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Abstract 

Objectives

To evaluate medical costs and resource use in patients with rheumatoid arthritis (RA) 

with and without diabetes mellitus (DM).

Methods

Data were obtained from the Japan Medical Data Center (JMDC) claims database. 

The baseline period comprised 6 months before the index date (first prescription date 

post-RA diagnosis) while the 12-month duration post-index date was the follow-up 

period. Patients with RA and DM prescribed an antidiabetic drug in the baseline 

period constituted the DM group, while patients with RA without DM or an antidiabetic 

prescription in the baseline and follow-up periods belonged to the non-DM group. 

Patients were matched by sex, age, Charlson Comorbidity Index (CCI), months from 

the first RA codes, and medications. The primary endpoint was total medical costs 

per patient in the follow-up period. The secondary endpoints were costs for drugs, 

treatments, and materials, their sub-categories, and proportions of patients using the 

sub-categories.

Results

One hundred and sixty-one DM group patients and 2,974 non-DM group patients 

were eligible for inclusion, and 109 patients were matched from each group. The 

median values of age and CCI were 59 years and 2.0 in both groups. After excluding 

DM-specific costs, both total medical costs and drug costs were significantly higher in 

the DM group compared with the non-DM group (total medical costs: DM/  
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non-DM: 5,163 USD/ 3,782 USD, P < 0.05; drug costs: DM/ non-DM: 2,242 USD/ 

1,066 USD, P < 0.05) because of a higher proportion of biological disease-modifying 

antirheumatic drug (DMARD) users in the DM group (DM/ non-DM: 14.7%/ 5.5%). 

Treatment costs and material costs did not differ between the two groups.

Conclusions

Medical costs for RA were higher in the DM group than in the non-DM group because 

of a higher proportion of biological DMARD users.

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by syno-
vitis and systemic inflammation. Chronic inflammation in RA is suggested to affect 
respiratory, cardiac, neurologic, and hematologic systems, among others [1]. Patients 
with RA may experience various comorbidities [2], among which much research has 
focused on cardiovascular diseases because of their prevalence and clinical relevance 
in patients with RA [3–7]. Comorbid diseases require the additional use of health care 
services not only for the treatment of comorbidities but also for the treatment of RA 
itself [2]. The rates of discontinuation of RA treatments due to adverse events and 
failure to achieve remission are high, and both were reported to be positively associ-
ated with the number and severity of comorbidities at baseline [8]. Comorbidities can 
also significantly increase the complexity of diagnosing RA and deciding on treatment, 
especially in case of atypical or silent signs and symptoms of comorbidities [2].

Diabetes mellitus (DM) is known to increase the risk of cardiovascular death, and 
its incidence is suggested to be higher in people with RA than in people without RA. 
A review found that the pathology of DM is likely associated with a key inflammatory 
process in the induction and progression of RA [9]. The increased occurrence of 
type 2 DM in the general populations of high-income countries is also contributing to 
the higher proportion of comorbid type 2 DM in RA. Comorbid DM is likely to affect 
treatment outcomes. Patients who have both RA and DM showed significantly higher 
disease activity after adjusting for age, sex, smoking status, other comorbidities, RA 
disease duration, and prescribed drugs [10].

Therefore, comorbid DM is expected to increase medical costs and the use of 
medical resources in patients with RA, but few previous studies have focused on this 
aspect. To confirm the impact of comorbid DM on the economic burden of treating 
patients with RA, this study aimed to compare the cost and amount of health care 
resources used with and without comorbid DM by analyzing data from a large-scale 
health insurance claims database in Japan.

Materials and methods

Study design

This was a retrospective cohort study that evaluated medical costs and use of health 
care resources in patients with RA with and without comorbid DM. The protocol 
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including this study was approved by the Ethics Committee of Tokyo Women’s Med-
ical University on November 21, 2018 (Ethical Approval Number: 4991). Informed 
consent was not applicable for this study, based on the ethical guidelines for medical 
and health research involving human participants issued by the Ministry of Health, 
Labor and Welfare and Ministry of Education, Culture, Sports, Science and Technol-
ogy of Japan (revised on February 28, 2017). The study period was from March 9, 
2020 to February 26, 2024.

Data source

We obtained data for this study from a large-scale Japanese health insurance 
claims database administered by the Japan Medical Data Center (JMDC Inc.) [11]. 
This database contains the accumulated health insurance claims data of Japanese 
workers employed at medium- to large-scale companies and the dependents of those 
employees. The data have been collected from health insurance companies since 
2005, and at the end of 2018 the database contained data from 5.6 million Japanese 
individuals. The database contains anonymized information, such as patient charac-
teristics (e.g. age, sex), claims data for outpatient, inpatient, and dispensing services, 
and clinical diagnoses coded by the International Classification of Diseases 10th revi-
sion (ICD-10). The database allows patients to be continuously followed, even if they 
were transferred to another hospital or visited multiple medical institutions, as long as 
the insurance system to which they belong does not change [11].

Study population

All available medical and prescription records of eligible patients were extracted from 
the JMDC database for the study period extending from January 1, 2005, to April 30, 
2019, as shown in the flowchart of patient identification (Fig 1). Patients with a confirmed 
diagnosis of RA were identified by the relevant ICD-10 code (shown in Supplementary 
S1 Table). Patients were included if they had at least one prescription of methotrexate 
(MTX), including biological disease-modifying antirheumatic drugs (bDMARDs), or 
targeted synthetic DMARDs (tsDMARDs) (shown in Supplementary S2 Table) after 
the first diagnosis of RA. The first prescription date after the first diagnosis of RA was 
defined as the index date. We included patients with an index date in the period from 
January 1, 2012, to December 31, 2017, and available data from 6 months before to 12 
months after the index date; the 6 months period before the index date was defined as 
the baseline period and the 12 months duration after the index date was denoted as the 
follow-up period. Patients with at least one confirmed diagnosis of any of the diseases 
shown in Supplementary S1 Table in the baseline or the follow-up period were excluded, 
as were patients with at least one prescription of any DMARDs in the baseline period.

Patients with RA and both a confirmed diagnosis of DM (shown in S1 Table) and 
at least one prescription of any antidiabetic drug (shown in S3 Table) in the baseline 
period were defined as the DM group, and patients with no confirmed diagnosis of 
DM and no prescription of any antidiabetic drug in the baseline and follow-up periods 
were defined as the non-DM group (Fig 1). We then created a matched sample of 
patients by matching patients from each group at a 1:1 ratio on the basis of sex, age, 
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Charlson Comorbidity Index (CCI) [12], disease duration of RA (defined by the number of days from the first ICD-10 codes 
of RA to the index date), type of DMARDs (conventional synthetic DMARDs [csDMARDs], bDMARDs, or tsDMARDs) 
prescribed at the index date, corticosteroids (CSs) prescribed in the baseline period (shown in S2 Table), and use of anti-
hypertensive drugs and anti-dyslipidemic drugs in the baseline period (shown in S3 Table). We used a 1:1 ratio to include 
the largest possible number of patients in the DM group; the number of matched patients in the DM group decreased 
when the number of patients in the non-DM group increased. In the matching process, we allowed differences of 5 years 
for age and 6 months for disease duration. When calculating the CCI, we excluded DM. In addition, human immunodefi-
ciency virus infection and acquired immunodeficiency syndrome were also not considered because all information associ-
ated with their diagnosis and treatment had been removed from the database owing to the privacy policy of JMDC.

Endpoints

The primary endpoint was the total medical cost per patient in the 12-month follow-up period. Medical costs in Japanese 
Yen (JPY) were converted into US Dollars (USD) (1 USD equaled 105 JPY in 2020, the exchange rate at the time of the 
analyses).

The secondary endpoints were medical costs in three categories: drug costs, treatment costs, and material costs. Drug 
costs included costs for DMARDs, CSs, analgesics, and antidiabetics (shown in S2 and S3 Tables). To assess treatment 
and material costs, we considered all costs for medical care during the follow-up period (shown in S4 and S5 Tables), with 

Fig 1.  Flowchart of patient identification. DM, diabetes mellitus; DMARD, disease-modifying antirheumatic drug; JMDC, Japan Medical Data Center; 
RA, rheumatoid arthritis.

https://doi.org/10.1371/journal.pone.0328094.g001

https://doi.org/10.1371/journal.pone.0328094.g001
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some exceptions, such as cataract operations and childbirth-related medical care (shown in S4 and S6 Tables). We evalu-
ated the medical costs with and without costs for DM-specific medical care. We considered some costs to be DM-specific, 
namely, costs for antidiabetic drugs and for the following items in three sub-categories of treatment costs: management of 
DM in the sub-category medical management; blood glucose self-monitoring and home self-injection in the sub-category 
home health care; and assessment of hemoglobin A1c (HbA1c) and glucose levels in the sub-category examination. None 
of the material costs were considered to be DM-specific.

Another secondary endpoint was the use of medical resources in the follow-up period for all reasons except DM-specific 
care; these were also categorized into drug, treatment, and material costs. The types of medical care considered in the sec-
ondary endpoints were similar to those for the primary endpoint. For the use of drugs, we assessed the number and proportion 
of patients who used each eligible drug in the follow-up period, while for use of treatment resources we assessed the number 
and proportion of patients who used each resource and the number of days the resource was used in the follow-up period.

Statistical analysis

For medical costs, days of resource use, age, CCI, and disease duration, we calculated means (± standard deviation, SD) 
or medians (interquartile range, IQR) and performed Wilcoxon signed rank tests to assess differences in each variable 
between matched DM and non-DM groups. For use of drug and treatment resources, we calculated the number and pro-
portion of patients and performed McNemar’s test to assess group differences. The results were considered to be statisti-
cally significant when the p-value was less than 0.05. We performed all comparisons with two-sided tests and conducted 
all statistical analyses with Statistical Analysis Software R (version 3.6.0).

Results

Patient characteristics

A total of 161 patients were eligible for inclusion in the DM group and 2,974 were eligible for inclusion in the non-DM 
group (Fig 1). We found differences between the groups regarding sex, age, CCI, and treatment with antihypertensive and 
anti-dyslipidemic drugs in the baseline period (Table 1). After matching patients, we were able to include 109 from each 
group (Fig 1); no differences in patient backgrounds were present between the two matched groups (Table 1).

Medical costs

The total medical costs and their three categories (drugs, treatments, and materials) are listed in Table 2. Regardless of 
the DM-specific costs, the total medical costs and the costs for drugs were significantly higher in the DM group compared 
with the non-DM group (Table 2).

The costs for the various sub-categories of drugs are shown in Table 3. In both groups, the costs for bDMARDs con-
stituted a high proportion of the total drug costs. In the DM group, the costs of bDMARDs accounted for a high proportion 
of the total drug costs, and the costs of tumor necrosis factor inhibitors (TNFi) were particularly high (Table 3). The costs 
for all bDMARDs, all analgesics, and non-steroidal anti-inflammatory drugs (NSAIDs) were significantly higher in the DM 
group compared with the non-DM group (Table 3).

The costs for the various subcategories of treatment, excluding those for DM-specific treatment, are shown in Table 
4. In both groups, examination costs accounted for the highest proportion of the total treatment costs (Table 4), but the 
examination costs in the DM group were significantly higher than in the non-DM group (Table 4). If the costs of DM-specific 
medical care were included, the mean (± SD) treatment costs in the various subcategories in the DM vs non-DM groups 
were as follows: medical management, 231 (201) USD vs 213 (201) USD (P = 0.354); home health care, 338 (642) USD 
vs 10 (59) USD (P < 0.001); examination, 1,225 (581) USD vs 946 (566) USD (P < 0.001). The costs for the other treatment 
sub-categories that were not associated with DM-specific medical care were the same as shown in Table 4.
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Medical resource use

The number and proportion of patients who used the various types of RA-related drugs in the follow-up period is shown in 
Table 5. The proportion of MTX users was similar between the two groups, but that of bDMARDs users was significantly 
higher in the DM group compared with the non-DM group (Table 5).

The numbers and proportions of patients who received each type of treatment in the follow-up period, excluding 
DM-specific treatment, are shown in Table 6. No difference was found between the two patient groups in any sub-category 
(Table 6).

Table 1.  Patient characteristics.

Characteristic Before matching After matching

DM (N = 161) Non-DM 
(N = 2,974)

P-value DM (N = 109) Non-DM 
(N = 109)

P-value

Sex, n (%) Female 78 (48.4) 2,184 (73.4) < 0.001 55 (50.5) 55 (50.5) 1.000

DMARDs at index date, n (%) csDMARDs 155 (96.3) 2,894 (97.3) 0.591 109 (100.0) 109 (100.0) 1.000

bDMARDs 8 (5.0) 130 (4.4) 0.871 0 (0.0) 0 (0.0) 1.000

tsDMARDs 0 (0.0) 0 (0.0) NA 0 (0.0) 0 (0.0) 1.000

Medication in baseline period, 
n (%)

CSs 85 (52.8) 1,336 (44.9) 0.061 53 (48.6) 53 (48.6) 1.000

Antihypertensive drugs 82 (50.9) 320 (10.8) < 0.001 49 (45.0) 49 (45.0) 1.000

Antidyslipidemic drugs 77 (47.8) 301 (10.1) < 0.001 48 (44.0) 48 (44.0) 1.000

Age, median (IQR), years old 59.0 (53.0 - 63.0) 49.0 (42.0 - 56.0) < 0.001 59.0 (54.0 - 63.0) 59.0 (54.0 
- 62.0)

0.740

CCI, median (IQR) 2.0 (1.0 - 3.0) 1.0 (1.0 - 2.0) < 0.001 2.0 (1.0 - 2.0) 2.0 (1.0 - 2.0) NA

Disease duration, median (IQR), months 1.2 (0.5 - 5.8) 1.0 (0.6 - 6.9) 0.630 0.9 (0.5 - 2.9) 0.9 (0.5 - 2.1) 0.340

bDMARD, biological disease-modifying antirheumatic drug; CCI, Charlson comorbidity index; CS, corticosteroid; csDMARD, conventional syn-
thetic disease-modifying antirheumatic drug; DM, diabetes mellitus; IQR, interquartile range; NA, not applicable; tsDMARD, targeted synthetic 
disease-modifying antirheumatic drug.

P-value before matching: Chi-square test for sex, DMARDs at index date, and medication in the baseline period; Wilcoxon rank-sum test for age, CCI, 
and disease duration.

P-value after matching: McNemar’s test for sex, DMARDs at index date, and medication in the baseline period; Wilcoxon signed-rank test for age, CCI, 
and disease duration.

https://doi.org/10.1371/journal.pone.0328094.t001

Table 2.  Annual medical costs per patient.

Type of medical cost Medical costs per patient, mean (SD), USD/year

DM (N = 109) Non-DM (N = 109) P-value

Including DM costs Total 6,347 (5,234) 3,810 (4,050) < 0.001

Drug costs 3,032 (3,877) 1,066 (1,712) < 0.001

Treatment costs 3,227 (2,595) 2,567 (2,217) 0.001

Material costs 88 (576) 177 (1,006) 0.081

Excluding DM costs Total 5,163 (5,017) 3,782 (4,018) < 0.001

Drug costs 2,242 (3,816) 1,066 (1,712) 0.008

Treatment costs 2,833 (2,451) 2,539 (2,191) 0.076

Material costs 88 (576) 177 (1,006) 0.081

DM, diabetes mellitus; SD, standard deviation.

1 USD = 105 JPY in 2020.

P-value: Wilcoxon signed rank test.

https://doi.org/10.1371/journal.pone.0328094.t002

https://doi.org/10.1371/journal.pone.0328094.t001
https://doi.org/10.1371/journal.pone.0328094.t002
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The number of days when patients used treatment resources excluding DM-specific medical care during the follow-up 
period are shown in Table 7. No difference was found between the two patient groups for any type of treatment resources 
(Table 7).

Discussion

The present study found that, after matching patient characteristics by sex, age, CCI, disease duration of RA, and medi-
cation, medical costs in patients with RA were higher in the DM group than in the non-DM group. To our knowledge, this is 
the first study that has demonstrated the additional medical costs in patients with RA and DM.

Some of the differences between the two patient groups were attributable to treatments for DM, but even after 
DM-specific medical costs were excluded, drug costs in the DM group were approximately twice as high as those in the 
non-DM group because of significantly higher expenses for bDMARDs. A higher proportion of patients in the DM group 
were prescribed bDMARDs, and the unit price of these drugs is much higher than that of other drugs. In general, patients 
with RA are known to initiate treatment with a bDMARD if they show insufficient improvement with csDMARDs including 
MTX or if they cannot use or tolerate csDMARDs such as MTX. Our results suggest that failure to control disease activity 
with an initial therapy may be more common in the DM than in the non-DM group because we found no difference between 
the two patient groups in the proportion of patients using MTX in the follow-up period. Some previous studies have sug-
gested that comorbid DM is likely associated with higher disease activity and more frequent failure of csDMARDs treatment 
[10,13]. One study assessed the relationship between cardiovascular comorbidities including DM and disease activity in 
patients with RA by multivariate analyses adjusted for major confounders and found a positive association of DM with high 

Table 3.  Annual drug costs per patient.

Type of drug Drug cost per patient, mean (SD), USD/year

DM (N = 109) Non-DM (N = 109) P-value

csDMARDs Total 550 (592) 474 (396) 0.857

MTX 321 (227) 303 (223) 0.449

Others 229 (586) 171 (379) 0.700

bDMARDs Total 1,376 (3,619) 348 (1,546) 0.011

TNFi 845 (2,944) 284 (1,478) 0.088

IL6i 296 (1,351) 65 (494) 0.063

T-cell 235 (1,342) 0 (0) 0.068

tsDMARDs 0 (0) 0 (0) NA

CSs 28 (46) 32 (59) 0.545

Analgesics Total 288 (317) 212 (336) 0.007

AAP 2 (19) 4 (19) 0.315

AAP/Opioids 20 (98) 19 (105) 0.605

NSAIDs 229 (267) 167 (261) 0.012

Opioids 0 (0) 2 (16) 0.068

Others 36 (107) 20 (74) 0.098

DM 790 (602) 0 (0) < 0.001

AAP, acetaminophen; bDMARD, biological disease-modifying antirheumatic drug; CS, corticosteroid; csDMARD, conventional synthetic 
disease-modifying antirheumatic drug; DM, diabetes mellitus; IL6i, interleukin-6 inhibitor; MTX, methotrexate; NA, not applicable; NSAID, nonsteroidal 
anti-inflammatory drug; SD, standard deviation; T-cell, selective T-cell co-stimulation modulator; TNFi, tumor necrosis factor inhibitor; tsDMARD, targeted 
synthetic disease-modifying antirheumatic drug.

1 USD = 105 JPY in 2020.

P-value: Wilcoxon signed rank test.

https://doi.org/10.1371/journal.pone.0328094.t003

https://doi.org/10.1371/journal.pone.0328094.t003
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Table 4.  Annual treatment costs per patient excluding DM-specific medical practices.

Type of treatment Treatment costs per patient, mean (SD), USD/year

DM (N = 109) Non-DM (N = 109) P-value

Outpatient 355 (219) 332 (202) 0.452

Hospitalization 335 (1,144) 151 (600) 0.148

Medical management 213 (181) 213 (201) 0.707

Home health care 32 (226) 0 (0) 0.109

Examination 1,155 (560) 927 (556) 0.001

Imaging 205 (253) 259 (310) 0.141

Medication 194 (99) 177 (96) 0.197

Injection 51 (127) 24 (57) 0.058

Rehabilitation 47 (168) 71 (237) 0.465

Psychiatric specialty therapy 8 (49) 32 (180) 0.208

Procedure 32 (70) 25 (60) 0.482

Surgery 152 (808) 229 (948) 0.200

Anesthesia 24 (137) 53 (214) 0.340

Radiation therapy 0 (0) 0 (0) NA

Pathological diagnosis 30 (89) 45 (116) 0.231

Others 1 (4) 0 (5) 0.208

DM, diabetes mellitus; NA, not applicable; SD, standard deviation.

1 USD = 105 JPY in 2020.

P-value: Wilcoxon signed rank test.

https://doi.org/10.1371/journal.pone.0328094.t004

Table 5.  Number and proportion of patients who used drugs.

Type of drug Drug use, n (%)

DM (N = 109) Non-DM (N = 109) P-value

csDMARDs Total 109 (100.0) 109 (100.0) 1.000

MTX 101 (92.7) 102 (93.6) 1.000

Others 46 (42.2) 51 (46.8) 0.583

bDMARDs Total 16 (14.7) 6 (5.5) 0.041

TNFi 11 (10.1) 4 (3.7) 0.118

IL6i 6 (5.5) 2 (1.8) 0.219

T-cell 4 (3.7) 0 (0.0) 0.125

tsDMARDs 0 (0.0) 0 (0.0) 1.000

CSs 65 (59.6) 62 (56.9) 0.711

Analgesics Total 103 (94.5) 96 (88.1) 0.167

AAP 24 (22.0) 23 (21.1) 1.000

AAP/Opioids 10 (9.2) 6 (5.5) 0.454

NSAIDs 102 (93.6) 93 (85.3) 0.093

Opioids 0 (0.0) 4 (3.7) 0.125

Others 25 (22.9) 17 (15.6) 0.185

AAP, acetaminophen; bDMARD, biological disease-modifying antirheumatic drug; CSs, corticosteroids; csDMARD, conventional synthetic 
disease-modifying antirheumatic drug; DM, diabetes mellitus; IL6i, interleukin-6 inhibitor; MTX, methotrexate; NSAID, non-steroidal anti-inflammatory 
drug; T-cell, selective T-cell costimulation modulator; TNFi, tumor necrosis factor inhibitor; tsDMARD, targeted synthetic disease-modifying antirheumatic 
drug

P-value: derived from McNemar’s test.

https://doi.org/10.1371/journal.pone.0328094.t005
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disease activity [10]. This association was similarly observed in all activity measures investigated. Another study showed 
that more than 95% of patients with RA and DM used glucocorticoids and suggested that patients with RA and DM were 
likely to have more severe inflammation [13]. In contrast, many studies have suggested that TNFis decrease insulin resis-
tance and thus decrease the risk of developing DM [14]. Another study suggested that a T-cell co-stimulation modulator 
was associated with the reduction in DM-related medical costs [15]. An improved understanding of the molecular mecha-
nisms behind the accelerated inflammation observed in patients with RA and DM may lead to a better treatment strategy.

Our results showed that in the follow-up period, the proportion of NSAID users was comparable in the two patient 
groups but the costs for NSAIDs were significantly higher in the DM group. Although we cannot assert that NSAIDs 
were prescribed for the purpose of relieving pain associated with RA, these results suggest that this patient cohort may 
have had more severe disease inflammation than the non-DM group and therefore required larger amounts of NSAIDs. 

Table 6.  Number and proportion of patients with treatment resource use excluding DM-specific medical care.

Type of treatment Treatment resource use, n (%)

DM (N = 109) Non-DM (N = 109) P-value

Outpatient 109 (100.0) 109 (100.0) 1.000

Hospitalization 25 (22.9) 18 (16.5) 0.281

Medical management 102 (93.6) 98 (89.9) 0.481

Home health care 3 (2.8) 0 (0.0) 0.250

Examination 109 (100.0) 108 (99.1) 1.000

Imaging 90 (82.6) 98 (89.9) 0.134

Medication 109 (100.0) 109 (100.0) 1.000

Injection 56 (51.4) 53 (48.6) 0.780

Rehabilitation 16 (14.7) 17 (15.6) 1.000

Psychiatric specialty therapy 4 (3.7) 5 (4.6) 1.000

Procedure 52 (47.7) 52 (47.7) 1.000

Surgery 16 (14.7) 21 (19.3) 0.442

Anesthesia 13 (11.9) 15 (13.8) 0.839

Radiation therapy 20 (18.3) 32 (29.4) 0.088

Pathological diagnosis 6 (5.5) 2 (1.8) 0.289

Others 109 (100.0) 109 (100.0) 1.000

DM, diabetes mellitus.

P-value: McNemar test.

https://doi.org/10.1371/journal.pone.0328094.t006

Table 7.  Number of days when patients used various types of treatment resources excluding DM-specific medical care.

Type of treatment Treatment resource use, mean (SD), days/year

DM (N = 109) Non-DM (N = 109) P-value

Outpatient 31.7 (19.6) 30.0 (21.0) 0.300

Hospitalization 2.6 (8.2) 1.9 (8.1) 0.127

Imaging 2.9 (3.1) 3.6 (3.9) 0.068

Rehabilitation 2.6 (8.9) 2.8 (9.4) 0.918

Procedure 5.4 (13.7) 5.2 (16.0) 0.951

Surgery 0.2 (0.5) 0.2 (0.6) 0.530

DM, diabetes mellitus; SD, standard deviation.

P-value: Wilcoxon signed rank test.

https://doi.org/10.1371/journal.pone.0328094.t007

https://doi.org/10.1371/journal.pone.0328094.t006
https://doi.org/10.1371/journal.pone.0328094.t007
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Although surgical procedures can also be an outcome of disease inflammation and progression, the proportion of patients 
who underwent an operation did not differ between the two groups; however, we hypothesize that if the study population 
was followed for a longer period of time, we may find a higher incidence rate for surgery in the DM group.

Treatment costs were also significantly higher in the DM group compared with the non-DM group. In particular, costs for 
examinations were higher in the DM group, although the proportion of treatment users did not significantly differ between 
the two groups. Comorbidity with DM requires additional examinations not only for glycemic control but also for risks of 
DM-specific vascular disorders; these examinations include blood tests and heart, kidney, and liver function tests. Fre-
quent examinations, including expensive tests, increased treatment costs in the DM group. Although imaging procedures 
are also likely to be required in patients with DM to test for micro- or macroangiopathy, imaging costs were not significantly 
different between the two groups. However, we adjusted for demographic and clinical characteristics, and hence patients 
with advanced DM who are more likely to have such vascular disorders, may have been excluded from the study popula-
tion. Comorbidity with DM is considered to increase the risk of infection, but the proportion of patients who were hospital-
ized and the days spent in hospital did not show any differences between the two patient groups in the 12-month follow-up 
period.

Limitations

The present study has some limitations. First, the patients with RA we analyzed included those who had at least one pre-
scription of MTX, bDMARDs, or tsDMARDs and excluded those who used only non-MTX csDMARDs namely, bucillamine 
or salazosulfapyridine. Second, we chose a 1:1 matching ratio between the two patient groups to maximize the number of 
patients in the DM group. Therefore, approximately 95% of patients in the non-DM group were excluded from the anal-
yses. After a 1:2 and 1:3 ratio of patient matching, the resulting numbers of included patients in the DM group were 80 
and 62, respectively. We confirmed that the ratio of patient matching had no impact on our results (see S7 Table). Third, 
the claims database we used does not contain any information on the severity of RA, such as the Disease Activity Score, 
Clinical Disease Activity Index, Simplified Disease Activity Index, and Health Assessment Questionnaire score, so disease 
severity may have differed in the two patient populations even though the matching process considered prescribed drugs 
at baseline; however, we believe that this aspect had only limited impact on our conclusions because the proportion of 
users of csDMARDs and CSs was comparable in the follow-up period. Fourth, although more than 70% of patients with 
RA are women, only about 50% of our patient-matched groups were women. In addition, because only corporate employ-
ees and their families were registered in the JMDC database, the proportion of elderly people aged 65 and over, who are 
the non-working population, was relatively small. Therefore, our findings may not represent the general population with 
RA. Lastly, we used ICD-10 codes to identify patients with RA, but the validity of these codes has not been confirmed in 
the JMDC claims database.

Conclusions

Patients with RA who have comorbid DM were more likely to use relatively expensive bDMARDs, resulting in higher medi-
cal costs than those patients with RA who do not have comorbid DM.
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