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Abstract

Background: This study aimed to assess the association of disease activity with the presence of comorbidities in
patients with rheumatoid arthritis, using the Akita Orthopedic Group on Rheumatoid Arthritis (AORA) registry, a
multicenter, cross-sectional registry in Japan with the highest proportion of elderly people. We included 1838 patients
(mean age: 66.4 years old) who visited our affiliated institutions between April 2018 and March 2019. The patients
were divided into two groups based on the disease activity in 28 joints based on the erythrocyte sedimentation rate
(DAS28-ESR) into the remission or low disease activity group (L group) and the moderate or high disease activity
group (H group). Patient demographics and comorbidities in the two groups were compared.

Results: The most common comorbidity was hypertension (33.7%), followed by renal disease (25.2%), respiratory dis-
ease (12.2%), diabetes mellitus (8.1%), cardiovascular disease (8.0%), malignancies (5.7%), and cerebrovascular disease
(4.7%). The H group was older (p<0.0001); had a higher prevalence of hypertension (p<0.0001), diabetes (p=0.0011),
respiratory disease (p<0.0001), cerebrovascular disease (p<0.0001), and cardiovascular disease (p=0.0030); and was
less likely to use anti-rheumatic drugs. The prevalence of comorbidities other than renal disease and malignant tumor
was higher in the H group. Multivariate logistic regression analysis showed that female sex (p=0.0054), advanced
Steinbrocker class (p<0.0001), high anti-citrullinated protein antibody levels (p=0.0211), high prednisolone dose
(p<0.0001), and absence of biologics'or JAK inhibitors' use (p<0.0001) were risk factors for high disease activity, and
shorter treatment period was a low-risk factor for high disease activity (p=0.0041). Among comorbidities, the pres-
ence of cerebrovascular disease (p=0.0334) was the only independent risk factor for high disease activity.

Conclusions: In our registry study with a high proportion of elderly RA patients, cerebrovascular disease was associ-
ated with high disease activity in patients with RA. Therefore, when treating elderly patients with RA, we need to pay
careful attention to cerebrovascular disease, and treatment should be aimed at achieving adequate control of RA.
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Background

Rheumatoid arthritis (RA) is a chronic inflammatory
disease that can lead to joint destruction and dysfunc-
tion due to synovitis and bone erosion. However, in
the last decade, the introduction of disease-modifying
antirheumatic drugs (DMARDs), such as methotrex-
ate (MTX), biologics (Bio), and Janus kinase inhibitors
(JAK) has dramatically improved the long-term prog-
nosis of patients with RA [1]. The concept of “treat-
to-target” (T2T) in RA, which involves monitoring
the disease activity in order to achieve remission or
low disease activity, has been shown to be effective in
improving pain and dysfunction [2, 3].

RA is more common in middle-aged people between
the ages of 40 and 60 years [3], and treatment response
to MTX and biologics has been reported to be similar
among younger and older patients with RA [4]. How-
ever, the increased incidence of comorbidities, such
as cardiovascular and respiratory diseases, with aging,
often makes it difficult to introduce and continue these
effective drugs [3, 4]. As a result, older patients with
RA are more difficult to treat and have a higher disease
activity [5—8]. Previous reports have also shown that
patients with comorbidities have higher disease activity
and poorer outcomes than those without comorbidities
[5, 6, 9]. However, only few reports have examined the
relationship between specific comorbidities and disease
activity in RA [10]. Furthermore, there are no reports
of studies that focus on elderly individuals with several
comorbidities.

This study aimed to investigate which comorbidi-
ties affect disease activity in patients with RA using
the Akita Orthopedic Group on Rheumatoid Arthritis
(AORA) registry [11], a multicenter, cross-sectional RA
cohort study in Japan with the highest proportion of
elderly people.

Methods

The AORA registry

The AORA registry was established in 2010 as a mul-
ticenter cohort of Japanese patients with RA in Akita
Prefecture, Japan. The AORA registry is maintained by
the Department of Orthopedic Surgery at Akita Univer-
sity Graduate School of Medicine and covers 28 affili-
ated institutions. The data is collected once a year from
the responsible physician at each institution. Japan is
one of the world’s most rapidly aging countries, and
the Akita Prefecture has the highest rate of aging, with
33.8% of the population aged >65 years [12]. Therefore,
compared to other cohort registries [13, 14], the AORA
registry is novel, owing to its high proportion of elderly
patients.
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Study design

We included 2175 patients with RA aged >18 years who
visited our affiliated institutions between April 2018 and
March 2019. Patients not assessed for comorbidities and
those with insufficient clinical findings and laboratory
data for assessment of disease activity were excluded;
finally, 1838 patients (365 males and 1473 females) were
included in this study. Patient information, including age,
sex, medication, dosing period, disease stage and class
as per the Steinbrocker classification system [15], serum
levels of anti-citrullinated protein antibody (ACPA), the
disease activity score in 28 joints based on the erythro-
cyte sedimentation rate (DAS28-ESR), simplified disease
activity index (SDAI), the health assessment question-
naire disability index (HAQ), and comorbidities, were
collected. We investigated the use of the following drugs
for RA: DMARDs, MTX, glucocorticoids (predniso-
lone, PSL), Bio, and JAK inhibitors (Bio/JAK). Regarding
comorbidities, we evaluated the presence of hyperten-
sion; diabetes mellitus (DM); respiratory disease (chronic
obstructive pulmonary disease (COPD), interstitial
pneumonia (IP), asthma, and pulmonary infection); cer-
ebrovascular disease (cerebral infarction, cerebral hem-
orrhage, and subarachnoid hemorrhage); cardiovascular
disease (myocardial infarction, heart failure, and cardio-
myopathy); renal disease; and malignancy. We defined
renal disease as an estimated glomerular filtration rate
(eGFR) of <60 mL/min/1.73m? [16]. On the DAS28-
ESR, remission was defined as <2.6, low disease activity
as 2.6—3.2, moderate activity as 3.2—5.1, and high disease
activity as >5.1 [17]. Therefore, we divided patients into
two groups: the remission or low disease activity group
(L group) and the moderate or high disease activity group
(H group). We compared the measures between the two
groups. Furthermore, factors that affected high disease
activity were examined.

The study’s retrospective protocol was approved by the
Institutional Review Board for Clinical Research at Kaku-
nodate General Hospital (approval number, 00409), and
informed consent was obtained from all patients.

Statistical analysis

Values are expressed as means and standard deviations
(SD) for continuous variables and as percentages for cat-
egorical variables. Comparisons between groups were
made using independent sample ¢ tests in the case of con-
tinuous variables, and Pearson’s chi-square tests for cat-
egorical variables. To investigate the association between
RA disease activity and comorbidities, a multivariate
logistic regression analysis was performed. All statisti-
cal analyses were completed using R version 3.5.1 soft-
ware (R Foundation for Statistical Computing, Vienna,
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Austria), and the statistical significance was considered at
a p value <0.05.

Results

The mean age was 66.4 + 13.0 years (range, 18-99
years), and the mean disease duration period was 151.3
+ 129.0 months (range, 20-1040 months) (Table 1).
Among patients who used biologics, etanercept was
used in 175 patients (34.9%); tocilizumab in 68 patients
(22.7%); abatacept in 68 patients (13.6%); adalimumab
in 51 patients (10.2%); golimumab in 46 patients (9.2%);
infliximab in 30 patients (6.0%); and certolizumab in 15
patients (3.0%). The JAK inhibitor tofacitinib was used in
only two patients (0.4%). The most common comorbidity
was hypertension, followed by renal disease, respiratory
disease, DM, heart disease, malignant tumor, and cer-
ebrovascular disease, in decreasing order of prevalence
(Table 1).

Table 1 Clinical information for all patients

Variable Value

Total patients 1838

Age (years) 66.4413.0 (18-99)
Elderly (> 65) 1103 (60.0)

Sex—male/female 365 (19.9)/1473(80.1)

Disease duration (months) 1514129 (20-1040)

Steinbrocker stage I/1I/11I/IV
Steinbrocker class I/11/111/1V

517 (28.2)/407 (22.2)/442 (24.0)/472 (25.6)
856 (46.5)/729 (39.7)/207 (11.3)/46 (2.5)

ACPA (U/ml) 1334307 (0-7690)
DAS 29412 (0.28-7.9)
SDAI 7.346.8 (0.01-57.4)
HAQ 0.5+1.2 (0-49)
DMARDs usage 1607 (87.4)
MTX usage 1117 (60.8)
MTX dose (mg/week) 72423 (1-14)
PSL usage 711 (38.7)
PSL dose (mg/day) 3.84+2.1 (0-25)
Biologics/JAK usage 501 (27.2)
Comorbidity
Hypertension 619 (33.7)
Diabetes mellitus 49 (8.1)
Respiratory disease 224.(12.2)
Cerebrovascular disease 86 (4.7)
Cardiovascular disease 74 (8.0)
Renal disease 464 (25.2)
Malignant tumor 05 (5.7)

Values are expressed as the number of patients (%) or the mean =+ SD (range)

ACPA anticyclic citrullinated peptide antibody, DAS Disease Activity Score-28
joint count, HAQ Health Assessment Questionnaire, DMARDs disease-modifying
anti-inflammatory drugs, MTX methotrexate, PSL prednisolone, JAK Janus kinase
inhibitors, SD standard deviation
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On comparing the two groups, the H group
was older (p<0.0001); had a higher proportion of
women (p=0.0017); and had a longer disease dura-
tion (p=0.0055), more advanced stage (p<0.0001) and
Steinbrocker class (p<0.0001), and higher ACPA levels
(p=0.0034) than the L group. The usage rate of DM ARDs
(p=0.0017), MTX (p=0.0387), and Bio/JAK (p<0.0001)
was lower in the H group; however, the usage rate and
dose of PSL were higher in the H group (p<0.0001) than
in the L group. Moreover, the H group had a higher prev-
alence of hypertension (p<0.0001), diabetes (p=0.0011),
respiratory disease (p<0.0001), cerebrovascular dis-
ease (p<0.0001), and cardiovascular disease (p=0.0030)
(Table 2). Multivariate logistic regression analysis
revealed that female sex (p=0.0054), advanced Stein-
brocker class (p<0.0001), high ACPA levels (p=0.0211),
high PSL dose (p<0.0001), and absence of Bio/JAK use
(p<0.0001) were risk factors for high disease activity;
shorter treatment period was a low-risk factor for high
disease activity (p=0.0041). Among comorbidities, the
presence of cerebrovascular disease (p=0.0334) was asso-
ciated with high disease activity (Table 3).

Discussion

Using our patient registry with a high proportion of
elderly patients, we found that cerebrovascular disease
was associated with high disease activity in patients with
RA, among the comorbidities studied. Since patients
from the registry had a higher average age of 66.4 years,
and a higher prevalence of cardiovascular disease (8.0%)
and cerebrovascular disease (4.7%) than those in other
reports [4, 8, 18], this finding has important implications
for the treatment of rheumatoid arthritis in the elderly.

In the comparison between the two groups, the H
group was older, had more comorbidities, used MTX and
Bio less often, and used a higher dose of PSL. This result
is consistent with that of a previous study [14] which sug-
gested that the presence of comorbidities influenced the
choice of treatment. In addition, it has been reported that
female RA patients who have a longer disease duration
and belong to a higher disease functional class as per the
Steinbrocker criteria do not respond to treatment as well
as those with a shorter disease duration [19]. The results
of our multivariate logistic regression analysis support
these previous findings, indicating that early and ade-
quate therapeutic intervention is necessary in the treat-
ment of RA.

Conversely, it has been reported that RA is an inde-
pendent risk factor for cardiovascular and cerebrovas-
cular disease due to the progression of arteriosclerosis
caused by chronic inflammation and decreased physi-
cal activity [20-24]. Previously, Crepaldi et al. reported
that ischemic heart disease was related to RA disease
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Table 2 Comparison between the remission or low disease activity group (L group) and moderate or high disease activity group (H

group) by DAS28

Variables L group H group p value
Total patients 1133 705
Age (years) 64.24+13.0 70.0+£12.2 <0.0001*
Sex—male/female 251(22.2)/882 (77.8) 114 (16.2)/591 (83.8) 0.0017*
Disease duration (months) 1454120 1624141 0.0055*
Steinbrocker stage I/1I/111/1V 33.8/21.9/219/22.4 18.8/22.7/27.5/31.0 <0.0001*
Steinbrocker class I/11/11l/1V 59.5/33.5/5.7/1.3 25.8/49.5/203/44 <0.0001*
ACPA (U/ml) 114+173 1814436 0.0034*
DAS 22407 4.1+08 <0.0001*
SDAI 39432 127+75 <0.0001*
HAQ 05£1.1 14+£36 <0.0001*
DMARDs usage 1133 (61.6) 705 (38.4) 0.0017%
MTX usage 711 (62.7) 406 (57.6) 0.0387*
MTX dose (mg/week) 73423 72424 0.5686
PSL usage 370(32.7) 341 (48.4) <0.0001*
PSL dose (mg/day) 35421 41421 <0.0001*
Biologics/JAK usage 346 (30.5) 155 (22.0) <0.0001*
Comorbidity
Hypertension 312(27.5) 307 (43.5) <0.0001*
Diabetes mellitus 73 (64) 76 (10.8) 0.0011*
Respiratory disease 104 (9.2) 120 (17.0) <0.0001*
Cerebrovascular disease 32(2.8) 54(7.7) <0.0001*
Cardiovascular disease 71(6.2) 72 (10.2) 0.0030*
Renal disease 310 (27.4) 256 (36.3) 0.0562
Malignant tumor 60 (5.3) 45 (6.4) 0.5695

Values are expressed as the number of patients (%) or the mean + SD

ACPA anticyclic citrullinated peptide antibody, DAS Disease Activity Score-28 joint count, HAQ Health Assessment Questionnaire, DMARDs disease-modifying anti-
inflammatory drugs, MTX methotrexate, PSL prednisolone, JAK Janus kinase inhibitors, SD standard deviation

*Statistically significant

activity [10]. However, in our study, cardiovascular dis-
ease, including ischemic heart disease, was not a risk
factor for high disease activity. This may have been due
to several reasons. First, Asians have a lower risk of
developing ischemic heart disease than Westerners [25],
and therefore, there may have been fewer patients with
ischemic heart disease in our study. Second, in our reg-
istry, the category of “cardiovascular disease” included
not only ischemic heart disease, but also heart failure and
cardiomyopathy. Heart failure and cardiomyopathy do
not directly correlate with RA disease activity, and this
may have influenced our results.

The association between cerebrovascular disease and
disease activity of RA has been previously reported, and
proper treatment and maintenance of low disease activ-
ity in RA can suppress the progression of atherosclerosis
[26], thereby reducing the risk of cerebrovascular events
[27]. Our results suggest that cerebrovascular events
may be more frequent in RA patients with high disease
activity, and provide evidence for the effectiveness of

appropriate treatment, including Bio, based on recent
T2T strategies. Another possible interpretation is that
patients with a history of cerebrovascular disease are not
being treated appropriately. In fact, the physical limi-
tations of patients have been reported to be barriers to
achieving optimal disease activity [18], and the usage rate
of biologics has been reported to be lower in patients
with cerebrovascular disease because this comorbidity
is attributed to increased fragility [28]. In this study as
well, a high Steinbrocker class was a risk factor for high
disease activity in the multivariate logistic regression
analysis; impaired physical function was associated with
high disease activity. Although the definition of patient
fragility is unclear and the association between cerebro-
vascular disease and the patient’s physical function and
usage rate of biologics has not been investigated in this
study, we hypothesized that the general health condition
of patients with a history of stroke influenced the treat-
ment choice of their physicians and resulted in high dis-
ease activity.
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Table 3 Multivariate logistic regression analysis for the moderate
or high disease activity in rheumatoid arthritis patients

Variables OR 95%Cl p value
Age 1.0005 0.9923-1.0183 04303
Female 1.7759 1.1951-2.6826 0.0054*
Disease duration 0.9979 0.9965-0.9993 0.0041*
Steinbrocker stage 1.1723 0.9972-1.3786 0.0540
Steinbrocker class 24559 1.9617-3.0942 <0.0001*
ACPA 1.0008 1.0001-1.0016 0.0211%
MTX usage 1.0330 0.7607-1.4072 0.8356
PSL usage 1.8142 1.3524-2.4352 <0.0001*
Biologics/JAK usage 04870 0.3431-0.6849 <0.0001*
Hypertension 1.0769 0.7698-1.5013 0.6632
Diabetes mellitus 1.2927 0.7782-2.1835 0.3182
Respiratory disease 1.4247 0.9261-2.1846 0.1053
Cerebrovascular disease 1.8682 1.0642-3.6347 0.0334%
Cardiovascular disease 1.5137 0.8919-2.5645 0.1229
Renal disease 1.1947 0.8229-1.7320 0.3479
Malignant tumor 0.7047 0.3762-1.2753 0.2590

OR odds ratio, Cl confidence interval, ACPA anticyclic citrullinated peptide
antibody, MTX methotrexate, PSL prednisolone, JAK Janus kinase inhibitors

*Statistically significant

The presence of respiratory disease is the most impor-
tant comorbidity to consider when treating patients with
both MTX and biologics, as it increases the risk of drug-
related risks, such as the development and exacerbation
of IP and respiratory infections [28—30]. Therefore, res-
piratory disease could also be a risk factor for high disease
activity in terms of drug selection. However, in this study,
there was no statistically significant association between
disease activity and respiratory disease in patients with
RA. A previous study reported that respiratory comor-
bidity affected patient-reported outcomes [10]. However,
to our knowledge, there are no studies that have revealed
an association between RA disease activity and the pres-
ence of respiratory comorbidities. A variety of treatment
options, including the careful use of MTX and biologics
with close monitoring of symptoms [28, 31] and the use
of some biologic agents with a low risk of infection but
good efficacy in improving activity, could contribute to
achieving low disease activity in patients with comorbid
conditions [32, 33].

This study had several limitations. First, this was a
cross-sectional observational study; hence, it was dif-
ficult to evaluate the influence of comorbidities on
therapeutic response and selection of drugs, and to
clearly establish a causal relationship between comor-
bidities, disease characteristics, and treatment. Second,
we did not investigate other painful diseases, such as
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osteoarthritis and spondylosis, which may influence
the assessment of disease activity. Although comorbidi-
ties generally increase in the elderly, we did not com-
pare comorbidities in the non-RA group. Finally, our
study was not limited to the elderly, as it included all
RA patients older than 18 years. Finally, although our
data is from the region with the highest rate of aging,
our study is not limited to the elderly because we ana-
lyzed all registered cases, including all patients with
RA aged 18 years and older. Further research is needed
to confirm these findings by refining the registration
methods, collecting more detailed data, and conducting
longitudinal studies.

Conclusions

In our registry study with a high proportion of elderly
RA patients, we revealed that in patients with moder-
ate-to-high disease activity as classified by DAS28-ESR,
the prevalence of hypertension, diabetes mellitus, res-
piratory disease, and cardio-cerebrovascular disease,
but not renal disease and malignant tumor, was signifi-
cantly higher. Furthermore, multivariate logistic regres-
sion analysis showed that among the comorbidities,
only cerebrovascular disease was associated with high
disease activity in patients with RA. Therefore, when
treating elderly patients with RA, we need to pay care-
ful attention to cerebrovascular disease, and treatment
should be aimed at achieving adequate control of RA.
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