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ABSTRACT
Objectives Investigate if low cardiorespiratory fitness 
(CRF) was associated with and acted as a mediator of 
excess all- cause mortality rate in persons suffering from 
rheumatoid arthritis (RA) compared with the general 
population.
Methods All- cause mortality was analysed using Cox 
regression modelling in patients with RA (n=348) and 
controls (n=60 938) who took part in the second (1995–
1997) and third (2006–2008) waves of the longitudinal 
population- based Trøndelag Health Study in Norway. A 
mediation analysis was performed to investigate if excess 
relative risk of mortality in RA was mediated by low 
estimated CRF (eCRF).
Results During the follow- up until 31 December 2018 
(mean 19.3 years), the mortality rate among patients 
with RA (n=127, 36.5%) was higher than among controls 
(n=12 942, 21.2%) (p<0.001). Among controls and 
patients with RA, 51% and 26%, respectively, had eCRF 
above the median for their age and sex (p<0.001). The 
final Cox model included RA status and eCRF, adjusted 
for hypertension, body mass index, smoking, cholesterol, 
diabetes and creatinine. eCRF below median for sex and 
age category was associated with increased mortality 
(p<0.001). The total excess relative risk of mortality in 
patients with RA was 28% (95% CI 2% to 55%, p=0.035), 
in which RA itself contributed 5% and the direct and 
indirect contributions of low eCRF accounted for 23%.
Conclusions Low eCRF was an important mediator of the 
increased all- cause mortality rate found in RA. Our data 
indicate that patients with RA should be given advice to 
perform physical activity that increases CRF, along with 
optimised treatment with antirheumatic drugs, from the 
time of diagnosis.

INTRODUCTION
Rheumatoid arthritis (RA) is a common 
chronic systematic rheumatic disease affecting 
joints, tendons, bursae and internal organs 
including the cardiovascular and respiratory 
systems.1 In Norway, RA has a prevalence of 
768/100 000 (women 1003/100000, men 
513/100 000).2 The prevalence of RA is quite 
stable around the world, around 0.5%–1%.1

Patients with RA often show more unfortu-
nate cardiovascular risk profiles, with higher 
frequencies of the metabolic syndrome and 
smoking compared with the general popu-
lation.3 4 In addition, chronic inflammation 
in RA is regarded as an important contrib-
utor to accelerated atherosclerosis leading to 
increased cardiovascular disease (CVD) that 
eventually leads to increased rates of prema-
ture death in RA.5–11 There are indications that 
improved medical treatment with new biolog-
ical disease modifying antirheumatic drugs 
(DMARDs) and targeted synthetic DMARDs 
in addition to use of conventional DMARDs 
at higher doses and an earlier disease stage 
led to reduced inflammation,12–14 which in 
turn has contributed to reduced mortality 
in patients with RA in short- term studies.15 16 

Key messages

What is already known about this subject?
 ► Low cardiorespiratory fitness (CRF) is independently 
associated with all- cause mortality in the general 
population.

 ► Patients suffering from rheumatoid arthritis (RA) 
have increased mortality rates compared with the 
general population.

What does this study add?
 ► Participants with RA had a 28% excess relative risk 
of mortality compared with controls in the large 
population- based Trøndelag Health Study.

 ► In mediation analysis, RA itself contributed 5% and 
the direct and indirect contributions of low estimated 
CRF accounted for 23% of this excess mortality risk.

How might this impact on clinical practice?
 ► Together with optimal medical treatment, both in-
formation and implementation of strategies for 
improving CRF should be introduced early in the 
management of RA to reduce the risk of premature 
mortality.
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However, robust evidence of improved survival rates in 
long- term studies in persons with RA is lacking.17

There is strong evidence that the cardiorespiratory 
fitness (CRF) level affects cardiovascular health, and low 
CRF is a stronger predictor of adverse cardiovascular 
outcomes than traditional risk factors.18 CRF is measured 
as a person’s maximum oxygen uptake (VO2max), and is 
now regarded as a clinical vital sign.18 Exercise training, 
particularly at high intensities, leads to improved CRF.19 
CRF is, therefore, an important modifiable risk factor 
because it may be improved by increasing relevant phys-
ical activity (PA).20

Studies have shown that patients with RA have reduced 
CRF compared with the healthy population,21–23 whereas 
PA interventions that improve CRF are associated with 
increased function and reduction of cardiovascular risk 
in RA.24 25

The gold- standard method to measure VO2max is by 
cardiopulmonary exercise testing (CPET) either on a 
treadmill or bicycle ergometer.18 With gradually increasing 
workload, oxygen expenditure increases until the oxygen 
ventilation curve flattens as the person reaches physical 
exhaustion. VO2max is the measured level of oxygen venti-
lation at this point. CPET is a resource- intensive method. 
Various mathematical models have therefore been devel-
oped to estimate VO2max (eCRF) without the need for a 
physical test.18 26–28 One example is the eCRF equation 
developed by regression analysis with the CPET results 
from 4260 participants in the third wave of the Trøndelag 
Health Study (HUNT3) as the dependent variable. The 
predictors in this model are age, gender, resting heart 
rate and waist circumference, as well as information 
about frequency, duration and intensity of PA performed 
by the participants.26

High eCRF can counteract the increased cardiovascular 
risk factor clustering caused by long sedentary time,29 
and in one study the risk of acute myocardial infarction 
(MI) in women was inversely associated with the level 
of eCRF.30 In addition, several studies have shown that 
eCRF serves as an independent predictor of mortality in 
the general population.28 31 32 A previous study showed 
that a 3.5 mL/(min x kg) higher eCRF was associated 
with a 21% lower HR for CVD mortality in both men and 
women.31

Despite the strong association between low CRF and 
mortality found in the general population, evidence 
is still lacking for importance of the same association 
in patients with RA. To our knowledge, no population- 
based studies have analysed CRF level in relation to 
excess mortality in an RA population. Focus so far has 
rather been on medication reducing inflammation to 
prevent excess mortality in RA, and thereby perhaps 
overlooking the potential additional importance of low 
CRF as a mediator of increased mortality rates in RA. The 
hypothesis of this study was that low CRF contributes to 
the increased mortality in patients with RA compared 
with the general population. The aims were to investigate 
if low eCRF was associated with and acted as a mediator 

of increased all- cause mortality in patients with RA, using 
data from a large population- based cohort.

METHODS
Participants
HUNT is a longitudinal population- based health study 
using an open cohort design. All present inhabitants ≥20 
years of age in the northern region of Trøndelag county 
in Norway are invited to each wave of the study, inde-
pendent of whether they have previously participated 
in HUNT. In this study data from the second (HUNT2, 
1995–1997, n=65 202, 69.5% of invited) and third 
(HUNT3, 2006–2008, n=50 787, 54.1% of invited) waves 
were used.33 Data from the first wave (HUNT1, 1984–
1986) could not be included because there was no ques-
tion regarding RA. All participants in HUNT provided 
written informed consent.

Based on information in hospital case files, a previous 
study identified those with a valid RA diagnosis (n=546) 
out of all participants in HUNT2 and HUNT3 who self- 
reported RA.2 The standardised 2010 American College 
of Rheumatology/European League Against Rheuma-
tism (EULAR) classification criteria for RA were used 
during diagnosis validation.34 Those with uncertain RA, 
given an RA diagnosis after HUNT3 and/or having psori-
atic arthritis, juvenile inflammatory arthritis, ankylosing 
spondylitis or other forms of inflammatory arthritis, 
were excluded. Following exclusion of participants with 
missing variables for eCRF calculation, 348 patients with 
RA (235 women and 113 men) and 60 938 controls were 
included (figure 1).

Variables
The following variables and definitions were used: eCRF 
(mL/(min x kg)) in controls and patients with RA was 
calculated as previously described and detailed in online 
supplemental data 1.26–28 Body mass index (BMI) was 
divided into three categories: <18.5, 18.5–24.9, >30.0 kg/
m2; hypertension (yes/no): systolic blood pressure ≥140 
and/or diastolic blood pressure ≥90 mm Hg and/or self- 
reported use of antihypertensive medication; previous 
CVD (yes/no): self- reported stroke and/or angina and/
or MI; smoking: self- reported never, previous or present 
smoking; diabetes (yes/no): self- reported diabetes and/
or the use of antidiabetic medication and/or having a 
non- fasting blood- glucose level >11 mmol/L; creatinine 
(µmol/L); total cholesterol (mmol/L); seropositive RA: 
presence of rheumatoid factor and/or anticitrullinated 
peptide antibody; duration of RA: three categories: <3 
years, 4–9 years and ≥10 years.

Data from HUNT2 and HUNT3 were linked with the 
Norwegian Cause of Death Registry,35 which registers 
information about all deaths of Norwegian citizens in 
Norway or abroad.

Patient and public involvement
There was no direct patient and public involvement 
(PPI) involvement in the design of this study. Two PPI 
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representatives will help select and design material for 
dissemination of results to their peers and patient groups.

Statistics
Data are given as counts and percentages or mean with 
SD. P values <0.05 were regarded significant. Statistical 
analyses were performed using Stata (V.15.1, StataCorp). 
Normal distribution of continuous variables was evalu-
ated using histograms.

Because HUNT2 and HUNT3 took place approximately 
11 years apart, baseline characteristics of the participants 
could have changed between them. Baseline compar-
isons for patients with RA and controls were therefore 
performed separately for HUNT2 and HUNT3, using χ2 
tests or t- tests.

In brief, the associations of RA and low fitness were 
analysed using Cox regression. Adjustments for potential 

confounders were added in steps to better permit evalu-
ation of whether the associations found for RA and low 
fitness were independent from each other and from the 
adjustment variables. To investigate the total excess rela-
tive risk of mortality in RA and whether it was mediated 
through low fitness, a Cox regression- based mediation 
analysis was performed. The details of the analyses are 
described in the following paragraphs.

All- cause mortality in patients with RA and controls was 
analysed employing Cox proportional hazard regression 
modelling in several steps as detailed below. Age was used 
as the time variable, thereby ensuring that participants 
were compared with other participants of the same age 
in all models. This design safeguards against introducing 
bias due to age differences between patients with RA and 
controls. The analyses were stratified by sex, and entry 
was the date for the first participation in HUNT (base-
line), that is, either HUNT2 or HUNT3. For those who 
participated twice, the first observation with complete 
data for the fully adjusted model (Step 3) was consid-
ered the baseline observation; thus those who took part 
in both HUNT2 and HUNT3 but had missing variables 
for HUNT2 were included with their baseline defined as 
HUNT3. For participants in both HUNT2 and HUNT3, 
relevant variable values were updated in HUNT3. Partic-
ipants were followed from their baseline until they died, 
or observation ended on 31 December 2018.

In the main analysis, eCRF was categorised as above 
or below the median for each participant’s sex and age 
group (<40 years, 40–59 years, ≥60 years, variable denoted 
eCRF- dichotomous, using eCRF above the median as 
reference group) (figure 2). This was done because 
fitness is strongly associated with age and significantly 
higher in men than women. Using eCRF- dichotomous in 
the main model had two reasons: The Step 3 Cox model 
was directly comparable to the model used to test eCRF 
as a mediator of excess mortality in RA (second study 
aim), for which using more than two eCRF categories 
was not possible; and because there is some variability in 
measured CRF compared with eCRF.

The first analytic step (Step 1) consisted of univari-
able models for RA status (yes/no) (Step 1a) and 

Figure 1 Recruitment to the study. All inhabitants ≥20 
years of age are invited to participate. eCRF, estimated 
cardiorespiratory fitness; HUNT2 and HUNT3, the second 
and third wave of the longitudinal population- based 
Trøndelag health study; RA, rheumatoid arthritis.

Figure 2 Categorisation of fitness level above or below 
median eCRF for their sex and age group. eCRF, estimated 
cardiorespiratory fitness.
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eCRF- dichotomous (Step 1b) for the relevant age group 
and sex, respectively. Step 2 was a bivariable model 
including both RA status and eCRF- dichotomous. Step 
3 was a multivariable model including RA status, eCRF- 
dichotomous and the following adjustment variables: 
hypertension, BMI, smoking status, total cholesterol, 
diabetes status and serum creatinine. They were chosen 
based on published associations with mortality.

Because missingness was very low (table 1), the anal-
ysis was performed on complete cases. The proportional 
hazard assumption was evaluated using Stata’s phtest 
based on Schoenfeld residuals. For models with violation 
of the proportional hazard assumption, a corresponding 
flexible parametric survival model was fitted. If the HRs 
(mean with 95% CI) were similar, the Cox models were 
considered acceptable. Linearity of continuous variables 
was evaluated using Martingale residuals. Models were 

compared using the Akaike and Bayesian information 
criteria (AIC and BIC), where a lower numerical value 
indicates better fit.

Two sensitivity analyses for the Step 3 (adjusted) 
model were performed to ascertain whether dichotomi-
sation of eCRF introduced bias. First, categorisation was 
performed in tertiles for each participant’s sex and age 
group (variable denoted eCRF- tertiles, using the higher 
eCRF tertile as reference group). Another sensitivity 
analysis used eCRF as a continuous variable, denoted as 
eCRF- continuous. A third sensitivity analysis included 
adjustment for previous CVD in addition to the adjust-
ments used in the Step 3 model.

To investigate whether an increased mortality rate in 
RA is mediated by low eCRF, we performed a mediation 
analysis using the Stata package med4way.36 In this Cox 
regression- based analysis, the total effect on mortality of 

Table 1 Baseline characteristics*

HUNT 2 HUNT 3

RA
(n=307)

Controls
(n=53 258)

RA versus 
controls,
p value

RA
(n=41)

Controls
(n=7680)

RA versus 
controls,
p value

Female sex, n (%) 206 (67) 27 303 (51) <0.001 29 (71) 4426 (58) 0.090

Age (years), mean (SD) 56.3 (12.0) 47.6 (16.1) <0.001 65.0 (14.2) 43.7 (17.3) <0.001

Systolic blood pressure (mm Hg), mean (SD) 138 (20) 136 (21) 0.23 142 (20) 126 (17) <0.001

Body mass index (kg/m2), mean (SD) 26.5 (4.1) 26.2 (4.0) 0.15 29.0 (5.2) 26.6 (4.6) 0.041

eCRF- dichotomous <0.001 <0.001

  Below median, n (%) 223 (72.6) 26 385 (49.5) 34 (82.9) 3660 (47.7)

  Above median, n (%) 84 (27.4) 26 873 (50.5) 7 (17.1) 4020 (52.3)

eCRF- tertiles <0.001 <0.001

  Lower tertile, n (%) 181 (59.0) 17 488 (32.8) 31 (75.6) 2449 (31.9)

  Middle tertile, n (%) 69 (22.5) 17 851 (33.5) 6 (14.6) 2525 (32.9)

  Higher tertile, n (%) 57 (18.6) 17 919 (33.7) 4 (9.8) 2706 (35.2)

eCRF- continuous (mL/(min x kg)), mean (SD) 32.4 (9.2) 40.2 (9.0) <0.001 24.7 (8.7) 38.5 (9.1) <0.001

Creatinine (µmol/L), mean (SD) 85 (13) 88 (15) 0.004 85 (22) 82 (15) 0.13

Total cholesterol (mmol /L), mean (SD) 6.0 (1.2) 5.8 (1.2) 0.014 5.6 (1.0) 5.2 (1.1) 0.031

Smoking <0.001 0.42

  Never, n (%) 107 (34.9) 23 955 (45.3) 18 (43.9) 4157 (54.1)

  Previous, n (%) 107 (34.9) 12 782 (24.2) 13 (31.7) 1977 (25.7)

  Present, n (%) 93 (30.3) 16 119 (30.5) 10 (24.4) 1546 (20.1)

Previous cardiovascular disease, n (%) 30 (9.8) 3348 (6.3) 0.010 9 (22) 395 (5.1) <0.001

Hypertension, n (%) 155 (50.5) 21 244 (39.9) <0.001 28 (68.3) 2015 (26.2) <0.001

Diabetes, n (%) 13 (4.2) 1402 (2.6) 0.14 3 (7.3) 280 (3.7) 0.008

Hypertension: systolic blood pressure ≥140 mm Hg and/or a diastolic blood pressure ≥90 mm Hg and/or the use of antihypertensive 
medication. Previous cardiovascular disease: self- reported stroke and/or angina and/or myocardial infarction. Diabetes: self- reported 
diabetes and/or the use of antidiabetic medication and/or having a non- fasting blood- glucose level>11 mmol/L. eCRF, estimated 
cardiorespiratory fitness; eCRF- continuous, eCRF as a continuous variable; eCRF- dichotomous, eCRF categorised as above or below 
the median eCRF for each participant’s sex and age group (<40 years, 40–59 years ≥60 years); eCRF- tertiles, eCRF categorised into 
higher, middle and lower eCRF tertile for each participant’s sex and age group.
*There were no missing data in patients with RA. Missingness for controls, HUNT2: hypertension 0.03%, smoking 0.08%, body mass 
index 0.002%, systolic blood pressure 0.01%; HUNT3: systolic blood pressure 0.9%. Comparisons between patients with RA and 
controls were performed using the χ2 test or t- test.
eCRF, estimated cardiorespiratory fitness; HUNT2 and HUNT3, The second and third wave of the longitudinal population- based 
Trøndelag Health study; RA, rheumatoid arthritis.

P
rotected by copyright.

 on D
ecem

ber 2, 2021 at H
elsebiblioteket gir deg tilgang til B

M
J.

http://rm
dopen.bm

j.com
/

R
M

D
 O

pen: first published as 10.1136/rm
dopen-2020-001545 on 8 M

arch 2021. D
ow

nloaded from
 

http://rmdopen.bmj.com/


5Liff MH, et al. RMD Open 2021;7:e001545. doi:10.1136/rmdopen-2020-001545

Rheumatoid arthritisRheumatoid arthritisRheumatoid arthritis

having RA is calculated as the total excess relative risk of 
mortality. This excess risk was then split into three paths 
and the mediator effect of eCRF was calculated fixing 
eCRF- dichotomous to low, that is, below the sex- specific 
and age- specific median. In other words, the mediation 
analysis sought to answer the following question: How 
much of the association of RA with all- cause mortality is 
mediated by low eCFR? The three different paths were 
the controlled direct effect of RA on all- cause mortality 
(ie, when all other variables are adjusted for), the pure 
indirect effect of RA via eCRF below the median, and the 
portion attributable to interaction between RA and eCRF 
below the median when all other variables are adjusted 
for (figure 3). The mediation model used Cox regres-
sion based on the Step 3 (adjusted) model above. eCRF 
was not used as a continuous variable in the mediation 
analysis because there is no clear definition of what the 
relevant value of eCRF would be at which to analyse the 
mediation effect. As a sensitivity analysis, the mediation 
analysis was also performed after inclusion of previous 
CVD as an additional adjustment variable.

RESULTS
The baseline characteristics and results from compari-
sons between patients with RA and controls for partic-
ipants with baseline in HUNT2 (RA n=307, controls 
n=53 258) and HUNT3 (RA n=41, controls n=7680) are 
presented in table 1. BMI was not significantly different 
between patients with RA and controls for participants 
with baseline in HUNT2, but the patients with RA with 
baseline in HUNT3 had significantly higher BMI than 
controls. Baseline total cholesterol was significantly 
higher in patients with RA than controls in HUNT2, but 
not in HUNT3. Higher frequencies of patients with RA 
were smokers or previous smokers in HUNT2, and had 
hypertension or previous CVD compared with controls at 
both baseline time points (table 1).

Out of 348 patients with RA, 247 (71.0%) were sero-
positive, 93 (26.7%) were seronegative and 8 (2.3%) had 
unknown serologic status. RA disease duration (<3 years, 
4–9 years and ≥10 years) was 27.9%, 49.7% and 19.8%, 
respectively, and 2.6% lacked information about the 
duration of RA.

Mean follow- up was 19.3 years (min. 0.2 to max. 23.4 
years), during which 13 069 participants died. The all- 
cause mortality rate was significantly higher among 
patients with RA (n=127, 36.5%) compared with controls 
(n=12 942, 21.2%) (p<0.001). Among controls and 
patients with RA, 51% and 26%, respectively, had baseline 
eCRF above the median for their age and sex (p<0.001).

Low fitness was strongly associated with mortality 
in both groups. Of the 127 patients with RA who died, 
only 4% (n=5) belonged to the high fitness category, in 
contrast to 8.8% (n=12 942) of the controls (p=0.054). 
Total time at risk was 1 158 878 person years, that is, 5596 
person years for patients with RA and 1 153 281 person- 
years for controls.

Detailed results from the stepwise Cox regressions and 
sensitivity analyses are given in table 2.

In the univariable Step 1 Cox analyses, either having RA 
(p=0.036) (Step 1a) or having eCRF below the median 
(p<0.001) (Step 1b) were associated with increased 
mortality. In the bivariable Step 2 model with RA and 
eCRF- dichotomous, RA status became non- significant 
(p=0.12) whereas eCRF below the median remained 
significant (p<0.001). This finding is compatible with the 
hypothesis that part of the excess mortality risk of RA in 
the univariable model was in fact explained by the lower 
eCRF among patients with RA compared with controls. 
Following adjustment for hypertension, BMI, smoking, 
total cholesterol, diabetes and creatinine in the Step 3 
model, eCRF below the median remained significant 
(p<0.001) (table 2). The sensitivity analyses showed that 
results and model fit using eCRF- dichotomous in Step 3 
(AIC=213 717.9 and BIC=213 829.7) were comparable to 
models using eCRF- tertiles (AIC=213 714.4 and BIC=213 
835.5) and better than eCRF as a continuous variable 
(AIC=213 768.0 and BIC=213 879.8). Inclusion of adjust-
ment for previous CVD in the third sensitivity analysis 

Figure 3 Mediation model. (A) The model is based on 
the Step 3 adjusted Cox regression model and shows how 
much of the association of RA with all- cause mortality was 
mediated by low fitness (eCRF below median). (B) Details 
from results of the mediation analysis. eCRF below median, 
estimated cardiorespiratory fitness below the sex- specific 
and age- specific eCRF median using age groups <40 years, 
40–59 years or ≥60 years.
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had minimal influence on the Cox regression results 
(table 2).

Some adjustment variables violated the proportional 
hazard assumption. However, the coefficients hardly 
changed when using a flexible parametric survival model 
instead, so the Cox models were considered acceptable.

Results from the mediation analysis are given in 
figure 3. The results showed that having an eCRF below 
the sex- specific and age- specific median if one suffered 
from RA acted as a mediator for mortality, which 
explained 23% (4% plus 19%) of the total increased risk 
of all- cause mortality of 28%. Thus, the effects of low 
eCRF exceeded the isolated contribution of RA itself of 
5% in this setting. In the sensitivity analysis with addi-
tional adjustment for previous CVD, the total increased 
risk of all- cause mortality was 27%, of which 21% were 
explained by having an eCRF below the sex- specific and 
age- specific median. Thus, previous CVD had little influ-
ence on the results.

DISCUSSION
This study showed that patients with RA had significantly 
increased long- term all- cause mortality rates compared 
with controls. When adjusting for other risk factors for 
mortality, the excess relative risk of 28% was partly asso-
ciated with the RA disease itself, but the major part, that 
is, 23%, was mediated by low eCRF combined with the 
interaction between RA and low eCRF. The contribution 
of the interaction to the total increased relative risk of 
mortality was not significant (p=0.077), but this is likely 
a false- negative result due to low power because very few 
of the patients with RA who died had eCRF above the 
median. However, residual confounding due to missing 
adjustment variables cannot be excluded. Because eCRF 
is modifiable, results from this study are particularly inter-
esting as increasing PA that leads to improved CRF may 
translate to reduced mortality rates in patients with RA.

Already at the turn of this century, tests of physical 
function (ie, walk test and grip strength) in addition to 

Table 2 Results from Cox regression analyses for all- cause mortality

Variable HR (95% CI) P value

Step1a RA
(univariable)

Control: reference

RA: 1.21 (1.01 to 1.45) 0.036

Step1b eCRF- dichotomous (univariable) eCRF above median: reference

eCRF below median: 1.19 (1.14 to 1.23) <0.001

Step 2 RA and eCRF- dichotomous (bivariable) Control: reference   

RA: 1.15 (0.96 to 1.37) 0.12

eCRF above median: reference

eCRF below median: 1.19 (1.14 to 1.23) <0.001

Step 3 RA and eCRF- dichotomous, adjusted for 
hypertension, BMI, smoking, total cholesterol, 
diabetes and creatinine

Control: reference   

RA: 1.10 (0.93 to 1.32) 0.27

eCRF above median: reference

eCRF below median: 1.18 (1.13 to 1.23) <0.001

Sensitivity 
analysis 1

RA and eCRF- tertiles, adjusted for hypertension, BMI, 
smoking, total cholesterol, diabetes and creatinine

Control: reference   

RA: 1.09 (0.91 to 1.30) 0.34

eCRF higher tertile: reference

eCRF middle tertile: 1.12 (1.07 to 1.17) <0.001

eCRF lower tertile: 1.24 (1.18 to 1.31) <0.001

Sensitivity 
analysis 2

RA and eCRF- continuous, adjusted for hypertension, 
BMI, smoking, total cholesterol, diabetes and 
creatinine

Control: reference   

RA: 1.10 (0.93 to 1.32) 0.25

eCRF- continuous: 0.99 (0.989 to 0.997) 0.001

Sensitivity 
analysis 3

RA and eCRF- dichotomous, adjusted for 
hypertension, BMI, smoking, total cholesterol, 
diabetes, creatinine and previous cardiovascular 
disease

Control: reference   

RA: 1.08 (0.91 to 1.29) 0.39

eCRF above median: reference

eCRF below median: 1.18 (1.13 to 1.23) <0.001

Hypertension: systolic blood pressure ≥140 mm Hg and/or diastolic bloodpressure ≥90 mm Hg and/or use of antihypertensive medication. 
Previous cardiovascular disease: self- reported stroke and/or angina and/or myocardial infarction. Diabetes: self- reported diabetes and/or use 
of antidiabetic medication and/or having a non- fasting blood- glucose level >11 mmol/L.
BMI, body mass index; eCRF, estimated cardiorespiratory fitness; eCRF- continuous, eCRF a a continuous variable; eCRF- dichotomous, 
eCRF categorised as above or below the median eCRF for each participant's sex and age group (<40 years, 40-59 years, > 60 years); eCRF- 
tertiles, cCRF categorised into higher, middle and lower eCRF tertile for each participant's sex and age group; RA, rheumatoid arthritis.
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patient- reported measures reflecting physical function 
(ie, the modified health assessment questionnaire and 
the patient global assessment) were described as predic-
tors of mortality, whereas radiographic change, RF posi-
tivity and inflammation markers were not.37–41 In the 
following years, new treatment strategies like ‘Treat to 
target’ with new drugs have been in focus.12 42 An unin-
tended consequence might be that registration of inflam-
mation levels and radiographic changes may have been 
performed almost at the expense of other outcomes like 
CRF and other measures of physical function.

New and better drugs increase quality of life, reduce 
inflammation and radiographic change, and thereby 
help patients with RA exercise; however, drugs alone do 
not increase CRF. There is no doubt that higher CRF is 
associated with longer survival in the general popula-
tion,18 28 31 43 and the present study gives evidence that 
this also applies to patients with RA. Thus, increasing 
fitness may be an important tool for reduction of 
preterm mortality, counteracting the increased age- 
related decline in eCRF described in RA.44 In addi-
tion to early medical treatment, encouragement and 
information about suitable PA and exercise training, 
in particular at high intensity,24 should therefore be 
an obligatory part of RA treatment strategies from the 
time of diagnosis.

An increasing focus on PA is reflected in the latest 2017 
EULAR recommendations for PA in arthritis. They state 
that arthritis patients should follow the same recommen-
dations for PA as the general population and that PA 
in RA is safe.45 46 Perhaps because of lacking evidence, 
The EULAR recommendations for prevention of CVD 
recommend PA because it might reduce inflammation 
and prevent CVD, but CRF and related terms are not 
mentioned.47 The present finding that low eCRF clearly 
acts as a mediator of excess mortality in RA contributes 
to the evidence supporting improvement of CRF as an 
important tool for preventive care also in patients with 
RA.

Some studies have indicated that the mortality gap 
between patients with RA and the general population 
is narrowing.15 16 However, comparison of RA popu-
lations diagnosed in different time periods using 
different criteria and various follow- up strategies may 
result in a false impression of a narrowing mortality 
gap.6 Cigarette smoking is associated with earlier debut 
of seropositive and more severe RA and is a well- known 
risk factor for atherosclerosis and increased mortality 
rates.4 48 One may ask whether the overall observed 
reduction of smoking in most industrialised countries 
has a more positive effect in patients with RA compared 
with the general population and is possibly contrib-
uting to narrowing of the mortality gap. However, low 
eCRF remained a strong risk factor for mortality in our 
study after adjustment for smoking and other variables 
associated with mortality and CVD.

Access to lifestyle- related and other relevant adjust-
ment variables in HUNT, and the long follow- up should 

be regarded as strengths of our study. The low number 
of patients with RA may represent a weakness, but the 
very large population- based control group reduces 
selection bias and thereby improves the validity of the 
results.

Another strength of the present study is that RA diag-
noses were confirmed from medical records and not 
based on self- report or diagnostic codes in various regis-
tries.2 Given that many of our study participants were 
diagnosed with RA several years ago and that their eCRF 
was not recently updated, it may be argued that the find-
ings are no longer relevant. A previous study from our 
group found that patients with RA who performed CPET 
in 2017 were deconditioned compared with the healthy 
population and use of various conventional and biolog-
ical DMARDs was not associated with CRF.21 The results 
are therefore probably relevant for today’s RA population 
as well, even if there have been large changes in medica-
tion and treatment strategies.

Using eCRF instead of the measured CRF from 
CPET may be regarded as a limitation of this study. 
However, using CPET may introduce selection bias, 
as those more used to PA may be more motivated for 
participation. Using eCRF calculated from other data 
makes it possible to include a wider range of partici-
pants. Furthermore, performing CPET in such a large 
population- based study would have been practically 
and economically impossible.

Because HUNT has an open cohort design, participants 
in our study had different baselines. This permitted inclu-
sion of more participants and thereby provided higher 
statistical power, as well as the possibility of updating the 
data for those who participated twice. However, we cannot 
exclude that studying participants having different base-
lines could have influenced the results.

In conclusion, this study showed that low CRF was an 
important mediator of the increased mortality found in 
patients with RA. In addition to optimal medical treat-
ment, focus on improvement and follow- up of CRF 
should be an integral part of standard treatment of RA 
already from the time of diagnosis.
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