(3.1) 706(4) 0.006

Active Cancer 311(6.5) 229(1.3) <0.001
AIDS** – defining conditions 895(19%) -

Unless stated otherwise, numbers in table are n, %.
Baseline characteristics are defined in the year prior to index date.
SD: Standard deviation, IQR: Interquartile range.
*Follow up duration calculated in patients exposed to corticosteroids.
**AIDS defining conditions at baseline or within the year prior cohort inclusion.

Table 2. Corticosteroids Use.

HIV-positive
n= 4798

HIV-negative
n= 17 644 p Value

Any Systemic corticosteroids
Number of patients exposed n,% 1083(22.6) 1854(10.5) <0.001
Exposure duration, mean, months (SD) 4 (4.4) 1.6 (5.5) <0.001
Person time exposure (person-Years) 331 751.9
Daily Dosage, mean (SD, mg, PE) 27.8(63) 34(343.7) <0.001
Cumulative dose, mean (SD, mg,PE) 270.3(697.9) 296.6(1079.7) <0.001
Corticosteroids subtype
Prednisone 892(82.4) 1395(75.2) <0.001
Dexamethasone 163(15) 191(10.3) <0.001
Methylprednisone 63(5.8) 249(13.4) 0.65
Hydrocortisone 46(4.2) 23(1.2) <0.001
Prednisolone 10(0.9) 19(1) 0.134
Bethamethasone 8(0.7) 57(3) 0.102
Cortisone 8(0.7) 6(0.3) 0.001
Triamcinolone 34(3.1) 144(7.8) 0.514
Corticosteroids treatment episodes among exposed patients
1 598(55.2) 1052(56.7)
2 219(20.2) 324(17.5)
3 93(8.6) 154(8.3)
4+ 173(16) 324(17.5)

Unless stated otherwise, numbers in table are n, %.
PE: Doses are in prednisone equivalent.
Denominator is the number of patients exposed to corticosteroids in HIV positive (1083) and HIV-negative (1854).
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HIV-negative controls), followed by dexamethasone (15% in
PLWH and 10% in HIV-negative controls). Mean daily cortico-
steroid dose (prednisone equivalent) was 27.8 mg in PLWH and
34 mg in HIV-negative controls.

Incidence Rate and Incidence Rate Ratios of Severe
Infections
In all, 1400 patients were hospitalized for severe infections
(1048 in PLWH and 352 in HIV-negative controls). The most
frequent infections were pulmonary infections (50.4%),

followed by urinary tract infections (26%) and opportunistic
infections (10.5%). Table 3 displays crude and adjusted inci-
dence rate ratios of severe infections according to corticoste-
roids use, stratified by HIV status. PLWH exposed to
corticosteroids had a higher incidence of severe infections
than unexposed subjects (14.7 cases vs 5.9 cases per 1000
patient-years), while incidence of severe infections in
HIV-negative controls was very low (0.005 cases per 1000
patient-years in those exposed to corticosteroids vs 0.004
cases in the unexposed). The IRR for infections associated to
corticosteroids use was 2.49 95% CI [1.71-3.60] in PLWH
and 1.32 95% CI [0.71-2.47] in HIV-negative controls. The

Table 3. Crude and Adjusted Incidence Rate Ratios for any Severe Infections According to HIV status and Covariates.

Subtypes of
severe infections

Number of
events Number of PY**

Incidence Rate
per 1000 PY**
(95% CI***)

Adjusted*
Incidence Rate Ratios

(95% CI***)
(P value interaction= 0.18)

Any subtypes
of severe
infectons

HIV+ HIV- HIV+ HIV- HIV+ HIV- HIV+ HIV-

Exposed 33 25 259 575 14.7 [10.1-21.3] 0.005 [0.004-0.013] 2.49[1.71-3.60] 1.32[0.71-2.47]
Non-exposed 1015 327 29 943 85 659 5.9 [3.30-10.6] 0.004 [0.001-0.0173] 1.00 1.00
Respiratory
infections
Exposed 18 12 259 575 6.7 [3.84-11.82] 0.08 [0.037-0.19] 2.00 [1.1-3.5] 1.40[0.6-3.1]
Non-exposed 517 159 29 943 85 659 3.3 [0.85-13.17] 0.06 [0.0295-0.1211] 1.00[ Ref] 1.00
Others
infections
Exposed 15 13 259 575 8.2 [4.34-15.34] 0.07 [0.027-0.17] 2.24[1.19-4.21] 2.44[0.96-6.2]
Non-exposed 498 168 29 943 85 659 3.63 [1.11-11.84] 0.03 [0.0037-0.22] 1.00 1.00

*Adjusted for diabetes, COPD, alcohol, asthma, chronic kidney disease and cancer.
**PY person-years.
***CI confidence interval.

Table 4. Crude and Adjusted Incidence Rate Ratios for any Severe Infections According to HIV status and Calendar Period.

Subtypes of severe infections
Number of
events Number of PY**

Incidence Rate per 1000 PY**
(95% CI***)

Adjusted*
Incidence Rate Ratios

(95% CI***)

Calendar period HIV+ HIV- HIV+ HIV- HIV+ HIV- HIV+ HIV-

1991-2001*
Exposed 17 4 66.45 120.77 42.7[24.17-75.68] 0.053[0.015-0.18] 3.24[1.83-5.73] 2.79[0,79-9.78]
Non exposed 404 86 6318.42 18 874.29 13.18[9.02-19.26] 0.019[0.0077-0.047] 1.00 1.00
2001-2006
Exposed 11 9 85.01 188.21 2.49[1.18-5.26] 0.013[0.0034-0.051] 2.24[1.06-4.72] 0.88[0.20-3.13]
Non exposed 342 125 9253.66 28 420.48 1.11[0.55-2.22] 0.0162[0.0074-0.035] 1.00 1.00
2006-2011
Exposed 5 12 107.12 265 0.174[0.057-0.53] 0.0162[0.0062-0.042] 0.77[0.25-2.36] 1.56[0.60-4.07]
Non exposed 269 118 14 023.83 38 149.23 0.22[0.121-0.41] 0.0103[0.004-0.022]4 1.00 1.00

Adjusted for diabetes, COPD, alcohol, asthma, chronic kidney disease and cancer.
*The strata 1991-2001 represents a combination of 1991-1996 and 1996-2001 periods, as one of the cells had very small number of severe infections (<5).
**PY person-years.
***CI confidence interval.
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evolution of severe infections incidence rate according to corti-
costeroids use during the study period in both groups are pre-
sented in a Table 4. The rate of severe infections in PLWH
exposed to corticosteroids during the study period remains
much higher compared to exposed HIV-negative controls.

Discussion
We found that PLWH taking corticosteroids have a higher risk
of severe infections than PLWH not taking corticosteroids (IRR
2.49 [1.71-3.60]), whereas the difference in the IRR associated
with corticosteroids use in HIV-negative controls (corticoste-
roids users vs non-users) was not statistically significant (IRR
1.32 [0.71-2.47]). The incidence rate of severe infections was
higher in PLWH from 1991 to 2001 and significantly decreased
from 2001 to 2011.

Several lines of evidence have suggested that PLWH use
corticosteroids at a higher rate than the general population,
due to their comorbidities and autoimmune disorders.13,24,25 It
has been shown that clinicians avoid prescribing corticosteroids
to PLWH out of concern for adverse outcomes.26 Drug-drug
interactions between HAART and corticosteroids or other med-
ications can explain the increased risk of severe infections in
PLWH.27–30 The temporal trend observed is likely the reflection
of declining rates of AIDS events associated to constant pro-
gress observed with HAART treatment, their indications, toxic-
ity and availability, as noticed by other authors.2–4

Very few observational studies have reported corticosteroids
safety profiles in PLWH, making comparison difficult.9,11 Two
descriptive studies found similar trends, despite major limitations
due to small sample sizes and the absence of comparator
groups.9,31 A literature review of cases reports on systemic ery-
thematous lupus (SLE) and HIV included 55 PLWH with SLE.
The median age was 32 years old [23-29] and median CD4
count of 353/mm3 [214-560.] Fifty-three patients received treat-
ment for SLE of which 52.2% were administered corticosteroids.
An AIDS related event was identified in 66.7% of the 15 patients
who died, but the authors did not provide neither the proportion
of infections among corticosteroids users nor information about
the type of infection.31 Another cohort study included 52
PLWH with autoimmune diseases, followed from 1983 to
2013. Authors identified 18 patients who were treated with cor-
ticosteroids, 11 of which developed infections. Respiratory infec-
tions were the most incident infections reported in 5 patients.9

Several clinical trials on the use of corticosteroids as an
adjunctive treatment in HIV opportunistic infections have also
been published in the literature,32–35 but they only considered
CAIs as secondary endpoints, and thus lacked power. These
studies tended to report more contradictory results than the obser-
vational studies, likely due to their inherent limitations (sample
size, short period of exposure, and insufficient reporting of
adverse effects). A double-blinded randomized controlled trial
on the use of dexamethasone for tuberculous meningitis enrolled
98 HIV patients, 44 in the treatment group and 54 in the placebo
group. The treatment group received dexamethasone intrave-
nously for 4 weeks and orally for 4 additional weeks. Bacterial

infections were reported in 5 patients in the dexamethasone
group and 7 patients in the placebo group.33 Another discordant
result was reported byMeintjes et al in a double-blinded random-
ized controlled trial on prednisone and tuberculosis associated
immune reconstitution inflammatory syndrome (IRIS). In this
trial, 120 PLWH received prednisone (at a dose of 40 mg per
day for 14 days, then 20 mg per day for 14 days) and 120
PLWH received placebo. The median age was 36 years-old
(30-42). The median CD4 was 51 cells/ul (27-84) in the predni-
sone group and 49 cells/ul (23-88) in the placebo group. Severe
infections were mostly observed in the placebo group (11/119
(9.2%) versus 18/119 (15.1%) RR 0.61 95%CI [0.30-1.24]).34

Beardsley et al32 conducted a multicentric double blind random-
ized controlled trial using dexamethasone for the treatment of
HIV associated cryptococcal meningitis. All patients in the dex-
amethasone arm received 0.3 mg / kg of this molecule initially,
then decreased doses for 6 weeks. A total of 21 patients (48%)
had developed infections during follow-up in the dexamethasone
group, compared to 11 (25%) in the placebo group (p= 0.003).32

Thus, one of three clinical trials appears to corroborate our
findings.

A similar trend for increased risk of infection in
HIV-negative controls exposed to corticosteroids was found,
though this did not reach significance, likely due to the small
number of events in this group. The incidence rate ratio for
severe infections was 1.32 [0.71-2.47] in the exposed group.
The risk ratio of infections is well documented in non-HIV pop-
ulation and was estimated to be at 1.6[1.3-1.9] in a systematic
review dated from 1989.19 More recently, another systematic
review and metanalysis in non-HIV patients with rheumatoid
arthritis reported a RR of 1.67 (1.49 −1.87) from 42 included
observational studies, which is relatively close to our findings.20

Strengths and Limitations
To our knowledge, this is the first retrospective cohort study
with a large sample size and an HIV-negative control group
to estimate the risk of severe infections associated with cortico-
steroids among PLWH. The long follow-up period allowed
observation of the long-term effects of corticosteroids. In con-
trast to past reports, we considered the possibility of repeated
events in the statistical analysis. The choice of severe infection
requiring hospitalization is specific which reduced information
bias.

However, several limitations need to be considered when
interpreting these findings. First, the comparability of the two
populations for measured confounders may have been
extremely limited, given the high proportion of AIDS events
in PLWH and differential monitoring between PLWH and
HIV-negative controls. Our results were not stratified by CD4
count and viral load. These two factors are strong predictors
of AIDS-related events and would have helped to identify the
infection risk at baseline and permit a sensitivity analysis
according to CD4 count and viral load. Second, corticosteroids
indications are heterogeneous and the infectious risk (and sub-
sequent interaction associated with HIV) may have differed
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from one indication to another. Corticosteroids indications were
not clearly mentioned in the database, and some patients may
have been exposed to corticosteroids for various reasons,
such as immune reconstitution inflammatory syndrome (IRIS)
and the severe infections observed in our study could be the
result of immune reconstitution. This scenario appears less
likely as IRIS generally develops 3 months after HAART intro-
duction and the median time between cohort inclusion and cor-
ticosteroids exposure was 3.9 years [1.3-7.2]. Further,
important confounders such as smoking habits, disease severity,
injectable drug use, and socioeconomic status were not controlled
for, and this may have led to residual confounding bias. As hospi-
talization for infections is a rare event, this study may be under-
powered, especially in the non-HIV group. Third, our study
covers a period from 1991 to 2011. PLWH in the early 90s
weren’t systematically treated according to modern recommenda-
tions, and they may therefore have been at an increased risk of
infection at baseline.

Conclusion
Although our points estimate suggest a more pronounced risk of
infection associated with corticosteroids use in PLWH, confi-
dence interval (as well as P-value for interaction) remain
large in both groups. Therefore, we cannot conclude with cer-
tainty that the additional risk of serious infections conferred
by corticosteroids exposure is larger for PLWH than for
HIV-negative controls. These findings warrant further research
with contemporary data and a larger control group to verify if
the CAIs risk remains high in PLWH with well-controlled
HIV infection.
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Appendix

Appendix 1. ATC and DIN codes used to define immune-modulating drugs, by category.

Medication ATC code Corresponding DIN codes

Systemic corticosteroids H02 00888222, 00888230, 00888206, 00888214, 00610623,
00598194, 00550957, 00312770, 02250055, 02261081,
02194139, 02194090, 02194120, 00014842, 00014834,
02194147, 00014893, 00015016, 00015024, 02194082,
02194155, 00297151, 02237835, 00036366, 02063190,
00176834, 00028096, 00028185, 00030910, 00030929,
00280437, 00016241, 00016446, 00016438, 00213624,
00016462, 00354309, 00252417, 00210188, 01934325,
01934333, 01934341, 00030759, 00030767, 00260428,
00716715, 00874582, 01977547, 00664227, 02204266,
02204274, 00295094, 00285471, 00489158, 02239534,
02086026, 00029351, 00732893, 00732885, 00872520,
00872539, 00878618, 00878626, 00868426, 00868434,
00868442, 01999761, 01999869, 00036129, 00030988,
02245400, 02245406, 02245408, 02245407, 02231893,
02241229, 02231895, 02231894, 02232748, 02232750,
00177091, 00021679, 00021695, 00232378, 02230619,
02152541, 02237044, 02260301, 02260298, 02237046,
02237045, 01946897, 01964976, 01964968, 01964070,
02279363, 00783900, 00751863, 02245532, 00607517,
00508586, 00156876, 02311267, 02240684, 02240687,
02240685, 02219271, 00030635, 00030600, 00030619,
00030627, 00036137, 02230211, 02230210, 02063700,
02063697, 02063719, 02063727, 00030678, 00030651,
00030643, 01977563, 01977555, 02229540, 02229550,
00716995, 00271373, 00271381, 00716995, 00271373,
00271381, 00176834, 00028096, 00028185, 00030910,
00030929, 00280437, 00016241, 00016446, 00016438,
00213624, 00016462, 00354309, 00252417, 00210188,
01934325, 01934333, 01934341, 00030759, 00030767

Non-steroids immunosuppressants
(Azathioprine, 6-mercaptopurine,
Cyclosporine, Leflunomide,
Methotrexate, Hydroxychloroquine,
Mycophenolate mofetil,
Cyclophosphamide)

L01BA L01BB03 L04AX L04AD
L03AA06 L04AA16 L04AA10
L04AA13 L04AA18 L04AA31

P01BA

02242907 2235352 2343002 2243371 2393751 0004596
2244895 0337854 2231491 223699 02304899 2304902
2317699 2317710 2171767 2242148 2236819 2296462
2296470 2296489 02331667 2244324 2150670 2237671
2150689 2150662 2150697 2175983 2175991 2176009
02243144 1907182 0593257 0593249 0755605 0755591
2242821 2247073 2247074 02243237 02247111 2256495
2256509 2241890 2241888 2241889 2351668 2351676
2319225 2319233 02261251 2261278 2309327 2309335
2288265 2288273 2283964 2283972 2182963 2170698
02398427 2327236 2182777 2182947 2182955 2182971
2099705 2182750 2304767 2320029 02320037 2320045
2320053 2244798 2246691 2252600 2017709 2311011
2241799 2241800 2241797 2241798 2241795 2241796

Biological Agents (Rituximab, Abatacept,
Golumimab, Infliximab, Adalimumab,
Etanercept, Anakinra, Tocilizumab, etc….)

L04AC L04AB L04AA15 L04AA19
L04AA21 L04AA22 L04AA23
L04AA24 L04AA25 L04AA26
L04AA28 L04AA29 L04AA32
L04AA33 L04AA34 L04AA35
L04AA36 L04AA37 L04AA38

L04AA39 L01XC02

2350092 2350092 2350106 2350106 2350114 2350114
2344939 2344939 2245913 2245913 2242815 2242815
2320673 2320673 2320681 2320681 2241473 2241473
2331675 2331675 2242903 2242903 2274728 2274728
2258595 2258595 2244016 2244016 2324776 2324776
2324784 2324784 2282097 2241927 2241927 2282097

2402475 2402475
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Appendix 2. Infections, by organ-system category, with corresponding ICD codes.

Infection site ICD-9 codes ICD-10 codes

Pulmonary infections 480-488 J09.x-J18.x (all)
Joint and soft tissue infection 680-686, 711 L00-L08 (all), M00.x (all), M01.x (all)
Urinary tract infections 590, 5950, 5959 N10, N11. X(all), N12, N30.0, N30.9
Central nervous system infections 320-324, G00.x-G07.x (all)
Abdominal infections 566, 567, 572 K61 (all), K65(all), K75.0, K75.1, K76.6, K72.9, K76.6, K76.7
Sepsis 9959,7855 R65.x (0,1,2,3,9), A02.1 Salmonella sepsis A22.7 Anthrax sepsis

A26.7 Erysipelothrix sepsis A32.7 Listerial sepsis A40.x
(0,1,2,38,9) Streptococcal sepsis A41.x (0,1,2,3,4,5,50,51,52,58,
8,80,88,9) Other sepsis R57.2 septic shock R57.8 endotoxic
shock NOS R57.9 Shock, unspecified

Appendix 3. Covariates with corresponding ICD codes.

ICD 9 codes ICD 10 codes

Hypertension or use of anti-HTA drug 401-405 I10-I15
Diabetes or use of anti DB drug* 249-250 E10-E14
Stroke or Transient ischemic attack V12.54 I64
Chronic kidney injury 866;404;585 N18.1-N18.9
Liver disease, hepatitis C or B 070-0790.9;570;571.1 K70-K77
Cancer 140-208 C00-C96
Chronic obstructive pulmonary disease 491.21 J44-J441
Coronary atherosclerosis or Myocardial infarction or Peripheral vascular

disease or Congestive heart failure
414 410 443-443.9 I25.1 I21-I22 I73 I50

Dementia or use of anti-dementia drug* 290 F00-F03
Alcohol 305.0 Z13.3
Past infection in prior year (fulfilling the criteria for the primary outcome) See Appendix 2 See Appendix 2
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