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Abstract

Primary aim: Compare change in estimated cardiorespiratory fitness (eCRF change) in theumatoid arthritis (RA) patients
with population-based age- and sex-matched controls during ~ 11-year follow-up and identify variables associated with
eCRF change. Secondary aim: Compare eCRF level in RA patients and controls. eCRF change from the second (HUNT2
1995-1997) to the third (HUNT3 2006-2008) surveys of the Norwegian Trgndelag Health Study was compared between
RA patients (n =188) and controls (n =26,202) attending both surveys. Predictors of eCRF change were identified by Lasso
regression followed by multiple linear regression. Mean eCRF level in RA patients (n=436) and controls (n=67,910) was
compared using age-adjusted linear regression stratified on sex, as well as two-sample t tests including RA patients (n=432)
and controls (n=59,124) who attended either HUNT2, HUNT3 or both HUNT2 and HUNT3. The mean eCRF decline
from HUNT2 to HUNT3 in RA patients was 8.3 mL min~' kg™! versus 6.7 mL min~! kg~! in controls (»p <0.001). The
decline was faster in RA patients and larger with higher baseline age (standardized regression coefficient for RA patients:
(— 0.482 x age+0.044); controls: (— 0.367 X age, p <0.001). The decline was also associated with smoking, cardiovascular
disease, increasing body mass index, asthma, and hypertension. Mean differences in age-adjusted eCRF level for RA patients
versus controls (p <0.001): women HUNT2: — 3.2 mL min~' kg™'; HUNT3: — 5.0 mL min~' kg™'; men HUNT2: — 1.8 mL
min~! kg™!; HUNT3: — 4.0 mL min~! kg~!. Higher age at baseline was associated with faster decline in eCRF. This change
was more pronounced in RA patients than controls, indicating a larger negative effect on fitness of aging in RA. RA patients
had lower eCRF compared to healthy individuals.
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Introduction

Rheumatoid arthritis (RA) is an inflammatory disease of
the joints [1], but it also affects internal organs, including
the vasculature. RA patients are younger when they develop
cardiovascular risk factors, suffer from more cardiovascular
disease (CVD), and have higher mortality rates due to CVD
than the general population [2-5]. Evidence supports that
the chronic systemic inflammation associated with RA is an
important driver of excess CVD in RA patients, particularly
by causing accelerated atherosclerosis [6]. In addition, it has
become evident that factors like reduced physical activity
(PA) and increased levels of traditional risk factors for CVD
contribute to the differences. PA affects cardiorespiratory
fitness (CRF) [7, 8], and CREF is inversely associated with
cardiovascular risk [7]. CRF is viewed as an independent
risk factor for CVD and mortality [7, 9, 10], and has recently
received much attention because it may be modified.

The gold standard method of measuring CRF is by testing
maximum oxygen uptake during cardiopulmonary exercise
testing (CPET), which is rather resource intensive [7]. For
easier evaluation, equations for estimated cardiorespiratory
fitness (¢CRF) may be used, making it possible to investigate
eCRF in big population-based studies without the need for a
physical test [7]. eCRF equations are usually developed by
multivariable regression analysis of variables expected to
be associated with the maximum oxygen uptake measured
by CPET, followed by removal of non-significant variables
to achieve a simplified, yet appropriate regression model.
Selected variables should be easily accessible, e.g., height,
weight, waist circumference, resting heart rate (RHR) and/
or answers to questionnaires describing PA habits. In this
way, CRF may be calculated from the model with acceptable
accuracy without performing CPET [11].

In the second and third surveys of the Norwegian popula-
tion-based Trgndelag Health Study (HUNT2 and HUNT3)
conducted in 1995-1997 and 2006-2008 [12], formulas
for eCREF for healthy participants were developed [10, 11].
Using these eCRF equations, the associations of eCRF to
various risk factors and outcomes have been investigated
[10, 13, 14]. After demonstrating that these formulas overes-
timated eCRF in RA patients with the lowest measured CRF,
our group developed eCRF equations that more correctly
calculate eCRF in RA patients [15]. Previous studies sug-
gest that RA patients are deconditioned and on average have
decreased CRF compared to the general population [16-18].
To our knowledge, no studies have compared age-related
changes in eCRF of RA patients and healthy people in a
population-based setting. The design of the large population-
based HUNT study with long follow-up makes this possible.

On this background, we hypothesized that eCRF in RA
patients deteriorates faster by time compared to controls,
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and that RA patients in HUNT2 and HUNT3 are decon-
ditioned and have lower eCRF than controls. Thus, the
primary aim of the present study was to investigate the
change of eCRF by time from HUNT2 to HUNT3 in RA
patients compared to controls and identify variables asso-
ciated with the potential difference in this change between
the two groups. The secondary aim was to compare eCRF
levels between RA patients and controls in HUNT2 and
HUNTS3.

Methods

The present work was a sub-study of HULARS (HUNT Lon-
gitudinal Ankylosing spondylitis and Rheumatoid Arthritis
Study). In the HUNT study [12], all inhabitants > 20 years
old from the northern part of the Norwegian county of Trgn-
delag were invited. The HUNT study is an open cohort study
and data, including results from questionnaires and blood
samples from participants from HUNT2 (1995-1997) and
HUNT?3 (2006-2008), were used in the present observa-
tional study.

Power was calculated based on the following assump-
tions using data from previous HUNT publications [19, 20]:
Approximately 33,000 persons participated in both HUNT2
and HUNT?3 and the prevalence of RA was~0.75%; we
expected ~ 15% missing data for calculation of eCRF; the
average 10-year decline in CRF in healthy people would
be~3.8 mL min~! kg~!; we presumed a 20% larger decline
in individuals with RA; and used alpha=0.05 and a two-
sided test. The calculated power was 82%, which was con-
sidered sufficient to perform the study.

Patients

Based on the information in hospital case files and using the
standardized 2010 ACR/European League Against Rheuma-
tism classification criteria for rheumatoid arthritis [20-22]
or for some cases diagnosed before 2010 the 1987 American
College of Rheumatology (ACR) classification criteria due
to insufficient information [21], a previous study identified
those with a valid RA diagnosis (n=3578) out of all par-
ticipants in HUNT2 and HUNT3 who self-reported RA. We
excluded those who received an RA diagnosis after HUNT3
(n=32) and participants with ankylosing spondylitis, pso-
riasis arthritis, juvenile idiopathic arthritis, or other inflam-
matory arthritis. The remaining participants were included
as controls. The primary aim was to investigate the change
in eCRF from HUNT?2 to HUNT3; thus, we only included
controls and RA patients with valid eCRF in both HUNT2
and HUNT3 and with no missing adjustment variables in the
regression analysis (188 RA patients and 26,202 controls)
in this analysis (Fig. 1). For the secondary aims comparing
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Participants in HUNT2? and/or HUNTS3,

excluding uncertain RA diagnoses, RA diagnosis after HUNT3 (n=32), ankylosing spondylitis, psoriatic
arthritis, juvenile idiopathic arthritis and other inflammatory arthritis:
Total n =77,008 RA patients n=546 Controls n=76,462

Secondary aims

Missing eCRF in
HUNT2 and/or
HUNTS, or age

<30 or >89
years:
Total
n=17,452
RA patients
n=114
Controls
n=17,338

Missing
eCRF in
HUNT?2 Primary aim
and/or
HUNT3:
Total, — Missing
n=49,225 eCRF in
RA HUNT2 or B —
paflents Participants with eCRF H-%-Jg:aT? ’
sl in both HUNT2 and _
Controls HUNT3 n-8,6§2
n=48. 868 RA patients
! Total n=27,783 n=110
RA patients n=189 Controls
Missing? Controls n=27,594 n=8,552
adjustment
variables: —
Total Mean difference
n=1,393 in age-adjusted eCRF
(5%) N between RA patients and
RA Change in eCRF controls
patients from HUNT2 to HUNT3: in HUNT2 and HUNTS3,
n=1 Total. n=26,390 stratified by sex:
Controls RA patients n= 188 Total n=68,346°
n=1,392 Controls n=26.202 RA patients n=436
Controls n=67,910

Comparison of eCRF in
controls and RA
patients in sex and 10-
year age (30-89 years)
categories in HUNT2
and HUNT3:

Total n=59,556
RA patients n=432
Controls n=59,124

Fig. 1 Recruitment to the study. a HUNT2 and HUNT3 Second and
third surveys of the Trgndelag Health Study, RA rheumatoid arthri-
tis, eCRF estimated cardiorespiratory fitness, HUNT3 Fitness Sub-
study of HUNT3. b Missing data: <0.1% for body mass index and
asthma, < 0.2% for cardiovascular disease and hypertension, and 4.5%
for smoking. Remaining variables complete. ¢ Numbers represent
unique participants. Because persons participating both in HUNT2

eCRF levels in controls and RA patients, we included par-
ticipants attending either HUNT2 only, HUNT3 only, or
HUNT?2 and HUNTS3, resulting in a higher number of par-
ticipants for these comparisons as detailed in Fig. 1. Method
validation was performed in participant subsets as further
described below.

Main outcome variable

eCRF (mL kg~! min~!) was calculated using the previously
published eCRF equations for healthy controls [10, 11],
and the RA-specific equation for RA patients [15]. Due to
collinearity, variables present in eCRF equations cannot be
used as explanatory variables for eCRF in a novel regres-
sion analysis. This problem was avoided for the primary aim

and HUNT3 were included in the analysis for both timepoints, the
actual n was higher (total #=96,129, RA patients n=625, controls
n=95,504). d Numbers represent unique participants. Because per-
sons participating both in HUNT2 and HUNT3 were included in the
analysis for both timepoints, the actual n was higher (total n=284,170,
RA patients n=616, controls n=_83,554)

in the present study because the outcome variable was the
change in eCRF from HUNT2 to HUNT3.

Study factors

The primary and secondary outcomes were compared among
RA patients and controls as defined above.

Other variables

Variables known from the literature to be associated with
eCRF change and available in the HUNT surveys were used.
The following variables and definitions were used: CVD
(yes/no)—self-reported prior or present angina pectoris
and/or myocardial infarction and/or stroke. Family CVD

@ Springer



372

Rheumatology International (2021) 41:369-379

history (yes/no)—previous/present stroke and/or hyperten-
sion and/or myocardial infarction (MI) before age 60 years
in a first-degree relative. Hypertension (yes/no)—blood
pressure > 140/90 mm Hg and/or self-reported use of anti-
hypertensive medication. Hypertension and systolic blood
pressure (SBP) are correlated, and only hypertension was
used because those treated with anti-hypertensive medi-
cation might have normalized SBP despite a diagnosis of
hypertension. Smoking (yes/no)—self-reported prior or
present smoking. Asthma (yes/no)—self-reported prior or
present asthma. Diabetes (yes/no)—self-reported diabetes
and/or the use of anti-diabetic medication and/or having a
non-fasting blood-glucose level > 11 mmol x L~!. Cancer
(yes/no)—self-reported prior or present cancer. Pain (yes/
no)—pain and/or stiffness that had lasted for >3 of the 12
latest months. Body mass index—weight/squared height (kg/
m?). High-density lipoprotein (HDL) cholesterol measured
in mmol/L.

PA strongly influences CRF [7, 8]. The American Col-
lege of Sports Medicine and American Heart Association’s
(ACSM/AHA) recommendations for aerobic PA are to per-
form either moderate-intensity physical activity > 30 min
on>5 days each week (> 150 min per week) or to perform
vigorous-intensity aerobic activity >20 min > 3 days a week
(=75 min per week). PA at these two intensities may also be
combined [10, 23]. To describe the level of PA, the propor-
tions of RA patients and controls fulfilling the ACSM/AHA
recommendations for aerobic PA at HUNT2 (baseline) and
HUNT3 were calculated from responses to questions about
frequency, intensity and duration of weekly performed PA
[10, 11, 23].

Ethics statement

All participants in HUNT2 and HUNT3 provided written
informed consent. The present study was approved by The
Regional Committee for Medical and Health Research Eth-
ics (4.2009.1068 and 2018/1149) and was performed in
compliance with the Helsinki Declaration.

Statistical analysis

Data are given as counts or mean with percentages or stand-
ard deviation (SD) in parenthesis. p values < 0.05 were con-
sidered significant. Analyses were performed using STATA
(Version 15.0, StataCorp, College Station, TX, USA).

To evaluate the decline in eCRF from HUNT?2 to HUNT3
for the primary aim, regression models were performed in
steps with different adjustments. In Step 1, we performed
multiple linear regression with change in eCRF as the
dependent variable and age (continuous), RA status (yes/
no), and the interaction term for age and RA status as inde-
pendent variables, which permitted investigation of whether
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eCRF reduction by time was different between RA patients
and controls depending on age. Inclusion of age in the model
ensured that differences in baseline age between RA patients
and controls were adjusted for. We also included the fol-
lowing predefined adjustment variables: baseline eCRF, sex
(male=0 and female = 1), and time from participation in
HUNT?2 to participation in HUNT3 (years). Baseline eCRF,
sex and age were included because the change in eCRF may
depend on the starting level, and CRF varies with sex and
age. Adjustment for time between the HUNT2 and HUNT3
was included because time varied from 10 to 12 years among
individual participants.

The Step 1 model was then further modified to investigate
other associations to the decline in eCRF from HUNT?2 to
HUNTS3 (Step 2—4). Based upon literature, further baseline
variables possibly relevant for the change in eCRF were
considered as detailed above (CVD, family CVD history,
hypertension, smoking, asthma, diabetes, cancer, pain, BMI,
and HDL cholesterol). PA and RHR could not be included in
the main analysis of change of eCRF because of collinearity
with the dependent variable.

To reduce the risk of overfitting and promote reliable
variable selection, the mentioned explanatory variables were
first analyzed by Lasso (least absolute shrinkage and selec-
tion operator) regression (n = 1000 repetitions). Lasso identi-
fies the smallest useful set of variables among variables that
may be highly correlated, and gives irrelevant variables a
coefficient of 0 [24]. Variables with a coefficient different
from O in the Lasso regression were, therefore, added to the
Step 1 model to achieve the Step 2 model. The Step 2 model
was then reduced to the final Step 3 model by removal of
non-significant variables. In Step 4, the Step 3 model was
standardized to compare the effect sizes of the predictors.

The models were compared using the R” (i.e., the varia-
tion in the dependent variable explained by the independ-
ent variables), root mean square error (RMSE, i.e., stand-
ard error of the residuals, which tells how close the data
lie around the line of best fit), Akaike information criterion
(AIC) and Bayesian information criterion (BIC), where low
numbers mean that the model better fits the data. Assump-
tions were evaluated using residual plots.

For the secondary aims, analysis was performed sepa-
rately for HUNT2 and HUNT3 and each participant was
included wherever she/he had participated (Fig. 1). Lin-
ear regression was used to find the mean sex-specific age-
adjusted difference in eCRF between RA patients and
controls. Mean eCRF of controls and RA patients aged
30-89 years were further compared with two-sample ¢ tests
in ten-year age categories for each sex separately.

As a sensitivity assay, we validated whether the eCRF
calculation methods used in the study were comparable
employing equivalence testing. With this method, the mean
and 90% confidence interval (CI) of the difference between
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two methods, e.g., the calculated eCRF and measured CRF
are evaluated against a predefined equivalence region [25].
The equivalence region indicates how big the difference may
be for the two methods still to be considered equivalent. As
there is no generally accepted equivalence region for eCRF
vs. measured CRF, we evaluated against an equivalence
region of + 1 Metabolic Equivalent (MET) (+3.5 mL min~!
kg™h).

The eCRF equation for the general population was devel-
oped from a sub-study of HUNT3 (HUNT3 Fitness) [11,
19], which ensures that the eCRF equation for the general
population fits the controls of our study. To evaluate whether
the RA-specific eCRF equation would be adequate for the
controls, an equivalence test was performed to compare the
calculated eCRF by the RA-specific equation to the meas-
ured CRF from CPET in 3,294 of the controls in our study
(women, n= 1754 and men, n=1540), who had also partici-
pated in the HUNT3 Fitness study.

The equations for estimation of the RA-specific eCRF
in HUNT2 and HUNT?3 were slightly different due to the
registered variables concerning PA in each survey. In a sec-
ond equivalence test, we, therefore, compared these two RA
equations in 189 RA patients where data for both methods
were available. There are similar differences in the eCRF
equations used in controls in HUNT2 and HUNT?3. Thus,

Table 1 Baseline characteristics for the main analysis

a third equivalence test of the general eCRF equations for
HUNT?2 and HUNT3 in 27,594 controls was also performed.

Results

Baseline characteristics, including mean eCRF in HUNT2
and the frequencies of RA patients and controls fulfilling the
ACSM/AHA recommendation for aerobic PA at baseline are
given in Table 1. Table 1 presents baseline characteristics for
RA patients (n=188) and controls (n=26,202), after exclu-
sion of those with missing data for variables in the main
regression analysis of change of eCRF. In HUNT?2, 48% of
the women with RA and 58% of the control women fulfilled
aerobic PA recommendations, and the corresponding figures
for men were 61% and 66%, respectively. In HUNT3, 31% of
the women with RA and 40% of the control women fulfilled
aerobic PA recommendations, and the corresponding figures
for men were 29% and 41%, respectively.

Primary aim
The mean change in eCRF from HUNT2 to HUNT3 was

— 8.3 mL min~! kg~! in RA patients compared to — 6.7 mL
min~! kg™! in controls (p <0.001); for women: — 7.5 (3.7)

Total, n=26,390 Women

Men

Controls n=14,466 RA patients n=119 p value

Controls n=11,736 RA patients n=69 p value

Age, mean (SD) (years) 44.9 (12.8) 52.4 (10.5) <0.001 46.8 (12.7) 55.6 (9.7) <0.001
Systolic blood pressure, mean (SD) 129.6 (19.0) 134.0 (16.4) 0.01 137.0 (16.4) 141.0 (19.8) 0.06
(mm Hg)
Resting heart rate, mean (SD) (bpm) 72.2 (12.2) 73.1 (10.8) 0.42 67.0 (12.3) 68.4 (12.7) 0.33
Body mass index, mean (SD) (kg/m?)  25.6 (4.1) 26.7 (4.0) 0.006 26.4(3.2) 26.3 (3.3) 1.00
Waist circumference, mean (SD) (cm)  79.4 (10.3) 83.0 (10.6) <0.001 91.0(8.4) 91.6 (9.2) 0.57
High-density lipoprotein mean (SD) 1.53 (0.38) 1.50 (0.45) 0.42 1.25 (0.33) 1.23 (0.33) 0.53
(mmol/L)
Ever smoker, n (%) 7191 (50) 69 (58) 0.07 6359 (54) 48 (70) 0.01
Cardiovascular disease?, n (%) 237 (2) 33) 0.45 575 (5) 8(12) 0.01
Asthma®, 1 (%) 1084 (8) 9(8) 1.00 933 (8) 34) 0.27
Hypertension®, n (%) 3994 (28) 46 (39) 0.01 4923 (42) 39 (57) 0.02
Diabetes®, n (%) 144 (1) 3(3) 0.10 183 (2) 4 (6) 0.005
Fulfills ACSM/AHA recommendations 8522 (59) 57 (48) 0.02 7768 (66) 42 (61) 0.35
for aerobic PA, n (%)
eCRF in HUNT2, mean (SD) (mL 36.81 (5.8) 31.19 (6.2) <0.001 46.10 (6.8) 40.95 (8.2) <0.001

min~! kg™!)

RA rheumatoid arthritis, bpm beats per minute, ACSM American College of Sports Medicine; AHA American Heart Association, PA physical
activity, eCRF estimated cardiorespiratory fitness, HUNT2 The second survey of the Trgndelag Health Study

#Cardiovascular disease: Self-reported prior or present angina pectoris and/or myocardial infarction and/or stroke

® Asthma: Self-reported prior or present asthma

“Hypertension: Blood pressure > 140/90 and/or self-reported use of anti-hypertensive medication

Diabetes: Self-reported diabetes and/or the use of anti-diabetic medication and/or having a non-fasting blood-glucose level > 11 mmol x L™
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mL min~! kg~! for RA patients vs. — 6.0 (3.4) mL min~!
kg~! for controls; for men: — 9.6 (3.3) mL min~! kg™! in RA
patients vs. — 7.6 (4.1) mL min~! kg~! for controls.

The Step 1 regression model for change in eCRF from
HUNT?2 to HUNT3 showed that the decline was larger
in RA patients compared to controls and increasing with
older age at baseline (Table 2, Fig. 2, panel a and b). No
potential adjustment variables had a coefficient of 0 in the
Lasso regression, so all variables were included in the Step 2
model. Cancer, diabetes, pain, and family CVD history were
non-significant in Model 2 and were removed from Model 3.
Removal of these variables hardly influenced model fit. The
adjustment provided by smoking, CVD, BMI, HDL choles-
terol, asthma and hypertension in the Step 3 model (Table 2)
rendered the decline in eCRF from HUNT2 to HUNT3 even
more pronounced (Fig. 2, panel c and d). Based on the Step
4 model, the age-related eCRF decrease in RA patients
was (— 0.482 x age +0.044) mL min~! kg~! compared to
(= 0.367 x age) mL min~! kg™! in controls.

Secondary aims

eCRF in RA patients was lower than eCRF in controls.
Mean differences in age-adjusted eCRF for RA patients
versus controls were: women HUNT2: — 3.2 mL min~!
kg™!; women HUNT3: — 5.0 mL min~' kg™'; men HUNT?2:
— 1.8 mL min~! kg~!; men HUNT3: — 4.0 mL min~' kg™!)
(»<0.001 for all comparisons). Online Resource 1 provides
further details regarding eCRF in RA patients and controls
in 10-year categories for both sexes.

Sensitivity analyses for method validation

The RA-specific equation was non-equivalent with meas-
ured CRF when used for healthy persons, confirming that
eCRF in controls and RA patients cannot be calculated using
the same equation (Fig. 3). The RA equations for HUNT2
and HUNT3 were equivalent, and so were the general eCRF
equations for HUNT2 and HUNT3, demonstrating that

Table 2 Regression models for eCRF change (mL min~! kg™!) with standardization

Step 1 model® Step 2 model® Step 3 model® Step 4 model?
Age (years) — 0.053*** — 0.110%** — 0.110%** —0.367
RA status (no=0/yes=1) 0.421 (p=0.76) 2.138 (p=0.12) 2.011 (p=0.13) 0.044
Age and RA interaction — 0.060* — 0.101*** — 0.096%** —0.115
Baseline eCRF (mL min~' kg™") — 0.271%%* — 0.475%%* — 0.473%%* —0.964
Years from HUNT2 to HUNT3 — 0.3771%#%* — 0.334%%* — 0.339%** —0.050
Sex (male=0/female=1) — 0.965%** —3.361%** — 3.320%** - 0431
Smoking (never=0/ever=1) — 0.474%%* — 0.518%%* —0.068
Cardiovascular disease (no=0/yes=1) —0.279* —0.339** —0.015
Body mass index (kg/(m?)) — 0.286%*** — 0.292%** —0.285
High-density lipoprotein concentration 0.336%** 0.289%#3%* 0.029
Asthma (no=0/yes=1) —0.253* —0.216%* —0.015
Hypertension (no=0/yes=1) — 0.277%%* — 0.211%%* —0.026
Pain (no=0/yes=1) 0.0310 (p=0.51)
Cancer (no=0/yes=1) 0.0557 (p=0.70)
Diabetes (no=0/yes=1) —0.188 (p=0.36)
Family CVD history (no=0/yes=1) 0.010 (»p=0.83)
Constant 11.561 30.706 30.893
R squared 0.16 0.21 0.21
RMSE 3.52 3.39 3.41

The standardized coefficient gives the change in eCRF for one SD increase in each continuous variable, and the change in eCRF for the change

from O to 1 in each categorical variable

eCRF estimated cardiorespiratory fitness, RA rheumatoid arthritis, HUNT2 and HUNT3 The second and third surveys of the Trgndelag Health
Study, CVD cardiovascular disease, R—squared the variation in the dependent variable explained by the independent variables, RMSE root mean
square error; Lasso least absolute shrinkage and selection operator regression

#p<0.05, **p <0.01, **%p <0.001

#After removal of variables because of collinearity and high number of missing

b After Lasso regression
¢ After removal of non-significant variables

dAfter standardization
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Fig.2 Change of eCRF* from HUNT2 to HUNT3. Change of eCRF
from HUNT2 to HUNT3 for RA patients (------ ) and controls (——)
with 95% confidence intervals. Panels a (women) and b (men) rep-
resent the Step 1 model including RA status (yes/no), age, and the
interaction term for age and RA status with adjustment for baseline
eCREF, sex and time between HUNT2 and HUNT3. Panels ¢ (women)

change in eCRF from HUNT2 to HUNT 3 was not biased
by the use of slightly different equations (Fig. 3).

Discussion

Having an RA diagnosis was associated with a faster age-
related decline in eCRF compared to controls, and this
effect was larger with higher age at baseline. RA patients
also had lower eCRF than controls, especially in the older
age categories.

There has been much focus upon the fact that RA
patients have worse cardiovascular risk factor profiles,
excess CVD and excess mortality from CVD compared to
the general population [3]. In theory, the faster decline in
CREF associated with RA might be explained by their less
favorable cardiovascular risk factors and higher incidence

(o)

Change in eCRF (mL: min-kg™)

T T T T T T T T T T T T T T
20 25 30 35 40 45 50 55 60 65 70 75 80 8

Baseline age (years)

Change in eCRF (mL-min kg™

T T T T T T T T T T T T T T

20 25 30 35 40 45 50 55 60 65 70 75 80 8

Baseline age (years)

and d (men) represent the Step 3 model, additionally adjusted for
smoking (never vs. ever), cardiovascular disease, body mass index,
high-density lipoprotein, asthma and hypertension. “%eCRF estimated
cardiorespiratory fitness, HUNT2 and HUNT3 The second and third
surveys of the Trgndelag Health Study, RA rheumatoid arthritis

of CVD at an earlier age, contributing to a vicious cycle.
In this study, women with RA had higher BMI and more
often had hypertension compared to controls; whereas,
more men with RA more often were ever smokers, had
diabetes, CVD, or hypertension compared to controls.
However, by adjusting for known risk factors for cardio-
vascular disease like BMI, smoking, and lower HDL cho-
lesterol in addition to hypertension, asthma, and previous
CVD, the faster decline in eCRF of RA patients compared
to controls became even more pronounced, indicating that
other factors were also involved. The association between
CVD, risk factors, and CRF substantiates the importance
of CRF improvement as a preventive measure of CVD
in RA patients. The findings that fewer RA patients met
the general recommendations for aerobic PA compared to
controls and that fewer participants met the recommen-
dations in HUNT3 than in HUNT2 are important from
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Fig.3 Equivalence testing for method validation. Methods are
regarded equivalent when the 90% confidence interval (CI) of the
difference between measurement with the two methods (horizon-
tal bars) lie within the equivalence region (vertical dashed lines),
defined as+1 MET (3.5 mL min~! kg™!). Bar a: RAY -specific
equation used for healthy participants in HUNT3 Fitness com-
pared to measured CRF. Mean difference: — 1.3 min~' kg~1, 90%
CI - 8.6, 6.0 mL- min~! kg‘l. Methods were non-equivalent. Bar
b: RA-specific equation for HUNT3 compared to RA-specific equa-

this perspective because the level of PA is a well-known
predictor of CRF.

It could be important for interpretation of the results
that advice and information about PA given to RA patients
have changed in recent years. Advice recommending exer-
cise with low intensity has gradually shifted towards advice
about high-intensity exercise. Thus, more recent exercise
regimens for RA patients could potentially have counter-
acted the decline in eCRF from HUNT?2 to HUNTS3. This
does not seem to have had a strong effect because a study
from our group showed that RA patients tested in 2017 still
had reduced CRF compared to the healthy population [16].

For better care and follow-up of the general population,
the AHA has recommended use of estimation models for
eCRF [7], and the ACSM/AHA recommendations for PA
are implemented as important aims for the level of physi-
cal activity in RA patients [23, 26]. However, development
and implementation of suitable exercise programs for RA
patients still need higher priority. Estimating CRF in RA
patients can contribute to better follow-up. To facilitate
correct estimation of eCRF, we have recently published
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tion for HUNT?2. Mean difference: — 1.2 mL kg_1 min~', 90% CI —
1.3, = 1.1 mL kg! min~'. Methods were equivalent. Bar c: General
eCRF equation for HUNT3 compared to general eCRF equation for
HUNT?2. Mean difference: 0.3 mL min™' kg™, 90% CI — 1.4, 2.0 mL

min~! kg~!. Methods were equivalent. “RA rheumatoid arthritis,
HUNT3 Fitness Sub-study of HUNT3, CRF cardiorespiratory fitness,
HUNT?2 and HUNT3 The second and third surveys of the Trgndelag
Health Study, eCRF estimated cardiorespiratory fitness

equations that are customized for RA patients [15]. Uptake
of these formulae in rheumatology practice may contribute
to better patient care.

The proportion of healthy controls that fulfill the recom-
mendations for PA has not changed much over the years.
On the contrary, there is a trend of major concern for public
health that inactivity at work has increased. Analyzing the
effect of type of work (physical vs. non-physical) could be
of interest in the present study as well, but due to missing
data, this variable could not be included.

Other possible explanations for increased deterioration
of eCRF by time in RA patients need to be considered. The
natural process of aging contributes to deterioration of CRF
by time. As RA is associated with accelerated aging of the
immune system, including insufficiency of telomerase activ-
ity and deficiency of DNA repair mechanisms [27], one may
speculate that such mechanisms contributed to the faster
decline in eCRF. Further, RA is associated with rheuma-
toid cachexia, with reduced muscle mass and increased fat
mass [6], which adds to the natural wasting of muscula-
ture by increasing age. This may render RA patients more
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susceptible to the frailty syndrome. An individual is consid-
ered frail if three out of these five phenotypes are present:
weakness, unintentional weight loss, exhaustion, low PA and
slower walking speed [28]. Frail persons have an increased
frequency of negative health outcomes, including accidental
falls, reduced mobility and decreased functional capacity
[27]. Frailty could potentially contribute to reduced eCRF
in RA patients, but unfortunately, we did not have data to
assess frailty in the present study.

The present study has several strengths. It was popula-
tion-based and included a substantial number of participants
with~ 11 years of follow-up. Furthermore, the RA diagnoses
were validated from information in hospital case files [20]. A
potential weakness is that eCRF for controls and RA patients
were calculated using different equations, but the sensitiv-
ity analyses clearly showed that this did not bias the results.
Our study confirmed that the RA-specific equations should
only be used in RA patients. Another study from our group
showed that the general eCRF equation is not adequate for
RA patients because of a tendency towards underestimation
in RA patients at highest risk of CVD [15]. The equations
used in HUNT2 and HUNT3 were equivalent, both for RA
patients and healthy controls. Taken together, our study sup-
ports that eCRF in RA patients and the general population
should be calculated using different equations.

Because HUNT is a large population-based study, RA
disease-related variables that would not be relevant for
controls such as disease activity, swollen and tender joint
counts, or the patient’s global disease assessment were not
collected. Previously, our group found that a number of vari-
ables describing physical function and disease activity were
not associated with measured CRF at CPET in RA patients
and did not improve the RA-specific eCRF equation [15, 16].
Thus, the results of the present study are probably not biased
because such variables were missing.

Since HUNT?3 was performed in 2006-2008, there has
been a change in treatment strategies for RA with more
medications to choose from and use of higher doses of anti-
rheumatic drugs like methotrexate. Thus, results from this
study might not be representative for today’s RA population.
In a former study [16], we investigated various predictors for
the measured CRF in RA patients. Disease modifying anti-
rheumatic drugs, comorbidities, and disease activity scores
other than the patient global assessment were not signifi-
cant predictors for CRF. These findings support that despite
changes in treatment strategies the start of the present study,
the results may still be representative.

A limitation of this study may be the use of estimation
models for CRF instead of direct measurement. CPET of
all participants would not easily be feasible in a study as
large as HUNT, but a smaller future study using CPET
could provide more accurate data. The low number of RA

patients may represent a limitation, but the very large con-
trol group reduces selection bias and thereby improves the
validity of the results.

In conclusion, the present study showed that age-related
eCREF deterioration was faster in RA patients compared to
healthy controls. This finding may add to the explanation
of the increased frequency of CVD in RA patients at an
earlier age compared to healthy controls. The study also
found that a lower percentage of RA patients fulfilled rec-
ognized PA recommendations, and that RA patients had
lower CREF at baseline. Thus, increasing PA in RA patients
seems to be an important measure to improve cardiovas-
cular health by reducing the age-related decline in eCREF,
in addition to modern medical treatment.
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