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Abstract

Objective: The aim of this study was to examine the prevalence of morbidity and mortality in patients with seropositive
rheumatoid arthritis (RA).

Methods: Data were obtained from national population-based registries in the period 1998–2009. Prior to the ser-
opositive RA diagnosis (International Classification of Disorders 10th revision M05), we identified a total of 21,558
patients and 87,384 age- and sex-matched control subjects. Odds for morbidity were calculated before and after the RA
diagnosis. We estimated the overall survival based on the Kaplan–Meier method.

Results: Patients with RA had statistically significantly higher odds for a number of co-morbidities prior to the onset of
RA including diseases of the musculoskeletal system (odds ratio (OR) 3.10, 95% confidence interval (CI) 3.00–3.21),
diseases involving the immune system (OR 1.45, 95% CI 1.29–1.64), endocrine diseases (OR 1.09, 95% CI 1.01–1.17),
diseases of the circulatory system (OR 1.08, 95% CI 1.03–1.14) and diseases of the respiratory system (OR 1.30, 95% CI
1.22–1.38), compared with age- and sex-matched control subjects. After the RA diagnosis, the same trend was seen with
higher odds for the same co-morbidities. We found a 5-year survival of 80% (95% CI 78–81%) for patients with RA, while
for control subjects it was 88% (95% CI 88–89%).

Conclusion: Compared with age- and sex-matched controls, patients with seropositive RA have higher odds for several
co-morbidities prior to and, particularly, after the diagnosis of RA. Furthermore, patients with RA have a lower overall
survival compared with age- and sex-matched controls.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease

characterized by inflammation, primarily of the small joints

of the hands and feet. RA affects approximately 0.3–1% of

the adult population worldwide1 with a peak onset of the

disease between 40 years and 70 years of age2 and the

prevalence rises with age.3 The long-term prognosis of

RA has improved over the last decades primarily attributed

to early diagnosis and effective pharmacological treatments

such as methotrexate and biological agents4 and has

resulted in stable clinical remission or at least low disease

activity achievable in most patients.5 However, the

increased life expectancy of the background population has

also resulted in patients with RA being older and therefore

having longer disease duration.6 The risk of co-morbidities

thus becomes a central issue in RA, particularly as

co-morbidity can be a threat to the improvement in the

long-term prognosis in patients with RA. A review from

2008 has reported that patients with RA may have more

serious co-morbid conditions, for example, ischaemic heart

diseases, heart failure, hypertension and infections com-

pared with persons without RA and with significant worse

outcomes.7 Furthermore, other factors of importance for

the development of co-morbidity include treatments of

glucocorticoids and lifestyle of patients, such as smoking

and physical inactivity.8–10 It is documented that

co-morbidity is associated with more active RA, poorer

physical function and lower health-related quality of life11

and can shorten the life expectancy of patients with RA.7

The shorter life expectancy in RA has primarily been attrib-

uted to the increased incidence of cardiovascular diseases12

in addition to an increased incidence of infections, osteo-

porosis, leading to bone fracture and the development of

malignancies.13 The importance of identifying significant

predictors for the prognosis in RA has previously been

pointed out.14 The Danish population-based registers pro-

vide unique opportunities to gather knowledge about mor-

bidity before and after a diagnosis of RA. Thus, the aim of

the present study was to examine morbidity before and after

a diagnosis in a national sample of patients with seroposi-

tive RA and to estimate the overall survival compared with

an age- and sex-matched control population.

Methods and materials

Population

This population-based study includes data obtained from

nationwide registries for the period 1998–2009. We fol-

lowed up patients and control subjects throughout the

entire period or until emigration, death or end of follow-

up (31 December 2009), whichever comes first. The regis-

tries made it possible to trace the information of the patients

retrospectively, for example, 3 years before the RA diag-

nosis and prospectively, for example, 3 years after the diag-

nosis of RA. In Denmark, all residents since 1968 have

been recorded in the civil registration system and unique

personal identification numbers ensure accurate linkage of

information among the registries. The linkage to the civil

registration system makes it possible to trace information

of the vital status of patients and control subjects.

In Denmark, all hospital contacts of patients are

recorded in the Danish National Patient Registry (NPR)

by type and date of contact. NPR was established in 1977

and records administrative information, primary and sec-

ondary diagnoses, diagnostic procedures and treatment pro-

cedures using the International Classification of Disorders

10th revision (ICD-10) system. Diagnoses from private and

public hospitals are recorded in NPR. In the present study,

all patients registered in the NPR from 1998 to 2009 with a

diagnosis of ICD-10 M05 (seropositive RA) were included.

Thus, the study population is representative for all patients

in Denmark with a diagnosis of seropositive RA (ICD-10

M05). In accordance with the World Health Organization

criteria for ICD-10, we extracted information of morbidity

as primary and secondary diagnoses and subdivided into

main disease groups. The design for morbidity/mortality

evaluation have formerly been described.15,16

Matched controls

We used data from the civil registration system to ran-

domly select suitable control subjects that could match the

patients at the time of diagnosis (ICD-10 M05), with

respect to age and sex and geographic location. The con-

trols were matched on the exact year of diagnosis pro-

vided in NPR. The controls were required to have no

M05 diagnosis before or at the time of matching, and the

age matching was done on the exact year. Based on the

selected criteria for matching, the ratio between patients

and controls was 1:4. The matching was successful for

more than 99% of the observations.

Ethical approval

The study was reported to the Danish Data Protection

Agency. Data handling did not involve revealing the iden-

tity of any patients or control subjects; hence, no ethical

approval was required.

Statistical analysis

In the analysis of data, we developed a conditional logit

model as a simple logistic regression may overestimate the

odds ratio (OR) in a matched case–control design. The

explanatory variable was the patient–control group and the

dependent variables were the 21 major ICD-10 diagnosis

groups. Furthermore, we performed a second analysis with

ICD-10 diagnosis occurring in more than 1% of either

patients or control subjects. OR and 95% confidence inter-

vals (CIs) were calculated for the main diagnosis. Further-

more, we used the Kaplan–Meier method to estimate the
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overall survival of patients and control subjects. Finally,

based on the Cox proportional hazard model we calculated

hazard ratios. A significance level of 0.05 was assumed for

all tests. We performed all analyses using SAS 9.1.3 (SAS,

Inc., Cary, North Carolina, USA).

Results

In the present study, we identified 21,558 patients and

87,384 age- and sex-matched control subjects before the

diagnosis of seropositive RA, 21,777 patients with RA and

91,024 age- and sex-matched control subjects after the

diagnosis of seropositive RA. Table 1 illustrates the sex

and age distribution of seropositive RA patients with avail-

able data from before and after diagnosis of RA and the

corresponding age- and sex-matched controls.

Morbidity before and after diagnosis

The morbidities identified in this study population are

presented in Table 2. We found higher odds for diseases

involving the immune system, for example, primary

immunodeficiencies and autoinflammatory disorders

(OR 1.45, 95% CI 1.29–1.64) and infectious and parasitic

diseases, for example, intestinal infectious diseases, viral

infections characterized by skin and mucous membrane

lesions and human immunodeficiency virus disease (OR

1.32, 95% CI 1.20–1.46) prior to the RA diagnosis. After

an established RA diagnosis, we found even higher odds

(OR 1.55, 95% CI 1.41–1.71) and (OR 1.41, 95% CI 1.31–

1.53), respectively.

For endocrine diseases, primarily consisting of type-2

diabetes mellitus, we found higher odds prior to the RA

diagnosis compared with the control population (OR 1.09,

95% CI 1.01–1.17). Furthermore, we found high odds for

diseases of the circulatory system, consisting of, for exam-

ple, hypertension, arterial fibrillation and angina pectoris

prior to the diagnosis of RA (OR 1.08, 95% CI 1.03–1.14)

and higher odds of diseases of the respiratory system (OR

1.30, 95% CI 1.22–1.38), which mainly consisted of

chronic obstructive pulmonary disease and pneumonia.

After the RA diagnosis, and compared with control sub-

jects, the same trend was seen with even higher odds for the

same co-morbidities as seen prior to the diagnosis of RA

(Table 2).

Overall survival of patients with RA and matched
control subjects

The overall survival was lower in patients with RA than in

control subjects (Figure 1). We found a 5-year survival rate

of 80% (95% CI 78–81%) for patients with RA, while for

control subjects it was 88% (95% CI 88–89%). The overall

survival was persistently about 10% lower for patients with

RA compared with control subjects (Figure 1). After

12 years, the probability of survival in patients with RA

was 61% (95% CI 61–63%) and for the control subjects

74% (95% CI 74–75%). Furthermore, we found a hazard

ratio of 0.59, showing that controls had 41% lower risk of

dying compared to patients with RA.

Discussion

The study population included in this study is based on

national population-based registries that have made it

possible to identify all existing hospital-registered diag-

noses of each patient before and after the established

seropositive RA diagnosis. We have shown that patients

with RA have higher odds of several co-morbidities a

number of years before the diagnosis of RA and docu-

mented that the odds of the same co-morbidities are

even more increased after the diagnosis, compared with

a control population. The large population of patients

with RA included in this study confirms a lower overall

survival in patients with RA compared with an age- and

sex-matched control population.

Table 1. Sex and age distribution of seropositive RA patients with available data from before (left) and after (right) diagnosis of RA and
the corresponding age- and sex-matched controls.

Before RA diagnosis After RA diagnosis

Patients n ¼ 21,558, n (%) Controls n ¼ 87,384, n (%) Patients n ¼ 21,777, n (%) Controls n ¼ 91,024, n (%)

Sex
Male 6068 (28) 24,483 (28) 5,950 (27) 25,170 (27.7)
Female 15,490 (72) 62,901 (72) 15,827 (73) 65,854 (72.3)

Age (years)
<20 184 (0.9) 731 (0.8) 189 (0.9) 748 (0.8)
20–29 637 (3) 2525 (2.9) 636 (2.9) 2537 (2.8)
30–39 1373 (6.4) 5496 (6.3) 1399 (6.4) 5621 (6.2)
40–49 2606 (12.1) 10,461 (12.0) 2709 (12.4) 10,899 (12.0)
50–59 4404 (20.4) 17,757 (20.3) 4664 (21.4) 18,902 (20.8)
60–69 5155 (23.9) 20,889 (23.9) 5293 (24.3) 22,104 (24.3)
70–79 4734 (22.0) 19,358 (22.2) 4765 (21.9) 20,710 (22.8)
80þ 2465 (11.4) 10,167 (11.6) 2122 (9.7) 9503 (10.4)
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We found higher odds of diseases of the musculoskeletal

system and connective tissue several years before an estab-

lished RA diagnosis. This suggests that RA may have a

long-term preclinical course presenting with musculoske-

letal symptoms that are not yet manifested as measurable

parameters for a clinical diagnosis of RA, according to the

American College of Rheumatology/European League

Against Rheumatism classification criteria for RA.17 In

support, increased levels of anti-citrullinated peptide anti-

bodies have been found 2.5 years prior to the clinical diag-

nosis of patients with RA.18 Furthermore, in some patients,

radiographic joint destruction was present at the time of

Table 2. Co-morbidities, divided by ICD-10 classification groups, in patients with seropositive RA and age- and sex-matched controls,
and odds ratios for a contact with the health care system due to each ICD-10 classification group.

Disease group (ICD-10
classification group)a

Before RA diagnosis After RA diagnosis

Patients
(n¼ 21,5558),

(%)

Controls
(n¼ 87,384),

(%) OR [95% CI]
p

Value

Patients
(n¼ 21,777),

(%)

Controls
(n¼ 91,024),

(%) OR [95% CI]
p

Value

Diseases of the circulatory
system

12.7 9.4 1.08 [1.03–1.14] <0.01 17.8 12.1 1.11 [1.06–1.16] <0.01

Diseases of the respiratory
system

6.5 3.8 1.30 [1.22–1.38] <0.01 11.4 5.4 1.49 [1.41–1.57] <0.01

Diseases of the
musculoskeletal system
and connective tissue

31.8 10.3 3.10 [3.00–3.21] <0.01 56.2 11.2 6.52 [6.31–6.74] <0.01

Endocrine, nutritional and
metabolic diseases

4.3 3.1 1.09 [1.01–1.17] 0.02 6.7 4.1 1.18 [1.10–1.26] <0.01

Diseases of the nervous
system

3.5 2.4 1.04 [0.96–1.13] 0.35 4.5 2.9 1.05 [0.98–1.14] 0.18

Diseases of the eye and
adnexa

6.2 4.5 1.20 [1.12–1.27] <0.01 8.4 5.6 1.20 [1.13–1.27] <0.01

Diseases of the ear and
mastoid process

5.2 4.4 1.09 [1.02–1.16] 0.02 6.1 5.3 1.00 [0.93–1.07] 0.97

Neoplasms 6.0 5.3 0.95 [0.89–1.01] 0.09 8.6 7.5 0.95 [0.90–1.01] 0.07
Diseases of the blood and

blood-forming organs
and certain disorders
involving the immune
system

1.7 0.8 1.45 [1.29–1.64] <0.01 3.4 1.3 1.55 [1.41–1.70] <0.01

Symptoms, signs and
abnormal clinical and
laboratory findings not
elsewhere classified

10.9 7.5 1.13 [1.07–1.19] <0.01 15.2 10.1 1.03 [0.99–1.08] 0.19

Certain infectious and
parasitic diseases

2.6 1.4 1.32 [1.20–1.46] <0.01 4.9 1.8 1.41 [1.31–1.53] <0.01

Mental and behavioural
disorders

1.0 1.4 0.56 [0.49–0.65] <0.01 1.6 1.7 0.79 [0.70–0.89] <0.01

Diseases of the digestive
system

10.2 7.1 1.14 [1.08–1.20] <0.01 13.7 8.4 1.17 [1.12–1.23] <0.01

Diseases of the skin and
subcutaneous tissue

3.8 1.8 1.47 [1.36–1.59] <0.01 5.6 1.9 1.49 [1.39–1.61] <0.01

Diseases of the
genitourinary system

7.9 5.9 1.07 [1.01–1.13] 0.02 10.0 6.7 1.10 [1.04–1.16] <0.01

Pregnancy, childbirth and
the puerperium

2.1 2.3 0.79 [0.70–0.89] <0.01 1.4 1.8 0.69 [0.59–0.80] <0.01

Injury, poisoning and
certain other
consequences of external
causes

22.2 18.2 1.02 [0.99–1.06] 0.19 25.1 19.1 0.98 [0.94–1.02] 0.26

Factors influencing health
status and contact with
health services

30.4 20.6 1.29 [1.24–1.34] <0.01 40.2 24.9 1.23 [1.19–1.28] <0.01

ICD-10: International Classification of Disorders 10th revision; OR: odds ratio; CI: confidence interval.
aObservations of a diagnosis from the ICD-10 classification group.
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diagnosis, indicating the presence of joint inflammation in

a significant period before the diagnosis.19

Furthermore, the present study has documented higher

odds of diseases involving the immune system and infec-

tious diseases, both before and after the diagnosis of RA.

Previously studies have shown that the immune pathology

in patients with RA may exist for more than 10 years prior

to the onset of the clinical disease.18,20 Likewise, it is well

known that RA increases the odds of infections compared

with the healthy controls.21 So, while treatment with immu-

nosuppressive therapy or corticosteroids may explain the

increased odds of infection after the RA diagnosis, the

explanation for the increased odds of infection prior to

the diagnosis may be found in the presence of immune

dysregulation.22

Our study shows higher odds of diseases of the circula-

tory system with 12.7% versus 9.4% in patients with RA

compared with controls, endocrine disorders 4.3% versus

3.1% and respiratory diseases 6.5% versus 3.8% of patients

with RA compared to controls, respectively. In addition,

other studies that have compared the prevalence of co-

morbidities among RA patients with those in the general

population have shown a higher prevalence of cardiovas-

cular events,23,24 type-2 diabetes mellitus25 and chronic

obstructive pulmonary disease.26 However, it is remarkable

that these diseases were also more frequent prior to the

diagnosis of RA. This has not previously been described,

although studies have documented co-morbidities in

patients with early RA.27,28 One explanation for this find-

ing might be that a prediagnostic inflammatory process has

an impact on the development of RA, type-2 diabetes mel-

litus and cardiovascular diseases,27 while another explana-

tion may be that some co-morbidities are attributed to an

environment and/or lifestyle behaviour that exist prior to

the RA diagnosis. Overall, we showed that the prevalence

of co-morbidities were highest among patients after the RA

diagnosis. This may be explained by patients with RA have

a higher inflammatory state making them at higher risk for

both benign and malignant co-morbidities. More studies

may examine this association.

In this study, we showed a protective effect of RA diag-

nosis concerning pregnancy, childbirth and the puerperium.

One possible explanation for this finding may be that

women with symptoms warranting medical attention are

more unlikely to become pregnant.

The lower overall survival in patients with RA, docu-

mented in this study, is consistent with previous studies

showing a lower survival in patients with RA compared

with healthy populations.29,30 In addition, population-

based studies, including a meta-analysis, have documented

a lack of improvement in survival over the last four to five

decades in patients with RA31,32 and contradict the signif-

icant decline in the expected mortality documented in the

general population in the last decades.33 This suggests that

the earlier diagnosis and improvement in therapeutic stra-

tegies for patients with RA have not yet had a major impact

on the survival for the patients. There are several possible

interpretations of the increased mortality in RA. However,

co-morbidities are a key explanation.34 In the present study,

the multi-co-morbidity documented in the RA population

may contribute with important explanations of the

increased mortality. Thus, future studies aiming to reduce

multi-co-morbidities in the early onset of the RA may

have important implications for the survival rate in the

RA population. There is a need for therapeutic as well

as lifestyle strategies to prevent development of several

morbidities in patients with RA. Furthermore, increased

knowledge of determinants contributing to the mortality

gap between patients with RA and the general population

is urgently needed.

Strengths of this study include the large number of sub-

jects, the long observations period of patients with RA and

age- and sex-matched controls as well as the presentation of

how co-morbidities are distributed in RA patients in a real-

life setting. Data were obtained from national databases,

which provide a unique opportunity for sufficient follow-

up both retrospectively and prospectively. In Denmark, all

patients with a hospital contact are registered in the NPR

and the diagnoses included in the database are reported by

clinicians working throughout the entire Danish hospital

system. However, the study has also some limitations.

Although it has been shown that NPR is suitable for epide-

miological studies based on records of the RA diagnosis,35

the validity of the specific diagnoses in this study could not

be tested. Furthermore, the database only includes diag-

noses made in hospitals, which may have underestimated

the number of co-morbidities in our study as the RA diag-

nosis has been shown to be included in NPR for patients

registered as inpatients and for patients with more than one

hospital registration with RA. On the other hand, patients

with RA may be offered more frequent screening for recog-

nized co-morbidities than the background population,

which may increase the observed rate of co-morbidities

Figure 1. Overall survival of patients with rheumatoid arthritis
and age- and sex-matched control subjects.

Løppenthin et al. 5



in our study. It cannot be ruled out that the higher odds

documented for co-morbidities in patients with RA after

the diagnosis may be, at least partly, due to surveillance

bias. Furthermore, we found that 10.9% of RA patients had

a RA diagnosis before the ICD-10 M05 arthritis diagnosis.

Thus, the inclusion criteria of a diagnosis of M05 may have

limited the amount of RA patients in our population with

the exclusion of patients diagnosed with M06, that is, rheu-

matoid factor (RF)-negative RA. Hence, our results may

only be generalizable to population with RF-positive RA

patients. In this study, we identified patients with RA

together with the different co-morbidities from NPR. This

restricted the included conditions to patients registered at

private or public hospitals and consequently the general-

izability may be limited to hospital-based populations. On

this background, the number of co-morbidities may possi-

ble be even higher than shown in this study. Further, we

developed a conditional logistic regression model and

matched controls on age, gender and geographic location,

thus it is possible that there exists unobserved heterogene-

ity in factors not included in the available data for this

study. We have included a wide range of co-morbidities,

and it is important to note that some of the co-morbidities

are not chronic conditions. Thus, the severity of the differ-

ent co-morbidities is necessary to take into account, when

interpreting these results. Finally, although the co-

morbidities included in this study may explain some or all

of the relationship between RA diagnosis and mortality, we

did not adjust for pre-RA diagnosis co-morbidities. Thus,

this study does not make it possible to determine the inde-

pendent association between RA and mortality.

Our results confirm a high prevalence of co-morbidities

in patients with RA, highlighting the importance of health

professionals treating patients with RA have an increased

focus on treatments of co-morbidities but also on preven-

tion of these, which may have a positive impact on the

survival of patients with RA. Implementation of existing

recommendations, for example, concerning cardiovascular

diseases36 and development of recommendations for other

morbidities need to be implemented in clinical practice.

In conclusion, patients with seropositive RA have higher

odds of a variety of co-morbidities compared with controls,

and the odds of these co-morbidities is present several years

prior to the diagnosis of RA. Patients with seropositive RA

have a lower overall survival than an age- and sex-matched

control population. Results from this study support the

importance of preventing co-morbidities in patients with

RA and adds further evidence that efforts to prevent

co-morbidities should be initiated early for people who

have high odds of developing RA and for the general

health information.
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