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Objective: To investigate the first-ever incidence of acute myocardial infarction and stroke in a community
based RA cohort compared with the general population.
Methods: The RA cohort consisted of all patients in a local RA register in Malmö, Sweden (n = 1022). The
patients were recruited from private and hospital based rheumatology practices, and made up the
absolute majority of patients with RA in the city. The general population of Malmö, aged 16 and above,
served as controls. From the Swedish National Hospital Discharge Register and the national Swedish
Causes of Death Register, information about all first-ever myocardial infarctions and strokes in Malmö
residents between July 1997 and December 1999 was retrieved. The age and sex adjusted standardised
morbidity ratio (SMR) of the two cohorts was calculated.
Results: Fifty four patients with RA had first-ever myocardial infarctions or stroke during the study period,
compared with 3862 subjects in the general population. The age and sex adjusted SMR was 161 (95%
confidence interval (CI) 121 to 210). The first-ever incidence of cardiovascular disease was increased
among female and male patients when studied separately. The increase of cardiovascular events in the RA
cohort was mainly due to an excess of myocardial infarctions (n = 36; SMR = 176 (95% CI 123 to 244).
Conclusion: Patients with RA in Malmö had an increased first-ever incidence of myocardial infarction or
stroke compared with the general population. This confirms that cardiovascular comorbidity is of major
importance in RA.

heumatoid arthritis (RA) has been associated with
increased mortality compared with the general population.1–7 The excess mortality has tended to be more
pronounced in clinic based studies than in population based
surveys, and also higher in studies of RA populations with a
longer disease duration than in cohorts with early arthritis.8
In some prospective studies of patients with early inflammatory polyarthritis,9 10 no significantly increased mortality was
found, whereas impaired survival was recently demonstrated
in rheumatoid factor positive patients in the Norfolk Arthritis
Register inception cohort.11 A major part of the excess
mortality in RA has been attributed to cardiovascular disease
(CVD).5 11–13 In recent years, several studies have demonstrated an increased total incidence of fatal and non-fatal
cardiovascular events in patients with RA.13–15 Available data
do not suggest that these associations are due to aggregation
of traditional risk factors in patients with RA,14 or that they
can be explained by adverse effects from antirheumatic
treatment.13
A correct estimate of the impact of cardiovascular
comorbidity in RA requires study of a patient population
which is not subject to major selection bias, uses a valid
method for the detection of virtually all cardiovascular events
in the cohort, and has a relevant comparison group studied
using identical methods. Violation of any of these criteria
substantially reduces the generalisability of the findings,
even in studies of large patient samples.
Using the Swedish National Hospital Discharge Register
and Causes of Death Register, we have studied the first-ever
incidences of myocardial infarction or stroke in a well
defined, community based cohort of patients with RA,
compared with the general population in the catchment
area.
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MATERIALS AND METHODS
The patients were residents of the city of Malmö, Sweden
(population about 260 000). In 1997 a register of all known
patients with RA in the city was established. Inclusion was
based on a clinical diagnosis of RA by a rheumatologist and
fulfilment of the 1987 American College of Rheumatology
criteria for RA.16 Patients were recruited from the rheumatology outpatient clinic of Malmö University Hospital, which is
the only hospital serving the city, and from the four
rheumatologists in private practice.17 Subsequent surveys
using the diagnostic index of primary care centres and
questionnaires sent to other physicians in the area indicate
that >95% of all patients with diagnosed RA in the city have
been seen by a rheumatologist.17 In the 1997 survey, a total of
1022 patients with RA were identified, corresponding to a
prevalence of patients with RA currently receiving active care
of 0.49% in the adult population—close to a recent prevalence
estimate from Oslo, Norway.18
The general population of Malmö, aged 16 years and above,
served as the standard population. The age and sex
distribution of the control group was based on population
statistics from 1998. Data on cardiovascular events were
retrieved from the Swedish National Hospital Discharge
Register and the Causes of Death Register.19 The underlying
assumption is that virtually all acute coronary or cerebrovascular events will lead to either admission to hospital or
death. These registers are both administered by the Swedish
National Board of Health and Welfare. The Hospital
Discharge Register is based on reports from local registers,
and includes information on age, sex, and place of residence
Abbreviations: AMI, acute myocardial infarction; CVD, cardiovascular
disease; RA, rheumatoid arthritis; SMR, standardised morbidity ratio
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First-ever cardiovascular events in the RA cohort
AMIs or strokes
Patients

Age

Men

15–39
40–44
45–49
50–54
55–59
60–64
65–69
70–74
75–79
80–84
85+
Total

Observed
Women

Men

Expected
Women

Men

Women

17
12
13
19
35
30
41
30
38
21
10

67
39
53
70
71
81
71
101
102
74
27

0
0
0
0
0
2
4
5
4
5
2

0
0
0
0
0
4
4
5
7
8
4

0
0
0.1
0.3
0.7
0.9
1.9
1.7
3.2
2.5
1.8

0
0
0.2
0.2
0.5
1.0
1.9
3.0
4.8
5.7
3.6

266

756

22

32

13.0

20.6

for each person, as well as the date of admission to hospital
and discharge, and discharge diagnoses classified according
to the International Classification of Diseases, ninth and
tenth revision (ICD-9 and ICD-10)20 21 for each in-patient
episode. The proportion of hospital discharges not reported to
the register has been estimated to be 1–2%.19 In evaluations of
the accuracy of registered diagnoses conducted in 1987 and
1995, 86% of episodes classified as being due to acute
myocardial infarction (AMI) fulfilled predefined criteria for
definite AMI, whereas 9% of patients were considered to have
had possible AMI.19 The Causes of Death Register is based on
compulsory reporting of underlying and contributing causes
of death, and contains information on age, sex, place of
residence, and date of death. In 1996 the register was
estimated to include data on 99.64% of all deaths.19 Previous
validation studies of death certification for myocardial
infarction have reported confirmation rates of 92–96%.22
Data on all hospital episodes with a registered diagnosis of
AMI (ICD-10 code I21) or stroke (ICD-10 code I61, I63 or
I64), and all deaths due to AMI, ischaemic heart disease
(ICD-10 code I23–I25), or stroke for patients in the RA cohort
between 1 July 1997 and 31 December 1999 were retrieved
from the Hospital Discharge Register and Causes of Death
Register. From the same sources, data on hospital episodes
and deaths due to these causes during the same time were
identified for residents of Malmö. First episodes were noted
in both groups. In addition, data on AMI or stroke between

Table 2 First-ever incidence of cardiovascular events
among patients with RA compared with controls
Outcome

SMR

95% CI

AMI or stroke
All
Women
Men

161
155
169

121 to 210
106 to 219
106 to 257

AMI
All
Women
Men

176
180
172

123 to 244
103 to 256
96 to 283

Stroke
All
Women
Men

121
112
137

74 to 186
58 to 195
59 to 270

1 January 1987 and 30 June 1997 (ICD-9 codes 410, 431, 434,
and 436 for the Hospital Discharge Register) were retrieved,
and people with a registered cardiovascular event during that
time were excluded. People without a record of AMI or stroke
between 1987 and 1997 were assumed not to have had
cardiovascular events before inclusion in the study (1 July
1997).The starting date for this analysis of 1 January 1987
was based on the establishment of the Hospital Discharge
Register.
To determine age and sex-specific event rates, the male and
female subgroup of patients and controls were stratified into
15 age groups (that is, 14 5 year periods: 15–19 year olds, 20–
24 year olds, etc, and a >85 year old group (table 1). Based
on indirect standardisation to the Malmö general population,
the expected number of events for each group in the RA
cohort was estimated. Age adjusted standardised morbidity
ratios (SMRs) with 95% confidence intervals were calculated
for each sex separately for AMI, stroke, and AMI or stroke
combined, and the age and sex adjusted SMRs were
calculated for each of these outcomes.

RESULTS
The RA cohort consisted of 1022 patients (756 women and
266 men). Table 1 shows the age and sex distribution of the
patients. The standard population consisted of 207 846 adult
residents of Malmö, Sweden (110 003 women and 97 843
men). In the RA cohort, 54 patients had first-ever cardiovascular events during the follow up (1 July 1997 to 31
December 1999), compared with 3862 in the control group.
The age and sex adjusted SMR for first-ever AMI or stroke
was 161 (95% confidence interval (95% CI) 121 to 210).
Cardiovascular morbidity was increased for women with RA
(SMR = 155; 95% CI 106 to 219) and for men (SMR = 169;
95% CI 106 to 257). Thirty six patients in the RA cohort and
2419 patients in the control group had first-ever AMI,
corresponding to an SMR of 176 (95% CI 123 to 244).
Twenty patients with RA had first-ever stroke, compared
with 1840 people in the control group. There was a trend
towards an increased first-ever incidence of stroke in the RA
cohort, but the difference was not significant (SMR = 121;
95% CI 74 to 186). Among the patients with RA, three
patients had haemorrhagic stroke and 17 had non-haemorrhagic or non-specified stroke. The magnitude of the
increased comorbidity from AMI, and the smaller difference
for stroke, in the RA cohort was similar among men and
women (table 2). Thus, the increased incidence of cardiovascular events in the RA cohort was mainly due to a higher
than expected number of AMIs for both sexes.
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DISCUSSION
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potentially deleterious effects of corticosteroids, and lipid
abnormalities, could not be evaluated in this study.
The major strength of the study is the community based
approach, and the fact that the RA cohort and the control
group are truly representative of the population in the area.
The results of this study are thus unlikely to be explained by
selection bias. The method of investigating well defined
cohorts and comparison groups using national registers may
be a promising tool for the long term observational studies of
the effect of therapeutic interventions among patients with
RA and other rheumatic diseases. Retrospective analysis of a
10 year period before the study allowed us to exclude patients
with CVD events during this interval, and we were thus likely
to identify patients with first-ever myocardial infarction or
stroke.
In conclusion, using national registers to detect in-patient
episodes and fatal events, we have demonstrated an
increased first-ever incidence of cardiovascular morbidity in
a community based RA cohort compared with the general
population in the corresponding area. This indicates that RA
associated CVD is a substantial health problem in the
community. Heightened awareness of the risk of CVD, as
well as adequate preventive strategies, are of major importance in the management of patients with RA.
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