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ABSTRACT

Introduction: The objective was to evaluate the
relationships between multimorbidity and
overall fatigue as well as fatigue subdomains in
patients with rheumatoid arthritis (RA).
Methods: A cross-sectional study of a popula-
tion-based cohort of patients with RA was per-
formed. Fatigue was assessed using the Bristol
Rheumatoid Arthritis Fatigue Multidimensional
Questionnaire (BRAF-MDQ). Patients’ medical
records were reviewed for 25 chronic comor-
bidities prior to the BRAF-MDQ. Linear and
logistic regression models were used to estimate
the differences in BRAF-MDQ total and subdo-
main (physical, living, cognitive, and emo-
tional) scores associated with multimorbidity,
adjusting for age, sex, disease duration, obesity,
smoking, C-reactive protein, and RA autoanti-
bodies. Higher BRAF-MDQ scores indicate
greater fatigue severity.

Results: The cohort included 192 patients,
median age 62 years, and median RA duration
13 years. Multimorbidity was common with 93
(48%) having C 2 comorbidities, and 27 (14%)
having C 4 comorbidities. The median BRAF-
MDQ total score was 9 (interquartile range
3–18), with higher scores indicating greater
fatigue. Patients with C 4 comorbidities had
higher total BRAF-MDQ scores (median 16.5,
interquartile range: 6.8–24.8) than patients
with\ 4 comorbidities (7.5, 2.8–16.0;
p = 0.014). Each additional comorbidity was
associated with a 2.33 (95% confidence interval
[CI] 1.10–3.56) unit increase in total BRAF-MDQ
score (p\0.001), and the presence of C 4
comorbidities was associated with a 9.33 (95%
CI 3.92–14.7) unit increase in total BRAF-MDQ
score. Multimorbidity was significantly associ-
ated with all four fatigue subdomains in adjus-
ted models.
Conclusions: Multimorbidity is associated with
increased fatigue in patients with RA. The
findings suggest that interventions targeting
multimorbidity could help alleviate treatment-
refractory fatigue in patients with RA and other
rheumatic diseases.
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Key Summary Points

Why carry out this study?

Previous studies have reported that
multimorbidity is associated with the
severity of fatigue as defined by visual or
numeric scales.

There is an unmet need to more deeply
understand effects of multimorbidity on
various facets of the fatigue experience.

What was learned from this study?

In this study, we have shown that the
presence of substantial multimorbidity,
defined as the presence of C 4
comorbidities, is associated with severe
fatigue after adjusting for important
confounders.

Multimorbidity is an important
contributor to the experience of fatigue
among patients with RA, including the
physical, living, cognitive, and emotional
aspects of the disease.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
the digital features for this article go to https://
doi.org/10.6084/m9.figshare.13083962.

INTRODUCTION

Despite treatment advances, fatigue continues
to have a major impact on people living with
rheumatoid arthritis (RA) [1]. The prevalence of
clinically important fatigue (e.g.,[40 mm on a
100-mm visual analog scale or SF-36 vitality
score\35) is around 40–50% [2, 3]. Persistent
fatigue occurs in more than 50% of patients
after 10 years of follow-up and is more common
among women than men (60 vs. 40%) [4, 5].
Key mediators of RA fatigue are inflammation,

pain, mental health and coping styles, physical
activity, sleep quality, deconditioning and
muscle atrophy, metabolic changes, and func-
tional limitations and disability [6–8]. Impor-
tantly, fatigue is a pervasive, unpredictable, and
often inexplicable problem for patients with RA
that greatly interferes with their functional
status and quality of life [9, 10].

Advances in treat-to-target strategies and
targeted therapies have so far not ameliorated
this problem as many RA patients report per-
sistent fatigue despite attainment of clinical
remission on biologic therapies [11, 12]. Inves-
tigation of longitudinal data from the Early RA
Network (ERAN) and Early RA Study (ERAS) in
the United Kingdom for secular trends in dis-
ease trajectories for patients diagnosed in 1990,
2002, or 2010 have shown that while the initial
5-year course for inflammatory disease activity
has improved over the decades, improvements
in fatigue in early RA have been much smaller
in magnitude and not statistically significant
[13, 14]. In a recent large administrative claims
study, patients with diagnostic codes for RA and
fatigue had higher all-cause and RA-specific
health care utilization and costs compared to
matched controls without fatigue, underscoring
not only the burden of fatigue for patients but
also for health care systems [15].

Multimorbidity, the presence of two or more
chronic diseases, is increasingly recognized as
an important issue in RA that affects treatment
and outcomes [16, 17]. In an analysis of the
aforementioned ERAN and ERAS studies, the
lack of improvement over the years in fatigue
for patients with early RA was observed in par-
allel with a dramatic rise in comorbidity burden
(i.e., C 1) from 29% in 1990 to 50.7% in 2010,
suggesting that multimorbidity may be an
important contributor to fatigue [18]. In the
large COMORA (COMOrbidity in Rheumatoid
Arthritis) study, involving 3920 patients in 17
countries, the top comorbidities were depres-
sion (15%), asthma (6.6%), cardiovascular dis-
ease (6%), malignancies (4.5%), and chronic
obstructive pulmonary disease (3.5%) [19]. The
prevalence of multimorbidity is as high as two-
thirds of patients with RA in some studies [17].
The numeric count of comorbidities (‘multi-
morbidity index’) is associated with a stepwise
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reduction in physical function as assessed by
the Health Assessment Questionnaire (HAQ)
and health-related quality of life as assessed
using the SF-36 or EQ-5D instruments [20, 21].
Multimorbidity has been associated with
reduced probability of clinical remission,
accounting for RA disease characteristics and
disease-modifying therapies [22].

However, relatively little is known about the
relationship between multimorbidity and RA
fatigue. Recognizing that fatigue is a complex
and multidimensional experience, there is an
unmet need to delve deeper into the effects of
multimorbidity on the various facets of the
fatigue experience for patients. Therefore, the
objective of this study was to determine the
associations between multimorbidity and over-
all fatigue as well as known fatigue subdomains
in patients with RA.

METHODS

Study Design and Participants

A prospective, cross-sectional study of a com-
munity population-based cohort of adult resi-
dents C 18 years of age in Olmsted County,
Minnesota, with RA was performed. The cohort
was previously assembled using the resources of
the Rochester Epidemiology Project, a popula-
tion-based medical records linkage system of
the complete inpatient and outpatient medical
records from all healthcare providers in Olm-
sted County [23]. Participants fulfilled the 1987
American College of Rheumatology (ACR) clas-
sification criteria for RA [24]. Both incident and
prevalent cases of RA living in Olmsted County
in 2012–2014 were invited to participate in this
prospective study, which involved a single
study visit where a survey was completed. From
the total population of patients alive and eligi-
ble, 192 of 296 agreed to participate in this
study. The Mayo Clinic (IRB number
06-005445) and Olmsted Medical Center (IRB
number 039-omc-06) institutional review
boards approved this research study. The study
was conducted in accordance with the Helsinki
Declaration of 1964 and its later amendments.
All participants provided written informed

consent. No protected health information of
research participants is disclosed in this
manuscript.

Data Collection

A review of medical records was performed by
trained nurse abstractors. Data collection
included participant demographics, RA dura-
tion, body mass index (BMI, kg/m2), smoking
status (ever/never), serological status for
rheumatoid factor (RF) and anti-cyclic citrulli-
nated peptide (anti-CCP) antibodies, C-reactive
protein (CRP, mg/l), and current use of con-
ventional synthetic disease-modifying anti-
rheumatic drugs (DMARDs), biologic agents, or
prednisone. During a research visit, patients
completed the Routine Assessment of Patient
Index Data 3 (RAPID-3) to assess disease sever-
ity; according to the RAPID-3 scores, disease
severity was classified as remission (0.0–3.0),
low (3.1–6.0), moderate (6.1–12.0), or high
(12.1–30.0) disease severity [25].

Measurement of Fatigue

The Bristol Rheumatoid Arthritis Fatigue Mul-
tidimensional Questionnaire (BRAF-MDQ) was
used to comprehensively assess fatigue and
related health domains [26–30]. This 20-item
questionnaire encompasses a total score (range,
0–70) as well as physical (range, 0–22), living
with fatigue (range, 0–21), cognitive (range,
0–15), and emotional (range, 0–12) subdomain
scores. Higher scores reflect greater fatigue
severity. A salient attribute of this scale is that it
was developed in collaboration with patient
research partners [31]. The BRAF-MDQ has been
shown to be valid, reliable, and sensitive to
change for use in RA clinical research and
practice [27, 28].

Definition of Multimorbidity

Diagnostic codes from all healthcare providers
in Olmsted County for a period of 5 years prior
to the survey date were used to define 25
chronic medical conditions based on a combi-
nation of the Charlson Comorbidity Index [32],
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Elixhauser Comorbidity Index [33], and Rheu-
matic Disease Comorbidity Index [34]. At least
two diagnostic codes at least 30 days apart were
required to define each comorbidity. This list
included cancer, cerebrovascular disease,
chronic pulmonary disease, myocardial infarc-
tion, congestive heart failure, valvular disease,
dementia, diabetes mellitus, liver disease,
paralysis, peripheral vascular disorders, renal
failure, alcohol and substance abuse, coagu-
lopathy, deficiency anemias, depression,
hypertension, hypothyroidism, psychoses,
other neurological disorders, pulmonary circu-
lation disorders, and spine, hip or leg fractures.
Human immunodeficiency virus (HIV)/ac-
quired immunodeficiency syndrome (AIDS) and
metastatic cancer were also included, but were
not observed. Rheumatic diseases (i.e., lupus)
and RA extraarticular manifestations (e.g.,
interstitial lung disease, secondary Sjögren’s
syndrome, vasculitis) were not included in the
definition of multimorbidity. Multimorbidity
was assessed using the count of comorbidities
other than RA. Substantial multimorbidity was
defined as C 4 comorbidities.

Statistical Analysis

Descriptive statistics (counts/percentages,
medians/interquartile ranges [IQR], etc.) were
used to summarize patient characteristics.
Comparisons between different multimorbidity
groups (i.e.,\ 4 comorbidities vs. C 4) were
performed using Chi-square, Fisher’s exact, and
Mann–Whitney–Wilcoxon tests. Linear and
logistic regression models were used to estimate
the association of fatigue with multimorbidity,
adjusting for age, sex, duration of RA, obesity
(BMI C 30 kg/m2), smoking status, CRP, and
RF/anti-CCP positivity. This list of adjustors was
defined a priori based on known or potential
associations either with RA disease activity or
severity, fatigue, or multimorbidity. Linear
models were fit for the total BRAF-MDQ score
and each subdomain score. CRP values were
transformed using the natural logarithm (i.e.,
ln[CRP]) because the CRP has a highly right-
skewed distribution; the transformed values
provide better adjustment in the model. For the

logistic model, BRAF-MDQ scores were dichot-
omized into the upper quartile and lower three
quartiles. Two sensitivity analyses were per-
formed: one excluded prevalent RA cases in
order to determine if the associations between
multimorbidity and fatigue were different for
incident cases, and another adjusted for RA
medications to minimize potential confound-
ing effects on the associations between multi-
morbidity and fatigue. Analyses were performed
using SAS version 9.4 (SAS Institute, Cary, NC,
USA) and R 3.6.1 (R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

The study included a total of 192 patients with
RA from a population-based cohort in Olmsted
County, Minnesota. Table 1 shows demo-
graphics and clinical characteristics, according
to the absence (\4) or presence of substantial
multimorbidity (C 4 comorbidities). Patients
with substantial multimorbidity were numeri-
cally older (mean 66.4 vs. 62.5 years), but the
age difference was not statistically significant
(p = 0.078). There were no differences between
the groups without or with substantial multi-
morbidity for BMI, smoking status, or RF/anti-
CCP positivity. The patients with substantial
multimorbidity had higher disease severity and
functional disability, according to both the
RAPID-3 (median 11.0, IQR 9.0–14.3 vs. median
5.1, IQR 1.8–10.1, p\ 0.001) and HAQ disabil-
ity index (median 1.1, IQR 0.7–1.8) vs. median
0.4 IQR 0.0–1.0, p\ 0.001), compared to
patients without substantial multimorbidity.
There were no statistically significant or clini-
cally meaningful differences in current usage of
conventional synthetic DMARDs, biologics, or
prednisone between the groups.

Multimorbidity was found to be associated
with greater fatigue as assessed by the BRAF-
MDQ total score and subdomains (Table 2,
Fig. 1). The median (IQR) for the BRAF-MDQ
total score was significantly higher among
patients with substantial multimorbidity at 16.5
(6.8–24.8) compared to patients with\4
comorbidities at 7.5 (2.8–16.0; p = 0.014). The
proportions of patients in the highest quartile
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of the BRAF-MDQ total score and subscores
were determined. Twelve of 27 (46%) patients
with substantial multimorbidity were in the
highest quartile of the BRAF-MDQ total score as
compared to 36 of 175 (22%) of the patients
with\ 4 comorbidities (p = 0.008). According
to the BRAF-MDQ, the group with substantial
multimorbidity had higher scores for the phys-
ical, living, cognition, and emotion domains of
fatigue than the patients with\ 4 comorbidi-
ties. The most common comorbidities overall
were hypertension (N = 89, 46%), hypothy-
roidism (N = 46, 24%), and deficiency anemias
(N = 33, 17%). A similar hierarchy of the most
common comorbidities was observed in each

group, i.e., in patients with and without multi-
morbidity. However, as anticipated, each of
these were more common in the group with
substantial multimorbidity (85, 37, and 52%,
respectively) than in the group with\4
comorbidities (40, 22, and 12%, respectively).
Additionally, diabetes mellitus, peripheral vas-
cular disorders, and psychoses showed similar
prevalence to hypothyroidism in the substantial
multimorbidity group (i.e., 37% for each), but
were substantially lower in the group without
multimorbidity (6, 2, and 10%, respectively).

Multimorbidity remained associated with
increased overall fatigue and its subdomains
after adjustment for potential confounders in

Table 1 Demographics and clinical characteristics of 192 patients with RA, according to the absence (\ 4) or presence of
substantial multimorbidity (C 4 comorbidities)

Variable < 4 (N = 175) ‡ 4 (N = 27) p value

Age, years 61.9 (54.6, 70.9) 65.6 (59.9, 74.1) 0.078

Female sex 125 (76%) 19 (70%) 0.549

RA duration, years 12.7 (8.1, 18.9) 11.9 (6.3, 23.4) 0.718

BMI, kg/m2 29.2 (24.3, 33.3) 30.3 (26.0, 35.4) 0.265

Obesity (BMI C 30 kg/m2) 73 (45%) 14 (52%) 0.516

Smoking, ever 9 (5%) 3 (11%) 0.260

RF or anti-CCP, pos 115 (70%) 16 (59%) 0.280

C-reactive protein, mg/l 2.1 (0.9, 4.5) 3.0 (0.9, 7.1) 0.196

HAQ 0.4 (0.0, 1.0) 1.1 (0.7, 1.8) \ 0.001

RAPID-3 5.1 (1.8, 10.1) 11.0 (9.0, 14.3) \ 0.001

DMARDs, current use

Methotrexate 87 (53%) 17 (63%) 0.322

Other DMARDs 60 (36%) 12 (44%) 0.421

TNF biologics 28 (17%) 4 (15%) 0.781

Non-TNF biologics 6 (4%) 3 (11%) 0.088

Prednisone, use 36 (22%) 10 (37%) 0.086

Prednisone, mg dose 0.0 (0.0, 0.0) 0.0 (0.0, 4.5) 0.065

Values are median (Q1, Q3) or number (%)
RA rheumatoid arthritis, BMI body mass index, RF rheumatoid factor, CCP cyclic citrullinated peptide, HAQ, Health
Assessment Questionnaire, RAPID-3 Routine Assessment of Patient Index Data 3, DMARDs disease-modifying anti-
rheumatic drugs, TNF tumor necrosis factor
a Number (%) in the top quartile for each BRAF-MDQ domain
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regression models, with the important excep-
tion of the RAPID-3 (Table 3). The presence of
substantial multimorbidity was significantly
associated with overall BRAF-MDQ fatigue,
adjusting for age, sex, RA disease duration,
obesity, smoking, RF/anti-CCP, and CRP
(Table 3, Model 1). The adjusted odds ratio (OR)
and 95% confidence interval (CI) for the asso-
ciation between substantial multimorbidity and
the highest quartile of the BRAF-MDQ total
score was 3.18 (95% CI 1.26–8.04) (Table 3,
Model 1). Similarly, both the number of
comorbidities and substantial multimorbidity
were associated with increased fatigue for each

of the BRAF-MDQ subdomains, including the
physical, living, cognition, and emotion
domains, adjusting for potential con-
founders (Table 4). However, after additional
adjustment of the model for RAPID-3 (Table 3,
Model 2), the association between substantial
multimorbidity and the overall BRAF-MDQ
became not statistically significant (adjusted OR
1.76; 95% CI 0.57–5.27). In this model, age
became a statistically significant determinant of
fatigue (adjusted OR 0.59; 95% CI 0.40–0.86),
meaning greater age was associated with lower
levels of overall BRAF-MDQ fatigue.

Table 2 Total and subdomain scores on the Bristol Rheumatoid Arthritis Fatigue Multidimensional Questionnaire for 192
patients with RA, according to the absence (\ 4) or presence of substantial multimorbidity (C 4 comorbidities)

Variablea < 4 comorbidities (N = 175) ‡ 4 comorbidities (N = 27) p value

Total score 7.5 (2.8, 16.0) 16.5 (6.8, 24.8) 0.014

Total 36 (22%) 12 (46%) 0.008

Physical 47 (28%) 14 (52%) 0.016

Living 47 (29%) 13 (50%) 0.030

Cognition 50 (30%) 13 (48%) 0.067

Emotion 49 (30%) 17 (63%) \ 0.001

RA rheumatoid arthritis
a Numbers in table are median (interquartile range) or number (%) in the highest quartile for each BRAF-MDQ domain

Fig. 1 Boxplot of the BRAF-MDQ total score and
domain subscores, according to the presence of multimor-
bidity (white boxes show 0–3 comorbidities and grey boxes

show 4? comorbidities). Box limits represent the
interquartile range (IQR 25th–75th percentile) with
whisker limits set at 1.5 9 IQR
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Several sensitivity analyses were performed.
Use of the untransformed values for CRP in the
regression models did not yield different results
(Supplementary Table 1). Analysis of the asso-
ciations between the different numbers of
comorbidities and the overall BRAF-MDQ score

demonstrated that either C 3 or C 5 comor-
bidities were statistically significantly associated
with the overall BRAF-MDQ score (OR 2.35;
95% CI 1.06–5.27 and OR 8.23; 95% CI
2.35–33.91, respectively) (Supplementary
Table 2). Because subjects who developed RA

Table 3 Adjusted association between multimorbidity and BRAF-MDQ total score

Variable OR (95% CI)

Model 1 Model 2

C 4 comorbidities 3.18 (1.26, 8.04) 1.76 (0.57, 5.27)

Smoking, ever 1.83 (0.39, 8.04) 0.70 (0.10, 4.41)

Ln(CRP), mg/l 1.26 (0.92, 1.74) 1.21 (0.81, 1.81)

Obesitya 1.08 (0.52, 2.23) 0.72 (0.30, 1.68)

RA duration (per 10 years) 0.92 (0.59, 1.38) 0.85 (0.53, 1.32)

Age (per 10 years) 0.76 (0.55, 1.03) 0.59 (0.40, 0.86)

RF or anti-CCP positive 0.71 (0.34, 1.54) 0.73 (0.30, 1.79)

Male sex 0.69 (0.27, 1.60) 0.90 (0.81, 1.81)

RAPID-3 – 1.24 (1.16, 1.35)

Multivariable logistic regression model of the association between C 4 comorbidities and the highest quartile of the BRAF-
MDQ total score. The highest quartile included 48 patients (score range, 18–69) and the lower three quartiles included 142
patients (score range, 0–17)
OR odds ratio, CI confidence interval, CRP C-reactive protein, RA rheumatoid arthritis, RF rheumatoid factor, anti-CCP
anti-cyclic citrullinated peptide
a Obesity was defined as a body mass index C 30 kg/m2

Table 4 Adjusted associations between multimorbidity and the BRAF-MDQ total and subscores

Domain Beta coefficienta

(95% CI) for ‡ 4 comorbidities
Beta coefficientb

(95% CI) for number of comorbidities

Total 9.33 (3.92, 14.7) 2.33 (1.10, 3.56)

Physical 2.92 (1.18, 4.66) 0.76 (0.36, 1.16)

Living 2.90 (1.16, 4.68) 0.75 (0.34, 1.15)

Cognition 1.86 (0.58, 3.13) 0.43 (0.13, 0.72)

Emotion 1.79 (0.76, 2.83) 0.42 (0.19, 0.66)

The beta coefficients and 95% CIs for the associations between multimorbidity and the continuous BRAF-MDQ total score
or subdomain scores are shown from multivariable linear regression models. Multimorbidity was defined for each domain as
either the presence of C 4 comorbidities or the continuous (integer) number of comorbidities
CI confidence interval, RA rheumatoid arthritis, RF rheumatoid factor, anti-CCP anti-cyclic citrullinated peptide
a All models are adjusted for age, sex, RA disease duration, obesity, smoking status, RF/anti-CCP positivity, and C-reactive
protein
b Coefficient represents the increase in the total BRAF-MDQ corresponding to an increase of 1 comorbidity
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prior to residing in Olmsted County had longer
disease duration, separate analyses were per-
formed excluding prevalent cases; no substan-
tive differences were noted (data not shown).
Additionally, a separate analysis adjusting for
RA medications (i.e., methotrexate, other syn-
thetic DMARDs, biologic DMARDs, and gluco-
corticoids) was performed; the odds ratio for the
association between substantial (C 4) multi-
morbidity and the total BRAF-MDQ score
decreased from 3.18 to 2.89 but remained sta-
tistically significant (95% CI 1.06–7.68,
p = 0.035) (Supplementary Table 3).

DISCUSSION

In this study, we have reported that substantial
multimorbidity, defined as the presence of C 4
comorbidities, is associated with more severe
fatigue, after adjusting for important con-
founders, including age, sex, RA disease dura-
tion, obesity, smoking status, RF/anti-CCP
positivity, and CRP. Both the number of indi-
vidual comorbidities and the presence of sub-
stantial (4?) multimorbidity were associated
with increased fatigue for each of the BRAF-
MDQ subdomains, including the physical, liv-
ing, cognition, and emotion domains. However,
after further adjustment for the RAPID-3 as a
fully patient-reported measure of disease activ-
ity, the association between multimorbidity
and overall BRAF-MDQ fatigue became statisti-
cally non-significant. The RAPID-3 arguably has
a high degree of collinearity with the BRAF-
MDQ because fatigue is a strong determinant of
the patient global assessment that is included in
the RAPID-3 equation. Therefore, inclusion of
RAPID-3 in the model probably represents over-
adjustment. The magnitude of the adjusted OR
(1.76) remains suggestive of a clinically impor-
tant association between multimorbidity and
fatigue even after the RAPID-3 is considered. A
future study of larger sample size is necessary to
further disentangle the associations between
multimorbidity, disease activity, and fatigue in
patients with RA.

Prior to this study, relatively little was
known about the associations between sub-
stantial multimorbidity and the experience of

fatigue as reported by patients, particularly on
the various subdomains of fatigue as defined by
previous qualitative studies. Using data from
the multinational QUEST-RA study, Gron et al.
reported in 2014 that the number of individual
comorbidities was associated with fatigue rated
on a 0–10 cm visual analog scale [35]. In 2018,
Tournadre et al. reported in the COMEDRA
(COMorbidities EDucation in Rheumatoid
Arthritis) study that a multimorbidity index was
associated with severe fatigue (numeric rating
scale C 5 of 10) [36]. These previous studies had
important limitations. Specifically, Gron et al.
did not perform adjustment for disease charac-
teristics other than disease activity and the dis-
ability index, and both Gron et al. and
Tournadre et al. used simple scales for overall
fatigue and, therefore, could not consider the
possibility of differential effects of multimor-
bidity on fatigue subdomains. In the present
study, we have provided new information about
the magnitude of fatigue as captured using the
well validated BRAF-MDQ in the subgroup of
patients with more substantial multimorbidity.
Furthermore, we have shown that multimor-
bidity impacts all aspects of fatigue, including
the physical, living, cognitive, and emotional
subdomains.

How does multimorbidity contribute to
fatigue in patients with RA? Central to this
question is the potential effect of multimor-
bidity on RA management and control of dis-
ease activity. There is evidence from
randomized clinical trials that control of disease
activity and attainment of clinical remission is
associated with improvement in fatigue [37].
However, the effects of treatment with biologic
therapies on RA fatigue are small to moderate,
and uncertainty remains about the mechanisms
of these improvements, with the possibility of
both direct and indirect effects [37, 38]. Addi-
tionally, there is evidence, albeit limited, that
the presence of multimorbidity is associated
with disease activity parameters and may
interfere with treatment decision-making by
rheumatologists, leading to a lower likelihood
of initiating biologic therapies in patients with
multimorbidity and contributing to the sce-
nario of ‘difficult-to-treat’ RA [22, 39, 40].
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Nonetheless, the preponderance of recent
evidence suggests that fatigue is often not
mediated by active inflammation in the
periphery [6, 12, 41]. Individual comorbidities
(e.g., depression, obesity, and pulmonary dis-
ease) may contribute directly to fatigue [1, 36].
Fatigue is tightly linked to pain in patients with
RA [41, 42], so it is relevant that both pain and
fatigue among patients with RA may be medi-
ated by central mechanisms involving altered
functional connectivity in the central nervous
system [43, 44]. Future studies should explore
the impact of multimorbidity on these central
mechanisms of fatigue.

Alternatively, the effect of multimorbidity
on fatigue could be mediated through treat-
ment complexity and burden on the patient.
Qualitative studies have shown that self-man-
agement and time management are integral to
the experience of fatigue among patients with
RA [9, 10, 45]. Studies in the general population
have suggested that self-management repre-
sents hard work for patients with multimor-
bidity [46]. The cumulative complexity model
posits that patients with multiple chronic
medical conditions often have an imbalance
between the workload of their health care tasks
and the capacity to carry out this work of self-
management [47]. The potential imbalance
between patients’ health care workload and
their capacity to manage their disease may
contribute importantly to their fatigue experi-
ence. Radner et al. have developed a model that
is relevant to the potential contribution of
healthcare burden to fatigue, whereby patient-
centered care for RA should integrate patients’
multiple chronic health problems into decision-
making in order to achieve their treatment
goals and enhance their functional status and
quality of life [48]. However, further research is
necessary to better understand the interactions
between multimorbidity, treatment burden,
and the fatigue experience for patients with
rheumatic diseases.

Strengths of this study include its popula-
tion-based design, application of a comprehen-
sive multimorbidity index, and use of the BRAF-
MDQ as a well-validated, patient-centered
measure of fatigue. However, several limitations
require consideration. The cross-sectional

design of this study precluded investigation of
the effects of multimorbidity on fatigue over
time or with seasonal variation. Composite
disease activity measures including joint counts
were not performed at the research study visit
when patients completed fatigue assessments.
However, the RAPID-3 is a validated measure of
disease activity and has reasonable correlation
with treatment response as defined by the DAS-
28 [49, 50]. Additionally, it was beyond the
scope of this cross-sectional study to understand
the interactions between multimorbidity, fati-
gue, and medications for either RA or other
comorbidities. Future longitudinal studies of
the relationships between multimorbidity and
repeated measures of fatigue over time will
provide greater insight into potential causality,
especially for patients with DMARD-refractory
fatigue. The lack of data on certain comorbidi-
ties that are particularly associated with fatigue
and reduced physical capacity, such as
osteoarthritis, is an important limitation. The
study included a primarily white population,
limiting generalizability to more diverse groups.
Data for socioeconomic status were not
available.

CONCLUSIONS

Multimorbidity is an important contributor to
the experience of fatigue among patients with
RA, including to the physical, living, cognitive,
and emotional aspects of the disease. Physicians
should evaluate the impact of multimorbidity
when managing fatigue in patients with RA in
clinical practice or when judging the compara-
tive effectiveness of disease-modifying therapies
for fatigue in RA clinical trials. Future studies are
necessary to determine how RA treatment
modifies the effects of multimorbidity on fati-
gue and to explore whether clusters of inter-re-
lated comorbidities differentially affect the
fatigue experience of patients with RA. The
findings suggest that interventions targeting
multimorbidity could help alleviate treatment-
refractory fatigue in patients with RA and other
rheumatic diseases.
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