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ABSTRACT

Objective To comprehensively assess multimorbidity
burden in patients with rheumatoid arthritis (RA) in order
to unify the multimorbidity definition for RA research and
clinical practice.

Methods In this population-based study, residents of
eight Minnesota counties with prevalent RA on 1 January
2015 were identified. Age, sex and county-matched non-
RA comparators were selected from the same population.
Diagnostic codes were retrieved for 5 years before 1
January 2015. Using two codes >30 days apart, 44
previously defined morbidities and 78 non-overlapping
chronic disease categories based on Clinical Classification
Software were defined. Prevalence of each morbidity

in the RA versus non-RA cohorts was compared using
false discovery rate to adjust for multiple comparisons.
Morbidities more common in RA than non-RA and those
with prevalence >5% were retained.

Results 1643 patients with RA and 1643 non-RA subjects
(72% women; mean age 63.1 years) were studied.

Using the 44 morbidities, multimorbidity (defined as 2+
morbidities) was present in 1411 (86%) of RA and 1164
(71%) of non-RA subjects (p<0.001) with 5+ morbidities
present in 907 (55%) of RA and 619 (38%) of non-RA
(p<0.001). Patients with RA had significantly higher
prevalence of 24 of the 44 morbidities compared with
non-RA, especially interstitial lung disease, fibromyalgia,
osteoarthritis and osteoporosis. Among the additional 78
categories, 7 were significantly higher in RA than non-RA,
including organic sleep disorders, vitamin D deficiency and
foot ulcers.

Conclusion Patients with RA have a higher prevalence
of multimorbidity compared with non-RA subjects. These
results confirm the list of 44 morbidities and add several
other morbidities of interest in RA.

INTRODUCTION

Multimorbidity is common in patients with
rheumatoid arthritis (RA), and it is associ-
ated with increased mortality, poorer quality
of life and increased healthcare utilisa-
tion."* The concept of multimorbidity, which

,"2 Tina M Gunderson,' Hayley J Dykhoff,
,'2 Elizabeth J Atkinson,! Vanessa L Kronzer © ,

Key messages

What is already known about this subject?

» Multimorbidity is more common in patients with
rheumatoid arthritis (RA) than in those without RA.

» Multiple existing definitions of multimorbidity make
comparisons between cohorts difficult.

What does this study add?

» This study provides a comprehensive assessment of
morbidities in patients with RA compared with those
without RA.

» This study demonstrates that multimorbidity may
have been underestimated in studies with younger
RA populations, a limited set of morbidities or a lim-
ited time frame to identify morbidities.

How might this impact on clinical practice or

further developments?

» This comprehensive assessment of morbidities with
convenient International Classification of Diseases
(ICD)-9/10 code sets will facilitate easy adoption by
other researchers.

» Additional identified morbidities that impact patients
with RA include vitamin D deficiency, hypercalcae-
mia, thrombocytopenia, leucopenia, restless legs,
sinusitis, allergic rhinitis, erectile dysfunction, skin
ulcers, foot deformities and sleep apneoa.

is patient-centric instead of focused on the
index disease, is important for patients with
RA due to the systemic nature of the disease.”
Patients with RA have increased risks for a
myriad of comorbidities that may result from
the systemic inflammation that character-
ises RA or from adverse effects of RA treat-
ments. This results in greater complexity
that requires coordination of care across
multiple providers. Furthermore, comorbid-
ities complicate RA treatment decisions as
evidence is lacking regarding how to treat
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patients with comorbidities that were excluded from clin-
ical trials or are contraindications for RA therapies.

Existing literature on multimorbidity suffers from
numerous definitions that make comparisons between
cohorts difficult.”® Multimorbidity instruments devel-
oped for the general population may not include all
the morbidities that are common in patients with RA. A
consistent list of morbidities for patients with RA would
facilitate future research. Another issue that deserves
attention is the length of the lookback period to deter-
mine the morbidities. A chronic condition was defined
by the US Agency for Healthcare Research and Quality
(AHRQ) as a condition that lasts >12 months and places
limitations on self-care, independent living, and social
interactions; and/or requires ongoing intervention
with medical products/services/equipment. Thus, a
minimum of 1year for lookback is necessary but may not
be sufficient.

England et al recently reported on 44 morbidities of
interest in patients with RA (online supplemental table
1).* A confirmation of this list of morbidities and a
comprehensive assessment of possible additional morbid-
ities could aid in achieving the goal of unifying the liter-
ature on multimorbidity in patients with RA. We aimed
to confirm the previously published list of 44 morbidi-
ties and comprehensively assess additional morbidities in
patients with RA compared with those without RA as well
as to determine the appropriate length of the lookback
period.

METHODS
The study included residents of eight counties in Minne-
sota (Olmsted, Dodge, Mower, Goodhue, Wabasha,
Freeborn, Steele and Waseca) with prevalent RA on 1
January 2015. The complete inpatient and outpatient
medical records for each potential case were manually
reviewed by experienced abstractors using the resources
of the Rochester Epidemiology Project (REP), and all
incident patients fulfilled the 1987 American College of
Rheumatology classification criteria for RA.” For those
who moved to the region with pre-existing RA, physician
diagnosis with disease modifying antirheumatic drug use
was accepted if documentation of criteria fulfilment at
the original diagnosis of RA was unavailable. The REP
is a unique medical record linkage system that provides
complete access to all medical records of all residents of
the 27 county region from all local healthcare providers,
as described in detail elsewhere.'”"" For each patient with
RA, a subject without RA of similar age, sex and county
of residency on 1 January 2015 was randomly selected
to form the non-RA cohort. This study was approved by
institutional review boards of Mayo Clinic (IRB number
17-002593) and Olmsted Medical Center (IRB number
017-OMC-17). Patients and the public were not involved
in this study.

Data on demographics, smoking history, body mass
index (BMI) and length of medical history (defined as

time from first medical contact as a resident of the region
to 1 January 2015) were abstracted. Diagnostic codes
from all healthcare providers in the counties of interest
were retrieved for up to 5 years prior to the prevalence
date. Using two codes 230 days apart and the list of ICD-9
codes provided by England et al, the 44 morbidities were
defined. Obesity was defined as subjects having either
two codes >30 days apart or having a BMI >30kg/m” on 1
January 2015. The Clinical Classification Software (CCS)
from the AHRQ) was used to obtain a comprehensive list of
additional morbidities. First, ICD-9 codes without chronic
condition indicators were eliminated, which reduced the
list from 285 to 190 CCS categories. Second, categories
for miscellaneous, residual and other codes were manu-
ally examined, and modified subcategories were created
for diseases of potential interest, including organic sleep
apneoa, polymyalgia rheumatica and eating disorders.
Categories for aftercare and medical visits were removed.
Third, the CCS category for RA was excluded to ensure
comparability between the RA and non-RA cohorts. Simi-
larly, four categories (ie, lupus, connective tissue disease,
unspecified autoimmune disorder and polymyalgia rheu-
matica) that may indicate diagnostic uncertainty prior
to RA diagnosis were also removed. Fourth, categories
that overlapped with the 44 primary comorbidities were
excluded. The resulting 78 categories will be referred to
as secondary morbidities. Multimorbidity was defined as
the presence of two or more morbidities (MM2+), and
substantial multimorbidity was defined as the presence of
five or more morbidities (MMb+).

Statistical methods

Descriptive statistics (means, percentages, etc) were used
to summarise the data. Comparisons between cohorts
were performed using %* and rank-sum tests. Logistic
regression models adjusted for age and sex were used
to estimate an effect size for comparing the prevalence
of each comorbidity in those with RA to those without
RA. Using all 44 primary plus 78 secondary morbidi-
ties, Q values were determined using false discovery rate
methods to adjust for multiple comparisons. Q values
<0.05 were considered statistically significant. Sensitivity
analyses included a comparison of multimorbidity prev-
alence for a l-year compared with the 5-year lookback.
Obesity was excluded from this sensitivity analysis. Anal-
yses were performed using R V.3.6.2 (R Foundation for
Statistical Computing).

RESULTS

The study included 1643 patients with RA and 1643
non-RA subjects (table 1). Both cohorts had a mean
age of 63.1 (SD: 14.5) years, were 72% women and
91%-92% white. The median length of prior history
(truncated at 5 years) was 5.0 for both cohorts with 96%
of RA and 91% of non-RA having a full 5 years of prior
medical history.
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Table 1 Characteristics of patients with and without rheumatoid arthritis on 1 January 2015

RA Non-RA
(N=1643) (N=1643) P value
Age, years, mean (SD) 63.1 (14.5) 63.1 (14.5) 0.98
Female sex 1176 (72%) 1176 (72%) 1.00
Race/ethnicity 0.49
Missing 0 8
White 1508 (92%) 1484 (91%)
Hispanic 59 (4%) 62 (4%)
Black 24 (2%) 28 (2%)
Asian 36 (2%) 4 (2%)
Other/mixed 16 (1%) 27 (2%)
County of residence 1.00
Olmsted, MN 907 (55%) 907 (55%)
Dodge, MN 83 (5%) 83 (5%)
Freeborn, MN 103 (6%) 103 (6%)
Goodhue, MN 123 (7%) 123 (7%)
Mower, MN 212 (13%) 212 (13%)
Steele, MN 101 (6%) 101 (6%)
Wabasha, MN 68 (4%) 68 (4%)
Waseca, MN 46 (3%) 46 (3%)
History of smoking 0.029
Missing 23 191
Any history of smoking 886 (55%) 737 (51%)
Body mass index (kg/m?), mean (SD) 29.8 (7.2) 29.9 (6.9) 0.53
Missing 70 178
RA disease duration, years, median (IQR)* 6.5 (3.1-13.8) --- ---
Missing 506
Length of medical history, years 35.8 (19.1) 33.5(19.9) 0.001
Length of lookback (years) <0.001
Mean (SD) 4.9 (0.5) 4.8 (0.8)
Range 0.04-5.0 0.01-5.0
Length of lookback <0.001
Less than 5 years 71 (4.3%) 155 (9.4%)
5 years 1572 (95.7%) 1488 (90.6%)

*RA disease duration was unavailable for those who moved into the geographic area with previously diagnosed RA.

RA, rheumatoid arthritis.

Using the 44 primary morbidities, significantly more
patients with RA had MM2+ (1411 (86%) versus 1164
(71%); OR: 2.80; 95% CI 2.33 to 3.38) and MMb5+ (907
(55%) vs619 (38%); OR:2.37;95% CI12.03t02.77; table 2).
While the absolute levels of MM2+ and MMb5+ increased
with age, the relative risk of MMb+ comparingRA to
non-RA decreased with age from twofold in the youngest
age group to 1.2-fold in the oldest age group (figure 1).

Patients with RA had significantly higher prevalence
in 24 of the 44 morbidities compared with non-RA. The
morbidities with the greatest increase in prevalence
(OR >2.9) in RA compared with non-RA were interstitial

lung disease, fibromyalgia, osteoarthritis and osteopo-
rosis. The others included circulatory diseases (ie, cardiac
arrhythmias, congestive heart failure, coronary artery
disease, hypertension, pulmonary circulation disorders,
peripheral vascular disease/aneurysm), respiratory
diseases (ie, asthma, chronic obstructive pulmonary
disease), anaemia, chronic back pain, depression, drug
use, gastrointestinal reflux disease, headache, hypothy-
roidism, liver disease, neuropathy, skin disorders, inor-
ganic sleep disorders and severe vision reduction. The
prevalence was >5% among patients with RA in 11 of the
remaining 20 morbidities (ie, anxiety, cancer, diabetes
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Table 2 Prevalence of 44 previously published morbidities in patients with and without rheumatoid arthritis

OR (95% CIl) RA versus Non-

Morbidity RA (%) Non-RA (%) RA Q-value
Multimorbidity (2+) 1411 (85.9) 1164 (70.8) 2.80 (2.33 to 3.38) <0.001
Multimorbidity (5+) 907 (55.2) 619 (37.7) 2.37 (2.03 t0 2.77) <0.001
Interstitial lung disease (5.0) 28 (1.7) 3.11 (2.03 to 4.90) <0.001
Fibromyalgia 153 (9.3) 53 (3.2) 3.11 (2.27 t0 4.32) <0.001
Post-traumatic stress disorder 8(1.1) 6 (0.4) 3.06 (1.27 to 8.47) 0.057
Osteoarthritis 668 (40.7) 335 (20.4) 2.95 (2.51 to 3.48) <0.001
Osteoporosis 256 (15.6) 110 (6.7) 2.92 (2.28 to 3.77) <0.001
Drugs 31 (1.9 12 (0.7) 2.64 (1.38 to0 5.37) 0.017
Chronic back pain 656 (39.9) 378 (23) 2.28 (1.95 to 2.66) <0.001
Pulmonary circulation disorders 60 (3.7) 28 (1.7) 2.21 (1.41 to 3.53) 0.003
Neuropathy 237 (14.4) 123 (7.5) 2.09 (1.67 to 2.64) <0.001
Liver disease 55 (3.3) 28 (1.7) 2.00 (1.27 to 3.21) 0.012
Anaemia 330 (20.1) 206 (12.5) 1.81 (1.49 to 2.20) <0.001
Chronic obstructive pulmonary disease 117 (7.1) 69 (4.2) 1.77 (1.31 10 2.42) 0.001
Peripheral vascular disease/aneulcer disurysm 206 (12.5) 133 (8.1) 1.73 (1.36 to 2.21) <0.001
Peptic ulcer disease 7(1) 10 (0.6) 1.71 (0.79 to 3.89) 0.33
Sleep disorder 174 (10.6) 107 (6.5) 1.70 (1.33 to 2.20) <0.001
Severe vision reduction 551 (33.5) 412 (25.1) 1.68 (1.42 to 1.99) <0.001
Hypothyroid 355 (21.6) 240 (14.6) 1.65 (1.37 to 1.98) <0.001
Bipolar 6 (1) 10 (0.6) 1.61 (0.74 to 3.69) 0.38
Depression 388 (23.6) 268 (16.3) 1.60 (1.34 to 1.91) <0.001
Chronic headache 169 (10.3) 113 (6.9) 1.56 (1.22 to 2.01) 0.002
Gout 59 (3.6) 39 (2.4) 1.54 (1.08 to 2.35) 0.11
Gastro-oesophageal reflux disease 294 (17.9) 206 (12.5) 1.53 (1.26 to 1.86) <0.001
Congestive heart failure 101 (6.1) 70 (4.3) 1.52 (1.10 to 2.10) 0.040
Asthma 155 (9.4) 107 (6.5) 1.50 (1.16 to 1.94) 0.008
Coronary artery disease 225 (13.7) 166 (10.1) 1.49 (1.18 to 1.87) 0.003
Hypertension 815 (49.6) 692 (42.1) 1.47 (1.26 to 1.71) <0.001
Urinary incontinence 76 (4.6) 55 (3.3) 1.42 (0.99 to 2.04) 0.15
Dementia 7 (0.4) 5(0.3) 1.41 (0.45 to0 4.83) 0.72
Inflammatory skin diseases 128 (7.8) 93 (5.7) 1.41 (1.07 to 1.86) 0.049
Cardiac arrhythmias 249 (15.2) 191 (11.6) 1.40 (1.14 to 1.74) 0.007
Diverticulitis/diverticulosis 76 (4.6) 58 (3.5) 1.33 (0.94 to 1.90) 0.25
Alcohol abuse 29 (1.8) 22 (1.3) 1.33 (0.76 to 2.35) 0.49
Cerebrovascular disease 83 (5.1) 68 (4.1) 1.25 (0.89 to 1.75) 0.35
Valvular heart disease 98 (6) 83 (5.1) 1.20 (0.89 to 1.64) 0.38
Anxiety 158 (9.6) 134 (8.2) 1.20 (0.94 to 1.53) 0.27
Prostatic hyperplasia 58 (12.4) 51 (10.9) 1.18 (0.77 to 1.80) 0.63
Hyperlipidaemia 745 (45.3) 707 (43) 1.12 (0.96 to 1.29) 0.29
Parkinson’s disease 3(0.8) 12 (0.7) 1.09 (0.49 to 2.44) 0.89
Obesity* 696 (42.4) 664 (40.4) 1.08 (0.94 to 1.25) 0.40
Hearing loss 124 (7.5) 116 (7.1) 1.08 (0.82 to 1.41) 0.72
Non-inflammatory gynecologic disorders 186 (15.8) 180 (15.3) 1.04 (0.83 to 1.31) 0.82
Renal disease 84 (5.1) 81 (4.9) 1.04 (0.76 to 1.44) 0.87
Diabetes 260 (15.8) 267 (16.3) 0.97 (0.80to 1.17) 0.83
Continued
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Table 2 Continued

Morbidity RA (%)

OR (95% CIl) RA versus Non-

Non-RA (%) RA Q-value

Cancer 124 (7.5)

131 (8) 0.94 (0.73 to 1.22) 0.77

*Obesity was defined as subjects having either two codes >30 days apart or having a body mass index >30kg/m? on 1 January 2015.

RA, rheumatoid arthritis.

mellitus, gynecologic disorders, hearing loss, prostatic
hyperplasia, hyperlipidaemia, obesity, renal disease, cere-
brovascular disease and valvular disease), demonstrating
their importance, although they were not more common
in patients with RA compared with non-RA.

Using only the 78 secondary morbidities, significantly
more patients with RA had MM2+ (433 (26%) vs 292
(18%)) and MM5+ (46 (3%) vs 18 (1%)). Combining
both the primary and secondary morbidities yielded
modest increases in the number of patients with MM2+
(1452 (88%) for all vs 1411 (86%) for primary alone in
RA; 1208 (74%) for all vs 1164 (71%) for primary only
in non-RA). Likewise, combining both lists increased the
number of patients with MM5+ inboth cohorts (1014
(62%) for all vs 907 (55%) for primary alone in RA; 725
(44%) for all vs 619 (38%) for primary only in non-RA).

Only 7 of the 78 secondary morbidities were signifi-
cantly more common in patients with RA than in non-RA:
organic sleep disorders, vitamin D deficiency, chronic
skin ulcers, foot deformities, thrombocytopenia, leuco-
penia and other upper respiratory infections (eg, sinus-
itis) (table 3). Only four additional morbidities had >5%
prevalence in patients with RA: hypercalcemia, restless
legs, allergic rhinitis and erectile dysfunction (among
men).

In sensitivity analyses, solid and haematologic malig-
nancies were examined separately. More patients with
RA had haematologic cancers (35 (2.1%) vs 21 (1.3%)),
but this did not reach statistical significance (OR: 1.69;
95% CI10.99 to 2.97). In contrast, there was no difference
in the occurrence of solid cancers (101 (6.1%) in RA vs
124 (7.5%) in non-RA; OR: 0.80; 95% CI 0.61 to 1.05).

1004
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Count of Multimorbidities 2-4 5+

Figure 1 The percentage of patients with and without
rheumatoid arthritis (RA) who had 2-4 or 5+ morbidities in
the primary list of 44 morbidities by age group.

Overlap of patients with both solid and haematologic
cancers was minimal (3 (0.2%) in RA and 5 (0.3%) in
non-RA).

The lookback period to identify morbidities includes
both the time from 1 January 2015 back to the first diag-
nostic code for each morbidity and the time from the first
to the second diagnostic code required to define each
morbidity. The length of lookback necessary to capture
at least 50% of subjects with the comorbidity ranged
from 6 to 33 months with an average across all comor-
bidities of 18 months (figure 2). Only two comorbidities
(bipolar disorder and diabetes mellitus) had 50% sensi-
tivity at 12 months and only 14 had 50% sensitivity at 18
months (compared with a 5-year lookback). Compari-
sons between cohorts showed no evidence of differences
in the lookback for all but four of the primary morbid-
ities (ie, hypertension, hypothyroid, osteoarthritis and
back problems), which were identified sooner (differ-
ence in medians of less than 6 months) in the RA than
the non-RA.

Our final list of recommended morbidities for inclu-
sion in investigation of multimorbidity in patients with
RA is listed in online supplemental table 1. These ICD-
9/10 code lists will facilitate common definitions across
studies.

DISCUSSION

Patients with RA had a higher prevalence of multimor-
bidity compared with non-RA subjects. These results
confirmed the previously published morbidities and
identified several additional morbidities of interest in
patients with RA including vitamin D deficiency, hyper-
calcemia, thrombocytopenia, leucopenia, restless legs,
sinusitis, allergic rhinitis, erectile dysfunction, skin ulcers,
foot deformities and sleep apneoa. Patients with RA were
disproportionately affected by multimorbidity at younger
ages than their non-RA counterparts. In addition, a
l-year lookback substantially underestimated multimor-
bidity and a minimum of 2 years is needed to identify
most morbidities.

Using the 44 morbidities from England et al, our study
found 86% of patients with RA had MM2+, while England
et al reported only 34% of patients with RA in a Market-
scan commercially insured population had MM2+.
In patients with prevalent RA enrolled in Brigham
and Women’s Rheumatoid Arthritis Sequential Study
(BRASS), Radner et al reported that 62% had MM2+
usinga list of 40 morbidities.” Differences in multimor-
bidity prevalence are multifocal, including differences

Crowson CS, et al. RMD Open 2022;8:¢002022. doi:10.1136/rmdopen-2021-002022
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Table 3 Prevalence of 78 additional morbidities in patients with and without rheumatoid arthritis

Morbidity RA (%) Non-RA (%) OR (95% CIl) RA versus non-RA Q-value
CCS186—diabetes or abnormal 4 (0.3) 0(0) 9.78 (1.01 to 1306.94) 0.13
glucose tolerance complicating

pregnancy, childbirth, or the

puerperium

CCS116—aortic and peripheral 9 (0.5) 1(0.1) 9.08 (1.70 to 167.62) 0.10
arterial embolism/thrombosis

CCS169—endometriosis 4 (0.3) 1(0.1) 4.12 (0.60 to 81.06) 0.36
CCS208—acquired foot deformities 112 (6.8) 29 (1.8) 4.11 (2.75 10 6.34) <0.001
CCS181—other complications of 11 (0.9) 3(0.3) 4.10 (1.23 to 18.65) 0.10
pregnancy

CCS670 (modified)—eating 4(0.2) 1(0.1) 4.02 (0.59 to 78.66) 0.36
disorders

CCS199—chronic skin ulcers 63 (3.8) 18 (1.1) 3.70 (2.22 t0 6.48) <0.001
CCS118—phlebitis; 7 (0.4) 2(0.1) 3.52 (0.85 to 23.70) 0.25
thrombophlebitis and

thromboembolism

CCS215—genitourinary congenital 7 (0.4) 2 (0.1) 3.52 (0.85 to 23.64) 0.25
anomalies

CCS253 —allergic reactions 3(0.2) 1(0.1) 3.00 (0.38 to0 60.76) 0.50
CCS168—inflammatory diseases of 1 (0.1) 0(0) 3.00 (0.16 to 437.43) 0.64
female pelvic organs

CCS7 —other viral infections 1(0.1) 0(0) 3.00 (0.16 to 437.04) 0.64
CCS63—leucopenia and diseases 65 (4) 25 (1.5) 2.67 (1.70 to 4.33) <0.001
of white blood cells

CCS8—other infections, including 10 (0.6) 4(0.2) 2.51(0.84 10 9.16) 0.25
parasitic

CCS62—thrombocytopenia 40 (2.4) 17 (1) 2.39 (1.37 to0 4.34) 0.011
and other coagulation and

haemorrhagic disorders

CCS652 —attention deficit conduct 26 (1.6) 12 (0.7) 2.22 (1.14 to 4.61) 0.071
and disruptive behaviour disorders

CCS126—chronic sinusitis and 107 (6.5) 52 (3.2) 2.14 (1.53 to 3.02) <0.001
other upper respiratory infections

CCS183 —hypertension 4 (0.3) 2(0.2) 2.05 (0.39 to 15.00) 0.59
complicating pregnancy, childbirth

and the puerperium

CCS64 —other haematologic 14 (0.9) 7 (0.4) 2.01 (0.83 to 5.33) 0.26
conditions

CCS216—nervous system 2 (0.1) 1(0.1) 2.00 (0.19 to 43.09) 0.72
congenital anomalies

CCS159—urinary tract infections 2 (0.1) 1(0.1) 2.00 (0.19 to 43.10) 0.72
CCS82 —paralysis 11 (0.7) 6 (0.4) 1.84 (0.70 to 5.36) 0.38
CCS45—maintenance 11 (0.7) 6 (0.4) 1.84 (0.70 to 5.35) 0.38
chemotherapy; radiotherapy

CCS47—other and unspecified 7 (0.4) 4(0.2) 1.75 (0.53 t0 6.72) 0.54
benign neoplasm

CCS52 —vitamin D deficiency and 93 (5.7) 55 (3.3) 1.74 (1.24 to 2.46) 0.007
other nutritional deficiencies

CCS83 —epilepsy, convulsions 32 (1.9) 19 (1.2) 1.70 (0.97 to 3.06) 0.18
CCS166—erectile dysfunction and 29 (6.2) 18 (3.9) 1.66 (0.91 to 3.08) 0.24

other male genital disorders

Continued
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Table 3 Continued

Morbidity RA (%) Non-RA (%) OR (95% CIl) RA versus non-RA Q-value
CCS51—other endocrine disorders 63 (3.8) 39 (2.4) 1.64 (1.10 to 2.48) 0.053
(eg, hyperparathyroidism)

CCS212—other bone disease and 36 (2.2) 23 (1.4) 1.59 (0.94 to 2.73) 0.22
musculoskeletal deformities

CCS162 —other diseases of bladder 18 (1.1) 12 (0.7) 1.51 (0.73 to 3.25) 0.42
and urethra

CCS152 —pancreatic disorders (not 3 (0.2) 2 (0.1) 1.50 (0.25 to 11.42) 0.77
diabetes)

CCS217 —other congenital 30 (1.8) 21 (1.3 1.44 (0.82 to 2.55) 0.36
anomalies

CCS131—respiratory failure; 11 (0.7) 8 (0.5) 1.38 (0.56 to 3.57) 0.65
insufficiency, arrest (adult)

CCS225—joint disorders and 42 (2.6) 31(1.9) 1.37 (0.86 to 2.20) 0.35
dislocations, trauma-related

CCS259 (modified)—sleep apneoa, 209 (12.7) 162 (9.9) 1.34 (1.08 to 1.67) 0.032
organic

CCS134 —allergic rhinitis and other 105 (6.4) 81 (4.9) 1.32 (0.98 t0 1.78) 0.18
upper respiratory diseases

CCS155—other gastrointestinal 65 (4) 50 (3) 1.31 (0.90 to 1.92) 0.29
disorders

CCS81 —restless legs and other 94 (5.7) 75 (4.6) 1.27 (0.93 to 1.74) 0.26
nervous system conditions

CCS58—hypercalcemia and other 130 (7.9) 106 (6.5) 1.25 (0.96 to 1.64) 0.24
nutritional/endocrine/metabolic

disorders

CCS121—other diseases of veins 21 (1.3) 17 (1) 1.24 (0.65 to 2.39) 0.67
and lymphatics

CCS174—female infertility 7 (0.6) 6 (0.5) 1.19 (0.38 to 3.83) 0.84
CCS209—other acquired 13 (0.8) 11 (0.7) 1.18 (0.53 to 2.71) 0.79
deformities

CCS658—personality disorders 13 (0.8) 13 (0.8) 1.00 (0.46 to 2.19) 1.00
CCS165—inflammatory conditions 1(0.2) 1(0.2) 1.00 (0.04 to 25.37) 1.00
of male genital organs

CCS243 —poisoning by 1(0.1) 1(0.1) 1.00 (0.04 to 25.32) 1.00
nonmedicinal substances

CCS144 —regional enteritis and 16 (1) 16 (1) 1.00 (0.50 to 2.02) 1.00
ulcerative colitis

CCS659—schizophrenia and other 15 (0.9) 15 (0.9) 1.00 (0.48 to 2.07) 1.00
psychotic disorders

CCS149—nbiliary tract disease 6 (0.4) 6 (0.4) 1.00 (0.31 to 3.20) 1.00
CCS201 —infective arthritis and 5(0.3) 5(0.3) 1.00 (0.28 to 3.60) 1.00

osteomyelitis (except that caused
by tuberculosis or sexually
transmitted disease)

CCS136—disorders of teeth and 52 (3.2) 56 (3.4) 0.93 (0.63 to 1.36) 0.80
jaw

CCS167 —nonmalignant breast 51 (4.3) 58 (4.9) 0.87 (0.59 to 1.28) 0.65
conditions

CCS654 —developmental disorders 6 (0.4) 7 (0.4) 0.86 (0.28 t0 2.59) 0.85
CCS252 —malaise and fatigue 5(0.3) 6 (0.4) 0.83 (0.24 to 2.77) 0.84

Continued
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Table 3 Continued

Morbidity RA (%) Non-RA (%) OR (95% CIl) RA versus non-RA Q-value
CCS80—multiple sclerosis 7 (0.4) 10 (0.6) 0.70 (0.25 10 1.82) 0.64
CCS124 —acute and chronic 2 (0.1) 3(0.2) 0.67 (0.09 to 4.04) 0.77
tonsillitis

CCS93—conditions associated with 2 (0.1) 3(0.2) 0.67 (0.09 to 4.03) 0.77
dizziness or vertigo

CCS214 —digestive congenital 2 (0.1) 3(0.2) 0.67 (0.09 to 4.03) 0.77
anomalies

CCS200—other skin disorders 6 (0.4) 12 (0.7) 0.50 (0.17 to 1.28) 0.30
CCS78—other central nervous 0(0) 1(0.1) 0.33 (0.00 to 6.27) 0.64
system infection and poliomyelitis

CCS132—lung disease due to 1(0.1) 3(0.2) 0.33 (0.02 to 2.60) 0.50
external agents

CCS92 —otitis media and related 1(0.1) 6 (0.4) 0.17 (0.01 to 0.97) 0.23
conditions

CCS140—gastritis and duodenitis 0(0) 3(0.2) 0.14 (0.00 to 1.47) 0.25

*Categories with zero total counts (CCS1—tuberculosis; CCS122 —pneumonia (except that caused by tuberculosis or sexually transmitted
diseases); CCS130—pleurisy; pneumothorax; pulmonary collapse; CCS141—other disorders of stomach and duodenum; CCS154 —
noninfectious gastroenteritis; CCS224 —other perinatal conditions; CCS227 —spinal cord injury; CCS23 —other non-epithelial cancer of
skin; CCS236 —open wounds of extremities; CCS247 —lymphadenitis; CCS254 —rehabilitation care; fitting of prostheses; and adjustment of
devices; CCS5—HIV infection; CCS56 —cystic fibrosis; CCS656 —impulse control disorders not elsewhere classified; CCS77 —encephalitis
(except that caused by tuberculosis or sexually transmitted diseases); CCS85—coma; stupor; and brain damage) are not shown.

in the list of conditions used, the age distribution of
the population and the lookback period for identi-
fying morbidities. Adding more conditions can not only
increase the percentage of patients with multimorbidity,
which may result in a more accurate assessment of multi-
morbidity burden, but also increase the burden of assess-
ment. Multimorbidity increases dramatically with age, so
even small differences in the mean age of the cohorts
could lead to very different proportions of patients with

1.004

0.75

0.504

0.254

Proportion of Total Observed

6 12 18 24 30 36 42 48 54 60
Months to Observe Comorbidity

Figure 2 The proportion of morbidities identified by
number of months prior to 1 January 2015 in the combined
rheumatoid arthritis (RA) and non-RA cohorts. Coloured lines
show each of the 44 primary and 11 additional secondary
morbidities; the highest coloured line depicts diabetes,
which has a shorter median than the others. The black line
shows the overall average, demonstrating that 18 months are
needed to identify 50% of these chronic morbidities.

multimorbidity. For example, the Marketscan and BRASS
had average ages of 5657 years compared with an average
age of 63.5 years in our cohort. Given the average age
at RA incidence is 55 years, the average age of a repre-
sentative prevalence cohort should be older than 56-57
years.'” The Marketscan cohort likely under-represented
patients of age >65 years with RA, since they were likely on
Medicare and were no longer commercially insured. Our
study also found that the difference in multimorbidity for
RA versus non-RA was more pronounced in younger age
groups, and older patients with RA had similar propor-
tions of patients with MM2+ to those without RA. This
finding implies that cohorts which underrepresent older
ages may exaggerate the overall differences in multimor-
bidity between patients with and without RA. Regarding
lookback period, Yoshida et al argue that some intermit-
tent conditions should use a l-year lookback period (eg,
diverticulitis/diverticulosis and peptic ulcer).® However,
a strict 365-day lookback period may be insufficient
for conditions that require yearly renewal of prescrip-
tion medications, as often intermittent non-adherence
extends the prescription supply. Our 5-year lookback was
much longer than the average prior history of 1.5 years
in the Marketscan cohort. Since the median lookback to
identify morbidities using two diagnostic codes was ~2
years for most morbidities, a lookback of 1.5 years might
miss over half of the morbidities.

Confirmation of the 44 morbidities used by England
et al requires demonstration of increased occurrence in
RA compared with non-RA or demonstration that the
morbidity affects enough patients to be important. While
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England et al reported significantly increased occurrence
in RA compared with non-RA for 41 of the 44 morbid-
ities in the large Marketscan cohort, the large sample
size would easily achieve statistically significant results
despite small differences that may not be clinically mean-
ingful. Our study found increased prevalences in 24 of
the morbidities and importance (based on 5% preva-
lence) for 11 additional morbidities. Notably, the lack of
an increased prevalence of diabetes is concordant with
previous investigations in our cohort, despite reports
from other cohorts of increased diabetes prevalence in
patients with RA."'* The remaining nine morbidities (ie,
alcohol abuse, bipolar disease, dementia, diverticulitis/
diverticulosis, gout, Parkinson’s disease, post-traumatic
stress disorder, peptic ulcer disease and urinary inconti-
nence) were rare and the older age of our cohort may
have reduced the magnitude of differences between RA
and non-RA. All of these rare conditions are unarguably
important, as evidenced by the weights applied to these
morbidities in multimorbidity indices designed to predict
outcomes (eg, quality of life and mortality).” ™ '® Thus,
we retained them. The lack of an increased prevalence of
cancer in our cohort was surprising and warrants further
investigation to determine whether cancer risk has
improved in RA in recent years. We proposed separate
categories for solid cancers and haematologic cancers for
investigations of biologic mechanisms, but subdivision is
not necessary when counting morbidities as few patients
have both solid and haematologic cancers.

The majority of the additional morbidities that were
found to be increased in RA in our study were already
known to be more common in patients with RA (ie, sleep
disorders, vitamin D deficiency, chronic skin ulcers and
foot deformities).17 ¥ Some morbidities (ie, thrombocy-
topenia, leucopenia, other upper respiratory infections)
could result from immunosuppression. Importantly,
morbidities in patients with RA may result from different
underlying mechanisms (eg, RA itself or inflammation,
and adverse effects of RA therapies including gluco-
corticoids and non-steroidal anti-inflammatory drugs)
than morbidities in the general population. Additional
morbidities with >5% prevalence in patients with RA
included hypercalcemia, restless legs, allergic rhinitis and
erectile dysfunction (among men)."

Yoshida et alused a multimorbidity index that included
61 conditions collected in the Nurses’ Health Studies.’
Additional morbidities considered by Yoshida et al
included several non-chronic conditions (ie, colon polyp,
hepatitis not specified as chronic, pancreatitis, intersti-
tial cystitis, kidney stones, hip and vertebral fractures
and hip and knee replacements), several rare condi-
tions that did not meet our criteria of increased occur-
rence in RA or >5% prevalence in RA (ie, inflammatory
bowel disease, acquired immune deficiency syndrome,
amyotropic lateral sclerosis, multiple sclerosis, and
seizure disorder), periodontal disease and ‘other diag-
noses’. Additional conditions considered by Radner et
al were learning disability, anorexia/bulimia, chronic

sinusitis, constipation and dyspepsia. Chronic sinusitis
was increased in RA compared with non-RA in our study,
and constipation approached our threshold at 4.5% in
RA. Our study provides the first comprehensive assess-
ment of all chronic conditions identified by AHRQ in a
population-based cohort of patients with RA.

This study has multiple strengths, including the
population-based cohorts of patients with RA and non-
RA, the comprehensive resources of the REP that capture
all medical care from all providers in the community and
the long length of prior medical history to assess comor-
bidities. Limitations include the use of diagnostic codes
to define morbidities and the retrospective study design.
Only diagnoses that came to medical attention and were
documented in the medical records were included.
While the frequency of medical visits may differ in RA
compared with non-RA, the focus on chronic morbidi-
ties minimises the risk of missing morbidities of interest
in those with fewer medical visits. However, periodontal
disease, sarcopenia and cachexia are known to have
increased prevalence in patients with RA but were only
diagnosed in a few patients in our cohorts. Furthermore,
the accuracy of coded diagnoses can be suboptimal. For
this reason, we excluded four categories that may overlap
with RA due to diagnostic uncertainty (ie, lupus, connec-
tive tissue disease, hypergammaglobulinemia and poly-
myalgia rheumatica). Prospective studies with careful
adjudication of morbidities may retain these other rheu-
matic diseases, but co-occurrence of RA and another
rheumatic disease is rare.® Standard procedures used in
administrative claim studies, such as requiring two codes
at least 30 days apart, were used to improve reliability
of the coded diagnoses.* In addition, severity of various
morbidities and the impact of morbidities on outcomes
of interest (eg, quality of life, mortality) have not been
assessed. Finally, the limited diversity in the Olmsted
County population (90% Caucasian) may limit generalis-
ability of these findings to more diverse populations.

In conclusion, patients with RA have a higher preva-
lence of multimorbidity compared with non-RA subjects
that may have been underestimated in other studies that
focused on a younger RA population or had a limited
lookback period to identify chronic morbidities. These
results confirm the previously published list of 44
morbidities and add several other morbidities of interest
in RA. Focusing on the patient-centric viewpoint of multi-
morbidity investigations, it is clear that the majority of
patients with RA are dealing with multiple chronic condi-
tions. These conditions impart a substantial burden
of healthcare concerns and make healthcare decision-
making more challenging than in patients without RA.
Therefore, there is an increasing need for improved
coordination of healthcare between multiple providers
and for care models that provide support for addressing
multimorbidity in patients with RA. This comprehen-
sive assessment of morbidities in RA can help to unify
the literature on multimorbidity to help move this field
forward. Further research is needed to assess the impact
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of morbidities on various outcomes, such as quality of life
and mortality.

Twitter Cynthia S Crowson @CrowsonCindy and Vanessa L Kronzer @KronzerMD

Contributors Conceived and designed the experiments: CSC, EM, JMD. Performed
the experiments: CSC, TMG, HJD, EM, EJA, VLK, CMC, JMD. Analysed the data: CSC,
TMG, HJD, EJA. Wrote and revised the paper: CSC, TMG, HJD, EM, EJA, VLK, CMC,
JMD. Guarantor: CSC.

Funding This work was funded by grants from the National Institutes of Health,
NIAMS (RO1 AR46849) and NIA (RO1 AG068192). Research reported in this
publication was supported by the National Institute of Aging of the National
Institutes of Health under Award Number RO1AG034676. The content is solely the
responsibility of the authors and does not necessarily represent the official views of
the National Institutes of Health.

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by
This study was approved by institutional review boards of Mayo Clinic (IRB number
17-002593) and Olmsted Medical Center (IRB number 017-0MC-17). Informed
consent was not required. Patients provided authorization for use of their medical
records for research purposes.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Mayo
Clinic Institutional Review Board (IRB) policy does not allow full access of patient
information to be provided to a third party without prior approval from the IRB
committee overseeing this study. However, access to the complete de-identified
data can be made available following approval. Requests for additional study-
related data can be sent to Cynthia S. Crowson at crowson@mayo.edu.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Cynthia S Crowson http://orcid.org/0000-0001-5847-7475
Elena Myasoedova http://orcid.org/0000-0003-2006-1436
Vanessa L Kronzer http://orcid.org/0000-0002-7489-3134

REFERENCES

1 Canning J, Siebert S, Jani BD, et al. Examining the relationship
between rheumatoid arthritis, multimorbidity and adverse health-
related outcomes: a systematic review. Arthritis Care Res 2021.
doi:10.1002/acr.24587. [Epub ahead of print: 01 Mar 2021].

2 Gunderson TM, Myasoedova E, Davis JM, et al. Multimorbidity
burden in rheumatoid arthritis: a population-based cohort study. J
Rheumatol 2021;48:1648-54.

3

7

10

Radner H, Yoshida K, Smolen JS, et al. Multimorbidity and rheumatic
conditions-enhancing the concept of comorbidity. Nat Rev
Rheumatol 2014;10:252-6.

England BR, Roul P, Yang Y, et al. Burden and trajectory of
multimorbidity in rheumatoid arthritis: a matched cohort study from
2006 to 2015. Ann Rheum Dis 2021;80:286-92.

Radner H, Yoshida K, Mjaavatten MD, et al. Development of a
multimorbidity index: impact on quality of life using a rheumatoid
arthritis cohort. Semin Arthritis Rheum 2015;45:167-73.

Yoshida K, Lin T-C, Wei MY, et al. Roles of postdiagnosis
accumulation of morbidities and lifestyle changes in excess total and
cause-specific mortality risk in rheumatoid arthritis. Arthritis Care
Res 2021;73:188-98.

Nikiphorou E, Norton S, Carpenter L, et al. Secular changes in
clinical features at presentation of rheumatoid arthritis: increase in
comorbidity but improved inflammatory states. Arthritis Care Res
2017;69:21-7.

Johnston MC, Crilly M, Black C, et al. Defining and measuring
multimorbidity: a systematic review of systematic reviews. Eur J
Public Health 2019;29:182-9.

Arnett FC, Edworthy SM, Bloch DA, et al. The American rheumatism
association 1987 revised criteria for the classification of rheumatoid
arthritis. Arthritis Rheun 1988;31:315-24.

St Sauver JL, Grossardt BR, Yawn BP, et al. Use of a medical
records linkage system to enumerate a dynamic population

over time: the Rochester epidemiology project. Am J Epidemiol
2011;173:1059-68.

Rocca WA, Grossardt BR, Brue SM, et al. Data resource profile:
expansion of the Rochester epidemiology project medical records-
linkage system (E-REP). Int J Epidemiol 2018;47:368-368;.
Myasoedova E, Davis J, Matteson EL, et al. Is the epidemiology

of rheumatoid arthritis changing? results from a population-based
incidence study, 1985-2014. Ann Rheum Dis 2020;79:440-4.
Gonzalez A, Maradit Kremers H, Crowson CS, et al. Do
cardiovascular risk factors confer the same risk for cardiovascular
outcomes in rheumatoid arthritis patients as in non-rheumatoid
arthritis patients? Ann Rheum Dis 2008;67:64-9.

Jiang P, Li H, Li X. Diabetes mellitus risk factors in rheumatoid
arthritis: a systematic review and meta-analysis. Clin Exp Rheumatol
2015;33:115-21.

Wei MY, Kawachi |, Okereke Ol, et al. Diverse cumulative impact

of chronic diseases on physical health-related quality of life:
implications for a measure of multimorbidity. Am J Epidemiol
2016;184:357-65.

Wei MY, Mukamal KJ. Multimorbidity, mortality, and long-term
physical functioning in 3 prospective cohorts of community-dwelling
adults. Am J Epidemiol 2018;187:103-12.

Wilton KM, Matteson EL, Crowson CS. Risk of obstructive sleep
apnea and its association with cardiovascular and noncardiac
vascular risk in patients with rheumatoid arthritis: a population-
based study. J Rheumatol 2018;45:45-52.

Lee YH, Bae S-C. Vitamin D level in rheumatoid arthritis and its
correlation with the disease activity: a meta-analysis. Clin Exp
Rheumatol 2016;34:827-33.

Wilton KM, Achenbach SJ, Davis JM, et al. Erectile dysfunction and
cardiovascular risk in men with rheumatoid arthritis: a population-
based cohort study. J Rheumatol 2021;48:1641-7.

10

Crowson CS, et al. RMD Open 2022;8:€002022. doi:10.1136/rmdopen-2021-002022


https://twitter.com/CrowsonCindy
https://twitter.com/KronzerMD
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-5847-7475
http://orcid.org/0000-0003-2006-1436
http://orcid.org/0000-0002-7489-3134
http://dx.doi.org/10.1002/acr.24587
http://dx.doi.org/10.3899/jrheum.200971
http://dx.doi.org/10.3899/jrheum.200971
http://dx.doi.org/10.1038/nrrheum.2013.212
http://dx.doi.org/10.1038/nrrheum.2013.212
http://dx.doi.org/10.1136/annrheumdis-2020-218282
http://dx.doi.org/10.1016/j.semarthrit.2015.06.010
http://dx.doi.org/10.1002/acr.24120
http://dx.doi.org/10.1002/acr.24120
http://dx.doi.org/10.1002/acr.23014
http://dx.doi.org/10.1093/eurpub/cky098
http://dx.doi.org/10.1093/eurpub/cky098
http://dx.doi.org/10.1002/art.1780310302
http://dx.doi.org/10.1093/aje/kwq482
http://dx.doi.org/10.1093/ije/dyx268
http://dx.doi.org/10.1136/annrheumdis-2019-216694
http://dx.doi.org/10.1136/ard.2006.059980
http://www.ncbi.nlm.nih.gov/pubmed/25535750
http://dx.doi.org/10.1093/aje/kwv456
http://dx.doi.org/10.1093/aje/kwx198
http://dx.doi.org/10.3899/jrheum.170460
http://www.ncbi.nlm.nih.gov/pubmed/27049238
http://www.ncbi.nlm.nih.gov/pubmed/27049238
http://dx.doi.org/10.3899/jrheum.201226

	Comprehensive assessment of multimorbidity burden in a population-­based cohort of patients with rheumatoid arthritis
	Abstract
	Introduction﻿﻿
	Methods
	Statistical methods

	Results
	Discussion
	References


