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Abstract 

Background:  Assessing medication adherence in rheumatoid arthritis (RA) is clinically significant as low adherence is 
associated with high disease activity. Self-reported medication adherence surveys have been shown to have prob-
lems with overestimation of adherence due to social desirability bias. However, no MTX adherence studies adjusted 
for social desirability have been conducted to date. This study aimed to evaluate adherence to MTX and perform an 
investigatory search for factors associated with MTX adherence including social desirability.

Methods:  This cross-sectional multicenter study was conducted among adult RA patients consuming oral MTX 
for ≥ 3 months. We examined the distribution of MTX adherence, according to the eight-item Morisky Medication 
Adherence Scale (MMAS-8). Social desirability was using the Social Desirability Scale (SDS). Furthermore, an explora-
tory factor analysis involving social desirability was examined to identify factors associated with MTX adherence using 
linear regression analysis. To deal with missing values, we used multiple imputations with chained equations methods.

Results:  A total of 165 RA patients were enrolled. The median age was 64 years, and 86.1% were women. Based on 
the MMAS-8, low, medium, and high adherences were noted in 12.1%, 60.0%, and 27.9% of participants, respectively. 
High social desirability (coefficient, 0.14; 95% confidence interval [CI], 0.05–0.23; p < 0.05) and high age (coefficient 
per 10 years, 0.16; 95% CI, 0.01–0.03; p < 0.05) were associated with high MTX adherence, whereas full-time work was 
negatively associated with high MTX adherence (coefficient, -0.50; 95% CI, -0.95–-0.05; p < 0.05).

Conclusions:  A large proportion of patients with RA do not take MTX as prescribed. High social desirability, high 
educational level, and non-full-time work may be associated with high MTX adherence. Physicians should confirm 
MTX adherence before switching or adding disease-modifying anti-rheumatic drugs in cases of uncontrolled disease 
activity.
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Background
Rheumatoid arthritis (RA) is a systemic autoimmune dis-
ease characterized by chronic inflammation. RA affects 
the joints and leads to functional disability in the absence 
of appropriate treatment [1]. The 2015 American Col-
lege of Rheumatology (ACR) and the 2019 European 
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League against Rheumatism recommendations suggested 
the early use of disease-modifying antirheumatic-drugs 
(DMARDs), usually methotrexate (MTX), in most active 
RA patients [2, 3]. Several studies have reported that low 
medication adherence is associated with high RA disease 
activity [4, 5]. Hence, MTX adherence in RA patients is 
crucial.

Non-adherence can be categorized as non-initiation, 
poor execution (accidental or intentional) or non-persis-
tence [6]. As a chronic disease, RA is important for drug 
continuation, and attention should be focused on non-
persistence non-adherence. Several studies on adherence 
to MTX have been conducted. However, MTX adherence 
differed among the studies because of the various defi-
nitions of adherence, different follow-up durations, and 
heterogeneity of patient populations. A previous study 
reported that MTX adherence is associated with age, 
sex, race, RA disease activity, patient beliefs about the 
medication, disease duration, mental health, and socio-
economic status (SES) [4, 7–11]. In a systematic review, 
beliefs on the necessity and efficacy of MTX, high mood, 
mild disease, and MTX monotherapy were identified as 
the most reliable variables related to MTX adherence 
[12].

The common propensity for people to show themselves 
in the most favorable light in relation to society values 
and standards is known as social desirability [13]. Clini-
cally, social desirability may result in underreporting of 
socially and culturally "undesirable" habits and behaviors, 
which may eventually result in lost chances for inter-
vention and unrecognized pharmacological contrain-
dications [14, 15]. It is well known to influence the use 
of self-reported questionnaires in research. A previous 
study reported that social desirability is the tendency to 
respond to self-reported items in a way that reflects bet-
ter on the respondent rather than acting accurately and 
truthfully [16]. Self-reported medication adherence sur-
veys have been shown to have problems with overestima-
tion of adherence due to social desirability bias [17, 18]. 
A previous MTX adherence study has reported the need 
to control this bias [19]; however, no studies have investi-
gated the MTX adherence survey by controlling for social 
desirability. Thus, this study aimed to evaluate the effect 
of already known variables plus social desirability.

Methods
Study design
This cross-sectional study was conducted in four hospi-
tals: Showa University Hospital, Showa University North-
ern Yokohama Hospital, Showa University Fujigaoka 
Hospital, and Kanto Rosai Hospital. Data collection was 
conducted only once during the survey.

Patient population
Participants were outpatients who met the 2010 
ACR criteria for RA [20]. The inclusion criteria 
were age ≥ 20  years and consumption of oral MTX 
for ≥ 3 months. The exclusion criteria were patients with 
dementia, restlessness, and severe psychiatric disor-
ders. Consecutive sampling was employed. Patients were 
recruited between August 2013 and October 2014.

Outcome
The primary outcome was the distribution of MTX 
adherence according to MMAS-8 at the time of the sur-
vey based on the patient’s description. MMAS-8 consists 
of an eight-item questionnaire [21–23]. MMAS-8 scores 
range from 0 to 8 and are classified as follows: low, < 6; 
medium, > 6 and < 8; and high, 8. Originally, MMAS-8 
was developed for daily administration of oral medicine. 
MTX was administered once a week; thus, we devel-
oped the Japanese questionnaire for MTX accordingly 
after obtaining the original developer’s permission. First, 
a physician (N.Y.), a pharmacist (T.K.) with experience 
in scale development translated the scale into Japanese. 
Second, it was back-translated into English by two pro-
fessional translators. N.Y., T.K. and two professional 
translators compared the items with the original items, 
and discussed the questionnaire and achieved a con-
sensus, and revised the translated and back-translated 
versions. Finally, we were sent to the original author to 
confirm the semantic content, and some minor improve-
ments were made. The final version was approved by 
the original author. Then, five Japanese RA participants 
took part in a pilot test to see if they could understand 
the questions and respond to them clearly, if the language 
was clear, if there were any technical or strange words 
that the subjects couldn’t understand, and if the ques-
tions were appropriate for Japanese culture.

Data collection
Social desirability is typically assessed using the Social 
Desirability Scale (SDS) developed by Crowne and 
Marlowe in 1960, with 33 items [24]. By "the urge to seek 
acceptance by acting in a culturally relevant and accept-
able way," this scale defines social desirability. Further-
more, a 13-item SDS was developed with confirmed 
validity and reliability [25–27]. In this study, we used the 
13-item SDS. The responses are recorded on “True” or 
“False. Add 1 point to the score for each “True” response 
to statements 5, 7, 9, 10, and 13. Add 0 points to the score 
for each “False” response to these statements. Add 1 
point to the score for each “False” response to statements 
1, 2, 3, 4, 6, 8, 11, and 12. Add 0 points to the score for 
each “True” response to these statements. The score by 
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domains ranges from 0 to 13. Higher scores indicated 
higher social desirability.

MTX dose, MTX dosing frequency, duration of 
MTX treatment were collected. RA disease activity was 
assessed using the Disease Activity Score in 28 joints 
(DAS28-ESR). [28]. Activities of daily living (ADL) was 
assessed using the modified Health Assessment Ques-
tionnaire (mHAQ), which is a self-reported questionnaire 
that measures function, including ADL performance. 
Depression state was defined using the Centre for Epi-
demiological Studies-Depression (CES-D) scale[29]. The 
patient’s perceptions towards medications were assessed 
using the Belief about Medicines Questionnaire-Specific 
(BMQ-specific), which includes two domains, BMQ-
Specific necessity (5 items) and BMQ-Specific concern 
(5 items). We used the BMQ necessity-concern differ-
ential (“BMQ-Specific necessity” minus “BMQ-Specific 
concern”) predicted adherence most strongly in stud-
ies affecting adherence [30]. Pain severity was assessed 
using the Brief Pain Inventory (BPI).We used the average 
numerical rating scale (NRS) pain score other clinical 
studies have applied in the multivariable analysis. Short 
Form-8 (SF-8) is a health-related quality of life (QoL) 
questionnaire [31, 32] We used two summary scores: 
mental component summary (MCS; showing mental sta-
tus) and physical component summary (PCS; showing 
physical status). The Japanese versions of mHAQ, CES-D, 
BMQ, BPI, SDS, and SF-8 were validated [33, 34].

Additionally, we obtained data on SES, including mari-
tal status, educational level, employment status, and liv-
ing status. Data on patient characteristics, medication, 
and SES were further collected using questionnaires. 
Other data were obtained from medical chart records. 
After consulting the doctor, the participants answered 
the Morisky Medication Adherence Scale (MMAS-8), 
mHAQ, CES-D, BMQ, BPI, SDS, SF-8, and SES question-
naires; they returned the completed questionnaires to the 
data center by mail.

Statistical analyses
MMAS-8, sex, CES-D, and SES were used as categori-
cal variables, whereas age, MTX dose, MTX dosing fre-
quency, duration of MTX treatment, disease duration, 
DAS28-ESR, mHAQ, BMQ, BPI, SDS, and SF-8 were 
used as continuous variables. Summary statistics were 
presented as median with interquartile range (IQR) 
and numbers with proportion (%). First, we evalu-
ated the distribution of MTX adherence according to 
MMAS-8. Subsequently, we compared MMAS-8 and 
pre-described factors using one-way analysis of vari-
ance (ANOVA), Kruskal–Wallis test, and chi-squared 
test. For significant factors, we conducted a trend 

analysis. Finally, multiple linear regression analysis 
was performed to exploratively assess factors associ-
ated with MTX adherence The co-variables selected 
were as follows: age, sex, disease duration, RA disease 
activity (DAS28-ESR), depression state (CES-D), reli-
ability of the medication (BMQ necessity-concern dif-
ferential), social desirability (SDS), educational level 
(more than, equal to college-level, or not), and employ-
ment status (full-time work or not). These factors were 
further selected based on previous studies and clinical 
importance [4, 7–11, 35–37]. To compare the mean 
DAS-28 scores among the three groups using ANOVA, 
the effect size (small, 0.1; medium, 0.25; and large: 0.4) 
customarily proposed by Cohen [38] was set at medium 
(0.25), the significance level was set at 5% on both 
sides, and the power was set at 80%. The total number 
of cases was calculated to be 159. The target number of 
cases was 176, assuming a dropout rate of 10%.

To deal with missing values, we used multivariable 
multiple imputations with chained equations methods 
to increase power and minimize selection bias since we 
considered missing data to be an assumption of missing 
at random. We included age, sex, disease duration, RA 
disease activity, depression state, reliability of the medi-
cation, social desirability, educational level, and employ-
ment status for each imputation model. We generated 
10 imputed datasets and combined coefficient estimates 
using Rubin’s rules for each imputation.

A two-sided p-value < 0.05 was considered statisti-
cally significant. All statistical analyses were conducted 
using STATA 14.2 (StataCorp LP, College Station, TX) 
software.

Ethical considerations
The ethics committee of Showa University Hospital 
(approval number 1446) and Showa University Toyosu 
Hospital, Showa University Northern Yokohama Hos-
pital, Kanto Rosai Hospital approved this study, and 
informed consent was obtained from all participants 
before study enrolment. All study procedures were per-
formed in accordance with the Declaration of Helsinki. 
Patient information was anonymized and de-identified 
before analysis.

Results
Patient flow chart
Figure  1 shows the patient flow chart. Initially, 181 RA 
patients were invited. Of 169 patients eligible for the 
study, four were excluded because of missing MTX 
adherence data (n = 2) and clinical data (n = 2). A total of 
165 RA patients were included in the final analysis.
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Baseline characteristics
The characteristics of the participants are shown in 
Table  1. The median age of the patients was 64  years 
(IQR, 54–72), and 86.1% were women. The median dose 
of MTX was 8 mg per week (IQR, 6–12), median MTX 
dosing frequency was three times per week (IQR, 2–3), 
and median duration of MTX treatment was 36 months 
(IQR, 17–75). The proportion of missing data varied 
from 0 to 15.2% (Additional file 1: Table S1).

Distribution of MTX adherence
Based on MMAS-8, low, medium, and high adher-
ence rates were noted in 12% (20/165), 60% (99/165), 
and 28% (46/165) of cases, respectively. The median 
MMAS-8 score was 7 (IQR, 6.5–8).

Patient’s characteristics by grade of MTX adherence
Patient’s characteristics by grade of MTX adherence 
divided by MMAS-8 are shown in Table  1. A signifi-
cant correlation between levels of MTX adherence and 
age, mHAQ, SDS, SF-8 (PCS), and employment status 
was found. Based on trend analysis, older participants 
had significantly high adherence, and the higher the 
social desirability, the higher the adherence. However, 
a significant correlation between MTX adherence and 
mHAQ and SF-8 (PCS) was not observed in the trend 
analysis.

Factors associated with high MTX adherence considering 
social desirability
In the multiple linear regression analysis adjusted for age, 
sex, disease duration, RA disease activity (DAS28-ESR), 
depression state (CES-D), reliability of the medication 
(BMQ necessity-concern differential), social desirability 
(SDS), educational level (more than or equal to college-
level or not), and employment status (full-time work or 
not), higher social desirability (coefficient, 0.14; 95% con-
fidence interval [CI], 0.05–0.23; p < 0.05) and higher age 
(coefficient per 10 years, 0.16; 95% CI, 0.01–0.03; p < 0.05) 
were associated with high MTX adherence, whereas full-
time work was negatively related to high MTX adher-
ence (coefficient, −0.50; 95% CI, −0.95 to −0.05; p < 0.05) 
(Table 2).

Discussion
Elderly participants and high social desirability were sig-
nificantly associated with high adherence based on trend 
analysis. Multiple linear regression analysis showed that 
high MTX adherence in RA patients is associated with 
high social desirability, high educational level, and non-
full-time work. In our study, only 27.9% of the partici-
pants showed high medication adherence. Several studies 
reported that adherence to DMARDS was 40%–107% 
[10, 39, 40]. There are several potential reasons for the 
observed low adherence. First, the method of adherence 
measurement in each study was different. There were 
interviews, questionnaires, tablet count, drug concentra-
tion, and doctor’s judgment as measurements. A previ-
ous study showed that the adherence to interview, tablet 
count, drug concentration, and doctor’s judgment were 
96%, 77%, 58%, and 42%, respectively, which showed vast 
differences [41]. Since each measurement has advantages 
and disadvantages, the gold standard is not determined. 
We chose a self-reported questionnaire in this study since 
this scale is not expensive or invasive and can be possibly 
validated. Second, the time point of adherence measure-
ment was different between the studies. We measured 
adherence during the maintenance period (mean disease 
duration, 53 months). A previous report suggested that the 
adherence of DMARDs in the early period was low (58%) 
[5]. Another study reported the adherence to salazosul-
fapyridine as 87% at three years from the start of medica-
tion [36]. In contrast, the adherence to DMARDs in the 
maintenance period varied from 84%,4 70% [42], to 95.4% 
[43]. Previous reports have suggested that the adher-
ence to DMARDs was not different between the early and 
maintenance periods. It is crucial to note that the time 
point of measuring medication adherence is the mainte-
nance period because RA is a chronic disease that requires 
DMARDs for a long duration. The third is the difference in 
participant characteristics. Living status and marital status 

2 had missing adherence data

2 had no clinical data

181 patients were invited to 

participate

169 patients were eligible

12 did not give consent

165 patients completed the study

Fig. 1  Patient flow chart
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Table 1  Patient characteristics by grade of MTX adherence divided by MMAS-8 (n = 165)

IQR interquartile range; DAS28-ESR Disease Activity Score (28 joint count)- erythrocyte sedimentation rate; mHAQ modified Health Assessment Questionnaire; 
BMQ Beliefs about Medicines Questionnaire; CES-D Center for Epidemiological Studies Depression; BPI Brief Pain Inventory; NRS Numerical Rating Scale; SDS Social 
Desirability Scale; SF-8 8-item Short-Form Health Survey; PCS physical component summary; MCS mental component summary; MTX methotrexate; MMAS-8 Morisky 
Medication Adherence Scale

All
(n = 165)

MMAS-8 p value

Low
(n = 20)

Medium
(n = 99)

High
(n = 46)

Age, median (IQR) 64
(54–72)

58
(44–62)

65
(53–73)

65.5
(59–74)

0.01

Female, n (%) 142 (86.1) 18 (90.0) 84 (84.6) 38 (82.6) 0.74

MTX dose (mg/week), median (IQR) 8 (6–12) 10 (8–12) 8 (6–10) 10 (8–12) 0.17

MTX dosing frequency (times/week), median (IQR) 3 (2–3) 3 (2–3) 2 (2–3) 2 (2–3) 0.54

Duration of MTX treatment
(month), median (IQR)

36 (17–75) 32 (16–79) 35 (18–80) 41 (13–74) 0.15

Disease duration
(month), median (IQR)

53.5
(22.5–123.5)

35
(22–120)

47
(22–111)

60.5
(24–158)

0.95

Concomitant medication

NSAIDS, n (%) 59 (35.8) 5 (25.0) 36 (36.4) 8 (39.1) 0.53

Corticosteroid, n (%) 27 (16.4) 2 (10.0) 17 (17.2) 8 (17.4) 0.71

Biologics, n (%) 48 (29.1) 7 (35.0) 28 (28.3) 13 (28.3) 0.83

DAS28-ESR, median (IQR) 2.30
(1.68–3.00)

2.01
(1.37–2.23)

2.32
(1.68–3.02)

2.40
(2.01–3.15)

0.08

mHAQ, median (IQR) 0
(0–0.13)

0
(0–0.25)

0
(0–0)

0.13
(0–0.38)

0.02

BMQ necessity-concern differential, median (IQR) 1 (0–3) 2 (0–3) 1 (0–3) 2 (0–3) 0.81

CES-D (total score ≥ 16), n (%) 37 (26.4) 8 (47.1) 21 (8.3) 8 (20.0) 0.10

BPI (average NRS pain score), median (IQR) 2 (1–3) 1 (1–4) 1 (1–3) 1 (3–4) 0.13

SDS, median (IQR) 6 (4–7) 4 (3–6) 6 (4–6) 6.5 (5–8) 0.00

SF-8 (PCS), median (IQR) 48.1
(42.4–52.1)

47.4
(45.8–52.1)

49.8
(43.5–52.1)

45.6
(40.2–50.2)

0.04

SF-8 (MCS), median (IQR) 50.2
(45.6–54.1)

47.7
(43.0–53.2)

50.3
(46.3–53.9)

50.0
(46.1–55.0)

0.36

Marital status (married), n (%) 95 (57.9) 11 (55.0) 61 (62.2) 23 (50.0) 0.37

Educational level (greater than or equal to college level), n (%) 36 (21.8) 5 (25.0) 17 (17.2) 14 (30.4) 0.19

Employment status (full-time), n (%) 38 (23.0) 12 (60.0) 22 (22.2) 4 (8.7) 0.00

Living status (living alone), n (%) 43 (26.4) 7 (35.0) 24 (24.5) 12 (26.7) 0.62

Table 2  Factors associated with MTX adherence using linear regression analysis (n = 165)

Linear regression analysis was used to detect factors associated with MTX adherence

MTX methotrexate; RA rheumatoid arthritis; DAS28-ESR Disease Activity Score (28 joint count)-erythrocyte sedimentation rate; BMQ Beliefs about Medicines 
Questionnaire; CES-D Center for Epidemiological Studies Depression; SDS Social Desirability Scale; Coef regression coefficients; CI confidence interval

Coef 95% CI p value

Age 0.02 0.00–0.03 0.03

Female − 0.09 − 0.58 to 0.40 0.73

Disease duration 0.00 − 0.00 to 0.00 0.41

RA activity (DAS28-ESR) 0.16 − 0.03 to 0.35 0.09

Depression state (CES-D) − 0.26 − 0.69 to 0.18 0.25

Belief about medicine (BMQ necessity-concern differential) 0.01 − 0.07 to 0.09 0.86

Social desirability (SDS) 0.14 0.05–0.23 0.00

Educational level (more than or equal to college level or not) 0.36 − 0.10 to 0.82 0.13

Employment status (full-time work or not) − 0.50 − 0.95 to 0.05 0.03
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affected adherence [7, 11]. Our study could not adjust 
the living status and marital status because we could not 
include more factors based on our sample size. In addition, 
the age of the participants may have had an effect. In the 
original MMAS-8 article [21], the mean age was 52 years; 
however, in our study, the median age was 64 years, which 
means that the participants in our study were older, and 
this may have influenced the results. Furthermore, older 
people may not have revealed the truth. Thus, when refer-
ring to drug adherence studies, the method of measuring 
adherence, whether the target patient is in the disease’s 
early or maintenance phase, and the patient’s characteris-
tics should be confirmed before adaptation.

Our study detected high social desirability, high edu-
cational level, and non-full-time work as factors affect-
ing MTX adherence. A previous study reporting MTX 
adherence found that adherence is associated with age, 
sex, race, RA disease activity, patient beliefs about the 
medication, disease duration, mental health, and SES [4, 
7–11, 35–37]. The discrepancy between our findings and 
those of other studies could be attributed to three rea-
sons. First, we measured and adjusted social desirability, 
which possibly affected the answers in the questionnaire. 
Although a recent MTX adherence research mentioned 
the necessity to account for this bias [19], no studies have 
examined how MTX adherence survey accounts for social 
desirability. The results may have differed since we con-
ducted a factor search that included social desirability. 
Second, racial differences may have led to different out-
comes. Our study was based on a Japanese population; 
however, previous studies were mainly on white people, 
black people, and Hispanic people. Canon et al. reported 
that the adherence to MTX was associated with the Cau-
casian race [4]. Therefore, adherence may be influenced 
by race. Third, the definition of medication adherence 
varies between studies. We used MMAS-8 in our study. 
Conversely, previous studies used other methods to assess 
medication adherence, such as physicians’ estimation, 
different self-reported scales, drug concentration, tablet 
count electronic monitors, and other questionnaires. A 
prior study reported that medication adherence differs 
because the measurement method employed seems to 
vary [12]. Therefore, we need to practice caution when 
using research results because the results may differ 
depending on the method of measuring adherence and 
the variables incorporated, including social desirability.

Our study had three strengths. First, we assessed social 
desirability, leading to social desirability bias. To our 
knowledge, no clinical studies adjusting social desirability 
have investigated the association between MTX adher-
ence and various factors. Second, to our knowledge, this 
is the first research to examine MTX adherence in an 

Asian population. Third, the response rate to the ques-
tionnaires was high (93.4%), thereby strengthening inter-
nal validity.

This study has significant implications for the clini-
cian. Our findings may prevent unnecessary DMARDs 
changes since physicians tend to overestimate patients’ 
medication adherence [44]. They should confirm MTX 
adherence before switching or adding DMARDS. 
Accordingly, this provides an opportunity to reduce the 
healthcare cost and adverse events of medication.

However, this study had several limitations. First, in 
the multivariable analysis, some immeasurable essential 
factors (such as characteristics of each participant, joint 
deformities, number of medications, and MTX dos-
ing frequency) that could affect MTX adherence possi-
bly exist. We did not determine patient personality due 
to the difficulty in quantifying it. In addition, we did not 
collect radiographs even if they are necessary for deter-
mining joint deformity because they are burdensome for 
patients. However, we adjusted for joint deformity using 
the mHAQ to reduce its possible influence on the find-
ings. In addition, although the number of MTX doses 
was collected, it was not possible to incorporate variables 
due to sample size limitations. Second, the generaliz-
ability of our findings is limited. Our study setting was 
primarily university hospitals in Japan; thus, the results 
of this study cannot be applied to the clinical setting, in 
small- and medium-sized hospitals, or in settings includ-
ing other races. Furthermore, the highest dose of MTX 
in Japan in the study was 8 mg per week. This dose is less 
than the standard dose of 20 mg worldwide, which limits 
the indications. Third, we used a self-reported question-
naire of adherence. Hence, the completed questionnaire 
possibly influenced social desirability. Although we could 
not adjust this bias completely, social desirability was 
added as a factor for analysis. Furthermore, MMAS-8 is 
"self-perceived adherence" and not true drug adherence. 
Therefore, even a factorial search including social desir-
ability may not reveal the truth. Forth, The Marlowe-
Crowne Social Desirability scale may have inadequate 
validity and reliability [45]. The validity of this scale 
has not been examined in the target population of RA 
patients. There are also negative studies on the reliability 
of the SDS scale. As a future study, we would like to con-
duct a validity study of this scale in RA patients.

Conclusions
Our results demonstrated that sixty percent of the RA 
patients had moderate adherence to MTX. Moreover, 
high MTX adherence in RA patients is associated with 
high social desirability, high educational level, and non-
full-time work.
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