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Abstract
Background
Myasthenia gravis (MG), a chronic neuromuscular disorder, can adversely affect patients’ health-related quality of life (HRQoL), especially in women. The study aimed to evaluate the difference in HRQoL of women and men MG patients and explore the factors that mediate the relationship between gender and HRQoL.

Methods
A cross-sectional study was conducted among 1815 patients with MG in China. The revised 15-item MG quality of life scale (MG-QOL15r) was used to access patients’ HRQoL in overall, physical, social and emotional domains. Socio-demographic information, diagnosis and treatment history, comorbidities, social support, active lifestyle and the MG activities of daily living scale (MG-ADL) were recorded and compared between women and men using the Student’s t-test and Pearson’s Chi-square test. Multivariable regression analyses were conducted to identify independent contributors to HRQoL, especially those affecting different gender.

Results
On average, female patients with MG reported a lower MG-QOL15r score than the males (44.49 ± 29.10 vs 49.32 ± 29.18). The association between gender and patients’ HRQoL interacted with the number of comorbidities across the overall, physical and social domains of patients. As the number of comorbidities increased, the scores of HRQoL decreased and it was faster among females than the males (p < 0.05). Moreover, unemployment, exacerbation of the disease, and active lifestyle contributed to the patients’ HRQoL across all domains. Unemployment (β = − 4.99 [95%CI, − 7.80 to − 2.18], p < 0.001) and exacerbations (β = − 8.49 [95%CI, − 11.43 to − 5.54], p < 0.001) were correlated with poorer HRQoL; while an active lifestyle had a positive impact on HRQoL (β = 0.28 [95%CI, 0.16 to 0.40], p < 0.001).

Conclusions
The results indicate that the HRQoL of women MG patients was lower than that of men. The relationship between gender and HRQoL is modulated by the number of comorbidities. Thus, to improve the HRQoL of women MG patients, symptomatic treatments might not be enough, their comorbid conditions should be considered as well. Additionally, employment status, MG exacerbations, and an active lifestyle have been found as determining factors of the patients’ HRQoL, which suggests future interventions should cope with these factors to improve their quality of life.
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Introduction
Myasthenia gravis (MG) is a chronic autoimmune neuromuscular disorder due to autoantibodies formed against the relevant membrane proteins at the neuromuscular junction. The contraction of neuromuscular transmission leads to fluctuating muscular weakness. The symptoms of MG may include weakness of eye muscles (ptosis), difficulty in swallowing and breathing, weakness in the arms, legs, and other muscles [1]. The global incidence of MG is estimated to be 1.7–21.3/1,000,000 person-years and its prevalence is approximately 15–179/1,000,000 [2]. In China, a recent study showed that the estimated annual incidence of MG was 1.55–3.66/100,000 and its estimated prevalence was 2.19–11.07/100,000 in Guangzhou, a provincial capital in South China [3]. But there is no national estimation of either incidence or prevalence in the country.
Although the mortality rate of MG can be reduced dramatically by effective therapies, patients’ health-related quality of life (HRQoL) can still be severely affected by the disease. HRQoL is a multidimensional construct used to measure patients’ health status in physical, mental, emotional and social domains. It also focuses on the impact of disease or treatment on individual well-being [4]. Hence the assessment of patients’ HRQoL has become an increasingly important research area in clinical investigation and health policymaking. When studying the HRQoL of MG patients, the 36-item Short-Form Health Survey (SF-36) has been widely applied to explore the impact of MG on patients’ physical and mental well-beings [5–7]. Studies also revealed that age, occupation and the status of the patients’ thymus were factors significantly influencing the HRQoL of MG patients [8]. More recently, MG-specific quality of life instruments, including the 60-item MG quality of life scale (MG-QOL60) [9], a shortened version of MG-QOL-60, MG-QOL15 [10], and its revised version, MG-QOL15r [11], have become increasingly popular for measuring MG patients’ physical and psychological functions. According to studies where MG specific HRQoL instruments were applied, factors including the severity of disease, dose of prednisone, levels of anxiety and depression could have impact on MG patients’ well-beings as well [12, 13].
Moreover, as an autoimmune disease, MG is found to affect women more than men in terms of prevalence and incidence. The female-to-male ratio of MG patients is generally described as around 2:1; however, it varies with age and/or disease subdivisions [14, 15]. MG occurs more in adult females below 40 years and males above 50 years and that the incidence of generalized MG was significantly higher in women than men [16]. As women are disproportionately affected by MG, their HRQoL might be more compromised than men. A previous study that assessed 2150 patients with MG from German Myasthenia Association using SF-36 showed that physical functioning, vitality, and mental health were found poorer in female patients [17]. These findings were consistent with a study of 1321 MG patients in the United States (US). Measured using MG-QOL15, HRQoL of US female patients with MG was also found to be significantly lower than that of the male patients [18]. Gender, as an important determinant of HRQoL of patients with MG, may also affect the outcomes of treatment. For example, thymectomy has been highlighted as an important factor that could significantly improve the HRQoL of female patients with MG, but not in the males [18]. But the mechanism underneath such gender-related differences in MG is largely unknown. The onset age, disease duration or the efficacy of treatment might interact with gender and mutually impact HRQoL of patients with MG [19].
China might have the largest population of patients with MG in the world. This is the first nationwide study investigating the relationship between gender and HRQoL among Chinese patients with MG. The study aimed to examine differences between men and women patients with respect to HRQoL using the latest version of MG specific HRQoL measure, MG-QOL15r, to explore the factors mediating the relationship between gender and HRQoL.
Methods
Study design and subjects
A cross-sectional survey on Chinese patients with MG was conducted online. The online questionnaire was distributed by the Beijing Aili Myasthenia Gravis Care Center (Beijing Aili MG Center) to the patients through a social network platform, SMS (text messaging services), and direct telephone calls between May 2nd, 2018 and February 15th, 2019. Among the 2000 participants enrolled in this study, 43 identified themselves as non-MG patients or not sure about their diagnosis, 93 were under 18 years old when participating the study, and the answers from 49 participants were not valid. Hence, the rest 1815 participants who fit the two inclusion criteria, aged 18 or above and with confirmed diagnosis of MG, were included for data analysis. All participants were required to read the informed consent form presented on the first page of the online survey. If participants agreed to participate in this survey, they clicked the “next page” button at the end of the informed consent form page and were directed to the main body of the questionnaire.
Data collection
Questionnaire
The survey questionnaire was translated and modified from the one used by the US Myasthenia Gravis Patient Registry [19]. The permission for translation and modification was obtained directly from the Registry. Two bilingual English-Chinese speakers translated the questionnaire independently. Then, they discussed the differences and reconciled them until an agreement was achieved. The bilingual version of the questionnaire was then presented to the medical board of Beijing Aili MG Center for comments. Additional questions, such as the use of Traditional Chinese Medicine, questions on social support and active lifestyle, were added to the questionnaire, to tailor to the needs of Chinese patients. The final version of the Chinese MG questionnaire was reviewed and approved by three medical doctors in China who are specialized in MG.
Measures
The questionnaire comprised of the following sections: (1) Socio-demographic information that includes age, gender, education, employment status, and annual family income. (2) Diagnosis and treatment history that includes the age of disease onset, years of diagnosis, disease duration, thymic hyperplasia status, thymic tumor status, thymectomy, history of intensive care unit (ICU), history of MG exacerbation in the past 6 months, and the use of prednisone. (3) Co-morbidity was reported by choosing from a list of common chronic diseases and conditions. (4) The MG activities of daily living scale (MG-ADL), which is comprised of eight questions to access disease symptoms and daily activity performance among patients with MG. It was developed based on the quantitative myasthenia gravis score [20]. Among the eight questions, three focused on oropharyngeal functions, two on ocular symptoms, one on respiratory function, and two on upper extremity function. The ratings comprised of a four-point scale ranging from 0 (normal) to 3 (severe). The sum of scores of MG-ADL ranged from 0 to 24, with a higher score indicating a lower functional ability. (5) Social Support was measured by the 19-item Medical Outcomes Study Social Support Survey (MOS-SSS), a self-rated survey which contains four subscales including tangible support (e.g. providing financial support or services), positive social interaction (e.g. providing good company), affectionate support (e.g. showing love) and emotional/information support (e.g. giving advice or sharing worries) [21]. Each item has five responses ranging from 1 (none of the time) to 5 (all the time). Scores for each subscale were calculated by averaging the scale items and then were transformed into a value ranging from 0 to 100. (6) Active lifestyle was measured with a seven-item scale borrowed from the Chinese General Social Survey [22]. The participants were asked whether they had an active lifestyle in the past year, including, for instance, whether they went out to watch a movie. Each item contains five ratings ranging from 1 (every day) to 5 (never). Items were reversely coded and transformed into a 20 to 100 scale in data analysis. The higher score indicates a more active lifestyle. (7) MG-QOL15r, an efficient and user-friendly MG specific HRQoL instrument with fifteen questions, including mobility, MG symptoms, general satisfaction and psychological condition [11]. With each response, there are three options graded from 0 (not at all) to 2 (very much). When analyzing, nine items originally assigned to measure mobility were divided into two sub-scales. Items 4, 6, and 8 were allocated to indicate social quality of life (QoL) and items 5, 7, 10, 12, 13, 15 to physical QoL [13]. The Chinese version of all scales listed above has been validated and shown to have adequate reliability and validity [23–25].
Statistical analysis
The continuous variables were expressed with means ± standard deviations (SD) or median with interquartile range (25–75%), depending on the parametric or non-parametric distribution of the variables. A logarithmic transformation was used to normalize the distribution of variables following a non-normal distribution before using in the parametric analyses. Categorical variables were presented with frequencies and percentages. The Student’s t-test and Pearson’s Chi-square test were applied to assess the differences in distributions between women and men for continuous variables and categorical variables, respectively. The internal consistency of MG-QOL15r was examined by Cronbach’s alpha coefficient, and a value greater than 0.70 was considered satisfactory [22]. Multivariable linear regression analyses were used to identify significant factors (age, gender, education, annual household income, disease duration, status of thymectomy, ICU admission, use of prednisone, the number of comorbid conditions, social support, active lifestyle and MG-ADL) associated with each of the three MG-QOL15r dimensions and their interaction terms with gender was examined. Three different models were assessed: (1) socio-demographic factors (except gender), diagnosis and treatment history, the number of comorbid conditions, social support and active lifestyle as well as MG-ADL; (2) Model 1 + Gender, and (3) Model 2 + interaction terms between gender and comorbidities. A p-value less than 0.05 was considered statistically significant. All statistical analyses were done on R (version 3.6.1).
Results
Socio-demographic factors
As shown in Table 1, out of the 1815 participants included for analysis, 621 (34%) were males, 1194 (66%) were females. Females were significantly younger than males, with the mean age of 39. 82 ± 12.98 years and of males being 43.44 ± 13.59 years (p < 0.001). Females were more likely than males to state their employment status as not working (65.83% vs 53.78%, p < 0.001). The mean annual household income reported by male patients was higher than that of females (CNY¥ 50,598.95 ± 43,337.15 vs CNY¥ 44,442.01 ± 36,557.39, p < 0.001).
Table 1Comparisons of socio-demographics, diagnosis and treatment history, number of comorbid conditions, social support and active lifestyle and MG-ADL by gender


	 	Men
	Valid N
	Women
	Valid N
	P-value

	Total number
	34%
	621
	66%
	1194
	 
	Socio-demographic variables

	 Average age (Mean ± SD)
	43.44 ± 13.59
	621
	39.82 ± 12.98
	1194
	< 0.001

	 Educational level
	 	621
	 	1194
	< 0.001

	  Elementary school or lower
	45 (7.25%)
	 	141 (11.81%)
	 
	  Junior high school
	172 (27.70%)
	 	322 (26.97%)
	 
	  Senior high school
	188 (30.27%)
	 	263 (22.03%)
	 
	  Junior college or above
	216 (34.78%)
	 	468 (39.20%)
	 
	 Employment status
	 	621
	 	1194
	< 0.001

	  Employment
	287 (46.22%)
	 	408 (34.17%)
	 
	  Unemployment
	334 (53.78%)
	 	786 (65.83%)
	 
	 Not employed due to MG
	238 (71.26%)
	238
	548 (69.72%)
	548
	0.658

	 Annual household income (Mean ± SD)a
	50,598.95 ± 43,337.15
	621
	44,442.01 ± 36,557.39
	1194
	< 0.001

	Diagnosis and treatment history

	 Average onset age (Mean ± SD)
	34.36 ± 16.62
	621
	29.82 ± 14.87
	548
	< 0.001

	 Disease duration (median (range))
	4.75 (1.92–9.75)
	621
	5.54 (2.50–11.40)
	548
	0.002

	 Thymic hyperplasia
	105 (24.82%)
	423
	261 (34.66%)
	753
	< 0.001

	 Thymic tumor
	203 (35.43%)
	573
	254 (23.01%)
	1104
	< 0.001

	 Thymectomy
	272 (43.80%)
	621
	446 (37.35%)
	1194
	0.009

	 ICU admission
	218 (35.86%)
	608
	404 (33.47%)
	1172
	0.597

	 MG exacerbations
	192 (30.92%)
	560
	421 (35.26%)
	1069
	=0.05

	 Prednisone treatment
	 	590
	 	1151
	0.989

	  Current prednisone
	295 (50.00%)
	 	572 (49.70%)
	 	 
	  Past prednisone
	141 (23.90%)
	 	275 (23.89%)
	 	 
	  Never had prednisone
	154 (26.10%)
	 	304 (26.41%)
	 	 
	Number of comorbid conditions
	295
	 	570
	0.088

	 One
	72 (24.41%)
	 	124 (21.75%)
	 
	 Two
	37 (12.54%)
	 	56 (9.82%)
	 
	 Three or more
	41 (13.90%)
	 	60 (10.53%)
	 
	Social support and active lifestyle

	 Social support (Mean ± SD)
	 	621
	 	1194
	 
	  Tangible support
	59.77 ± 28.03
	 	58.61 ± 27.70
	 	0.398

	  Affectionate support
	43.75 ± 25.37
	 	47.19 ± 24.98
	 	< 0.01

	  Positive social interaction
	45.25 ± 24.78
	 	45.59 ± 24.92
	 	0.783

	  Emotional/information support
	43.04 ± 26.39
	 	48.63 ± 25.56
	 	< 0.001

	 Active lifestyle
	42.42 ± 12.30
	621
	40.71 ± 11.93
	1194
	< 0.01

	MG-ADL (Mean ± SD)b
	6.15 ± 4.54
	621
	6.75 ± 4.47
	1194
	< 0.01


aThe monetary value was presented in Chinese Yuan (CNY);
bThe higher score of MG-ADL means worse mobility function



Diagnosis and treatment history
The average age of disease onset for females was 4.54 years earlier than that of the males (p < 0.001). Despite being younger, female patients had a longer disease duration (median = 4.75 years; range 1.92–9.75 years) compared with male patients (median = 5.54 years; range 2.50–11.40 years) (p < 0.01). The female group was more likely to have thymic hyperplasia (34.66%) but less likely to report thymic tumor (23.01%) than the male group (24.82 and 35.43%, respectively, p < 0.001). More than 43% of the male patients had received a thymectomy operation, the proportion was higher than that of the female patients (37.35%) (p < 0.01). Women tended to have a slightly higher rate of MG exacerbations compared with men (35.26% vs 30.92%, p = 0.050).
Comorbid conditions
The detailed information on the prevalence in each comorbid condition among patients with MG is presented in Additional file 1. Autoimmune thyroid disease was more common in female group (15.35%) than in male group (9.62%) (p < 0.01). But psoriasis was more common among men (4.62%) than women (2.05%) (p < 0.01). There was also a higher prevalence of type 2 diabetes (12.38% vs 5.77%, p < 0.001) and high blood pressure in men than women (21.55% vs 11.83%, p < 0.001).
Social support, active lifestyle, and MG-ADL
Among the four domains of social support, both male and female patients had the highest score in tangible support. The mean scores of male patients on the domains, affectionate support, and emotional support, were lower than those by the females and the differences between them were 3.44 (p < 0.01) and 5.59 (p < 0.001), respectively. On average females reported lower scores on active lifestyle (40.71 ± 11.93) than males (42.42 ± 12.30) (p < 0.01). The total score of MG-ADL was equal to or above six in 47.91% of women compared with 41.5% in men. The mean MG-ADL score was higher in women than in men by 0.6 (p < 0.01), indicating that female patients with MG might have suffered from more severe MG symptoms than most of the male patients.
HRQoL measured by MG-QOL15r
The overall internal consistency (Cronbach’s alpha) for MG-QOL15r in our study was excellent (α = 0.953). Cronbach’s alpha for physical QoL was 0.917, for social QoL was 0.877, for emotional QoL was 0.880. The scores achieved for each item of the subscale was firstly reversed and summed to obtain a total subscale score. Then, the score for each subscale was averaged by the maximum subscale value before being multiplied by 100 to yield a value scale ranging from 0 to 100. A higher score indicates a better HRQoL.
The results of MG-QOL15r are summarized in Table 2. Overall, female patients with MG reported poorer HRQoL than male patients (p < 0.01). The average MG-QOL15r score for females was 44.49 ± 29.10, whereas that of the males was 49.31 ± 29.18. The overall score of items related to physical QoL in female patients was significantly lower than in male patients by 5.21 (p < 0.001); for social QoL, it was lower by 3.5 (p < 0.05), and for emotional QoL, it was 5.03 (p < 0.01). A figure on individual items of MG-QOL15r compared by gender was provided in Additional file 2.
Table 2Comparison of mean scores of MG-QOL15r and each sub-scale between men and women


	 	Men
	Women
	P-value

	MG-QOL15r
	49.32 ± 29.18
	44.49 ± 29.10
	< 0.001

	Sub-scales

	 Physical QoL
	52.22 ± 29.32
	47.01 ± 29.91
	< 0.001

	 Social QoL
	39.43 ± 33.39
	35.93 ± 32.70
	< 0.05

	 Emotional QoL
	50.51 ± 34.58
	45.48 ± 31.91
	< 0.01


Data are presented as mean ± SD



Multivariable regression analyses
In the multivariable regression analysis, MG-ADL was found to be highly correlated with HRQoL of Chinese patients with MG across all three domains. The worse the MG-ADL, the lower the HRQoL. Whereas the influences from other factors varied (see Tables 3, 4, 5 and 6).
Table 3Results of multivariable regression analyses in overall QoL in MG-QOL15r


	Overall QoL
	Model 1
	Model 2
	Model 3

	β (95% CI)
	P-value
	β (95% CI)
	P-value
	β (95% CI)
	P-value

	Socio-demographic variables

	 Age
	0.13 (0.02 to 0.24)
	< 0.05
	0.12 (0.01 to 0.23)
	< 0.05
	0.13 (0.02 to 0.24)
	< 0.05

	 Education
	1.19 (− 0.27 to 2.66)
	0.111
	1.19 (− 0.28 to 2.66)
	0.113
	1.14 (− 0.33 to 2.61)
	0.127

	 Unemployment
	− 4.99 (− 7.80 to − 2.18)
	< 0.001
	− 4.87 (− 7.70 to − 2.03)
	< 0.001
	− 4.78 (− 7.61 to − 1.96)
	< 0.001

	 Annual household income
	0.00 (0.00 to 0.00)
	< 0.01
	0.00 (0.00 to 0.00)
	< 0.05
	0.00 (0.00 to 0.00)
	< 0.01

	Diagnosis and treatment history

	 Thymectomy (0 = no; 1 = yes)
	− 2.07 (− 4.66 to 0.52)
	0.118
	− 2.08 (− 4.68 to 0.51)
	0.115
	− 2.17 (− 4.75 to 0.42)
	0.100

	 MG exacerbations (0 = no; 1 = yes)
	− 8.49 (− 11.43 to − 5.54)
	< 0.001
	− 8.49 (− 11.44 to − 5.54)
	< 0.001
	− 8.49 (− 11.43 to − 5.55)
	< 0.001

	 Prednisone treatment (0 = never had prednisone)
	 	 	 	 	 	 
	  Current prednisone
	−3.83 (− 6.55 to − 0.21)
	< 0.05
	− 3.40 (− 6.57 to − 0.23)
	< 0.05
	− 3.26 (− 6.43 to − 0.10)
	< 0.05

	  Past prednisone
	1.33 (− 5.11 to 2.45)
	0.489
	− 1.32 (− 5.10 to 2.46)
	0.493
	− 1.22 (− 4.99 to 2.55)
	0.526

	Number of comorbid conditions
	0.10 (− 0.63 to 0.82)
	0.795
	0.08 (− 0.65 to 0.81)
	0.826
	0.90 (− 0.08 to 1.88)
	0.071

	Social support and Active lifestyle

	 Tangible support
	−0.03 (− 0.10 to 0.05)
	0.458
	− 0.03 (− 0.10 to 0.04)
	0.432
	− 0.03 (− 0.10 to 0.04)
	0.446

	 Affectionate support
	0.09 (− 0.03 to 0.22)
	0.134
	0.10 (− 0.03 to 0.22)
	0.121
	0.10 (− 0.02 to 0.23)
	0.099

	 Positive social interaction
	0.02 (− 0.09 to 0.14)
	0.675
	0.02 (− 0.09 to 0.13)
	0.731
	0.02 (− 0.09 to 0.13)
	0.739

	 Emotional/information support
	0.00 (−0.09 to 0.10)
	0.956
	0.01 (−0.09 to 0.10)
	0.899
	0.00 (−0.10 to 0.10)
	0.990

	 Active lifestyle
	0.28 (0.16 to 0.40)
	< 0.001
	0.28 (0.16 to 0.40)
	< 0.001
	0.28 (0.16 to 0.40)
	< 0.001

	MG-ADL
	− 4.02 (− 4.37 to − 3.67)
	< 0.001
	− 4.02 (− 4.36 to − 3.67)
	< 0.001
	− 3.99 (− 4.34 to − 3.64)
	< 0.001

	Gender (0 = male; 1 = female)
	 	 	− 0.89 (− 3.74 to 1.97)
	0.542
	0.90 (− 2.29 to 4.09)
	0.579

	Gender × Comorbiditiesa
	 	 	 	 	−1.71 (− 3.08 to − 0.34)
	< 0.05

	Adjusted R-squared
	0.6155
	0.6152
	0.6177


Abbreviation: CI confidence interval
aNumber of comorbid conditions


Table 4Results of multivariable regression analyses in physical QoL in MG-QOL15r


	Physical QoL
	Model 1
	Model 2
	Model 3

	β (95% CI)
	P-value
	β (95% CI)
	P-value
	β (95% CI)
	P-value

	Socio-demographic variables

	 Age
	0.04 (− 0.06 to 0.15)
	0.419
	0.03 (− 0.07 to 0.14)
	0.522
	0.04 (− 0.07 to 0.15)
	0.451

	 Education
	1.12 (− 0.32 to 2.56)
	0.127
	1.11 (− 0.33 to 2.55)
	0.130
	1.07 (− 0.37 to 2.50)
	0.146

	 Unemployment
	− 4.82 (− 7.58 to − 2.07)
	< 0.001
	− 4.70 (− 7.48 to − 1.92)
	< 0.001
	− 4.61 (− 7.38 to − 1.84)
	< 0.01

	 Annual household income
	0.00 (0.00 to 0.00)
	< 0.05
	0.00 (0.00 to 0.00)
	< 0.05
	0.00 (0.00 to 0.00)
	< 0.05

	Diagnosis and treatment history

	 Thymectomy (0 = no; 1 = yes)
	−2.70 (− 5.24 to − 0.16)
	< 0.05
	− 2.72 (− 5.26 to − 0.18)
	< 0.05
	− 2.81 (− 5.34 to − 0.27)
	< 0.05

	 MG exacerbations (0 = no; 1 = yes)
	−7.71 (− 10.60 to − 4.82)
	< 0.001
	− 7.71 (− 10.60 to − 4.82)
	< 0.001
	− 7.71 (− 10.59 to − 4.83)
	< 0.001

	 Prednisone treatment (0 = never had prednisone)

	  Current prednisone
	−3.12 (− 6.22 to − 0.01)
	< 0.05
	− 3.14 (− 6.25 to − 0.03)
	< 0.05
	−2.99 (− 6.09 to 0.11)
	0.059

	  Past prednisone
	−0.98 (− 4.69 to 2.72)
	0.603
	− 0.971 (− 4.68 to 2.74)
	0.607
	−0.86 (− 4.56 to 2.83)
	0.646

	Number of comorbid conditions
	0.41 (−0.30 to 1.13)
	0.252
	0.40 (− 0.31 to 1.11)
	0.272
	1.25 (0.30 to 2.21)
	< 0.05

	Social support and Active lifestyle

	 Tangible support
	−0.00 (− 0.07 to 0.07)
	0.972
	− 0.00 (− 0.07 to 0.07)
	0.990
	−0.00 (− 0.07 to 0.07)
	0.989

	 Affectionate support
	0.06 (−0.07 to 0.18)
	0.364
	0.06 (−0.06 to 0.18)
	0.333
	0.07 (−0.06 to 0.19)
	0.284

	 Positive social interaction
	−0.03 (− 0.14 to 0.08)
	0.609
	− 0.03 (− 0.15 to 0.08)
	0.559
	−0.03 (− 0.15 to 0.08)
	0.549

	 Emotional/information support
	0.02 (−0.08 to 0.11)
	0.718
	0.02 (−0.07 to 0.11)
	0.664
	0.02 (−0.08 to 0.11)
	0.753

	 Active lifestyle
	0.27 (0.16 to 0.39)
	< 0.001
	0.27 (0.16 to 0.39)
	< 0.001
	0.27 (0.16 to 0.39)
	< 0.001

	MG-ADL
	−4.39 (− 4.73 to − 4.05)
	< 0.001
	−4.38 (− 4.73 to − 4.04)
	< 0.001
	−4.36 (− 4.70 to − 4.02)
	< 0.001

	Gender (0 = male; 1 = female)
	 	 	− 0.93 (− 3.73 to 1.87)
	0.516
	0.93 (−2.19 to 4.06)
	0.557

	Gender × Comorbiditiesa
	 	 	 	 	−1.78 (−3.12 to −0.44)
	< 0.01

	Adjusted R-squared
	0.6364
	0.6362
	0.6389


Abbreviation: CI confidence interval
aNumber of comorbid conditions


Table 5Results of multivariable regression analyses in social QoL in MG-QOL15r


	Social QoL
	Model 1
	Model 2
	Model 3

	β (95% CI)
	P-Value
	β (95% CI)
	P-Value
	β (95% CI)
	P-Value

	Socio-demographic variables

	 Age
	0.21 (0.07 to 0.36)
	< 0.01
	0.22 (0.07 to 0.37)
	< 0.01
	0.23 (0.08 to 0.38)
	< 0.01

	 Education
	1.17 (− 0.86 to 3.21)
	0.258
	1.18 (− 0.86 to 3.22)
	0.256
	1.13 (− 0.91 to 3.16)
	0.277

	 Unemployment
	− 5.68 (− 9.57 to − 1.79)
	< 0.05
	−5.78 (− 9.70 to − 1.85)
	< 0.01
	−5.68 (− 9.60 to − 1.76)
	< 0.01

	 Annual household income
	0.00 (0.00 to 0.00)
	0.070
	0.00 (0.00 to 0.00)
	0.067
	0.00 (0.00 to 0.00)
	0.058

	Diagnosis and treatment history

	 Thymectomy (0 = no; 1 = yes)
	−0.788 (−4.38 to 2.80)
	0.667
	−0.77 (− 4.37 to 2.82)
	0.672
	− 0.87 (− 4.46 to 2.72)
	0.633

	 MG exacerbations (0 = no; 1 = yes)
	−9.23 (− 13.31 to −5.15)
	< 0.001
	− 9.23 (− 13.31 to − 5.14)
	< 0.001
	− 9.22 (− 13.30 to − 5.15)
	< 0.001

	 Prednisone treatment (0 = never had prednisone)
	 	 	 	 	 	 
	 Current prednisone
	−3.79 (− 8.18 to 0.61)
	0.091
	− 3.77 (− 8.16 to 0.62)
	0.093
	− 3.61 (− 8.00 to 0.78)
	0.107

	 Past prednisone
	−0.13 (− 5.37 to 5.10)
	0.960
	−0.14 (− 5.38 to 5.10)
	0.958
	− 0.022 (− 5.25 to 5.21)
	0.993

	Number of comorbid conditions
	− 0.31 (− 1.31 to 0.70)
	0.550
	− 0.29 (− 1.30 to 0.71)
	0.566
	0.65 (− 0.71 to 2.01)
	0.347

	Social support and Active lifestyle

	 Tangible support
	− 0.13 (− 0.23 to − 0.03)
	< 0.05
	− 0.13 (− 0.23 to − 0.03)
	< 0.05
	−0.13 (− 0.23 to − 0.03)
	< 0.05

	 Affectionate support
	0.13 (− 0.04 to 0.30)
	0.146
	0.12 (− 0.05 to 0.30)
	0.159
	0.13 (− 0.04 to 0.30)
	0.136

	 Positive social interaction
	0.14 (0.02 to 0.30)
	0.082
	0.14 (0.02 to 0.30)
	0.077
	0.14 (−0.02 to 0.30)
	0.078

	 Emotional/information support
	−0.04 (− 0.17 to 0.10)
	0.599
	− 0.04 (− 0.17 to 0.09)
	0.575
	−0.04 (− 0.18 to 0.09)
	0.511

	 Active lifestyle
	0.33 (0.16 to 0.49)
	< 0.001
	0.33 (0.17 to 0.49)
	< 0.001
	0.33 (0.17 to 0.49)
	< 0.001

	MG-ADL
	−3.61 (− 4.09 to − 3.12)
	< 0.001
	−3.61 (− 4.10 to − 3.13)
	< 0.001
	−3.58 (− 4.07 to − 3.10)
	< 0.001

	Gender (0 = male; 1 = female)
	 	 	0.67 (− 3.28 to 4.63)
	0.738
	2.73 (−1.69 to 7.15)
	0.226

	Gender × Comorbiditiesa
	 	 	 	 	−1.97 (−3.87 to −0.07)
	< 0.05

	Adjusted R-squared
	0.4509
	0.4503
	0.4526


Abbreviation: CI confidence interval
aNumber of comorbid conditions


Table 6Results of multivariable regression analyses in emotional QoL in MG-QOL15r


	Emotional QoL
	Model 1
	Model 2
	Model 3

	β (95% CI)
	P-value
	β (95% CI)
	P-value
	β (95% CI)
	P-value

	Socio-demographic variables

	 Age
	0.31 (0.16 to 0.45)
	< 0.001
	0.29 (0.14 to 0.43)
	< 0.001
	0.29 (0.14 to 0.44)
	< 0.001

	 Education
	1.43 (− 0.56 to 3.43)
	0.159
	1.41 (− 0.58 to 3.41)
	0.164
	1.38 (− 0.61 to 3.38)
	0.175

	 Unemployment
	−4.79 (− 8.60 to − 0.98)
	< 0.05
	− 4.47 (− 8.32 to − 0.63)
	< 0.05
	− 4.41 (− 8.26 to − 0.57)
	< 0.05

	 Annual household income
	0.00 (0.00 to 0.00)
	< 0.05
	0.00 (0.00 to 0.00)
	< 0.05
	0.00 (0.00 to 0.00)
	< 0.05

	Diagnosis and treatment history

	 Thymectomy (0 = no; 1 = yes)
	−1.45 (− 4.97 to 2.07)
	0.420
	− 1.49 (−5.01 to 2.02)
	0.405
	− 1.56 (− 5.07 to 1.96)
	0.386

	 MG exacerbations (0 = no; 1 = yes)
	−10.08 (− 14.08 to − 6.07)
	< 0.001
	− 10.08 (− 14.08 to − 6.08)
	< 0.001
	− 10.08 (− 14.08 to − 6.08)
	< 0.001

	 Prednisone treatment (0 = never had prednisone)
	 	 	 	 	 	 
	 Current prednisone
	−3.78 (− 8.09 to 0.52)
	0.085
	− 3.84 (− 8.14 to 0.47)
	0.081
	− 3.73 (− 8.04 to 0.57)
	0.089

	 Past prednisone
	−3.58 (− 8.71 to 1.55)
	0.171
	− 3.56 (− 8.69 to 1.58)
	0.174
	− 3.38 (− 8.61 to 1.65)
	0.183

	Number of comorbid conditions
	−0.46 (− 1.44 to 0.53)
	0.362
	− 0.50 (− 1.48 to 0.49)
	0.323
	0.10 (−1.23 to 1.43)
	0.885

	Social support and Active lifestyle

	 Tangible support
	−0.01 (− 0.11 to 0.09)
	0.795
	− 0.02 (− 0.12 to 0.08)
	0.730
	−0.02 (− 0.12 to 0.08)
	0.740

	 Affectionate support
	0.18 (0.01 to 0.35)
	< 0.05
	0.19 (0.02 to 0.36)
	< 0.05
	0.19 (0.02 to 0.36)
	< 0.05

	 Positive social interaction
	0.07 (−0.09 to 0.22)
	0.384
	0.06 (−0.10 to 0.21)
	0.467
	0.06 (−0.10 to 0.21)
	0.471

	 Emotional/information support
	0.00 (−0.13 to 0.13)
	0.966
	0.01 (−0.12 to 0.14)
	0.923
	0.00 (−0.13 to 0.13)
	0.972

	 Active lifestyle
	0.25 (0.09 to 0.41)
	< 0.01
	0.25 (0.09 to 0.40)
	< 0.01
	0.25 (0.09 to 0.41)
	< 0.01

	MG-ADL
	−3.32 (−3.80 to −2.85)
	< 0.001
	− 3.31 (− 3.79 to − 2.84)
	< 0.001
	−3.29 (− 3.77 to − 2.82)
	< 0.001

	Gender (0 = male; 1 = female)
	 	 	− 2.33 (− 6.20 to 1.55)
	0.238
	−1.03 (− 5.37 to 3.30)
	0.640

	Gender × Comorbiditiesa
	 	 	 	 	−1.24 (−3.10 to 0.63)
	0.192

	Adjusted R-squared
	0.4497
	0.45
	0.4505


Abbreviation: CI confidence interval
aNumber of comorbid conditions



Overall quality of life
For the overall quality of life, age, employment status, annual household income, the occurrence of MG exacerbations, current use of prednisone and active lifestyle were significantly associated with HRQoL of patients with MG (Table 3). The results from Model 1 showed unemployment was highly correlated with the poorer overall QoL (β = − 4.99 [95%CI, − 7.80 to − 2.18], p < 0.001). The experience of MG exacerbations in the past 6 months was also highly correlated with poorer overall QoL (β = − 8.49 [95%CI, − 11.43 to − 5.54], p < 0.001). In Model 2, no significant main effect of gender was found. But in Model 3, there was a statistically significant interaction between gender and the number of comorbidities, indicating that as the number of comorbidities increased, the HRQoL decreased faster in the female group than in male group (β = − 1.71 [95%CI, − 3.08 to − 0.34], p < 0.05; see Fig. 1a).
[image: ../images/12955_2020_1549_Fig1_HTML.png]
Fig. 1Gender difference in the relationship between number of comorbidities, overall QoL, and each domain in QoL


Physical quality of life
The participants who reported as unemployed, having undergone thymectomy, experienced MG exacerbations and currently being treated with prednisone tended to have a poorer physical QoL (Table 4). Higher annual household income and active lifestyle were positively associated with higher physical QoL. No statistically significant association between social support and physical QoL was found. As with overall QoL, the result in the Model 2 showed gender had no significant impact on physical QoL. Similarly, a statistically significant interaction between gender and the number of comorbidities was found in the Model 3, suggesting that females with more comorbid conditions might experience poorer physical QoL than the males (β = − 1.78 [95%CI, − 3.12 to − 0.44], p < 0.01; see Fig. 1b).
Social quality of life
Older age and more active lifestyle linked to higher scores in items related to the social domain in MG-QOL15r (Table 5). Unemployment, MG exacerbations, and tangible social support negatively impacted on social QoL. Neither thymectomy nor the use of prednisone has no significant influence on the social QoL. The results in the Model 2 suggested gender has no main effect on social QoL, whereas in the Model 3, the gender by comorbidities interaction was significant (β = − 1.97 [95%CI, − 3.87 to − 0.07], p < 0.05; see Fig. 1c). This also means social QoL of female patients with MG was more negatively affected by the number of comorbidities.
Emotional quality of life
All socio-demographic variables except education were associated with emotional QoL in the first step (Table 6). The poor emotional QoL was related to MG exacerbations. Affectionate support and active lifestyle impacted positively on higher emotional QoL. No significant effect was found by gender or the gender by comorbidity interaction on emotional QoL in the Model 3.
Discussion
The objective of this study was to assess the impact of gender on the HRQoL of patients with MG. The study showed that Chinese female patients with MG consistently scored less than males on physical, social, and emotional domains of HRQoL. However, according to the results of multivariable regression analyses, gender has no main effect on the quality of life across the three domains with the full adjustment of other variables included in the models. In this study, we identified that the number of comorbidities interacted with gender and could modulate the relationship between gender and HRQoL for patients with MG in China.
Consistent with previous studies [18], we found that female patients with MG exhibited a higher degree of disability compared to males, as evidenced by a higher MG-ADL score (or worse function) reported by the females. There might be several possible explanations for the gender differences in disability. First, MG might be more severe in females than in males, possibly because MG symptoms can be affected by menses, pregnancy and postpartum changes in hormone [26, 27] Second, sex-related differences in drug pharmacokinetics and pharmacodynamics may be attributed to differences in body composition and physiology, which may lead to the differential effects of treatment in males and females with MG. Studies have revealed that patients with refractory MG – that is, MG patients do not respond well or show intolerance to therapy – are typically to be females [28–30]. Third, female MG patients might be subject to insufficient treatment with the relatively low dosage of drugs. A previous study on gender differences in prednisone adverse effects showed that compared to males, female MG patients are less willing to accept a dose increase due to the concern about potential adverse effect [19]. Having intolerable adverse effects may contribute to the medication noncompliance of female MG patients, which could cause MG to worsen.
In addition, the gender difference in disability can also be resulted from their differences in receiving thymectomy. A randomized trial of thymectomy in MG has proved that for MG patients, their physical capabilities can be significantly improved by the surgery [31]. However, our study finds that fewer female patients had received thymectomy than the males (37.35% vs 43.80%, p < 0.01), which may in turn explain why the female MG patients in China has worse MG-ADL.
Like many previous studies [32], our study also found a strong correlation between MG-ADL and MG-QOL. It is therefore not surprising to see that female patients with MG exhibited poorer HRQoL than the male patients. This finding is consistent with findings from the US that also showed a lower HRQoL among female patients than the males [18]. Although need to be further explored, such a gender difference among MG patients might be explained as follows.
Patients with MG have a higher risk of developing one or more autoimmune disorders than the general population [33, 34]. Sex differences in the prevalence of other autoimmune disorders in MG have been reported [34]. Consistent with previous studies [33], our study reveals that a significantly higher proportion of females are affected by autoimmune thyroid disease, while the prevalence of psoriasis is higher among males. Among non-autoimmune comorbidities, type 2 diabetes and high blood pressure are more commonly seen in male patients with MG, which might be associated with older age [18]. Both autoimmune and non-autoimmune comorbidities are suspected to impair patients’ physical and mental functions of patients, thus reducing their self-care ability. As indicated by Usha K. Misra1 et al., the MG patients with more than two concomitant comorbidities are associated with poor outcome [35]. However, the role of comorbidities of HRQoL between men and women with MG remains unknown in the literature.
In the present study, we showed that, with an increasing burden of comorbidities, the negative impact on physical and social components of HRQoL is stronger in the female group than in their male counterparts adjusted for other variables. Concomitant disorders are more likely to develop in the early-onset of MG rather than in late-onset MG [34–36]. Due to the earlier onset of concordant disorders, female patients with MG may endure adverse impact of coexisting disorders longer than males of the same age, which could result in poorer HRQoL for females. Another possible explanation is that patients of different gender may perceive the adverse effects of medical treatments differently. Prior studies reported that the adverse effects of prednisone were related to changes in appearance such as round face and weight gain which might be more likely to be negative affect for female patients with MG than males [19]. It can be further assumed that women with multiple comorbidities tend to experience poorer HRQoL than men due to the gender differences in adverse effects of therapies for these comorbidities as well. Yet, it is unclear why the HRQoL of female patients with MG depends on the number of comorbidities more than that of the male patients. Future research is urgently needed to explore this area of study.
By and large, most findings from this study are consistent with previous studies in countries other than China. From the socio-demographic perspective, our data suggest that younger age is associated with poorer overall, social and emotional QoL. This result is similar to a prior study showing younger patients with MG report more symptoms and lower HRQoL [37]. Unemployment is found to be significantly associated with worse HRQoL across all domains and most strongly related to the social domain. This is not surprising. Previous studies showed that employment is often correlated with higher HRQoL [17]. Compared with the unemployed group, employed individuals are more satisfied with extrinsic values (e.g., higher income, career advancement, disability compensation) and intrinsic values (e.g., sense of accomplishment [38]. Those who are employed also have more opportunities to form positive social interactions and thus to have a better social QoL.
From the medical perspective, MG exacerbation is found to have negative impacts on HRQoL across the three domains in both genders. Kulkantrakorn and others demonstrate that reduced HRQoL was mainly determined by the frequency of MG symptoms [39]. Boldingh and colleagues also showed that remission and absence of generalized symptoms are important factors for better HRQoL among patients with MG [40]. Our findings provided further evidence to support these conclusions. Moreover, similar to other studies in different countries (e.g., Cutter et al., 2019 in the US [37], Cioncoloni et al., 2016 in Italy [41]), abilities of Chinese patients with MG to perform daily activities (measured by MG-ADL) also had positive impact on their HRQoL. Although prednisone has been proved as an effective therapeutic treatment in patients with MG [42], it was also found that its adverse effects in both long-term and short-term can negatively impact on HRQoL [13] and that total dose of oral prednisolone during the last 1 year had a significant negative effects on patients’ HRQoL [43] In our study, reduced overall and physical HRQoL are more closely associated with patients who were under prednisone treatment during the time of survey. However, such findings should be interpreted with cautions since they only show association, rather than causality, between the current use prednisone and HRQoL. Moreover, since the actual dose of prednisolone taken by the patients was not available, future study needs to further explore the association between the dosage of oral steroids and MG patients’ HRQoL.
From the sociological point of view, few studies explored the role of social support and active lifestyle in the HRQoL of people with MG. In our study, of the four dimensions of social support, only affectionate support is positively associated with emotional QoL but interestingly not with other domains. Tangible support, considered to be the most common support to benefit physical and psychological outcomes, had no significant influence on physical or emotional QoL of the patients. Prior studies demonstrated inadequate tangible support is a risk factor for death and functional deterioration [44]. However, since most participants enrolled in our study had moderate impairment to their physical capabilities or did not have very active MG symptoms, tangible support would not have been indispensable in their lives and its impact on their HRQoL is not as significant as on who did not participate in our survey. Moreover, we did observe that tangible support is inversely correlated with higher social QoL. This may imply that too much tangible support or the need for it may hamper patients’ willingness to be socially active or, at least, it may defeat the necessities to go out and interact with others. However, further study is needed to explore such an inverse correlation.
Regarding the active lifestyle, it is well-documented that having an active lifestyle correlates with a better HRQoL [45]. This is consistent with the present result that active lifestyle links to better HRQoL across the three domains. Enjoyment in an active lifestyle provides the opportunities of doing physical exercises, establishing and maintaining social relationships [46]. Moreover, involvement in meaningful activities contributes to skill development and life satisfaction, keeping in mind that being able to have an active lifestyle may self-select those in whom the disease is milder or under better control.
These socio-demographic, medical, and sociological factors are important as they manifest significant differences between female and male patients with MG in relation to other aspects of their conditions. The Chinese female patients with MG are found to be younger, with the higher unemployment rate, a higher proportion of MG exacerbations, less active lifestyle, and worse MG-ADL, all of which can be regarded as providing further evidence to the reason behind lower HRQoL of the female patients than of the males. Even if the females have higher affectionate and emotional/information social support, neither are found to be related to patients’ HRQoL. But future research is critical to further disentangle the relationship between gender and HRQoL among MG patients.
Limitations
There are several limitations to our study. First, although the participants were recruited via a national MG patient organization and members of the organization must present a valid proof of diagnosis when register, the possibility that some participants were not real MG patients cannot be fully ruled out. Second, since the questionnaires were self-reported, more accurate assessment of the patients’ clinical status was not available. Moreover, recall bias may exist in questions related to MG disease history such as onset age, disease duration and so on. Third, due to the voluntary nature, selection bias may occur in the current study. Patients who volunteered to participate in the survey might be healthier, more educated and more mentally intact, and thus may not constitute an entirely representative sample of all the patients with MG in China. Fourth, the dose of prednisone may affect the HRQoL of patients with MG, which was not include in the present study. Future study is recommended to further explore the effect of the dose of prednisone in Chinese patients with MG. At last, there are findings inconsistent with previous studies that deserve more in-depth investigations. For example, according to the US MG patient registry, the proportion of females having thymic tumor is significantly higher than that of the males. However, our study shows the opposite. Whether or not such discrepancy is caused by the study sample or by race is worth to be further studied.
Conclusions
In conclusion, this study reveals that, in China, the HRQoL of female patients with MG is significantly lower than that of the males. However, the influence of gender on HRQoL is not direct, rather it is modulated by the number of comorbidities. Given the females had a much higher comorbidity burden than males, management on comorbid conditions is of great important in minimizing the gender differences in HRQoL between Chinese women and men with MG. In addition, employment status, MG exacerbations, and an active lifestyle have been found as determining factors of the patients’ HRQoL, which suggests that future interventions should cope with these factors to improve their HRQoL.
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