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A Population-based Study of Intensive Care Unit
Admissions in Rheumatoid Arthritis
Christine A. Peschken, Carol A. Hitchon, Allan Garland, Charles N. Bernstein, Hui Chen, 
Randy Fransoo, and Ruth Ann Marrie

ABSTRACT. Objective. We aimed to determine the incidence of and mortality after critical illness in rheumatoid
arthritis (RA) compared with the general population, and to describe the risks for and characteristics
of critical illness in patients with RA.
Methods. We used population-based administrative data from the Data Repository at the Manitoba
Centre for Health Policy from 1984 to 2010, and linked clinical data from an intensive care unit (ICU)
database to identify all persons with RA in the province requiring ICU admission. We identified a
population-based control group, matched by age, sex, socioeconomic status, and region of residence.
The incidence of ICU admission, reasons for, and mortality after ICU admission were compared
between populations using age- and sex-standardized rates, rate ratios, Cox proportional hazards
models, and logistic regression models.
Results.We identified 10,078 prevalent and 5560 incident cases of RA. After adjustment, the risk for
ICU admission was higher for RA (HR 1.65, 95% CI 1.50–1.83) versus the matched general
population. From 2000–2010, the annual incidence of ICU admission among prevalent patients was
about 1% in RA, with a crude 10-year incidence of 8%. Compared with the general population
admitted to ICU, 1 year after ICU admission, mortality was increased by 40% in RA. Cardiovascular
disorders were the most common reason for ICU admission in RA.
Conclusion. Patients with RA have a higher risk for admission to the ICU than the general population
and increased mortality 1 year after admission. Even with advances in management, RA remains a
serious disease with significant morbidity. (First Release December 1 2015; J Rheumatol
2016;43:26–33; doi:10.3899/jrheum.150312)
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Rheumatoid arthritis (RA) is a chronic autoimmune, inflam-
matory arthropathy affecting 0.5–1.0% of the Canadian
population1. Comorbidity and mortality are markedly
increased in RA2,3,4, leading to high healthcare use5,6 that
increases with increasing disease severity7 and accumulation
of comorbidities8,9. Cardiovascular disease (CVD) and infec-
tions are the leading causes of morbidity and mortality in
RA10,11,12,13,14,15,16,17,18. Patients with RA have a 2-fold
higher risk of myocardial infarctions compared with patients
without RA10,11, and CVD is the most common cause of
excess mortality in RA12. The risk of serious infections
leading to critical illness requiring intensive care unit (ICU)
admission is of particular interest because aggressive
immunomodulating therapies are increasingly used earlier in
the disease14,19 and increase the risk of infection20,21.

There is a paucity of knowledge about critical illness in
RA, with prior studies reporting up to one-third of hospi-
talized patients with rheumatic disease requiring ICU care.
However, these studies combined multiple autoimmune
rheumatic diseases [primarily RA, followed by systemic
lupus erythematosus (SLE) and systemic sclerosis]22,23,
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although these diseases have differing courses and potential
causes of ICU admissions23,24,25,26. While these studies list
worsening of underlying disease as a common reason for ICU
admission23, patients with RA are most often hospitalized for
other systemic medical or surgical conditions or complica-
tions from the treatment of RA22.

We hypothesized that persons with RA would have an
increased risk of ICU admission, and that CVD and infections
would be the most common reasons for ICU admission.
Using a large, population-based dataset, we evaluated the
incidence of ICU admission and mortality after ICU
admission among persons with RA, and compared these
outcomes with those in the general population. We also
described the type and severity of critical illness in these
populations.

MATERIALS AND METHODS
Administrative data. Our study used population-based administrative data
housed in the data repository at the Manitoba Centre for Health Policy from
April 1, 1984, to March 31, 2010, from Manitoba, a central Canadian
province with a population of 1.2 million. The entire population is covered
by a universal health insurance plan without required premiums27. All
hospital, physician, and prescription claims are identified at the time of
service. A population registry identifies when an individual moves into or
out of Manitoba, or dies.
Critical illness dataset. We defined critical illness as admission to any of the
12 high-intensity adult ICU in Manitoba providing comprehensive critical
care services28. The Winnipeg Regional Health Authority ICU database
contains > 50,000 records with detailed clinical information on every patient
admission since 1999 to 11 of the 12 adult ICU in Manitoba, representing
93% of adult ICU care in Manitoba with data prospectively collected by
trained abstractors. The ICU database has been previously merged with the
population health database using the provincial unique personal identifi-
cation number29,30. Thus, the linkage of these 2 databases was used to
identify ICU admissions and provides detailed information about health and
healthcare use before, during, and after an ICU admission. Identified infor-
mation included the Acute Physiology and Chronic Health Evaluation II
score (APS)31, Glasgow Coma Score (GCS)32, the use of life support
measures within the initial 2 days of ICU admission (mechanical ventilation,
intravenous vasoactive agents, renal dialysis), length of stay, and the reasons
for ICU admission (up to 6 recorded). We reviewed clinical data for ICU
admissions in our incident cohorts from 2000 through 2010.
Study population. Manitobans with RA were identified using a validated
administrative case definition33. Manitobans who resided in the province for
≥ 2 years were identified as having RA if they had ≥ 5 physician visits or
hospitalizations with International Classification of Diseases-9-Clinical
Modification (ICD-9-CM)/ICD-10 codes 714/M05, M06 recorded. Persons
resident for < 2 years were identified as having RA if they had ≥ 3 such
claims.

Validation studies by linkage with a clinical database resulted in a sensi-
tivity of 77.12% and specificity of 90.30% for this definition.

All identified cases of RA were included in our prevalent cohorts.
Incident cases were identified using the first recorded health claim for RA
as the date of diagnosis (index date) for that person. Previous work has
demonstrated the need for a lengthy run-in period to identify incident cases
using administrative data34; therefore we excluded individuals with relevant
claims during a 5-year run-in period before the index date. Since adminis-
trative data began in 1984, the first year in which an incident case could be
identified was 1989.

As a control group, we identified a matched general population cohort.
Matching was based on sex, exact year of birth where possible (or within 5

yrs if exact matches not possible), and region of residence based on the
6-digit postal code. Statistical efficiency is optimized at 4–6 controls;
therefore we obtained up to 5 controls for each case. We excluded individuals
with RA and related diseases such as SLE, psoriatic arthritis, and the spondy-
loarthropathies. Because this was part of a larger study35,36, we excluded
individuals with diagnostic codes for demyelinating disease and inflam-
matory bowel disease (Supplementary Table 1 available online at
jrheum.org). Controls were assigned the same index date as their
incident-matched case and were all alive on the index date.
Incidence of critical illness. The incidence of critical illness, as measured
by the first ICU admission, was estimated separately in persons with
prevalent and incident RA. The incidence of ICU admission among the
prevalent RA cohort was estimated during the 10-year period of
2000/01–2009/10, and a new matched cohort was extracted from the general
population for each year. The 10-year cumulative incidence of ICU
admission for this period was estimated and age- and sex-standardized to
the 2007 Canadian population. We compared the incidence of ICU admission
between the RA and matched cohorts using incidence rate ratios (IRR) and
calculated 95% CI by bootstrapping.

We used survival analysis to estimate the incidence of ICU admission
for incident cohorts. The time from the index date to the first ICU admission
among the RA and general population cohorts was compared using
Kaplan-Meier analysis and log-rank tests. Persons not admitted to the ICU
were censored as of death, migration out of Manitoba, or the end of the study
period (March 31, 2010), whichever came first.
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Table 1. Characteristics of the incident RA cohort and general population
controls at the index (diagnosis) date. Values are n (%) unless otherwise
specified.

Characteristic General Population RA,
Controls, n = 24,800 n = 5560 p

Female 17,834 (71.9) 4069 (73.2) 0.06
Age at diagnosis, 

yrs, mean (SD) 53.4 (17.9) 54.1 (17.6) 0.0082
Duration of followup 

from the index date, 
yrs, mean (SD) 8.69 (5.9) 8.85 (5.7) 0.066

Region of residence
Urban 13,195 (56.1) 3123 (56.2) 0.066
Rural 10,885 (43.9) 2437 (43.8)

Socioeconomic status
Rural 1, lowest rural 2215 (8.93) 565 (10.2) 0.0015
Rural 2 2186 (8.81) 502 (9.03)
Rural 3 2406 (9.70) 514 (9.24)
Rural 4 2172 (8.76) 461 (8.29)
Rural 5, highest rural 1730 (6.98) 369 (6.64)
Urban 1, lowest urban 2912 (11.7) 685 (12.3)
Urban 2 3020 (12.2) 721 (13.0)
Urban 3 3012 (12.1) 660 (11.8)
Urban 4 2613 (10.5) 541 (9.73)
Urban 5, highest urban 2042 (8.23) 469 (8.43)
Not calculated* 492 (1.98) 73 (1.31)

Modified Charlson Comorbidity Index
0 23,020 (92.3) 4762 (85.6) < 0.0001
1 521 (2.10) 477 (8.58)
> 1 to 3 1004 (4.05) 275 (4.95)
> 3 to 5 107 (0.43) 25 (0.45)
> 5 148 (0.60) 21 (0.38)

* People living where the Canadian census does not calculate an average
household income, most of whom reside in nursing homes or other chronic
care facilities. RA: rheumatoid arthritis.
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For the multivariable analysis, we used a Cox proportional hazards
model where the outcome was the first ICU admission after the index date,
the exposure of interest was the cohort (RA or general population), and the
model covariates were age at diagnosis, sex, comorbidity, year of RA
diagnosis, and socioeconomic status (SES). SES was divided into quintiles
based on average household income in the postal code of residence by
linkage to census data, separately for rural and urban residence. A modified
version of the Charlson Comorbidity Index (mCCI) was used as a measure
of comorbidity. The CCI has been extensively used with administrative data
and predicts health outcomes in patients admitted to the ICU37. The index
was modified to exclude rheumatologic disease; we also collapsed the
categories of diabetes with and without chronic complications because this
distinction was inaccurate in Manitoba before 200629, and the human
immunodeficiency virus/AIDS category was not included because of small
numbers. The mCCI was calculated based on hospital discharge 
ICD-9-CM/ICD-10 codes and using a 5-year look-back period because this
improved the prediction of outcomes associated with comorbidity38. For the
Cox regression analysis, we used time-dependent covariates, updated at
5-year intervals, to account for possible temporal changes in SES and comor-
bidity. The Cox proportional hazards assumption was tested using
time-varying covariates and graphical methods.
Mortality. For the first ICU admissions among persons with RA and their
controls, we estimated age- and sex-standardized mortality rates in the ICU,
in the hospital, 30 days, and 1 year after ICU admission.
Characteristics of critical illness in incident cohorts. The primary reason
for ICU admission was independently categorized by 2 reviewers (CP, CH)
based on the admission diagnoses. ICU admission diagnoses were cate-
gorized as (1) infection, (2) ischemic heart disease (IHD), and (3) other acute
serious illnesses39. Within IHD, we included myocardial infarctions, unstable
angina, acute coronary insufficiency, and angioplasty or coronary artery
bypass grafting. Arrhythmias, valve replacement surgery, and congestive
heart failure without documentation of IHD were included under other
diseases of the circulatory system. ICU admissions related to joint
replacement surgery were also identified. Disagreements were resolved by
consensus. We report frequency (percent) for categorical variables and mean
(SD) or median (interquartile range) for continuous variables. We compared
the characteristics of critical illness across the 2 cohorts using chi-square
tests for categorical variables and Student t tests or Kruskal-Wallis tests for
continuous variables.

Using multivariable logistic regression, we compared the risk of being
admitted for (1) infection and (2) ischemic CVD for the RA and general
population cohorts, adjusting for age at ICU admission, sex, SES, comor-
bidity, year of ICU admission, and disease duration. Finally, we included the
use of drug therapies, such as corticosteroids, immunomodulatory, and
immunosuppressive drugs (Supplementary Table 2 available online at
jrheum.org), in the year prior to admission (yes vs no) in the models of
infection and CVD. Biologic therapies were first available in the region in
2000; by 2010, only ~15% of patients with prevalent RA were receiving
these, therefore sample size did not allow separate analysis33. We report OR
and 95% CI for the association between disease cohort and reason for
admission.

Our study was approved by the University of Manitoba Health Research
Ethics Board and the Manitoba Health Information Privacy Committee.
Statistical analyses were conducted using SAS V9.2 (SAS Institute Inc.).

RESULTS
ICU admission in prevalent cohorts. From 1984 to 2010, we
identified 10,078 persons with RA. At the time of the first health
claim for RA, the mean (SD) age of the RA cohort was 53.8
(18.6) years (median 56 yrs) and 72.9% were women. From
these cohorts, the number of persons with RA living in
Manitoba in each year from 2000/01–2009/10 varied from 4994
to 6225 for a prevalence rate ranging from 0.34% to 0.65%.

Each year, more than 1% of persons with RA were
admitted to an ICU with a crude 10-year average annual
incidence of 1.26% (95% CI 1.16–1.35). When standardized
for age and sex, the average annual incidence of ICU
admission was higher in the RA population compared with
the general population (Figure 1A). The average annual
incidence of ICU admission increased with age in both
populations, but compared with the age-matched general
population, the relative risk of ICU admission was highest in
the youngest patients with RA (Figure 1B).

The crude 10-year cumulative incidence of ICU admission
was 9.37% (95% CI 8.67–10.1) in RA compared with 5.36%
(95% CI 5.25–5.47) in the general population. After age- and
sex-standardization, the 10-year cumulative incidence of ICU
admission was 7.68% (95% CI 7.04–8.32) in RA compared
with 4.73% (95% CI 4.62–4.83), IRR 1.62 (95% CI
1.45–1.80).
ICU admission in incident cohorts. We identified 5560
incident cases of RA and 22,800 matched general population
controls. Characteristics of the cohorts at the time of
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Table 2. Multivariate Cox model of adjusted HR and 95% CI for the associ-
ation of RA and time to first intensive care unit admission. 

Characteristic HR 95% CI

Population
General population, reference 1.0
RA 1.65 1.50–1.83

Sex
Male, reference 1.0
Female 0.51 0.48–0.55

Age group, yrs
< 40, reference 1.0
40–59 4.72 4.09–5.45
≥ 60 13.30 11.54–15.32

Socioeconomic status
Rural 1, lowest rural 1.04 0.85–1.27
Rural 2 0.81 0.66–0.99
Rural 3 0.76 0.62–0.92
Rural 4 1.08 0.89–1.31
Rural 5, highest rural 0.93 0.75–1.16
Urban 1, lowest urban 1.68 1.43–1.98
Urban 2 1.54 1.30–1.81
Urban 3 1.33 1.12–1.56
Urban 4 1.19 1.00–1.42
Urban 5, highest urban, reference 1.0
Not calculated 0.40 0.28–0.57

Modified Charlson Comorbidity Index
0 1.0
1 1.40 1.21–1.62
> 1–3 1.50 1.33–1.70
> 3 1.10 0.87–1.39

Yr of RA diagnosis
1989–93 1.0
1994–98 0.86 0.78–0.94
1999–03 0.64 0.57–0.71
2004–10 0.60 0.51–0.70

RA: rheumatoid arthritis.
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diagnosis of RA (or index date for the matched control) are
shown in Table 1. At the time of diagnosis, persons with RA
already had significantly more comorbidity compared with
the matched general population cohort, with 14% of patients
with RA having additional comorbid conditions compared
with 8% of the matched cohort (p < 0.001).

Of the 5560 incident cases of RA, 507 (9.1%) were
admitted to ICU versus only 1477 (5.1%) of matched
controls. Mean disease duration at time of the first ICU
admission was just under 6 years (median 4.6 yrs), and
patients with RA were on average 2 years younger than
controls at ICU admission (p = 0.0022). While comorbidity
had increased since the index date in both groups, only 13%
of patients with RA had no comorbid conditions (CCI = 0) at
the time of ICU admission compared with 22% of matched
controls (p < 0.001). Using Kaplan-Meier analysis, the ICU
admission risk was increased in persons with RA as
compared with the general population (log-rank chi-square
= 387.2, p < 0.0001). In the multivariable model, the hazard

of ICU admission was elevated for RA (HR 1.65, 95% CI
1.50–1.83) after adjusting for age, sex, SES, and comorbidity.
The risk of ICU admission declined in those with shorter
disease duration compared with those diagnosed earlier
(Table 2). In a separate age-stratified analysis, the risk of ICU
admission was higher in all age groups; however, the risk was
highest in persons with RA under the age of 40, who had a
greater than 3-fold increase (HR 3.46, 95% CI 2.39–5.01)
compared with the age-matched general population. HR were
similar for persons aged 40–59 (HR 1.55; 95% CI:
1.29–1.86) and persons aged 60 years and older (HR 1.48;
95% CI: 1.31–1.67). 
Reasons for ICU admission in incident cohorts. For the
subset of patients with incident RA admitted to the ICU from
2000–2010, where clinical data were available (343/507
incident patients included in the ICU database, 68%), we
compared clinical characteristics at first ICU admission
between the incident RA population and the general popu-
lation (Table 3). In the RA population, a higher proportion of
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Figure 1. (A) Age-standardized annual incidence of ICU admission and (B) average annual age-specific incidence
rates among prevalent cases of RA and matched GP controls. Boxes above GP bars show incidence rate ratios
comparing incidence of ICU admission by age group in RA compared with GP. RA: rheumatoid arthritis; GP:
general population; ICU: intensive care unit.
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women were admitted to the ICU compared with the general
population. Patients with RA were also younger at ICU
admission and had slightly higher mCCI scores. There were
no differences in the length of ICU or entire hospital stay,
APS, GCS, or use of life support measures. The most
common reason for admission in RA was IHD (45.8%),
followed by infection (19.8%) and respiratory system disease
(6.7%; Table 4). Six patients with RA were admitted to ICU
following complications of arthroplasty surgery; of these, 1
had a cardiac arrest resulting in admission.

Compared with the general population, the RA population
was more likely to be admitted for an infection even after
accounting for potential confounders of age, sex, region of
residence, SES, disease duration, mCCI, and year of ICU
admission (OR 1.74, 95% CI 1.30–2.31; Supplementary
Table 3 available online at jrheum.org). Therefore, we
evaluated the association of therapy with admission for
infection initially as any immunosuppressive or immunomod-

ulatory drug, and then divided into corticosteroids and
immunomodulatory and immunosuppressive therapies
(Supplementary Table 2 available online at jrheum.org). After
adjusting for any therapy, the association of RA with
infection was no longer statistically significant; however,
corticosteroid use was strongly associated with the ICU
admission for infection (OR 1.97, 95% CI 1.53–2.52) while
other therapies were not. The RA population was also more
likely to be admitted to ICU for IHD (OR 1.71, 95% CI
1.09–2.70), after adjusting for the same potential covariates
including therapy. However, corticosteroid or other
immunomodulatory therapy was not associated with ICU
admission for IHD.
Mortality after ICU admission. Mortality within 1 year after
ICU admission was somewhat elevated in RA (RR 1.35, 95%
CI 0.99–1.75; Table 5). This appeared to be driven by
increased mortality in patients over age 40 years. Cause of
death for patients with RA who died within 1 year post-ICU
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Table 3. Characteristics of the incident RA and general population cohorts at the first ICU admission in the
Winnipeg Regional Health Authority in the interval 2000–2010*. Values are mean (SD) unless otherwise specified.

Characteristic General Population RA, n = 343 p
Controls, n = 853

Female, n (%) 482 (56.5) 223 (65.0) 0.0068
Age at admission, yrs 70.3 (11.9) 67.1 (13.1) 0.0003
Duration of followup from the index date, yrs 7.56 (4.9) 7.43 (4.8) 0.68
ICU length of stay, days 4.23 (6.8) 4.94 (11.1) 0.088
Hospital length of stay, days 23.6 (39.6) 26.4 (41.1) 0.072
APACHE II Acute Physiology Score 10.8 (6.9) 11.0 (6.89) 0.46
Glasgow Coma Score, median (IQR) 15 (15–15) 15 (15–15) 0.17
Mechanical ventilation, n (%) 380 (44.5) 159 (46.4) 0.57
Vasoactive agents, n (%) 336 (39.4) 134 (39.1) 0.92
Dialysis, n (%) 34 (4.0 9 (2.6) 0.25
Region of residence, n (%)
Urban 548 (64.2) 225 (65.6) 0.65
Socioeconomic status, n (%) 0.36

Rural 1, lowest rural 62 (7.3) 29 (8.4)
Rural 2 66 (7.7) 21 (6.1)
Rural 3 57 (6.7) 30 (8.7)
Rural 4 67 (7.8) **
Rural 5, highest rural 43 (5.0) 21 (6.1)
Urban 1, lowest urban 140 (16.4) 64 (18.6)
Urban 2 127 (14.9) 50 (14.6)
Urban 3 129 (15.1) 44 (12.8)
Urban 4 84 (9.8) 30 (8.7)
Urban 5, highest urban 64 (7.5) 34 (9.9)
Not calculated* 14 (1.6) **

Modified Charlson Comorbidity Index, n (%)
0 162 (19.0) 46 (13.4) 0.039
1 217 (25.4) 90 (26.2)
> 1 to 3 327 (38.3) 134 (39.1)
> 3 147 (17.2) 73 (21.3)

* Note that because of matching on the index date of diagnosis with RA, the cohorts are no longer matched by the
time of first ICU admission, and n are smaller here than in Supplementary Table 3 (available online at jrheum.org)
as reasons for admission available only in Winnipeg for the period 2000-2010. ** Suppressed because of small
cell size to protect confidentiality. RA: rheumatoid arthritis; ICU: intensive care unit; APACHE: Acute Physiology
and Chronic Health Evaluation; IQR: interquartile range.
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admission included diseases of the circulatory system (26%),
malignancy (12%), infection (8%), and RA (8%), with the
remaining 46% reported as other causes.

DISCUSSION
Critical illness was common in our RA population. Nearly
1% of adults required ICU admission each year with a
10-year cumulative incidence of critical illness of more than
8%, 60% higher than in the general population. To our
knowledge, there are no prior studies evaluating the risk of
ICU admission in RA, so we cannot draw comparisons.
While the risk of ICU admission increased steadily with age,
the excess risk was greatest in the youngest age group;
patients with RA under 40 years had a more than 3-fold

greater risk of ICU admission, emphasizing the potential
severity of RA, even in a younger population.

Persons with RA admitted to the ICU in our study had
more comorbidity than the general population, even at the
time of diagnosis corresponding to the very high frequency
of comorbidity described for patients with RA40. Because RA
is rarely the direct cause of hospitalization or mortality, it is
assumed that this comorbidity frequently led to the ICU
admissions. Mean disease duration at the time of first ICU
admission was only 6 years in patients with RA, suggesting
a relatively rapid accumulation of comorbidities, rather than
a slow accrual over decades. Other studies also have shown
increased comorbidities early in the course of RA41,42.

Consistent with the known association of IHD with RA,
IHD was the most common comorbidity resulting in ICU
admission, accounting for almost half of the admissions in
patients with RA. An additional 7.6% were related to other
diseases of the circulatory system. IHD is known to account
for at least 50% of premature deaths in RA43. We did not find
an association between corticosteroids and ICU admission
for IHD, although this does not preclude an overall associ-
ation between corticosteroids and the development of IHD in
RA, which was not a focus of our analysis.

Infection was a frequent reason for ICU admission in RA,
with a 70% increased risk of ICU admission for infection
compared with the general population. Interestingly, after
adjusting for drug therapy, the association between infection
and ICU admission in RA was no longer significant.
However, when corticosteroid therapy was analyzed
separately from other immunomodulatory therapy, cortico-
steroids completely explained this added risk with an almost
2-fold increase. This suggests that corticosteroids, but not
immunomodulatory therapies, were the main driver of
increased infection risk in RA. Overall, there is a paucity of
data on corticosteroids and the risk of infection in RA with
inconclusive results15,17,18. To our knowledge, this is the first
population-based study to demonstrate the contribution of
steroids to serious infection resulting in critical illness in RA.
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Table 4. Reasons for first intensive care unit admission among incident
cohort of RA. Values are n (%).

Reason General Population RA, n = 343
Controls, n = 5349*

Ischemic cardiovascular disease** 2535 (47.4) 157 (45.8)
Infection 648 (12.1) 68 (19.8)
All other† 2166 (40.5) 118 (34.4)

Respiratory system 292 (5.4) 23 (6.7)
Injury and poisoning, including 

self-harm 222 (4.2) 20 (5.89)
Symptoms, signs, and ill-defined 

conditions 311 (5.9) 14 (4.1)
Circulatory system‡ 1072 (20.0) 9 (2.6)
Diseases of the digestive system 140 (2.6) 9 (2.6)
Miscellaneous 129(2.4) 43 (12.5)

* Matches drawn each year from 2000 through 2010. ** Myocardial infarc-
tions, unstable angina, acute coronary insufficiency, and angioplasty or
coronary artery bypass grafting. † Categories of “other” reasons for
admission also subdivided by International Classification of Disease chapters
for categories affecting ≥ 5% of either study cohort. ‡ Cerebrovascular
accidents, arrhythmias, valve replacement surgery, and congestive heart
failure without documentation of ischemic heart disease were included under
other diseases of the circulatory system. RA: rheumatoid arthritis.

Table 5. Mortality rates (95% CI) after first ICU admission in RA, and percentage-specific mortality 1 year after
ICU admission in RA as compared with the matched cohort from the general population.

Variables General Population RA, Mortality Rate Ratio* 
Controls, Mortality (95% CI) (95% CI) (95% CI)

Mortality timepoint
ICU 9.10 (8.40–9.85) 11.3 (8.82–13.8) 1.18 (0.64–1.88)
Hospital 16.0 (15.1–16.9) 19.4 (16.6–23.0) 1.31 (0.87–1.81)
30 days after ICU admission 14.2 (13.3–15.1) 16.5 (13.5–19.4) 1.24 (0.78–1.78)
1 yr after ICU admission 22.4 (21.4–23.5) 29.2 (25.6–32.9) 1.35 (0.99–1.75)

Age group, yrs
< 40 9.1 (6.46–11.69) 21.0 (2.72–39.4) 2.32 (0.48–4.96)
40–59 11.74 (10.65–12.84) 20.8 (13.8–27.7) 1.77 (1.19–2.39)
≥ 60 23.85 (22.95–24.74) 32.1 (27.7–36.4) 1.34 (1.17–1.53)

* Comparison is to age- and sex-matched general population cohorts. RA: rheumatoid arthritis; ICU: intensive
care unit.
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Because of small numbers, we could not analyze biologic
therapies separately from other therapies (only ~15% of
prevalent patients with RA were receiving biologic therapy
by 2010)33, but while this is not conclusive, our analysis does
not support a significant added risk of serious infection with
newer therapies.

The risk of critical illness was overall higher in men. Even
though, typical of RA, 73% of the RA cohort were women,
only 65% of those patients with RA admitted to the ICU were
women. This may relate to a higher overall risk of CVD in
men: men had a 50% higher risk of any critical illness (Table
2), but this risk increased to an adjusted OR of 1.8 (95% CI
1.6–2.1) for those patients admitted for IHD. While RA has
been reported to be more severe in women44, some but not
all studies show higher mortality in men42,45. Critical illness,
particularly because of IHD, may be a contributing factor to
increased mortality for men with RA.

We also found that people with RA had 40% higher
mortality at 1 year after ICU admission, but did not have
higher rates of death in the ICU, in the hospital, or at 30 days.
In RA, median survival is reduced by 10 years, with a
standardized mortality ratio of greater than 2.046. While
hospital mortality has been reported to be higher after ICU
admission among persons with all rheumatic diseases
compared with the general population26, this has not been
evaluated in RA specifically. Prior studies of the causes,
clinical features, and outcomes of patients with RA requiring
ICU admission combined multiple autoimmune rheumatic
diseases23,24,25,26, making comparisons difficult. We have
previously reported a similar increased risk of death
following ICU admission in multiple sclerosis and inflam-
matory bowel disease35,36. Circulatory disease was the single
most common cause of death, not surprisingly, because CVD
is known to be the most common cause of death in RA4.

Our study had several strengths. The study was popu-
lation-based, and novel; the first, to our knowledge, to
describe the high risk of critical illness in RA. We estimated
the incidence of ICU admission among persons with incident
and prevalent RA, carefully described the characteristics of
their critical illness, and accounted for multiple confounders.
However, we lacked data regarding the clinical characteristics
of RA, including disease-specific severity measures, and thus
could not evaluate how those factors influenced the risk of
ICU admission. Greater disease severity, requiring greater
use of corticosteroids, may have been involved in our finding
of corticosteroid use increasing the risk of critical illness. We
also found that those patients with a more recent RA
diagnosis had a lower risk of ICU admission, even after
adjusting for age and mCCI, compared with those with more
longstanding disease. This may reflect incomplete ascer-
tainment of comorbidity, but may also reflect the declining
severity of the RA phenotype47. Similarly, we lacked data on
some traditional risk factors for CVD. Smoking may be
particularly important, given the known increased risk of RA

in smokers48,49; it may be that there were more smokers in
the RA population. Administrative data may suffer from clini-
cally imprecise coding. However, we have established the
validity of these data for identifying episodes of ICU care, as
well as for RA; the definition for RA produces the expected
prevalence in Manitoba of 0.5%30,33.

Our study demonstrated high rates of critical illness and
increased mortality following ICU admission in patients with
RA, illustrating that RA remains a serious illness in spite of
advances in therapy. Continued attention is required to
managing and reducing comorbidity, particularly prevention
and management of CVD and infection. 
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