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Abstract 

Background Myasthenia gravis (MG), a rare chronic neuromuscular disorder, is characterized by progressive physi-
cal decline and requires long-term pharmacological treatment. Due to the decline of physical and social abilities, MG 
patients are in great need of social support, including tangible and emotional support. This study aims to examine 
the association between social support and medication adherence and the possible mediating effects of mental 
health and self-efficacy among MG patients.

Methods A cross-sectional analysis of a nationwide MG registry was conducted on 865 patients under oral medica-
tion treatment in China between June and July 2022. Validated scales were used to measure the respondent’s mental 
distress (Four-item Patient Health Questionnaire), social support (Modified Medical Outcomes Study Social Support 
Scale), self-efficacy for medication use (Self-efficacy for Appropriate Medication Use Scale), and medication adherence 
(Morisky Medication Adherence Scale, MMAS).

Results The association between social support and medication adherence and possible mediating effects of mental 
distress and self-efficacy were tested by structural equation model, with significant demographic and disease-related 
factors adjusted. The respondents showed a very low level of medication adherence (71.2% poor adherence; 1.4% 
high adherence; mean MMAS = 4.65). The level of social support was positively associated with medication adherence, 
and such association was fully mediated by two indirect pathways: through self-efficacy (β = 0.07, proportion medi-
ated = 63.8%); and through mental distress and then self-efficacy (β = 0.01, proportion mediated = 6.7%).

Conclusion Provision of social support and interventions on mental health with emphasis on improving self-efficacy 
for medication use may effectively improve medication adherence among MG patients.
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Background
Myasthenia gravis (MG) is a rare chronic neuromus-
cular disorder characterized by progressive physical 
decline and requires long-term pharmacological treat-
ment. Globally, the incidence of MG is approximately 
1.7 to 21.3 per million person-years and the prevalence 
is estimated to be 15 to 179 per million persons [1]. The 
symptoms of MG may include weakness of eye mus-
cles, difficulty in swallowing and breathing, and weak-
ness in the arms, legs, and other muscles [2]. Due to the 
chronic, fluctuating muscle weakness, MG patients may 
present impaired physical functioning as well as a wide 
range of psychological and social disabilities. There is evi-
dence that MG patients may suffer from fear, social anxi-
ety, social avoidance, and depression [3–5], which could 
affect their health behaviors and quality of life [6, 7].

There is no cure for MG to date, but the prognosis of 
MG patients is generally good due to advances in phar-
macological treatment, plasmapheresis, thymectomy, 
and critical illness management [8]. Compared to other 
chronic conditions like hypertension and diabetes, phar-
macological treatment for MG patients, which is rec-
ommended as first-line treatment [8], often involves 
complex regimens, for example, concurrent use of mul-
tiple medications for treating neuromuscular symptoms 
(e.g. acetylcholinesterase inhibitor and immunosup-
pressant) and supplementary medications for treating 
comorbidities and drug side effects (e.g. nausea, weight 
gain, and infection resulted from long-term use of cor-
ticosteroids and azathioprine [9]). It has been reported 
that non-adherence is common among MG patients (38–
65%), contributing to elevated risk of relapses, hospitali-
zation, and crisis in patients as well as the increased cost 
of healthcare [10–13].

Previous studies on chronic diseases have demon-
strated that medication non-adherence can be contrib-
uted by a confluence of factors, among which inadequate 
social support is underlined as a key variable, particularly 
when the treatment regimen is complex [14–17]. How-
ever, to date, no empirical studies have explored the role 
of social support among MG patients. Social support is 
defined as the social resources that individuals perceived 
to be available or that are actually provided to them [18]. 
Recent research has identified social support as a protec-
tive factor for physical and mental health [19].

While the mechanism of how social support affects 
medication adherence is not completely clear, some stud-
ies have highlighted the possible psychological pathway 
of the relationship. For example, stress-buffering model 
of support hypothesized that social support reduces 
stress perception and weakens the link between stress 
and adverse outcomes [18]. Previous studies have found 
that higher levels of support are associated with lower 

exposure and perception of stress and lower level of 
depression [20, 21]. In turn, mental distress is associated 
with decreased medication adherence as it may affect 
patients’ desire and ability to adhere to advised medica-
tion regimen [22, 23].

There is also strong evidence that social support may 
foster the sense of control over life and lead to a greater 
feeling of self-efficacy [24, 25]. Self-efficacy, defined as 
the belief or confidence that one can perform a specific 
required action successfully to achieve a desired out-
come, has been noted as one of the most predominant 
predictors of health-promoting behavior and an impor-
tant aspect of disease management [26–28]. Self-efficacy 
for appropriate medication use refers to the ability to take 
medications as advised, even under difficult or uncertain 
circumstances [29]. Studies on patients with chronic con-
ditions have identified the mediating roles of psychologi-
cal symptoms (depression and anxiety) and self-efficacy 
in the association between social support and medication 
adherence [30, 31]. Further, self-efficacy was also found 
as a mediator in the association between mental health 
and medication adherence [32, 33].

Based on the existing literature mentioned above, social 
support, mental health, self-efficacy, and medication 
compliance are related and share complex relationships. 
Understanding the psychosocial profiles of MG patients, 
identifying their links with medication adherence, and 
clarifying the underlying mechanism may assist in devis-
ing targeted interventions for improving disease manage-
ment and health outcomes of patients. This study aims to 
examine: (1) the levels of medication adherence, social 
support, mental distress, and self-efficacy; (2) the associ-
ation between social support and medication adherence 
and the mediating role of mental health and self-efficacy 
in a large sample of MG patients. We hypothesized that 
social support would be associated with medication 
adherence, and that MG patients with higher social sup-
port would have lower level of mental distress and higher 
level of self-efficacy, which leads to better medication 
adherence (Fig. 1).

Methods
Study design and data collection
A web-based, cross-sectional survey was conducted on 
patients with MG between June and July 2022 in China. 
A pilot-tested questionnaire was distributed by Beijing 
Aili Myasthenia Gravis Care Center, the largest national 
MG patient organization in China, to its registered 
patients through social network platform. The patient 
registry system was established in May 2018, and more 
than 7,000 MG patients across China has voluntarily reg-
istered up to March 2023. All members were required to 
submit a proof of diagnosis for registration, which was 
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subsequently verified by the organization. Invitations for 
the current survey were sent directly to approximately 
3,000 registered MG patients who had participated in 
either of the two routine registry surveys in 2018 and 
2019, using the organization’s internal patient communi-
cation network. The questionnaire for the current study 
collected the respondent’s information on socio-demo-
graphic characteristics (age, sex, marital status, educa-
tion attainment, employment, and household income), 
disease-related information (duration of disease, use of 
medications), social support, mental distress, self-effi-
cacy for medication use, and medication adherence. An 
informed consent form was presented prior to the start of 
online survey, and participants would only be directed to 
the survey if they agreed to participate and clicked “next 
page” button. To reduce the possibility of incompletion, 
the survey allowed the participants to exit temporarily, 
with the progress automatically resumed when accessed 
again. After the respondents completed the survey, 
answers were uploaded to an online platform and were 
manually checked by three researchers. Missing values, 
extreme values, and unusual answers were manually veri-
fied by trained staff by confirming with the patient or car-
egiver. Completion time of the survey was also manually 
reviewed to ensure that all the responses were completed 
within a reasonable duration. A total of 1,020 completed 
questionnaires were collected. Adult MG patients with 
generalized MG and were under medication treatment 
at the time of survey were considered eligible to include 
in data analysis. Finally, a total of 865 MG patients were 
included. Ethical approval of this study was obtained 
from the sponsoring university of the study.

Instruments and measurements
Medication adherence
Medication adherence was measured by the 8-item 
Morisky Medication Adherence Scale (MMAS), which 
evaluates non-adherent behavior to medical regimen 
under different circumstances [34]. Items 1–7 of MMAS 

are scored by binary options, with “yes” scored by 1 point 
and “no” scored by 0 point. Item 8 is scored by a 5-point 
Likert scale, with responses of “never”, “once in a while”, 
“sometimes”, “usually”, and “all the time” scored by 1, 0.75, 
0.50, 0.25, and 0, respectively. The total score is calculated 
by summing the scores from all items, ranging from 0 to 
8, with higher score indicating better medication adher-
ence [35]. The level of medication adherence was con-
sidered high, medium, and low with the MMAS score of 
8, 6 to < 8, and < 6, respectively [35]. MMAS is one of the 
most widely used scale for measuring medication adher-
ence and has shown favorable psychometric properties in 
various populations and settings [36]. The Chinese ver-
sion of MMAS has been validated among patients with 
myocardial infarction (Cronbach’s α = 0.77) [37] and epi-
lepsy (Cronbach’s α = 0.56) [38]. The Cronbach’s α is 0.61 
in the present study.

Social support
Social support was measured by eight-item Modi-
fied Medication Outcomes Study Social Support Scale 
(mMOS-SSS), which contains two dimensions: tangi-
ble support and emotional support [39, 40]. Four items 
measure tangible support (e.g. “Someone to help you 
if you were confined to bed”) and four items measure 
emotional support (e.g. “Someone who understands 
your problems”). Each item is scored by a 5-point Lik-
ert scale, ranging from none of the time (1 point) to all 
of the time (5 points). Score of the scale was calculated 
by averaging the scale items and transformed to a 0–100 
scale, with higher scores indicating higher level of sup-
port. The Chinese version of mMOS-SSS was adapted 
from the Chinese version of MOS-SSS, which has been 
validated among patients with chronic conditions [41]. 
The mMOS-SSS is a validated scale with good internal 
consistency, with Cronbach’s α ranging from 0.88 to 0.93 
[39]. The internal consistency in the present sample was 
comparable (Cronbach’s α = 0.91).

Mental distress
Mental distress was measured by the Four-item Patient 
Health Questionnaire (PHQ-4), which screens for 
symptoms of depression and anxiety [42]. The instru-
ment evaluates the respondent’s mental health by ask-
ing the frequency of specific symptoms over the past 
two weeks. The first two items are related to anxiety 
(e.g. feeling nervous, anxious or on edge) and the last 
two items are related to depression (e.g. feeling down, 
depressed or hopeless). Each item is scored by a 4-point 
Likert scale, ranging from not at all (0 point) to nearly 
everyday (3 points). Given that the symptoms of depres-
sion and anxiety are highly correlated (r = 0.80), a sum 
score of all items was calculated to reflect mental health 

Fig. 1 Proposed model of relationships between social support, 
anxiety/depression, medication self-efficacy, and medication 
adherence
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status, ranging from 0 to 12, with higher score indicat-
ing higher worse mental health status. The overall score 
is rated as normal (0–2), mild (3–5), moderate (6–8), 
or severe (9–12), and anxiety/depression is defined as 
score ≥ 3 [42]. The Chinese version of PHQ-4 used in this 
study was adapted from the validated Chinese version of 
PHQ-8 [43], and was found of good internal consistency 
in our sample (Cronbach’s α = 0.91).

Self‑efficacy for medication use
Self-efficacy of medication use was assessed by the 
13-item Self-efficacy for Appropriate Medication Use 
Scale (SEAMS), which measures the respondent’s level of 
confidence in taking medications correctly under differ-
ent circumstances [29]. Each item is scored by a 3-point 
Likert scale, ranging from not confident (1 point) to very 
confident (3 points). The total score is calculated by sum-
ming the scores from all items, ranging from 13 to 39, 
with higher score indicating higher level of confidence. 
The Chinese version of SEAMS showed good reliability 
and internal consistency (Cronbach’s α ranged from 0.83 
to 0.92) among stroke patients [44]. The internal con-
sistency is also good in the present sample (Cronbach’s 
α = 0.94).

Covariates
Covariates considered for analysis included age (18–
30, 31–50, > 50), sex, marital status (single, married, 
divorced/widowed), education attainment (high school 
or below, above high school), employment (employed, 
unemployed), household income [< ¥3,000, ¥3,000–5,000, 
¥5,000–10,000, ¥10,000 or above, (CNY¥1 = USD$0.15)], 
duration of disease (measured by years from date of diag-
nosis to date of data collection), number of medications 
currently in use (including pyridostigmine, corticoster-
oids, azathioprine, mycophenolate mofetil, mycophenolic 
acid, tacrolimus, cyclosporine, cyclophosphamide, meth-
otrexate, Traditional Chinese Medicine, and other medi-
cines), and current use of corticosteroids (yes, no).

Statistical analysis
The basic characteristics and levels of social support, 
mental health, self-efficacy, and medication adherence 
were described. The continuous variables were reported 
as mean and standard deviation (SD), and categori-
cal variables were reported in number and percentage. 
The scores of scales measuring social support, mental 
health, self-efficacy, and medication adherence were also 
reported in median and interquartile ranges (IQR). Uni-
variable and multivariable linear regression analyses were 
conducted to identify socio-demographic and disease-
related factors associated with medication adherence. 
The multivariable model followed a backward stepwise 

approach for variable selection. The identified variables 
from the multivariable model were adjusted in the fol-
lowing mediation analysis. The above analyses were con-
ducted using Stata 16.0 (Stata Corp LP, College Station, 
TX, USA).

The mediation analyses were performed using a two-
stage procedure of structural equation model (SEM) on 
Mplus 8.0, with estimation method of maximum likeli-
hood [45]. Confirmatory factor analysis (CFA) was first 
conducted to examine the adequacy of the measurement 
for social support, mental health, and self-efficacy, which 
were built as latent variables. Then, SEM was performed 
to examine the goodness of fit of the hypothesized model. 
The SEM measures the indirect effect between social 
support and medication adherence through three media-
tion pathways: (1) mental health only, (2) self-efficacy 
only, (3) serially through first mental health and then self-
efficacy. Socio-demographic and disease-related variables 
that were significant in the linear regressions were also 
controlled in the SEM. The model fit was considered to 
be satisfactory when: absolute fit (χ2/df) < 5, root mean 
square error of approximation (RMSEA) < 0.08, compara-
tive fit index (CFI) > 0.90, Tucker-Lewis Index (TLI) > 0.90 
[46, 47]. Standardized path coefficients (β) were pre-
sented and the mediation effect was assessed using a 
bootstrapping approach (n = 2,000). Statistical signifi-
cance was set at p = 0.05.

Results
Background characteristics
The background characteristics of participants are 
described in Table 1. A total of 238 (27.5%) males and 627 
(72.5%) females were included in the analysis. The age of 
participants ranged between 19 and 79, and the mean age 
was 41.1 (SD 11.3) years. Epidemiological data showed 
that the occurrence of MG tends to differ by sex and 
age, with more females affected for age below 40 (with a 
female:male ratio of 3:1), roughly equally affected for age 
40–50, and more males affected for age above 50 [48]. In 
our sample, the female:male ratio was 3.3, 1.8, and 0.8 for 
the age of MG onset < 40, 40–50, and > 50, respectively, 
largely consistent with the epidemiological pattern of 
MG. More than half (64.8%, n = 542) of participants were 
not employed. The duration of MG ranged from 0 to 51 
years, and the mean duration was 10.8 (SD 7.9) years. 
Approximately 73.5% (n = 636) of patients were taking 
more than one medication, and more than half (58.6%, 
n = 507) were using corticosteroids drug. The different 
combinations of medication regimen are described in 
Table S1. The most common regimen was use of pyri-
dostigmine only (16.0%) and combined use of pyridostig-
mine and corticosteroids (13.4%).
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Medication adherence, social support, mental distress, 
and self‑efficacy
The levels of different scales for measuring medication 
adherence, social support, mental distress, and medica-
tion self-efficacy are described in Table 2. The mean score 
of MMAS was 4.65 (SD 1.74) and median was 4.75 (IQR 
3.50–6.00). Only 12 patients (1.4%) had high adherence 
to treatment; 27.4% (n = 237) of patients had medium 
level of adherence, and the majority (71.2%, n = 616) of 
patients were of low adherence. The mean and median 
score of mMOS-SSS was 52.51 (SD 23.20) and 50.00 (IQR 
34.38–68.75), respectively. Overall, the level of tangible 
support (mean score 54.74, median score 56.25) received 
by participants was higher than that of emotional support 
(mean score 50.29, median score 50.00). The mean and 
median score of PHQ-4 was 4.74 (SD 3.27) and 4.00 (IQR 
3.00–7.00), respectively, and the overall level of depres-
sion (mean score 2.48, median score 2.00) was slightly 
higher than the level of anxiety (mean score 2.26, median 
score 2.00). Among all participants, 13.8% (n = 119) were 
considered with severe mental distress, 18.7% (n = 162) 
with moderate distress, 42.8% (n = 370) with mild dis-
tress, and 24.7% (n = 214) were normal. Approximately 
one-third of participants showed symptoms of depres-
sion (37.3%, n = 323) and anxiety (31.2%, n = 270). The 
mean and median score of SEAMS was 27.63 (SD 6.34) 
and 26.00 (IQR 24.00–33.00). Medication self-efficacy 
was higher under difficult circumstances (mean score 
15.32, median score 14.00) than under uncertain cir-
cumstances (mean score 12.31, median score 12.00). The 
score was lowest for the item “when they cause some side 
effects”, followed by “when you are not sure how to take 
the medicine” (Table S2).

Socio‑demographic and disease‑related factors 
of medication adherence
The results of univariable linear regression (Table S3) 
showed that age (p < 0.001 for > 50 years), sex (p = 0.04), 

Table 1 Background characteristics of participants (n = 865)

CNY¥1 = USD$0.15
a Medications include pyridostigmine, corticosteroids, azathioprine, 
mycophenolate mofetil, mycophenolic acid, tacrolimus, cyclosporine, 
cyclophosphamide, methotrexate, Traditional Chinese Medicine

Variable n (%)

Age (years)

 18–30 139 (16.1%)

 31–50 527 (61.0%)

  > 50 199 (23.0%)

Sex

 Male 238 (27.5%)

 Female 627 (72.5%)

Marital status

 Single 163 (18.8%)

 Married 610 (70.5%)

 Divorced/widowed 92 (10.6%)

Education

 High school or below 414 (47.9%)

 Above high school 451 (52.1%)

Employment

 Employed at least part-time 295 (35.2%)

 Not employed 542 (64.8%)

Household monthly income (CNY)

  < ¥3,000 218 (25.2%)

 ¥3,000–5,000 237 (27.4%)

 ¥5,000–10,000 232 (26.8%)

 ¥10,000 or above 178 (20.6%)

Disease duration (years since diagnosed)

 Mean (SD) 10.8 (7.9)

Number of medications currently in  usea

 1 229 (26.5%)

 2 296 (34.2%)

 3 263 (30.4%)

 4 74 (8.6%)

 5 or above 3 (0.4%)

Current use of corticosteroids 507 (58.6%)

Table 2 Mean (SD), median (IQR), and score range of predictor variables and medication adherence among the sample (n = 865)

Variable Mean (SD) 95% CI Median (IQR) Possible Range Observed Range

Medication Adherence (MMAS) 4.65 (1.74) 4.53–4.77 4.75 (3.50, 6.00) 0–8 0.25–8

Social Support (mMOS-SSS) 52.51 (23.20) 50.97–54.06 50.00 (34.38, 68.75) 0–100 0–100

Tangible support 54.74 (24.58) 53.10–56.38 56.25 (37.50, 75.00) 0–100 0–100

Emotional support 50.29 (24.07) 48.68–51.90 50.00 (31.25, 68.75) 0–100 0–100

Mental distress (PHQ-4) 4.74 (3.27) 4.52–4.96 4.00 (3.00, 7.00) 0–12 0–12

Anxiety 2.26 (1.76) 2.15–2.38 2.00 (1.00, 3.00) 0–6 0–6

Depression 2.48 (1.69) 2.36–2.59 2.00 (1.00, 4.00) 0–6 0–6

Self-efficacy for medication use (SEAMS) 27.63 (6.34) 27.19–28.07 26.00 (24.00, 33.00) 13–39 13–39

Under difficult circumstances 15.32 (3.71) 15.08–15.57 14.00 (13.00, 19.00) 7–21 7–21

Under uncertain circumstances 12.31 (3.19) 12.10–12.52 12.00 (10.00, 14.00) 6–18 6–18
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education (p = 0.01), household income (p = 0.01 for 
¥5,000–10,000; p = 0.003 for ¥10,000 or above), and dura-
tion of disease (p = 0.001) were significantly associated 
with medication adherence. Number of medications cur-
rently in use (p = 0.34) and current use of corticosteroids 
(p = 0.57) were not significantly associated with medi-
cation adherence. The association between social sup-
port and medication adherence was significant (β = 0.01, 
p = 0.007) after controlling for age, education, and dura-
tion of disease, but became non-significant (β = 0.001, 
p = 0.60) after adding mental distress (β = -0.03, p = 0.11) 
and medication self-efficacy (β = 0.07, p < 0.001) in the 
model.

Testing of the hypothesized model
The results of correlation analysis (Table S4) showed that 
medication adherence was significantly positively corre-
lated with social support (p <  0.001), medication self-effi-
cacy (p < 0.001), age (p < 0.001), and education (p = 0.01), 
and negatively correlated with mental distress (p < 0.001).

The measurement model was tested using CFA. The 
model showed good fit with the data (χ2/df = 4.60, 
CFI = 0.92, TLI = 0.91, RMSEA = 0.07). All observed 
variables were significantly loaded on the correspond-
ing latent variables (p < 0.001). The factor loadings of the 
three latent variables (social support, mental distress, and 
self-efficacy) ranged from 0.63 to 0.92 (Table S5).

The results of SEM suggest that the hypothesized 
model (Fig.  2) demonstrated a good fit after controlling 
for the significant background variables (χ2/df = 4.22, 
CFI = 0.91, TLI = 0.90, RMSEA = 0.06). Significant posi-
tive associations were found between social support 
and self-efficacy (β = 0.16, p < 0.001) and between self-
efficacy and medication adherence (β = 0.42, p < 0.001). 
Significant negative associations were found between 
social support and mental distress (β = -0.12, p < 0.001) 
and between mental distress and self-efficacy = -0.15, 

p < 0.001). There was positive association between social 
support and medication adherence (β = 0.03, p = 0.38) 
and negative association between mental distress and 
medication adherence (β = -0.02, p = 0.45), but these 
associations were non-significant. The bootstrap results 
(Table  3) indicated that social support had an indirect 
effect (β = 0.08, p < 0.001) but non-significant direct effect 
(β = 0.03, p = 0.38) on medication adherence. Two medi-
ating pathways were identified: (1) an indirect pathway 
through medication self-efficacy (β = 0.07, proportion 
mediated = 63.8%); (2) a serial indirect pathway through 
first mental distress, then self-efficacy (β = 0.01, propor-
tion mediated = 6.7%). The mediating effect between 
social support and medication adherence through mental 
distress only was non-significant.

Discussion
Based on data of 865 MG patients from a nationwide 
patient registry, this study has revealed that MG patients 
in China showed a very low level of medication adher-
ence, with only 1.4% highly adherent to their pharma-
cological treatment. We have also found that the level of 
social support is positively associated with medication 
adherence, and that such relationship is explained by 
indirect effects through mental health and self-efficacy. 
Specifically, patients with higher levels of social support 
are more likely to demonstrate better mental health and 
higher self-efficacy for medication use, which is a driver 
of higher medication adherence.

Medication adherence is a crucial component in effec-
tive treatment of MG patients. We found that the major-
ity (71.2%) of the MG patients in China were poorly 
adherent to medication. The proportion of patients 
adherent to treatment (1.4%) is relatively low compared 
to findings from Brazil (44.8%) [13], Turkey (35.2%) [12], 
and Chile (61.5%) [49]. Nonetheless, it should be noted 
that these studies were conducted on small samples 

Fig. 2 Structural model of relationships between social support, mental distress, medication self-efficacy, and medication adherence
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(sample size range 26–58) recruited from hospitals, 
which tend to overestimate treatment adherence in rela-
tive to the general MG patients in our study. The limited 
access to MG-specific healthcare services and suboptimal 
patient-clinician relationship could also contribute to the 
low level of medication adherence we identified [50]. In 
many places including China, knowledge and expertise in 
diagnosing and treating rare diseases are limited. Misdi-
agnosis of rare disease is common, which could lead to 
distrust in physicians and treatment regimen. As medi-
cal resources are usually concentrated in major cities, 
patients dispersed across the country may face difficulty 
in accessing resources, receiving timely treatment, and 
having regular follow-up in hospitals, which may con-
tribute to inadequate communication with healthcare 
workers.

Our finding confirmed the hypothesis that the level 
of social support is positively associated with medica-
tion adherence, this in line with past studies on patients 
with other chronic diseases [16, 17]. Adding to the 
existing evidence, we have identified two pathways of 
mechanism in how social support may affect medica-
tion adherence indirectly and highlighted the key role of 
self-efficacy. First, MG patients with higher level of social 
support demonstrate higher self-efficacy, which contrib-
utes to higher medication adherence. Second, patients 
with adequate social support are less likely to develop 
depressive and anxiety symptoms, which in turn lead to 
elevated self-efficacy and eventually increases medica-
tion adherence. The crucial mechanism of self-efficacy 
has been previously demonstrated in studies on patients 
with other chronic conditions. Maeda et  al. reported 
that self-efficacy fully mediated the relationship between 
social support and treatment adherence among patients 
with heart failure [51]. Evidence on hypertensive patients 

also showed that social support was related to self-man-
agement of disease via self-efficacy [52]. A study from US 
that explored the relationships between social support, 
depression/anxiety, and medication adherence identified 
a full mediation effect through depression/anxiety among 
persons living with HIV/AIDS [31]. Our study further 
revealed that the effect of mental distress on medication 
adherence may actually be through self-efficacy. Similar 
to patients with other chronic conditions, MG patients 
with high level of emotional and tangible support pos-
sibly have more external resources to coping with dis-
ease, higher self-esteem and sense of self-control, and 
therefore promote confidence in medication use [53]. 
Moreover, given the complex and dynamic nature of 
MG treatment regimen, the psychological factors, such 
as perceived support or good mood, in general, may not 
be able to affect the medication-taking behavior directly, 
but instead, through an indirect path by increasing the 
patients’ desire and ability to adhere to advised medica-
tion treatment.

The findings of this study yield some implications 
for practice. The key role of self-efficacy we identified 
suggests that social support and mental health inter-
ventions with emphasis on improving patients’ self-
efficacy in medication use would be highly beneficial 
for medication adherence. We found that compared 
to patients with chronic conditions in general [44, 54], 
MG patients’ confidence in adhering to treatment were 
particularly impaired by concerns for drug side effects, 
uncertainty about medication schedule, and complex-
ity of treatment regimen. Accordingly, interventions 
to enhance self-efficacy and thereby optimize medica-
tion adherence may consider support from family and 
friends that provide positive feedbacks on patients’ 
self-management, health education highlighting coping 

Table 3 Direct and indirect mediation effect in the proposed model

Path Coefficient (95% CI) Standard Error P‑value Relative 
mediation 
effect

Total effect 0.11 (0.04, 0.17) 0.03 0.001

Direct effect
 Social support➔ Medication
adherence

0.03 (-0.04, 0.09) 0.03 0.38

Total indirect effect 0.08 (0.05, 0.10) 0.01  < 0.001

 Specific indirect effect

 Social support ➔Mental distress➔
Medication adherence

0.002 (-0.003, 0.008) 0.003 0.48 ——

 Social support ➔Self-efficacy➔
Medication adherence

0.07 (0.04, 0.09) 0.01  < 0.001 63.8%

 Social support ➔Mental distress➔
Self-efficacy➔ Medication adherence

0.01 (0.004, 0.01) 0.002 0.002 6.7%
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skills and knowledge about disease and treatment, and 
collaborative goal setting to strengthen patients’ abil-
ity and motivation to improve their self-efficacy and 
disease management. In clinical practice, instruction 
of medication use should be carefully communicated 
to patients, especially when multiple medications are 
involved. Meanwhile, healthcare workers should rein-
force the importance of treatment adherence and dispel 
the patients’ fear for side effects. In addition to assess-
ment and control of psychological symptoms which are 
commonly reported by MG patients, the clinical prac-
tice may incorporate mental health interventions that 
consider self-efficacy, for example, empowering the 
patients on disease management behaviors.

This study provided novel data on the level of medica-
tion adherence in a non-clinical sample of MG patients. 
Given the varied access to medical resources, our results, 
generated from real-world experience, may provide a 
more comprehensive picture of patient profile compared 
to past findings from clinical samples. The large sample 
size is another strength of this study, which increased 
the validity of findings. The study has contributed valu-
able data on self-management behavior and psychosocial 
aspects of MG patients and identified possible underly-
ing mechanisms in the association between social sup-
port and medication adherence, which provided practical 
implications for management of MG.

There are several limitations to this study. First, the 
cross-sectional design precluded the establishment of 
causal relationship between different factors and medi-
cation adherence. Second, although the participants 
of this study were from 31 out of 33 provinces/munici-
pals across China, it should be noted that the voluntary 
nature of patient registry and possible over-presentation 
of young patients resulted from web-based data collec-
tion approach may undermine the generalizability of 
our results to all MG patients. Third, the data collected 
by questionnaire were self-reported by participants and 
may be prone to information bias. However, key variables 
included in SEM were determined by validated scales, 
which increases the validity of results. Lastly, some vari-
ables that may also be associated with medication adher-
ence were not evaluated, such as health literacy, attitude 
or belief toward illness and treatment, and patient-cli-
nician relationship, which warrants future studies. As 
medication regimen is dynamic, data from longitudinal 
studies are needed to further confirm the findings of 
this study. Future studies may also consider assessing the 
effectiveness of different self-efficacy interventions on 
improving medication adherence and further exploring 
the mechanism between psychosocial factors and medi-
cation adherence among MG patients through qualitative 
approaches.

Conclusions
It is imperative to improve medication adherence among 
MG patients. Provision of social support and interven-
tions on mental health with emphasis on improving self-
efficacy for medication use may facilitate improvement in 
medication adherence.
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