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Abstract:

Objective: There is significant burden on caregivers of patients with amyotrophic lateral sclerosis
(ALS). However, only a few studies have focused on caregivers, and traditional research methods
have obvious shortcomings in dealing with multiple influencing factors. This study was designed to
explore influencing factors on caregiver burden among ALS patients and their caregivers from a new
perspective.

Methods: Fifty-seven patients with ALS and their caregivers were investigated to analyse the factors
influencing caregiver burden through data mining. Statistical analysis was performed using SPSS
24.0, and LASSO regression model was established by python 3.8.1 to minimize the effect of
multicollinearity.

Results: According to LASSO model, we found ten variables had weights. Among them, MITOS
stage(0-1) had the highest weight (-12.235), followed by younger age group(-3.198) , lower-educated
group (2.136), fatigue(1.687), and social support(-0.45). Variables including sleep quality, anxiety,
depression, and sex(man) had moderate weights in this model. Economic status(common), economic
status(better) ,household(city), household(village), educational level(high), sex(female), age(older),
MITOS stage(2-4), had a weight of zero.

Conclusions: Our study demonstrates that caregiver burden is positively correlated with the degree
of fatigue and negatively correlated with social support. Low educational status could increase
caregiver burden. Caregivers of ALS patients may suffer less from caregiver burden when the
patients was younger and less severe. Hopefully, more attention should be paid to caregivers of ALS
and effective interventions can be developed to relieve this burden.

Keywords: ALS; caregiver burden; LASSO; social support; MITOS; fatigue

Words: 3947
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Strengths and limitations of this study

< This was the first time we study influencing factors on caregiver burden among ALS patients
and their caregivers through data-mining based on LASSO regression.

< The research method solves the problem of small sample size and multicollinearity among

independent variables.

Different kinds of continuous variables and categorical variables were involved in the study.

This was a study conducted in south-eastern China, which may only represent a part of the

Chinese population.

< Our analysis did not include intervention effects with quantified coping strategies in a
prospective study.

s+

1. Introduction

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease with progressive muscle
weakness, dysarthria, dyspnoea, dysphagia, and other associated symptoms which prevent patients
from taking care of themselves. Patients become increasingly dependent on their partners, family
members, and other relatives for increasing support and assistance. For one thing, the high cost of
medical care, drugs, and other supportive services exert huge pressure on families with ALS patients.
Moreover, the influence on family in caregiving of patients with ALS is great[1; 2]. The role of
caregivers is critical because their health and well-being are not only important for patients[3] [4].
Moreover, as the disease progresses, patients will suffer from worsening health and diminishing
quality of life. Thus, as the disease progresses, the concomitant psychological distress and mental
stress of informal caregivers of ALS increase significantly[5]. This phenomenon has also been
observed in other neurodegenerative diseases[6] [7]. Kim et al. found a negative correlation between
the time spent in caregiving and quality of life of caregivers[8]. In Burke's study, patients’ cognitive
and behavioural status is of great importance as mediators of caregiver burden[9]. While these
studies have demonstrated factors that were associated with an increasing burden for caregivers, we
only found a few studies that have focussed on influencing factors of caregivers, such as physical
health, psychological symptoms, social background, social support, and the patients’ condition, and
most of them were designed as cross-sectional studies or case-control studies[10-15]. Also, knowledge
about the action of interventions in relieving caregiver burden is still limited.

This study aimed to determine the effect of factors that influence caregivers' burden and physical
and mental health through data mining based on LASSO regression model. Hopefully, effective
interventions can be developed to improve the health status of caregivers and help relieve caregiver
burden.

2. Materials and Methods

2.1 Resource of data and participants

Caregivers of patients registered at First affiliated hospital of Sun yat-sen University(FAH-SYSU)
from August 2015 to February 2017 and with a patient diagnosis of ALS according to the revised El
Escorial criteria were recruited in the study. As this retrospective study was an analysis of existing
data, which did not involve patients' or caregivers' diagnosis and treatment, no ethics approval was
required from the Ethics Committee of FAH-SYSU. Even though, participants enrolled have been
fully informed and consent was obtained. Healthy caregivers with at least 3 months’ caregiving
experience were included in the study, and caregivers were restricted to relatives such as spouses,
parents, children, and siblings of the patients. Informal, casual, or multiple caregivers and those with
confirmed physical and mental problems were excluded. Patients who had rapid deterioration since
diagnosis or with bulbar/spinal/respiratory breakdown were excluded from the sample.

This study primarily assessed the influencing factor of caregiver burden including age, gender,
education level, economic status, anxiety, depression, social support, fatigue, sleep quality, as well as

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublaosug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

95
96
97
98
99

100

101

102
103

104

105

106
107
108
109
110

111

112
113
114
115

116

117
118
119

120

121
122
123
124

125

126
127
128
129
130
131
132
133
134
135
136
137
138
139

BMJ Open

the duration and stage of disease(MITOS stage). The quantitative questionnaires of standardised
design assessed caregiver burden on different dimensions. Standardised scales were used for the
caregivers, listed in the following section. In total, 60 caregivers of ALS patients were selected for the
survey through internationally accepted questionnaires. Among all the 60 questionnaires sent out to
the caregivers, 57 valid responses were received, with a valid rate of 95%.

2.1.1 Patient and public involvement

Patients and/or the public were not involved in the design, conduct, reporting, or

dissemination plans of this research.

2.2 Assessment measures and data collection

2.2.1 Patients’ status

Disease duration was measured by months. Disease severity was mainly measured by the
clinical staging system of Milano-Torinos (MITOS)!'¢l. According to this staging system, patients with
ALS are categorised as follows: Stage 0, functional involvement but no loss of independence in any
domain; Stages 1-4, which refer to the number of domains in which independence was lost, for
example, movement, swallowing, communicating, and/or breathing; and Stage 5, death.

2.2.2 Caregiver burden

Zarit Caregiver Burden Interview (ZBI) was used to evaluate caregiver burden. ZBI consists of
a self-administered 22-item questionnaire, including caregivers’ psychological health, finances,
emotional wellbeing, social and family life, and degree of control over their life. Total scores range
between 0 and 88.

2.2.3 Social support

The Social Support Rating Scale (SSRS) is a brief questionnaire designed by Xiao Shuiyuan in
1986-1993, which mainly reflects social support and satisfaction with social support from the
respondents.

2.2.4 Physical and mental health of caregivers

The sleep quality of caregivers was assessed using the Pittsburgh Sleep Quality Index (PSQI).
Fatigue scale-14 (FS-14) was used to measure the severity of physical and mental fatigue and its effect
on a person's activities and lifestyle. Anxiety and depression status were evaluated using the
Hamilton Anxiety Scale (HAMA) and Hamilton Depression Scale-17 (HAMD-17).

2.3 Statistics

2.3.1 General characteristics

Statistical analysis was performed using SPSS 24.0 and Python 3.8.1. Descriptive statistics were
used for categorical variables. Means with a standard deviation(SD) and interquartile range(IQR)
were used for continuous variables. Bivariate correlations between continuous variables were
performed by Pearson correlation analysis. Correlations between caregiver burden and categorical
variables were analysed by visualization analysis. All tests were performed with an alpha value of
0.05.

2.3.2 Least Absolute Shrinkage and Selection Operator (LASSO) regression

Least Absolute Shrinkage and Selection Operator (LASSO) regression was used to establish a
model to predict the relationship between caregiver burden and variables with high
multicollinearity. LASSO was a regression technique for variable selection and regularization to
enhance the prediction accuracy and interpretability of the statistical model that it produces. It was
a constrained version of ordinary least-squares (OLS) regression and typically used for regression
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of a single response variable y on a predictor matrix X, which was widely used in dealing with data
situations of low sample size and high dimension, especially when there were both continuous
variables and categorical variables in the regression[17].

Compared with other linear regression, lasso was more applicable to analyse complex
multicollinear data by adding a penalty equal to the absolute value of the importance of coefficients
and minimizing insignificant coefficients to 0, thus the high weight variables will be selected. The
absolute size of the regression coefficients (3 was constrained. The higher the penalty, the more
regression coefficients were shrunk toward zero. The regularized regression is quite sensitive to the
selection of the penalty coefficients. [18-20]

To appropriately tune the best parameter, the approach was to estimate the performance with
different values using cross-validation[21]. Compared with other methods, LASSO was fast and
accurate with the advantage of avoiding overfitting automatically.

2.3.3 Prediction Performance Evaluation

The mean square error (MSE) between the predicted value and the actual value was used to
evaluate prediction performance. The coefficient of determination R?was used to reflect the
regression fitting effect of the prediction model. The coefficient R? is defined as (1 - u/v), where u is
the regression sum of squares ((y_true - y_pred) ** 2).sum() and v is the residual sum of squares
((y_true - y_true.mean()) ** 2).sumy(). Best possible score is 1.0, and lower values are worse. Lasso
best(alpha) parameter was obtained by cross-validation (CV).

The algorithms were implemented using the Lasso CV package of sklearn in Python 3.8.1.

2.4 Data processing and dummy variables

In order to incorporate categorical variables and continuous variables into the LASSO
regression model, each variable was processed according to the research purpose. Since continuous
variable “age” followed a skewed distribution by calculation of skewness and kurtosis, age was
categorized into two groups as categorical variables. Categorical variables were reclassified and
served as dummy variables to make the regression result with a positively explanative sense.

Dummy coding method represents group membership with dummy variables that take on
values 0 and 1, meaning that membership in a particular group is coded one whereas non-
membership in the group is coded zero. When dummy coding is used in the regression analysis,
the overall results indicate whether there is a relationship between the dummy variables and the
dependent variables[22]. The values of the intercept and the regression coefficients of the resulted
regression model can be obtained using least squares estimation procedures. The coefficient of
multiple determination, R?, for the regression model with dummy variables can be interpreted in
terms of the proportion of variance in the dependent variable that is accounted for by the
categorical independent variable[23]. The regression model from the dummy coding can be written
as: k—1

Yj =By +X,_, BiDj+ g

Where:

Yj; : The score on the dependent variable for subject i in group j.

By : The intercept that represents the mean of the group coded 0 on all the dummy variables.

k: The number of categories of the independent variable.

B; : The regression coefficient associated with the jth group, and it represents the difference
between the mean of the group coded 1 on the corresponding dummy variable and the mean of the
group coded 0 on all the dummy variables.

Dj;: The numerical value assigned to subject i in the jth group.

&;: The error associated with the ith subject in the jth group.

To be specific, categorical variables were recoded with dummy variables, including 2 dummy
variables suggesting age, 2 dummy variables suggesting MITOS stage, 2 dummy variables
suggesting economic status, 2 dummy variables suggesting household, and 2 dummy variables
suggesting educational level(Table 1). The principle of the setting of dummy variables was to
equalize numbers between groups and accord with the meaning of each variable value. For
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example, educational level (low) represented the sum of educational status including illiterate,

primary school, middle school, and high school, while educational level(high) represented the sum

of educational status including junior college, undergraduate, and master. Overall, 6 continuous
variables, together with 12 dummy variables of 6 categorical variables were introduced into the

model.

Table 1 The variable weight of the LASSO regression and description of dummy variables

Variable The variable weight of LASSO Description
regression
Continuous variables
Duration 0.077
PSQI 0.078
FS-14 1.687
Anxiety 0.043
Depression 0.004
Social support -0.455
Categorical variables
Sex(male) -0.171
Sex(female) 0
Age(younger) -3.198 <35
Age(older) 0 >35
MITOS(stage 0-1) -12.235 MITOS stage 0,1
MITOS(stage 2-4) 0 MITOS stage 2,3,4
Economic status(common) 0 poor, average
Economic status(better) 0 good, excellent
Household(village) 0 suburban, rural
Household(city) 0 city
Educational level(low) 2.136 illiterate
primary school
middle school
high school
technical secondary school
Educational level(high) 0 junior college

undergraduate
master

3. Results

3.1 Descriptive analysis of characteristics of caregivers and ALS patients

The majority of this cohort was two-thirds female caregivers (38, 66.7 %), and the other one-
third were male caregivers (19, 33.3%). The mean age of all the caregivers was 45.32+13.74
years( IQR: 33.5-56.5), ranging from 22-72 years. The average disease course was 28.98+15.36

months(interquartile range, IQR: 18-36 ), with the longest being 60 months and the shortest being 6

months. The average score of caregiver burden scale was 39.28+17.11(IQR:25-55). The average
scores of PSQI and FS-14 were 7.89+4.57(IQR:4-10), 6.58+3.60(IQR:4-9), respectively. The average
HAMA scores of patients were 10.70+6.62(IQR:5-15). The average HAMD scores of patients were

10.16+8.78(IQR:4-14.5). The mean score of the Social Support Rating Scale was 40.18+7.47(IQR:33.5-

46). Forty caregivers were considered "anxious" to different degrees, and the number of possible,
definite, obvious, and severe anxiety status caregivers were 20,15,4,1, respectively. Similarly, 27
caregivers were considered "depressed", and the number of possible, moderate, and severe
depression status caregivers were 16,10,1, respectively. For categorical variables, the number of
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patients with MITOS from zero to stage 4 was 10,16,20,4,7, respectively. Most of the caregivers were
junior high school graduates (17, 29.8%). Overall, 34 participants (59.6%) had an education level of
at least high school, of which two held a master's degree. Urban dwellers constituted a proportion
of 56.1% of all the caregivers, while the rest of the individuals were from suburban or rural areas.

Economic status varied from general to good condition among the participants (Table 2).

Table 2 Demographic features of caregivers

N N% N N%
gender MITOS
male 19 33.3 stage 0 10 17.5
female 38 66.7 stage 1 16 28.1
education stage 2 20 35.1
illiterate 1 1.8 stage 3 4 7.0
primary school 4 7.0 stage 4 7 12.3
middle school 17 29.8
technical 1 1.8
secondary economic
school state
high school 12 21.1 poor 5 8.8
junior college 10 17.5 average 21 36.8
undergraduate 10 17.5 good 9 15.8
master 2 3.5 excellent 22 38.6
househol Rural 18 31.6 Age
d register
suburban 7 12.3 <35 15 26.3
city 32 56.1 >35 42 73.7
total 57 100%

3.2 Analysis of correlations between continuous variables

Correlations between continuous variables were demonstrated with Heatmap Chart shown in
Figure 1. According to Spearman correlation analysis, positive correlations were seen between
caregiver burden and independent variables including duration of disease, PSQI scores, degree of
fatigue, anxiety, and depression(r=0.52, 0.54, 0.76, 0.71, 0.62, p<0.05), while a negative correlation was
noted between caregiver burden and social support(r=-0.41, p<0.05). Interestingly, a slight negative
correlation was noticed between social support and PSQI scores, degree of fatigue, and depression(r=
-0.33, -0.29, -0.37, p<0.05), indicating that social support could be a protective factor. Strong pairwise

positive correlations were seen among PSQI scores, degree of fatigue, anxiety, and depression(p<0.05).

3.3 Analysis of correlations between caregiver burden and categorical variables

Correlations between caregiver burden and categorical variables were shown as visualizations
(Figure 2). We used layered data processing to rearrange categorical variables and convert them
into dummy variables. The principle of the setting of dummy variables was to equalize numbers
between groups. The descriptions of each dummy variable were shown in Table 1. Figure 2 (1)
showed that there was a difference in caregiver burden between younger and older patients. Also,
an obvious disparity in caregiver burden was seen between group MITOS stage(0-1) and group
MITOS stage(2-4), suggesting that patients with ALS with severer symptoms created higher

caregiver burden( Figure 2 (5) ).

3.4 Model construction and evaluation by Lasso regression

3.4.1 Variable Selection
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The values of each categorical attribute were converted into dummy variables to build a
regression model. With caregiver burden as the dependent variable and duration, PSQI, FS-14,
anxiety, depression, social support, sex(male), sex(female), age(younger), age(older), MITOS stage
(0-1), MITOS stage(2-4), economic status(common), economic status(better), household(village),
household(city), educational level(low), educational level(high) as independent variables, a
regression model with multiple dummy variables was constructed shown in Table 1.

In the LASSO model, we found ten variables had weights. Among them, MITOS stage(0-1) had
the highest weight (-12.235), followed by younger age group(-3.198) , lower-educated group (2.136),
fatigue(1.687), and social support(-0.45). Variables including sleep quality, anxiety, depression, and
sex(man) had moderate weights in this model. Economic status(common), economic status(better)
,household(city), household(village), educational level(high), sex(female), age(older), MITOS
stage(2-4), had a weight of zero (Table 1).

3.4.2 Performance evaluation

In this research, the mean squared error (MSE) was selected as the evaluation index, and the
best Alpha value was obtained through cross-validation. The relationship between the model MSE
and Alpha is shown in Figure 3. When the best penalty factor ‘Alpha’= 0.3, the MSE is the smallest,
and the LASSO regression model has the highest accuracy. To evaluate prediction performance and
fitting effect, the R? and the MSE of the LASSO regression model were provided. The Lasso
score(R?) and the lasso MSE were 0.831 and 48.496, respectively.

3.5 Liner regression analysis between MITOS stage(0-1), FS-14, and caregiver burden
3.5.1 Variable selection

In the previous section, we learned from the LASSO regression model that MITOS stage(0-1)
had the highest weight among categorical variables, while FS-14 had the highest weight among
continuous variables. Moreover, the coefficient of MITOS stage(0-1) was significantly higher than
other influential dummy variables, and the coefficient of FS-14 was even hundreds of times higher
than other continuous variables. Therefore, to furtherly validated the action of the most influential
factors in the model, a linear regression model was constructed with caregiver burden as the
dependent variable, and FS-14, MITOS stage (0-1) as independent variables.

3.5.2 Performance evaluation

As was shown in Figure 4, caregiver burden was positively correlated with FS-14 whenever
dummy variable MITOS stage(0-1) was kept in the model or not. On the other hand, when FS-14
remained constant, caregiver burden was significantly higher when dummy variable MITOS
stage(0-1) was absent. The distance between the red line and the green line demonstrated the
influence of MITOS stage(0-1) on caregiver burden in the model. The intercepts of the linear
regression model was 32.125. The Lasso score(R?) and the lasso MSE were 0.783 and 62.46,
respectively. The results were consistent with LASSO regression, suggesting that MITOS stage(0-1)
had a strong effect on caregiver burden.

4. Discussion

Based on the LASSO model, 10 variables had weights, whereas 5 variables had a greater
influence on the model. MITOS stage(0-1) had the highest weight (-12.235), followed by younger
age group(-3.198) , lower-educated group (2.136), fatigue(1.687), and social support(-0.45).
According to the results mentioned above, MITOS stage of patients with ALS was the most
important factor influencing caregiver burden, and caregiver burden was significantly lower in
patients of ALS with a milder type (MITO stage 0-1). Interestingly, when another variable duration
of disease was brought into the regression model, it didn’t show any effect on the model, indicating
that compared to duration, the severity of patients with ALS had a greater influence on caregiver
burden. Sarah K. Bublitz found that thick mucus was a highly distressing symptom for both
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patients and caregivers, which caused a higher degree of bulbar impairment and had a strong
impact on their quality of life[24].

We draw a conclusion from our study that caregiver burden was positively correlated with the
degree of fatigue, while the correlation between caregiver burden and psychological factors such as
anxiety and depression was relatively weak. The research of Brizzi K T et.al also showed that the
pressure of caregiving in ALS originated from physical symptoms consisting of fatigue, pain,
weakness, shortness of breath, difficulty sleeping, and speech problems, as well as depression and
other mood changes. It was worth noting that fatigue and weakness were the most common
symptoms and happened in over 75% of respondents [25], which was in accordance with our study.
In our LASSO model, fatigue had higher weights than anxiety, depression, and sleep quality.
Physical exhaustion was also a typical feature of caregiver burden of other progressive diseases,
such as Alzheimer’s disease, Parkinson's disease, and cancer[26-29]. Not surprisingly, the feelings
of fatigue probably came from long-distance travel to the hospital for treatment, strenuous work in
caregiving, and loss of rest time. This could well explain our result that younger caregivers suffered
less from caregiver burden because they were healthier and more energetic, although they needed
to consider time-consuming costs and balance between work and caring. For those younger
caregivers, their caring patients were also younger as most of the caregivers were their spouses.
This could be another reason that younger caregivers experienced less caregiver burden.

In this study, we found that caregiver burden was negatively correlated with social support,
which was consistent with a study in Korea [30]. According to the epidemiology of ALS in China, we
have a potentially lower incidence and prevalence of ALS than in foreign countries [31]. It is still a
rare disease so doctors with less experience may fail to make a correct diagnosis in time and provide
appropriate treatment. Even if the diagnosis is clear, effective treatment is not always available to
every family due to the high cost of treating the illness. Fortunately, ALS is gradually being covered
by health insurance in many provinces of China. The guarantee of a new policy is of great importance
in helping relieve the economic burden on caregivers. In addition to economic support, more
attention was paid to this group because of increasing caring activities, media reports, and social
propaganda such as the “Ice Bucket Challenge” all over the country[32]. Multiple-center clinical
studies of potential drugs based on animal experiments have also been conducted by a great number
of Chinese research teams [33; 34], bringing hope and light to patients and caregivers of ALS.

On the other hand, according to our study, social support only had a modest action on caregiver
burden. This phenomenon might be caused by insufficient and unbalanced social support in China.
Therefore, we speculated that greater social support would bring about less caregiver burden. In
some well-developed regions such as Hong Kong, the promotion of multidisciplinary teams (MDT)
provides effective support for the disease, which encourages patients and families of ALS in a highly
positive manner[35]. Family care is the main strategy for Chinese caregivers to look after ALS
patients, and older women and spouses still play an important role in providing family care, while
in some other countries, hospital care, nursing home care, and community care were made full use
of to help alleviate the families” burden [36; 37]. The lack of professional caring experience, staff, and
facilities could affect the efficiency of caring and thus lead to an increasing caregiver burden.
Although China has developed rapidly in recent years, there have been obvious differences in
medical development and medical investments between eastern and western areas. Little research
on ALS has been conducted in western areas, where economic conditions are relatively poor and
social support is inadequate. In contrast, modern countries, such as Japan and other European
countries can offer stronger social aid and help systems to ALS families through long-term care
insurance, home visit rehabilitation, and peer group rehabilitation, suggesting that more social
support could be provided to Chinese ALS caregivers to relieve their burden [13; 37-40]. In addition,
medical expenses and end-of-life care were guaranteed in well-developed countries like Japan.
Obviously, there is an urgent need for more economical, practical, physical, emotional, and spiritual
support for caregivers of ALS.

It was surprising to find in our study that educational level influenced caregiver burden. In this
study, caregivers of ALS patients were mainly their spouses who were of the same age (50-70y) and
had similar educational levels (middle school) to the patients. A possible explanation is that

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublaosug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379

380

381
382
383
384
385
386
387
388
389
390
391
392

BMJ Open

understanding abilities varied among different caregivers and could be a limitation in low-educated
groups. Under the current situation in China, patients were not able to address all their questions in
a short period because of the large hospital outpatient quotas. For those caregivers who had a lower
educational level, they might feel difficult to quickly understand the key points in caring and follow
doctors’ suggestions. In addition, they possibly lacked the abilities to search for information and teach
themselves to improve the efficiency of home nursing work.

We investigated the correlations between caregiver burden and caregivers' mental states,
including anxiety, depression, sleep quality index, and fatigue. Although we observed a slight
correlation between anxiety, depression, and caregiver burden, they didn’t show high weights in the
LASSO regression model as we expected. In contrast with other studies conducted in China, mental
problems do exist comprehensively in caregivers of ALS, and anxiety and depression were associated
closely with each other[10; 41]. However, the actual condition was more complicated. Firstly, anxiety
was not only seen in caregivers of ALS but was also common in regular populations, especially
women in their peri- or postmenopausal period [42]. Based on the results of an epidemiological study
of ALS in the Chinese population, the ratio of male patients to female patients in China was about
1.45.1.98:1 [31], which is consistent with our findings. As there were more male patients than female
patients in our study, it was speculated that caregivers were mostly women aged 50-70, who had
possible risks of being anxious in any event. Traditionally, Chinese women of this age also face the
burden of taking care of their grandchildren, making it harder to balance family and their feelings.
Secondly, as there was obvious collinearity among anxiety, depression, and quality of sleep, their
actual influence on caregiver burden may be overestimated. Even though, non-drug intervention
seems to be available and effective for alleviating caregiver burden among caregivers of patients with
neuropsychiatric disorders [43; 44]. Similarly, we also observed an evident decline in HAMA scores
and HAMD scores after non-drug interventions on caregivers such as psychological counselling
classes, professional online communication groups, organizing lectures, and home visits, though a
well-designed prospective study should be done to confirm that furtherly.

Limitations

There were four limitations in this study. The sample size was small and respondents could
experience remission, so our observational analysis could have been biased. In addition, we failed to
assess intervention effects with quantified coping strategies in a prospective study. Another
limitation of the study was the lack of information about the patients and the lack of correlations
between patients’ physical or psychological aspects and caregiver burden. Lastly, this was a study
conducted in south-eastern China, and caregivers may only represent a part of the Chinese
population.

5. Conclusion

In conclusion, our study demonstrates that caregiver burden is positively correlated with the
degree of fatigue and negatively correlated with social support. Low educational status could
increase caregiver burden. Caregivers of ALS patients may suffer less from caregiver burden when
the patient of ALS was younger and less severe.

Figure 1 Correlations among caregiver burden and continuous variables
Figure 2 Correlations between caregiver burden and categorical variables
Figure 3 Relationship between o and MSE

Figure 4 Linear regression between caregiver burden and FS-14
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Abstract:

Objectives: There is significant burden on caregivers of patients with amyotrophic lateral sclerosis
(ALS). However, only a few studies have focused on caregivers, and traditional research methods
have obvious shortcomings in dealing with multiple influencing factors. This study was designed to
explore influencing factors on caregiver burden among ALS patients and their caregivers from a new
perspective.

Design: Cross-sectional study.

Setting: The data were collected at an affiliated hospital in Guangzhou, Guangdong, China.
Participants: Fifty-seven pairs of patients with ALS and their caregivers were investigated by
standardised questionnaires.

Main outcome measures: This study primarily assessed the influencing factor of caregiver burden
including age, gender, education level, economic status, anxiety, depression, social support, fatigue,
sleep quality and stage of disease through data mining. Statistical analysis was performed using SPSS
24.0, and LASSO regression model was established by python 3.8.1 to minimize the effect of
multicollinearity.

Results: According to LASSO model, we found ten variables had weights. Among them, MITOS
stage(0-1) had the highest weight (-12.235), followed by younger age group(-3.198) , lower-educated
group (2.136), fatigue(1.687), and social support(-0.45). Variables including sleep quality, anxiety,
depression, and sex(man) had moderate weights in this model. Economic status(common), economic
status(better) ,household(city), household(village), educational level(high), sex(female), age(older),
MITOS stage(2-4), had a weight of zero.

Conclusions: Our study demonstrates that the severity of ALS patients is the most influencing factor
in caregiver burden. Caregivers of ALS patients may suffer less from caregiver burden when the
patients are less severe and the caregivers are younger. Low educational status could increase
caregiver burden. Caregiver burden is positively correlated with the degree of fatigue and negatively
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effective interventions can be developed to relieve this burden.

Keywords: ALS; caregiver burden; LASSO; social support; MITOS; fatigue
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Strengths and limitations of this study

< This was the first time we study influencing factors on caregiver burden among ALS patients
and their caregivers through data-mining based on LASSO regression.

< The research method solves the problem of small sample size and multicollinearity among

independent variables.

Different kinds of continuous variables and categorical variables were involved in the study.

This was a study conducted in south-eastern China, which may only represent a part of the

Chinese population.

< Our analysis did not include intervention effects with quantified coping strategies in a
prospective study.

s+

1. Introduction

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease with progressive muscle
weakness, dysarthria, dyspnoea, dysphagia, and other associated symptoms which prevent patients
from taking care of themselves. Patients become increasingly dependent on their partners, family
members, and other relatives for increasing support and assistance. For one thing, the high cost of
medical care, drugs, and other supportive services exert huge pressure on families with ALS patients.
Moreover, the influence on family in caregiving of patients with ALS is great!2. The role of caregivers
is critical because their health and well-being are not only important for patients® 4. Moreover, as the
disease progresses, patients will suffer from worsening health and diminishing quality of life. Thus,
as the disease progresses, the concomitant psychological distress and mental stress of informal
caregivers of ALS increase significantly’. This phenomenon has also been observed in other
neurodegenerative diseases® 7. Kim et al. found a negative correlation between the time spent in
caregiving and quality of life of caregivers®. In Burke's study, patients’ cognitive and behavioural
status is of great importance as mediators of caregiver burden’. While these studies have
demonstrated factors that were associated with an increasing burden for caregivers, we only found
a few studies that have focussed on influencing factors of caregivers, such as physical health,
psychological symptoms, social background, social support, and the patients’ condition, and most of
them were designed as cross-sectional studies or case-control studies!'*'®. Also, knowledge about the
action of interventions in relieving caregiver burden is still limited.

This study aimed to determine the effect of factors that influence caregivers' burden and physical
and mental health through data mining based on LASSO regression model. Hopefully, effective
interventions can be developed to improve the health status of caregivers and help relieve caregiver
burden.

2. Materials and Methods

2.1 Resource of data and participants

Caregivers of patients registered at First affiliated hospital of Sun yat-sen University(FAH-SYSU)
from August 2015 to February 2017 and with a patient diagnosis of ALS according to the revised El
Escorial criteria were recruited in the study. As this cross-sectional study was an analysis of existing
data, which did not involve patients' or caregivers' diagnosis and treatment, no ethics approval was
required from the Ethics Committee of FAH-SYSU. Even though, participants enrolled have been
fully informed and consent was obtained. The informed consent claimed that the both the patients
and their caregivers knew and agreed that their medical records was used in the study anonymously.
Healthy caregivers with at least 3 months’ caregiving experience were included in the study, and
caregivers were restricted to relatives such as spouses, parents, children, and siblings of the patients.
Informal, casual, or multiple caregivers and those with confirmed physical and mental problems
were excluded. Patients who had rapid deterioration since diagnosis or with
bulbar/spinal/respiratory breakdown were excluded from the sample.
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This study primarily assessed the influencing factor of caregiver burden including age, gender,
education level, economic status, anxiety, depression, social support, fatigue, sleep quality, as well as
the duration and stage of disease(MITOS stage). The quantitative questionnaires of standardised
design assessed caregiver burden on different dimensions. Standardised scales were used for the
caregivers, listed in the following section. In total, 60 caregivers of ALS patients were selected for the
survey through internationally accepted questionnaires. Among all the 60 questionnaires sent out to
the caregivers, 57 valid responses were received, with a valid rate of 95%.

2.1.1 Patient and public involvement

Patients and/or the public were not involved in the design, conduct, reporting, or

dissemination plans of this research.

2.2 Assessment measures and data collection

2.2.1 Patients’ status

Disease duration was measured by months. Disease severity was mainly measured by the
clinical staging system of Milano-Torinos (MITOS)'. According to this staging system, patients with
ALS are categorised as follows: Stage 0, functional involvement but no loss of independence in any
domain; Stages 1-4, which refer to the number of domains in which independence was lost, for
example, movement, swallowing, communicating, and/or breathing; and Stage 5, death.

2.2.2 Caregiver burden

Zarit Caregiver Burden Interview (ZBI) was used to evaluate caregiver burden'” 8. ZBI consists
of a self-administered 22-item questionnaire, including caregivers’ psychological health, finances,
emotional wellbeing, social and family life, and degree of control over their life. Total scores range
between 0 and 88.

2.2.3 Social support

The Social Support Rating Scale (SSRS) is a brief questionnaire designed by Xiao Shuiyuan in
1986-1993, which mainly reflects social support and satisfaction with social support from the
respondents'.

2.2.4 Physical and mental health of caregivers

The sleep quality of caregivers was assessed using the Pittsburgh Sleep Quality Index (PSQI)™.
Fatigue scale-14 (FS-14) was used to measure the severity of physical and mental fatigue and its effect
on a person's activities and lifestyle?. Anxiety and depression status were evaluated using the
Hamilton Anxiety Scale (HAMA) and Hamilton Depression Scale-17 (HAMD-17)?1 22,

2.3 Statistics

2.3.1 General characteristics

Statistical analysis was performed using SPSS 24.0 and Python 3.8.1. Descriptive statistics were
used for categorical variables. Means with a standard deviation(SD) and interquartile range(IQR)
were used for continuous variables. Bivariate correlations between continuous variables were
performed by Pearson correlation analysis. Correlations between caregiver burden and categorical
variables were analysed by visualization analysis. All tests were performed with an alpha value of
0.05.

2.3.2 Least Absolute Shrinkage and Selection Operator (LASSO) regression

Least Absolute Shrinkage and Selection Operator (LASSO) regression was used to establish a
model to predict the relationship between caregiver burden and variables with high
multicollinearity. LASSO was a regression technique for variable selection and regularization to
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enhance the prediction accuracy and interpretability of the statistical model that it produces. It was
a constrained version of ordinary least-squares (OLS) regression and typically used for regression
of a single response variable y on a predictor matrix X, which was widely used in dealing with data
situations of low sample size and high dimension, especially when there were both continuous
variables and categorical variables in the regression?.

Compared with other linear regression, lasso was more applicable to analyse complex
multicollinear data by adding a penalty equal to the absolute value of the importance of coefficients
and minimizing insignificant coefficients to 0, thus the high weight variables will be selected. The
absolute size of the regression coefficients (3 was constrained. The higher the penalty, the more
regression coefficients were shrunk toward zero. The regularized regression is quite sensitive to the
selection of the penalty coefficients. 242

To appropriately tune the best parameter, the approach was to estimate the performance with
different values using cross-validation?”. Compared with other methods, LASSO was fast and
accurate with the advantage of avoiding overfitting automatically.

2.3.3 Prediction Performance Evaluation

The mean square error (MSE) between the predicted value and the actual value was used to
evaluate prediction performance. The coefficient of determination R?was used to reflect the
regression fitting effect of the prediction model. The coefficient R? is defined as (1 - u/v), where u is
the regression sum of squares ((y_true - y_pred) ** 2).sum() and v is the residual sum of squares
((y_true - y_true.mean()) ** 2).sum(). Best possible score is 1.0, and lower values are worse. Lasso
best(alpha) parameter was obtained by cross-validation (CV).

The algorithms were implemented using the Lasso CV package of sklearn in Python 3.8.1.

2.4 Data processing and dummy variables

In order to incorporate categorical variables and continuous variables into the LASSO
regression model, each variable was processed according to the research purpose. Since continuous
variable “age” followed a skewed distribution by calculation of skewness and kurtosis, age was
categorized into two groups as categorical variables. Categorical variables were reclassified and
served as dummy variables to make the regression result with a positively explanative sense.

Dummy coding method represents group membership with dummy variables that take on
values 0 and 1, meaning that membership in a particular group is coded one whereas non-
membership in the group is coded zero. When dummy coding is used in the regression analysis,
the overall results indicate whether there is a relationship between the dummy variables and the
dependent variables?. The values of the intercept and the regression coefficients of the resulted
regression model can be obtained using least squares estimation procedures. The coefficient of
multiple determination, R? for the regression model with dummy variables can be interpreted in
terms of the proportion of variance in the dependent variable that is accounted for by the
categorical independent variable?®. The regression model from the dummy coding can be written
as: k—1

Yi =By + X_; BiDj+ &

Where:

Yij : The score on the dependent variable for subject i in group j.

By : The intercept that represents the mean of the group coded 0 on all the dummy variables.

k: The number of categories of the independent variable.

B; : The regression coefficient associated with the jth group, and it represents the difference
between the mean of the group coded 1 on the corresponding dummy variable and the mean of the
group coded 0 on all the dummy variables.

Dj;: The numerical value assigned to subject i in the jth group.

&;i: The error associated with the ith subject in the jth group.

To be specific, categorical variables were recoded with dummy variables, including 2 dummy
variables suggesting age, 2 dummy variables suggesting MITOS stage, 2 dummy variables
suggesting economic status, 2 dummy variables suggesting household, and 2 dummy variables
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suggesting educational level(Table 1). The principle of the setting of dummy variables was to
equalize numbers between groups and accord with the meaning of each variable value. For
example, educational level (low) represented the sum of educational status including illiterate,
primary school, middle school, and high school, while educational level(high) represented the sum
of educational status including junior college, undergraduate, and master. Overall, 6 continuous
variables, together with 12 dummy variables of 6 categorical variables were introduced into the

model.

Table 1 The variable weight of the LASSO regression and description of dummy variables

Variable The variable weight of LASSO Description
regression
Continuous variables
Duration 0.077
PSQI 0.078
FS-14 1.687
Anxiety 0.043
Depression 0.004
Social support -0.455
Categorical variables
Sex(male) -0.171
Sex(female) 0
Age(younger) -3.198 <35
Age(older) 0 >35
MITOS(stage 0-1) -12.235 MITOS stage 0,1
MITOS(stage 2-4) 0 MITOS stage 2,3,4
Economic status(common) 0 poor, average
Economic status(better) 0 good, excellent
Household(village) 0 suburban, rural
Household(city) 0 city
Educational level(low) 2.136 illiterate
primary school
middle school
high school
technical secondary school
Educational level(high) 0 junior college

undergraduate
master

3. Results

3.1 Descriptive analysis of characteristics of caregivers and ALS patients

The majority of this cohort was two-thirds female caregivers (38, 66.7 %), and the other one-
third were male caregivers (19, 33.3%). The mean age of all the caregivers was 45.32+13.74
years( IQR: 33.5-56.5), ranging from 22-72 years. The average disease course was 28.98+15.36
months(interquartile range, IQR: 18-36 ), with the longest being 60 months and the shortest being 6
months. The average score of caregiver burden scale was 39.28+17.11(IQR:25-55). The average
scores of PSQI and FS-14 were 7.89+4.57(IQR:4-10), 6.58+3.60(IQR:4-9), respectively. The average
HAMA scores of patients were 10.70+6.62(IQR:5-15). The average HAMD scores of patients were
10.16+8.78(IQR:4-14.5). The mean score of the Social Support Rating Scale was 40.18+7.47(1QR:33.5-
46). Forty caregivers were considered "anxious" to different degrees, and the number of possible,
definite, obvious, and severe anxiety status caregivers were 20,15,4,1, respectively. Similarly, 27
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depression status caregivers were 16,10,1, respectively. For categorical variables, the number of
patients with MITOS from zero to stage 4 was 10,16,20,4,7, respectively. Most of the caregivers were
junior high school graduates (17, 29.8%). Overall, 34 participants (59.6%) had an education level of
at least high school, of which two held a master's degree. Urban dwellers constituted a proportion
of 56.1% of all the caregivers, while the rest of the individuals were from suburban or rural areas.

Economic status varied from general to good condition among the participants (Table 2).

Table 2 Demographic features of caregivers

N N% N N%
gender MITOS
male 19 33.3 stage 0 10 17.5
female 38 66.7 stage 1 16 28.1
education stage 2 20 35.1
illiterate 1 1.8 stage 3 4 7.0
primary school 4 7.0 stage 4 7 12.3
middle school 17 29.8
technical 1 1.8
secondary economic
school state
high school 12 21.1 poor 5 8.8
junior college 10 17.5 average 21 36.8
undergraduate 10 17.5 good 9 15.8
master 2 3.5 excellent 22 38.6
househol Rural 18 31.6 Age
d register
suburban 7 12.3 <35 15 26.3
city 32 56.1 >35 42 73.7
total 57 100%

3.2 Analysis of correlations between continuous variables

Correlations between continuous variables were demonstrated with Heatmap Chart shown in
Figure 1. According to Spearman correlation analysis, positive correlations were seen between
caregiver burden and independent variables including duration of disease, PSQI scores, degree of
fatigue, anxiety, and depression(r=0.52, 0.54, 0.76, 0.71, 0.62, p<0.05), while a negative correlation was
noted between caregiver burden and social support(r=-0.41, p<0.05). Interestingly, a slight negative
correlation was noticed between social support and PSQI scores, degree of fatigue, and depression(r=
-0.33, -0.29, -0.37, p<0.05), indicating that social support could be a protective factor. Strong pairwise

positive correlations were seen among PSQI scores, degree of fatigue, anxiety, and depression(p<0.05).

3.3 Analysis of correlations between caregiver burden and categorical variables

Correlations between caregiver burden and categorical variables were shown as visualizations
(Figure 2). We used layered data processing to rearrange categorical variables and convert them
into dummy variables. The principle of the setting of dummy variables was to equalize numbers
between groups. The descriptions of each dummy variable were shown in Table 1. Figure 2 (1)
showed that there was a difference in caregiver burden between younger and older patients. Also,
an obvious disparity in caregiver burden was seen between group MITOS stage(0-1) and group
MITOS stage(2-4), suggesting that patients with ALS with severer symptoms created higher

caregiver burden( Figure 2 (5) ).

3.4 Model construction and evaluation by Lasso regression
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3.4.1 Variable Selection

The values of each categorical attribute were converted into dummy variables to build a
regression model. With caregiver burden as the dependent variable and duration, PSQI, FS-14,
anxiety, depression, social support, sex(male), sex(female), age(younger), age(older), MITOS stage
(0-1), MITOS stage(2-4), economic status(common), economic status(better), household(village),
household(city), educational level(low), educational level(high) as independent variables, a
regression model with multiple dummy variables was constructed shown in Table 1.

In the LASSO model, we found ten variables had weights. Among them, MITOS stage(0-1) had
the highest weight (-12.235), followed by younger age group(-3.198) , lower-educated group (2.136),
fatigue(1.687), and social support(-0.45). Variables including sleep quality, anxiety, depression, and
sex(man) had moderate weights in this model. Economic status(common), economic status(better)
,household(city), household(village), educational level(high), sex(female), age(older), MITOS
stage(2-4), had a weight of zero (Table 1).

3.4.2 Performance evaluation

In this research, the mean squared error (MSE) was selected as the evaluation index, and the
best Alpha value was obtained through cross-validation. The relationship between the model MSE
and Alpha is shown in Figure 3. When the best penalty factor ‘Alpha’= 0.3, the MSE is the smallest,
and the LASSO regression model has the highest accuracy. To evaluate prediction performance and
fitting effect, the R? and the MSE of the LASSO regression model were provided. The Lasso
score(R?) and the lasso MSE were 0.831 and 48.496, respectively.

3.5 Liner regression analysis between MITOS stage(0-1), FS-14, and caregiver burden
3.5.1 Variable selection

In the previous section, we learned from the LASSO regression model that MITOS stage(0-1)
had the highest weight among categorical variables, while FS-14 had the highest weight among
continuous variables. Moreover, the coefficient of MITOS stage(0-1) was significantly higher than
other influential dummy variables, and the coefficient of FS-14 was even hundreds of times higher
than other continuous variables. Therefore, to furtherly validated the action of the most influential
factors in the model, a linear regression model was constructed with caregiver burden as the
dependent variable, and FS-14, MITOS stage (0-1) as independent variables.

3.5.2 Performance evaluation

As was shown in Figure 4, caregiver burden was positively correlated with FS-14 whenever
dummy variable MITOS stage(0-1) was kept in the model or not. On the other hand, when FS-14
remained constant, caregiver burden was significantly higher when dummy variable MITOS
stage(0-1) was absent. The distance between the red line and the green line demonstrated the
influence of MITOS stage(0-1) on caregiver burden in the model. The intercepts of the linear
regression model was 32.125. The Lasso score(R?) and the lasso MSE were 0.783 and 62.46,
respectively. The results were consistent with LASSO regression, suggesting that MITOS stage(0-1)
had a strong effect on caregiver burden.

4. Discussion

Based on the LASSO model, 10 variables had weights, whereas 5 variables had a greater
influence on the model. MITOS stage(0-1) had the highest weight (-12.235), followed by younger
age group(-3.198) , lower-educated group (2.136), fatigue(1.687), and social support(-0.45).
According to the results mentioned above, MITOS stage of patients with ALS was the most
important factor influencing caregiver burden, and caregiver burden was significantly lower in
patients of ALS with a milder type (MITO stage 0-1). Interestingly, when another variable duration
of disease was brought into the regression model, it didn’t show any effect on the model, indicating
that compared to duration, the severity of patients with ALS had a greater influence on caregiver
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burden. Sarah K. Bublitz found that thick mucus was a highly distressing symptom for both
patients and caregivers, which caused a higher degree of bulbar impairment and had a strong
impact on their quality of life3.

We draw a conclusion from our study that caregiver burden was positively correlated with the
degree of fatigue, while the correlation between caregiver burden and psychological factors such as
anxiety and depression was relatively weak. The research of Brizzi K T et.al also showed that the
pressure of caregiving in ALS originated from physical symptoms consisting of fatigue, pain,
weakness, shortness of breath, difficulty sleeping, and speech problems, as well as depression and
other mood changes. It was worth noting that fatigue and weakness were the most common
symptoms and happened in over 75% of respondents 3!, which was in accordance with our study.
In our LASSO model, fatigue had higher weights than anxiety, depression, and sleep quality.
Physical exhaustion was also a typical feature of caregiver burden of other progressive diseases,
such as Alzheimer’s disease, Parkinson's disease, and cancer®3. Not surprisingly, the feelings of
fatigue probably came from long-distance travel to the hospital for treatment, strenuous work in
caregiving, and loss of rest time. This could well explain our result that younger caregivers suffered
less from caregiver burden because they were healthier and more energetic, although they needed
to consider time-consuming costs and balance between work and caring. For those younger
caregivers, their caring patients were also younger as most of the caregivers were their spouses.
This could be another reason that younger caregivers experienced less caregiver burden.

In this study, we found that caregiver burden was negatively correlated with social support,
which was consistent with a study in Korea %. According to the epidemiology of ALS in China, we
have a potentially lower incidence and prevalence of ALS than in foreign countries ¥. It is still a rare
disease so doctors with less experience may fail to make a correct diagnosis in time and provide
appropriate treatment. Even if the diagnosis is clear, effective treatment is not always available to
every family due to the high cost of treating the illness. Fortunately, ALS is gradually being covered
by health insurance in many provinces of China. The guarantee of a new policy is of great importance
in helping relieve the economic burden on caregivers. In addition to economic support, more
attention was paid to this group because of increasing caring activities, media reports, and social
propaganda such as the “Ice Bucket Challenge” all over the country3. Multiple-center clinical studies
of potential drugs based on animal experiments have also been conducted by a great number of
Chinese research teams ¥4, bringing hope and light to patients and caregivers of ALS.

On the other hand, according to our study, social support only had a modest action on caregiver
burden. This phenomenon might be caused by insufficient and unbalanced social support in China.
Therefore, we speculated that greater social support would bring about less caregiver burden. In
some well-developed regions such as Hong Kong, the promotion of multidisciplinary teams (MDT)
provides effective support for the disease, which encourages patients and families of ALS in a highly
positive manner*!. Family care is the main strategy for Chinese caregivers to look after ALS patients,
and older women and spouses still play an important role in providing family care, while in some
other countries, hospital care, nursing home care, and community care were made full use of to help
alleviate the families’ burden #243. The lack of professional caring experience, staff, and facilities could
affect the efficiency of caring and thus lead to an increasing caregiver burden. Although China has
developed rapidly in recent years, there have been obvious differences in medical development and
medical investments between eastern and western areas. Little research on ALS has been conducted
in western areas, where economic conditions are relatively poor and social support is inadequate. In
contrast, modern countries, such as Japan and other European countries can offer stronger social aid
and help systems to ALS families through long-term care insurance, home visit rehabilitation, and
peer group rehabilitation, suggesting that more social support could be provided to Chinese ALS
caregivers to relieve their burden 3 -4, In addition, medical expenses and end-of-life care were
guaranteed in well-developed countries like Japan. Obviously, there is an urgent need for more
economical, practical, physical, emotional, and spiritual support for caregivers of ALS.

It was surprising to find in our study that educational level influenced caregiver burden. In this
study, caregivers of ALS patients were mainly their spouses who were of the same age (50-70y) and
had similar educational levels (middle school) to the patients. A possible explanation is that
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understanding abilities varied among different caregivers and could be a limitation in low-educated
groups. Under the current situation in China, patients were not able to address all their questions in
a short period because of the large hospital outpatient quotas. For those caregivers who had a lower
educational level, they might feel difficult to quickly understand the key points in caring and follow
doctors’ suggestions. In addition, they possibly lacked the abilities to search for information and teach
themselves to improve the efficiency of home nursing work.

We investigated the correlations between caregiver burden and caregivers' mental states,
including anxiety, depression, sleep quality index, and fatigue. Although we observed a slight
correlation between anxiety, depression, and caregiver burden, they didn’t show high weights in the
LASSO regression model as we expected. In contrast with other studies conducted in China, mental
problems do exist comprehensively in caregivers of ALS, and anxiety and depression were associated
closely with each other'?4’. However, the actual condition was more complicated. Firstly, anxiety was
not only seen in caregivers of ALS but was also common in regular populations, especially women
in their peri- or postmenopausal period *. Based on the results of an epidemiological study of ALS
in the Chinese population, the ratio of male patients to female patients in China was about 1.45.1.98:1
%, which is consistent with our findings. As there were more male patients than female patients in
our study, it was speculated that caregivers were mostly women aged 50-70, who had possible risks
of being anxious in any event. Traditionally, Chinese women of this age also face the burden of taking
care of their grandchildren, making it harder to balance family and their feelings. Secondly, as there
was obvious collinearity among anxiety, depression, and quality of sleep, their actual influence on
caregiver burden may be overestimated. Even though, non-drug intervention seems to be available
and effective for alleviating caregiver burden among caregivers of patients with neuropsychiatric
disorders #%.

From the conclusion obtained above, practical actions should be done for healthcare system to
help relieve caregiver burden of ALS. Financial assistance and professional nursing guidance,
including long-term care insurance, medical investments, professional online communication
groups, home visit rehabilitation, nursing home care and community care etc., may be particularly
beneficial as part of ALS care!34345, Regional ALS centres participated by doctors, nurses,
psychologists, rehabilitation trainers, social workers, nutritionists, communities, speech trainers,
families, and researchers, are necessary for healthcare system to provide complete and efficient
support!?5l. Physical, psychological, emotional, and social support are potential effective non-
medication interventions to help relieve caregiver burden??52-%, Healthcare system should pay more
attention to the health status of both the patients and their caregivers proactively. Hopefully,
positive and effective strategies can be developed as soon as possible to improve the situation.

Limitations

There were four limitations in this study. The sample size was small and respondents could
experience remission, so our observational analysis could have been biased. In addition, we failed to
assess intervention effects with quantified coping strategies in a prospective study. Another
limitation of the study was the lack of information about the patients and the lack of correlations
between patients’ physical or psychological aspects and caregiver burden. Lastly, this was a study
conducted in south-eastern China, and caregivers may only represent a part of the Chinese
population.

5. Conclusion

In conclusion, our study demonstrates that the most influencing factor of caregiver burden is the
severity of ALS patient. Caregivers of ALS patients may suffer less from caregiver burden when the
patients are less severe and the caregivers are younger. Low educational status could increase
caregiver burden. Caregiver burden is positively correlated with the degree of fatigue and negatively
correlated with social support.

Figure 1 Correlations among caregiver burden and continuous variables
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Figure 2 Correlations between caregiver burden and categorical variables
Figure 3 Relationship between o and MSE
Figure 4 Linear regression between caregiver burden and FS-14
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Data sources/ 8* For each variable of interest, give sources of data and details of methods of
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(b) Describe any methods used to examine subgroups and interactions_line 143-206
(c) Explain how missing data were addressed NA
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(b) Indicate number of participants with missing data for each variable of interest
line 107-108
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Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and

their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included_line 233-250, 251-290
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(b) Report category boundaries when continuous variables were categorized line
251-290

(c) If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time period_NA
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Report other analyses done—eg analyses of subgroups and interactions, and
sensitivity analyses_line 251-290

10 Discussion

Key results

18

Summarise key results with reference to study objectives_line 397-401

13 Limitations
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Discuss limitations of the study, taking into account sources of potential bias or

imprecision. Discuss both direction and magnitude of any potential bias line 389-395

15 Interpretation
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292-375

19 ‘ Generalisability
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Discuss the generalisability (external validity) of the study results line 376-386
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22 Funding
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Give the source of funding and the role of the funders for the present study and, if
applicable, for the original study on which the present article is based line 418-428
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28 Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

29 published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

32 http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

33 available at www.strobe-statement.org.
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