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Trends in the occurrence of ischaemic heart disease over time in 
rheumatoid arthritis: 1821 patients from 1972 to 2017
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2Department of Clinical Science, University of Bergen, Bergen, Norway 
3Department of Rheumatology, Haukeland University Hospital, Bergen, Norway 
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6Department of Heart Disease, Haukeland University Hospital, Bergen, Norway 
7Division of Mental and Physical Health, Norwegian Institute of Public Health, Bergen, Norway

Objective: To evaluate trends of acute myocardial infarction (AMI) and ischaemic heart disease (IHD) in rheumatoid 
arthritis (RA) patients compared with the general population over time.

Method: We performed a retrospective cohort study of 1821 RA patients diagnosed from 1972 to 2013. Aggregated 
counts of the total population of the same county (Hordaland, Norway) and period were used for comparison. 
Information on AMI and IHD events was obtained from hospital patient administrative systems or cardiovascular 
registries. We estimated incidence rates and excess of events [standardized event ratio (SER) with 95% confidence 
interval (CI)] compared with the general population by Poisson regression.

Results: There was an average annual decline of 1.6% in age- and gender-adjusted AMI incidence rates from 1972 to 
2017 (p < 0.035). The difference in events (excess events) in RA patients compared with the general population 
declined on average by 1.3% per year for AMI and by 2.3% for IHD from 1972 to 2014. There were no significant 
excess AMI (SER 1.05, 95% CI 0.82–1.35) or IHD events (SER 1.02, 95% CI 0.89–1.16) for RA patients diagnosed 
after 1998 compared with the general population.

Conclusion: Incidence rates and excess events of AMI and IHD in RA patients declined from 1972 to 2017. There 
were no excess AMI or IHD events in RA patients diagnosed after 1998 compared with the general population. 

Rheumatoid arthritis (RA) patients have 1.5–2.0 times 
increased risk of acute myocardial infarction (AMI) and 
ischaemic heart disease (IHD) compared with the gen-
eral population (1, 2). Some studies indicate that cardi-
ovascular disease (CVD) risk could be increased even 
before the diagnosis of RA (3, 4), and a study on blood 
donors found an atherogenic lipid profile up to 10 years 
before the onset of RA symptoms (5). However, two 
large population-based case–control studies from Swe-
den found no increased occurrence of IHD before the 
onset of RA symptoms (6). Mortality rates for RA 
patients are about 50% higher than in the general popu-
lation, and CVD is the primary cause of death in about 
40% of patients (7).

RA involves systemic inflammation that favours the 
development of atherosclerosis. The AMI risk and 
development of atherosclerosis in RA increase with 
higher levels of inflammation and higher disease activ-
ity (8–12). Treatment of RA with disease-modifying 
anti-rheumatic drugs (DMARDs) reduces inflamma-
tion and disease activity, and is associated with 
a lower AMI risk (13–17).

RA treatment has improved vastly over the past two 
decades, in particular owing to the focus on early and 
aggressive treatment, tight control strategies, and the 
use of biological DMARDs for patients with insuffi-
cient response to synthetic DMARDs. Several studies 
have found higher rates of remission and better long- 
term outcomes in patients with early introduction of 
DMARDs (18). This window of opportunity may be 
a critical phase for intervention against the develop-
ment of atherosclerosis in RA. Some studies suggest 
a decline in the overall mortality gap between RA 
patients and the general population in the twenty-first 
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century, which parallels the improvement in RA treat-
ment (19–24). Other studies still found excess mortal-
ity in RA patients during the twenty-first century (25, 
26). However, there is little information about the AMI 
and IHD risk in RA patients diagnosed after the intro-
duction of modern RA treatment.

Our aim was therefore to assess whether the intro-
duction of improved RA treatment was associated with 
a lower risk of AMI and IHD. We evaluated trends in 
AMI and IHD incidence in RA patients diagnosed 
from 1972 to 2013. RA patients were compared with 
the entire population of the same county and period to 
estimate possible excess AMI and IHD events and to 
adjust for secular changes in the diagnosis of IHD. The 
estimates of excess events were stratified by time of 
RA diagnosis to address possible RA treatment-related 
changes.

Method

Study design and setting

We performed a retrospective cohort study of 1821 RA 
patients compared with aggregated counts of the total 
population from the same county (Hordaland, Norway) 
during 1972–2014 to investigate the possible excess of 
AMI and IHD events in RA patients. We also evaluated 
time trends of AMI and IHD events for RA patients 
from 1972 to 2017.

RA patient cohort

We evaluated all outpatient contacts or hospital admis-
sions with an RA diagnosis at the Department of 
Rheumatology, Haukeland University Hospital, in the 
period 1972–2013. Almost all RA patients in Horda-
land county are treated at this hospital. The selection 
process is shown in Figure 1 and explained in detail in 
the Supplementary material, along with a comparison 
between the included and excluded RA patients. We 
obtained consent from 2649 patients through the Nor-
wegian Arthritis Registry (n = 1456) and letters of 
consent from patients not included in the Norwegian 
Arthritis Registry (n = 214). Exemption from consent 
was allowed for patients who were dead (n = 979), by 
the Regional Committee for Medical and Health 
Research Ethics. The included RA patients were diag-
nosed during 1972–2013 by the treating rheumatolo-
gist. Most RA patients are in secondary care for 
several years. We therefore excluded patients with 
fewer than five hospital contacts, assuming them to 
have been initially misdiagnosed, miscoded, or treated 
at a different institution.

Data on AMI and IHD events in RA patients were 
obtained from the Western Norway Cardiovascular 
Registry (WENOCARD) (1972–2006) and from the 

hospital’s patient administrative system (2007–2017) 
(27, 28). We only included events where Hordaland 
was the current county of residence. Cause of death 
was obtained from the Norwegian Cause of Death 
Registry (29). The Norwegian personal identification 
number, unique to each Norwegian resident, was used 
to link the data sources.

Comparison cohort

The entire population of Hordaland county, including 
RA patients, was used as a comparison cohort. Aggre-
gated population counts and data on AMI and IHD 
events were obtained from WENOCARD (1972– 
2006) and the Cardiovascular Diseases in Norway 
project (CVDNOR) (2007–2014) (27, 28). We did 
not have data beyond 2014 for the comparison cohort. 
All data for the comparison cohort were aggregated 
by year, gender, and 5 year age groups. A description 
of WENOCARD and CVDNOR can be found in the 
Supplementary material.

Definition of outcomes

The outcome of our study was AMI and IHD events. 
Incident events were used to estimate time trends in 
AMI and IHD, while multiple events were used to 
evaluate time trends in excess events compared with 
the general population, as well as to estimate standar-
dized event ratios (SERs).

An incident event of AMI was defined as a hospita-
lization with AMI [International Classification of Dis-
eases (ICD)-8/9: 410; and ICD-10: I21, I22] as 
primary or secondary discharge diagnosis or death 
from AMI (ICD-8/9: 410–414; and ICD-10: I20–I25) 
without any AMI hospitalizations prior to RA diagno-
sis (30). An incident event of IHD (ICD-8/9: 410–414; 
and ICD-10; I20–I25) was defined as hospitalization 
with IHD as primary or secondary diagnosis or death 
with IHD as the underlying cause of death without any 
IHD hospitalizations prior to RA diagnosis. Conse-
quently, the IHD outcome included both AMI and 
chronic coronary heart disease (e.g. angina).

When counting multiple AMI events and IHD 
events per person, a new hospitalization was counted 
as a new event if it occurred > 28 days after the 
previous hospitalization. If the new hospitalization 
occurred ≤ 28 days after the previous one, it was 
defined as a part of the previous event (27).

Data on AMI and IHD events for the RA and com-
parison cohort were collected from different sources, 
but are all based on the same discharge diagnosis 
codes from hospitals in Western Norway. A comparison 
between WENOCARD and CVDNOR showed little 
deviation of AMI counts in the overlapping period 
(1994–2006) of 0–1.06% (31).
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Statistics

We estimated a required sample size of 7769 person- 
years’ follow-up for RA and non-RA patients to 
detect a standardized incidence ratio of 1.5 with 
95% confidence and 80% power under the assumption 
of an incidence rate of 50 per 10 000 in non-RA 
patients.

The RA patients were divided into three cohorts by 
period of RA diagnosis according to the main RA 
treatment trends: 1972–1985 (pre-methotrexate era), 
1986–1998 (methotrexate era), and 1999 onwards (bio-
logics era). Continuous variables are presented as means 
with standard deviations and categorical variables as 
numbers and proportions. For baseline characteristics 
of RA patients (Table 1), trends were estimated by 
linear regression for continuous variables, logistic 
regression for binary variables, and ordinal logistic 
regression for variables with multiple categories. Miss-
ing values were excluded from the analyses.

Time trends in AMI and IHD incidence were explored 
during 1972–2017 (Table 2) for the total RA cohort. 
Incidence rate ratios (IRRs) and 95% confidence intervals 
(CIs) per 1 year change in calendar time were estimated 
using Poisson regression with year included as 
a continuous independent variable and adjustment for 
age, body mass index (BMI), serological status, and smok-
ing status (and gender for total estimates). Annual percen-
tage changes in rates were calculated by subtracting IRR 
from 1. Person-years were calculated from 1 January of 
the year in which RA was diagnosed to the first event, 
death, or end of the study period (31 December 2017). We 
also performed a subanalysis of time trends from 2002 to 
2017, because of the introduction of troponins in the 
diagnosis of AMI at the beginning of the twenty-first 
century. Missing values for BMI, serological status, and 
smoking status were noted in less than 5% of cases and 
replaced by multiple imputation using the mi function in 
STATA, with weight and gender as additional predictors.

Figure 1. Selection of patients with rheumatoid arthritis (RA), Hordaland, Western Norway. NorArthritis, the Norwegian Arthritis Registry.
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SERs were estimated by Poisson regression (Figure 2) 
from counts of the total and RA population in Hordaland, 
Norway, at the middle of each calendar year. SERs are 
similar to standardized mortality ratios (SMRs) but with 
events as the outcome of interest instead of deaths. An 
SER of 2 indicates that twice as many events were observed 
in the RA cohort as expected based on age-, gender-, and 
calendar year-specific rates from the total population. Spe-
cific reference rates for each calendar year, gender, and 
5 year age interval from the total population were used to 
estimate expected counts of AMI and IHD in the RA cohort. 
The expected counts were included in the Poisson model as 
an offset to obtain indirect standardization. The model was 
not adjusted for additional variables such as smoking, since 
they were unavailable for the total population. We calcu-
lated separate estimates for the total follow-up period (total 
estimate) and for events occurring during three consecutive 
periods (1972–1985, 1986–1998, and 1999–2014) for the 
total RA cohort and for the three cohorts defined by time of 
RA diagnosis. Separate estimates were also calculated for 
men, women, and three age groups. There were no missing 
values in these analyses. Sensitivity analyses were per-
formed, restricting the analysis to RA patients fulfilling the 
American College of Rheumatology (ACR)/European Lea-
gue Against Rheumatism (EULAR) criteria.

Time trends in excess events of AMI and IHD in RA 
patients compared with the general population were 
explored by Poisson regression during 1972–2014. Counts 
of events in the RA population were specified as the out-
come, calendar year was included as a continuous variable, 
and expected counts was included as an offset. The expo-
nentiated regression coefficient for calendar year can be 
interpreted as a ratio of event ratios (ERR) for annual 
relative change in SER, assuming a log-linear trend over 
calendar years, reported with 95% CIs. There were no 
missing values in these analyses.

We used robust standard errors to calculate 95% CIs 
when using Poisson regression to adjust for overdisper-
sion. A p-value below 0.05 was considered significant.

Analyses were conducted using Stata Statistical Soft-
ware (Release 16; StataCorp, College Station, TX, 
USA) and R version 3.6.3.

Results

Patient characteristics

Age, body mass index (BMI), prevalence of diabetes, and 
use of anti-hypertensives and statins at the time of RA 
diagnosis increased across the diagnostic cohorts (Table 1).

Table 1. Baseline characteristics of patients with rheumatoid arthritis (RA) according to time of diagnosis, Hordaland, Western Norway.

Time of RA diagnosis

Characteristics of patients
1972–1985 
(n = 236)

1986–1998 
(n = 535)

1999–2013 
(n = 1050) p for trend

Women 171 (73) 388 (73) 706 (67) 0.120
Age at RA diagnosis (years) 52.9 ± 13.0 54.5 ± 16.3 56.1 ± 15.9 0.005
BMI during follow-up (kg/m2) 24.3 ± 4.1 25.2 ± 4.4 25.6 ± 4.5 < 0.001
Smoking status at RA diagnosis < 0.001

Missing 27 (11) 18 (3) 4 (0)
Non-smoker 104 (50) 268 (52) 425 (41)
Former smoker 35 (17) 86 (17) 339 (32)
Smoker 70 (33) 163 (32) 282 (27)

Comorbidities*
Previous AMI 11 (5) 25 (5) 54 (5) 0.760
Previous stroke 2 (1) 12 (2) 33 (3) 0.068
Diabetes 4 (2) 16 (3) 68 (7) 0.007
Angina 15 (6) 35 (7) 57 (6) 0.576
Anti-hypertensive treatment 24 (10) 64 (12) 247 (24) < 0.001
Statin treatment 0 (0) 8 (2) 131 (13) 0.002

ACR/EULAR criteria fulfilled 200 (85) 454 (85) 933 (89) 0.079
RF/ACPA-positive during follow-up 154 (65) 326 (61) 719 (69) 0.372
ESR† (mm/h) 56.1 ± 32.3 49.4 ± 30.9 43.7 ± 26.0 < 0.001
CRP† (mg/L) 0.584

Missing 227 (96) 7 (1) 1 (0)
Mean ± sd 29.7 ± 49.1 44.7 ± 44.3 37.8 ± 44.2

Arthritis on X-ray during follow-up 207 (88) 370 (69) 425 (41) < 0.001

Data are shown as n (%) for discrete characteristics and mean ± sd for continuous characteristics. 
ACPA, anti-citrullinated protein antibody; ACR, American College of Rheumatology; AMI, acute myocardial infarction; BMI, body 
mass index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; EULAR, European League Against Rheumatism; RF, 
rheumatoid factor. 
*Before and 1 year after RA diagnosis. 
†The highest value within 1 year before and 2 years after the diagnosis of RA. 
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The total RA cohort had a follow-up time of 23 808 per-
son-years from RA diagnosis to death or 31 December 2014, 
while the diagnostic cohorts (1972–1985, 1986–1998, and 
1999–2013) had, respectively, 5600, 9536, and 8672 per-
son-years of follow-up.

AMI and IHD incidence rates

In total, 240 incident AMI and 327 incident IHD events 
occurred in the 1821 RA patients from 1972 to 2017 during, 
respectively, 25 890 and 24 345 person-years of observation.

There was an average annual decline in the AMI inci-
dence rates of 1.6% (IRR 0.986, 95% CI 0.970–0.999) 
adjusted for age, gender, BMI, and serological and smoking 
status (Table 2). Similarly, adjusted IHD incidence rates 
declined on average by 3.2% per year (IRR 0.968, 95% CI 
0.958–0.978). On average, there was an increase in the AMI 
and IHD incidence in RA patients older than 85 years 
(Table 2), mostly in men. Furthermore, there was no decline 

in AMI and IHD incidence in women aged 16–64 years. 
Trends in AMI and IHD incidence in the 2002–2017 sub-
group (Supplementary Table 1) were similar to those in the 
total period (1972–2017).

Excess AMI and IHD events

In total, 269 AMI and 1325 IHD events occurred from 1972 
to 2014 in the RA cohort, while 35 614 AMI and 126 974 
IHD events occurred in the general population. The overall 
SER in RA patients compared with the general population 
was 1.49 (95% CI 1.30–1.69) for AMI and 1.63 (95% CI 
1.52–1.74) for IHD from 1972 to 2014. There were no 
excess events in patients older than 85 years. When stratify-
ing by diagnostic cohort and year of event (Figure 2), sig-
nificant excess events of AMI and IHD were seen in the total 
estimates for the two first diagnostic cohorts, but not in the 
1999–2013 cohort (AMI: SER 1.05, 95% CI 0.82–1.35; 
IHD: SER 1.02, 95% CI 0.89–1.16). A subanalysis which 

Table 2. Annual change in rates of acute myocardial infarction (AMI) and ischaemic heart disease (IHD) for rheumatoid arthritis 
patients, 1972–2017.

Age-adjusted IRR (95% CI)

Total* Men Women

All ages
AMI 0.984 (0.971–0.998) 0.984 (0.961–1.008) 0.984 (0.967–1.002)
IHD 0.975 (0.964–0.986) 0.974 (0.956–0.993) 0.976 (0.962–0.990)

16–64 years
AMI 0.996 (0.967–1.026) 0.987 (0.951–1.020) 1.006 (0.960–1.056)
IHD 0.985 (0.963–1.007) 0.970 (0.944–0.997) 1.003 (0.965–1.042)

65–84 years
AMI 0.973 (0.957–0.989) 0.976 (0.947–1.006) 0.972 (0.953–0.991)
IHD 0.971 (0.958–0.984) 0.976 (0.952–1.000) 0.970 (0.954–0.985)

≥ 85 years
AMI 1.056 (1.003–1.111) 1.118 (0.962–1.299) 1.037 (0.984–1.093)
IHD 1.007 (0.959–1.057) 1.064 (0.974–1.163) 0.991 (0.940–1.046)

Fully adjusted IRR (95% CI)†

Total* Men Women

All ages
AMI 0.984 (0.970–0.999) 0.983 (0.959–1.008) 0.986 (0.968–1.004)
IHD 0.968 (0.958–0.978) 0.964 (0.948–0.980) 0.970 (0.957–0.983)

16–64 years
AMI 0.997 (0.968–1.028) 0.998 (0.963–1.033) 1.004 (0.953–1.056)
IHD 0.977 (0.958–0.997) 0.970 (0.946–0.995) 0.987 (0.953–1.022)

65–84 years
AMI 0.971 (0.955–0.988) 0.968 (0.937–1.000) 0.972 (0.953–0.992)
IHD 0.964 (0.953–0.977) 0.961 (0.939–0.983) 0.965 (0.951–0.980)

≥ 85 years
AMI 1.062 (1.008–1.119) 1.144 (0.981–1.333) 1.039 (0.983–1.098)
IHD 0.985 (0.945–1.026) 1.011 (0.923–1.108) 0.970 (0.925–1.017)

The percentage of the average change in rates per year is obtained by subtracting the incidence rate ratio from 1. 
IRR, incidence rate ratio; CI, confidence interval. 
*Gender-adjusted analyses. 
†Adjusted for age, year, body mass index, serological status, and smoking status. 
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included only patients diagnosed with RA during 1999– 
2009 revealed similar results to the 1999–2013 RA cohort 
(numbers not shown). There were significant excess IHD 
events, but no excess AMI events for patients in the early 
phase of RA diagnosed during 1985–1998. Exclusion of 
autoantibody-negative patients or patients not fulfilling the 
ACR/EULAR criteria did not change the estimates signifi-
cantly. Men and women had similar excess events in total 
and in the three diagnostic cohorts.

There was an average annual decline in the excess events 
of 1.3% for AMI (IRR 0.987, 95% CI 0.972–1.002) and 
2.3% for IHD (ERR 0.977, 95% CI 0.69–0.985).

Discussion

In this large and long-term RA cohort, we found no excess 
of AMI and IHD events in patients diagnosed from 1999 

Figure 2. Excess acute myocardial infarction (AMI) and ischaemic heart disease(IHD) events in rheumatoid arthritis (RA) patients compared with 
the general population. RA patients are divided into three groups by time of RA diagnosis (A: 1972–1985; B: 1986–1998; and C: 1999–2013). 
Excess events are estimated for three separate periods (1972–1985, 1986–1998, and 1999–2014) and the entire follow-up period (total estimate). 
Point estimates are standardized event ratios comparing the number of events in the RA cohort to the expected number of events calculated from 
reference rates in the general population and standardized for age, gender, and year of the event. All estimates are given with robust 95% confidence 
intervals. Both the RA patients and the general population were obtained from Hordaland, Western Norway.
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onwards, while patients diagnosed before 1999 had 
a significant excess of events compared with the general 
population. Furthermore, from 1972 to 2014 there was 
a decline in the excess of AMI and IHD events in RA 
patients compared with the general population. The esti-
mates of excess events were similar for both genders and 
autoantibody-positive RA patients compared with the total 
RA cohort. In addition, we found a significant overall 
decline in the incidence rates of AMI and IHD among RA 
patients from 1972 to 2017. However, patients older than 
85 years experienced an increase in AMI incidence rates.

Most previous studies have included patients with 
long-standing RA, diagnosed before the introduction 
of modern RA treatment, which could explain excess 
AMI risk found after the year 2000 (1, 2, 16, 32–36). 
Two recent studies found an increased risk of AMI for 
the total RA cohort but not for subgroups of incident 
RA (37, 38). Myasoedova et al found no excess in CVD 
in RA patients diagnosed in the 2000s compared with 
non-RA patients (39). We similarly found an excess of 
AMI and IHD events compared with the general popu-
lation for the total RA cohort, but not for RA patients 
diagnosed after 1998. Both Holmqvist et al and Lind-
hardsen et al found an elevated risk of AMI in incident 
RA cohorts diagnosed from 1995 and 1997 to 2006 
compared with the general population (40, 41). In the 
study by Lindhardsen et al, the risk estimate in RA 
patients was comparable to that of patients with diabetes 
mellitus. Yazdani et al found an elevated AMI risk in 
RA patients diagnosed from 1997 to 2004 compared 
with the general population during a 10 year follow-up 
period (25). As the treat-to-target strategy was not 
implemented at the time of RA diagnosis in these 
cohorts, the rates of patients in remission were probably 
lower than for patients with a later diagnosis, treated 
according to new treatment strategies (42, 43). This 
could be a possible explanation for the elevated AMI 
risks in these studies, as RA patients in remission 
appear to have a CVD risk similar to the general popu-
lation (10).

Treatment with methotrexate and biologics is associated 
with a lower risk of cardiovascular events (13–17), while the 
use of non-steroidal anti-inflammatory drugs (NSAIDs) and 
corticosteroids is associated with higher CVD risk (13). 
Both increased use of methotrexate and biologics, and 
a decreased use of NSAIDs and corticosteroids over time 
are evident in our cohort, as shown in a previous study (44). 
This could be one of several possible explanations for the 
lower AMI and IHD occurrence in RA patients diagnosed 
after 1998 compared with the general population.

A study by Crowson et al established that smoking, 
hypertension, and dyslipidaemia contributed more to the 
CVD risk in RA patients than RA characteristics (45). 
Changes in the prevalence of traditional CVD risk factors 
over time could explain some of our findings. Unfortu-
nately, we did not have data on hypertension and dyslipi-
daemia in the RA cohort or general population, and had 

smoking data only for RA patients. The general population 
in Norway has shown a significant decline in the proportion 
of active smokers, from 41% in 1972 to 15% in 2013 (46). 
Since smoking is both a known CVD risk factor and asso-
ciated with less response to DMARDs and more severe RA 
(8–11), smoking cessation could be more effective in low-
ering the CVD risk in RA patients compared with the 
general population. Myasoedova et al recently published 
findings similar to ours, where adjustment for smoking, 
hypertension, and dyslipidaemia attenuated associations 
for excess cardiovascular events in RA compared with non- 
RA patients in 1980 and 1990, but not 2000 (39). Changes in 
the prevalence of smoking over time could therefore partly 
explain our findings, but are unlikely to be the sole reason 
for the decrease in excess AMI and IHD events across 
diagnostic cohorts.

Our findings are in line with several studies that did not 
find excess cardiovascular mortality after 2004 (19, 21, 23, 
24, 47). The decline in mortality was attributed to improved 
RA treatment, but could also be due to improved treatment 
and primary prevention of CVD, which may have influ-
enced RA patients to a greater extent than non-RA indivi-
duals. Mortality data tend to underestimate IHD, and 
hospitalization data are preferable due to a higher positive 
predictive value (PPV) for AMI (48, 49). Our study corro-
borates the significant decline in CVD in RA patients in the 
twenty-first century using data from hospital records. Over-
all, there was a decline in AMI and IHD incidence rates in 
RA patients during the study period. This matches findings 
in the general population of Norway and other countries in 
Europe (50–52). However, we found an increase in elderly 
RA patients, which is likely to be due to non-RA-related 
factors since there were no excess events in this age group. 
Possible explanations could be a lower threshold for hospi-
talization of older patients and increased detection of type 2 
AMI after the introduction of troponins. Similar findings 
have been reported in the general population in Denmark 
and the UK (53, 54). The lack of a declining trend seen in 
younger women with RA is in accordance with several 
previous studies of the general population showing an 
increasing trend in younger women from around 1988 
until 2009 (27, 55, 56).

The main strengths of our study are the long period of 
study of an unselected RA population stratified by time 
of RA diagnosis and the use of the general population as 
a comparison cohort. Data from region-wide registries 
and hospital records have ensured completeness of the 
outcome variables. The comparison cohort made it pos-
sible to adjust estimates of excess events for changes in 
the definition and diagnosis of IHD over time.

Our study has some limitations. Substantially more 
patients in our cohort were diagnosed with RA in the 
most recent period (1999–2013). This could be due to 
the lack of effective RA treatment in the earlier periods 
and hence fewer referrals to secondary care, especially 
for milder forms of RA. It is therefore possible that RA 
patients diagnosed during the first period had a more 
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serious illness, which could correspond to a higher risk 
of IHD. We used two different sources for outcomes 
from 2007 onwards for the RA and the comparison 
cohort, but both were based on hospital discharge diag-
nosis codes. Furthermore, we did not have data on 
relevant confounders for the comparison cohort and 
could therefore not adjust the estimates for excess 
AMI and IHD events for factors such as smoking status, 
dyslipidaemia, and hypertension. Another limitation is 
the use of recurrent AMI and IHD in comparison to the 
total population, which are likely to be less precise 
outcomes than incident AMI. A study using the Danish 
National Patient Registry, which is comparable to the 
registries in our study, found a higher PPV for incident 
AMI (97%) compared to recurrent myocardial infarc-
tion (88%) and IHD (88–93% for stable and unstable 
angina) from 2010 to 2012.

Conclusion

RA patients have historically had an excess risk of IHD 
compared with the general population. Our study found 
a decline in IHD and excess IHD events from 1972 to 
2014 and there was no excess of such events in RA 
patients diagnosed after 1998. Our findings may reflect 
improved management of RA, CVD prevention, or 
changes in the case-mix of RA patients over time.
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