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Abstract 

Background  The informal caregivers of adult patients with β-thalassemia major (β-TM) bear not only physical 
but also emotional and economic pressures of providing care. This study is the first to evaluate the caregiver burden 
by Zarit Burden Interview (ZBI) of adult patients with β-TM in mainland China and to identify predictors of caregiver 
burden.

Methods  In this cross-sectional study, we conducted an online survey with snowball sampling covering seven 
provinces between September 1, 2021, and January 31, 2022, of patients aged ≥ 18 years with β-TM and their informal 
caregivers. Caregiver burden was assessed using the ZBI. Data on patient demographics, disease and therapy charac-
teristics, and informal caregivers’ demographic characteristics were collected and analysed using independent t-tests, 
analysis of variance, Spearman’s correlation and multiple linear regression.

Results  Of 75 included patients, more than half (50.7%) were male. The mean patient age was 24.69 ± 5.59 years. The 
mean age of the informal caregivers was 50.60 ± 9.16 years, with women (74.7%) being predominant. The ZBI score 
was 38.00 ± 17.02. Multiple linear regression analysis showed that patients with interrupted blood transfusion therapy 
and informal caregivers required to care of others were positively associated with caregiver burden (p < 0.05). Age 
of informal caregivers were borderline significant positively associated with caregiver burden (p < 0.1). Married infor-
mal caregivers were negatively associated with caregiver burden (p < 0.05).

Conclusions  The informal caregivers of adult patients with β-TM in mainland China experienced a moderate-to-
severe level of caregiving burden. The caregiver burden was higher in patients with a history of interrupted blood 
transfusion therapy or in informal caregivers who were older or needed to care for others. Additionally, married 
informal caregivers experienced lower burdens compared to non-married informal caregivers. These findings provide 
a reference to identify informal caregivers with higher burdens among patients with β-TM.
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Background
Thalassemia is a group of autosomal recessive genetic 
diseases caused by mutations in globin. There are two 
distinct forms of thalassemia according to the type of 
hemoglobin: α and β [1]. Patients with β-thalassemia can 
be divided into minor, intermediate, and major groups, 
based on the underlying genotype and modifier muta-
tions [2]. Thereinto, β-thalassemia major (β-TM) is the 
most serious form, which often manifests in infancy, 
and can experience hemolytic anemia and hepatosple-
nomegaly [3]. β-thalassemia itself has high mortality and 
serious complications, becoming a global concern [4]. 
Approximately 1.5% (80–90 million people) individu-
als worldwide are carriers of β-thalassemia [5]. Moreo-
ver, worldwide, the prevalence of thalassemia is higher 
in Mediterranean countries, the Middle East, the Indian 
subcontinent, and South and Southeast Asia [6]. The 
nationwide prevalence of β-thalassemia in mainland 
China was roughly estimated at 0.66%, and up to 2.21% in 
high-incidence provinces (e.g., Guangdong, Guangxi, and 
Fujian) [7].

Patients with β-TM require lifelong regular blood 
transfusions and iron chelation therapy to survive. Iron 
overload caused by lifelong anemia and blood transfu-
sions can lead to various complications (e.g., organomeg-
aly and cardiac disease) that cause irreversible damage 
to multiple organs in the body and ultimately reduce 
life expectancy in these patients [8]. In Greece, 89% of 
patients with β-TM in Greece lived beyond the age of 
40  years, while 80% of patients in the United Kingdom 
lived beyond the age of 45 years [9]; however, the highest 
life expectancy of patients with β-TM in Guangxi, China, 
was only 28 years [10]. Compared to children with β-TM, 
the quality of life of adult patients is significantly lower 
due to multiple organ dysfunction, chronic pain, and loss 
of physical fitness [11, 12].

Caregiver burden was defined by Montgomery et  al. 
[13] as the perceived impact of caregiving tasks on car-
egivers’ emotions and on their resources [14]. Given the 
Chinese tradition, caregivers are mostly family mem-
bers, especially parents. These family members act as 
“informal caregivers”, which were defined as unpaid fam-
ily members, friends or neighbors who provided free 
care to the patient [15]. Due to poor quality of life, adult 
patients with β-thalassemia rely heavily on their infor-
mal caregivers, resulting in a severe caregiving burden 
[16]. Firstly, frequent blood transfusion therapy is a dif-
ficult and exhausting process, as the informal caregivers 
must accompany the patient through treatment, which 
reportedly results in feelings of helplessness and hope-
lessness among informal caregivers of patients with 
thalassemia. Therefore, informal caregivers must bear a 
heavy physical burden and psychological pressure during 

the process [17]. Secondly, due to frequent hospital visits, 
high medical expenses, and decreased life expectancy of 
patients, most informal caregivers of adult patients with 
β-TM bear great financial burdens [18]. Finally, infor-
mal caregivers need to frequently assist patients in their 
activities of daily living, administer medications, prepare 
meals, provide health care, and provide emotional sup-
port [19]. As a result, the responsibilities of parents of 
adult children with β-TM are diverse and affect various 
aspects throughout their lives [20].

Previous international studies have described the bur-
dens and pressures experienced by most caregivers of 
patients with thalassemia, which involved the physi-
cal and mental health of these caregivers [21, 22]. For 
example, a study in India showed that the caregivers 
of children with thalassemia not only bore the heavy 
responsibility of care, but also experienced economic and 
emotional pressures [23]. However, these studies have 
mainly paid attention to pediatric patients with thalas-
semia, with very few studies focusing on caregiver bur-
den of adult patients with β-thalassemia.

In mainland China, existed studies on the caregiver 
burden of patients with thalassemia have paid more 
attention to the child patients, while for the caregiver 
burden of adult patients there was still a research gap. 
In this study, we conducted a first nationwide survey on 
the caregiver burden of adult patients with β-TM, focus-
ing on the high-incidence areas in mainland China, and 
for the first time examined the determinants of caregiver 
burden in these patients.

Methods
Sampling
This cross-sectional study conducted an online survey 
from September 1, 2021 to January 31, 2022 through 
“questionnaire star (https://​www.​wjx.​cn)”, a platform 
offering respondents the ability to complete question-
naires online because an on-site survey was not feasible 
during the coronavirus disease 2019 (COVID-19) pan-
demic. On the one hand, complete medical information 
on patients was difficult to collect, considering the lack of 
epidemiological parameters nationwide, and the preva-
lence of thalassemia in different provinces is unclear. On 
the other hand, enough participants were difficult to seek 
out, because the patients’ visiting medical institution was 
not fixed due to the unstable supply of blood and iron 
chelation, as well as lifetime or irregular therapy. This 
study used snowball sampling covering seven provinces 
with a relatively high prevalence of thalassemia namely 
Guangdong Province and Guangxi Zhuang Autono-
mous Region, Fujian Province, Jiangsu Province, Jiangxi 
Province, Hunan Province, and Xinjiang Uygur Autono-
mous Region. Snowball sampling is a method of finding 

https://www.wjx.cn
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respondents in a sparse population by first randomly 
selecting a group of respondents, interviewing those 
respondents and then engaging them to deliver some 
other target group, and cycling through the process. In 
the study, patients were recruited through the website 
of the Beijing New Sunshine Charity Foundation and the 
Thalassemia Mutual Aid WeChat Group, and patient rec-
ommendations by doctors from representative medical 
institutions.

We trained all investigators before the study to unify 
the caliber of the study, the way of interviewing and the 
way of filling out the questionnaires. After collecting the 
questionnaires, in order to ensure the accuracy, credibil-
ity and reliability of the results of the questionnaire feed-
back, we conducted two rounds of strict quality control 
checks on the completion of the questionnaire by one-
to-one telephone interviews to avoid omissions, logical 
errors and irregularities. Figure 1 illustrated the specific 
process of the two-round of quality control.

According to the guidelines for the diagnosis and 
treatment of β-TM (2017) [24], developed by the Blood 
Group of the Chinese Medical Association and Pedi-
atrics Branch, 75 adult patients diagnosed with β-TM 
and a primary informal caregiver of each patient were 
included in the study. Inclusion criteria for adult patients 
were age ≥ 18 years old and a diagnosis of β-TM before 
the study. In addition, the patient and a primary informal 
caregiver had to understand the content of the question-
naire, be familiar with the entire treatment process, and 
complete two quality interviews.

Data collection
The standardized questionnaire including a patient sec-
tion and an informal caregiver section, was self-reported 

by eligible adult patients with β-TM and their primary 
informal caregivers. We extracted patient demograph-
ics (sex, age, education level, employment status, total 
medical cost, comorbidities, interruption of blood trans-
fusion therapy or iron chelation therapy, and social sup-
port), and informal caregiver demographics (sex, age, 
marital status, education level, annual household income, 
the days of monthly caregiving, help from other car-
egivers, care for others and caregiver burden) from the 
questionnaire.

Annual household income and total medical cost were 
extracted from the online survey. Total medical cost 
comprising the costs for blood transfusion therapy, iron 
chelation therapy and adverse reaction therapy since 
diagnosis to date, included out-of- pocket payments (by 
patients themselves) and payments covered by health 
insurers.

Caregiver burden was measured using the Chinese ver-
sion of the Zarit burden interview (ZBI) and filled out by 
caregivers. The ZBI was designed by Zarit and adapted by 
Lu et al. [25]. This Chinese version contains 22 items with 
two dimensions, including 12 entries for personal burden 
and 6 entries for role burden [26]. Each item is rated on a 
five-point Likert scale (never: 0; rarely: 1; sometimes: 2; 
quite frequently: 3; and always: 4) and summed to gener-
ate a caregiver burden score ranging between 0 and 88. 
Higher scores indicate a higher burden. Burden was dif-
ferentiated into three levels: mild (< 21), moderate (21–
40), and severe (> 40) [27]. The Chinese version of the 
ZBI has been widely used in China (Cronbach α = 0.921) 
[28].

Social support in adult patients was measured using 
the Chinese version of the social support rating scale 
(SSRS) compiled by Xiao Shuiyuan in 1994 [29], and 

Fig. 1  The process of the two-round of quality control
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filled out by patients. The SSRS is a 10-item scale that 
consists of three dimensions (objective support, subjec-
tive support, and utilization). Objective support is inde-
pendent of the individual’s feelings and exists objectively, 
including direct material assistance and the existence and 
participation in social networks and group relationships, 
such as stable (family, marriage, friends, colleagues, etc.) 
or unstable (informal groups, temporary social interac-
tions) social connections; subjective support refers to 
an individual’s emotional experience and satisfaction of 
being respected, supported, and understood in society; 
utilization of social support refers to the extent to which 
the individual utilizes the above objective and subjective 
social resources [29]. The total score ranges from 12 to 
66, with a higher score indicating a higher level of social 
support. The SSRS has been used in a wide range of stud-
ies in the Chinese population (Cronbach α = 0.724) [30].

Statistical analysis
Statistical analyses were performed using IBM SPSS 
Statistics (SPSS version 26.0, Inc., Chicago, IL, USA). 
Descriptive statistics were used to report the characteris-
tics (demographic and clinical) and study variables of the 
adult patients and their informal caregivers. Categorical 
variables are presented as frequencies (n) and percentages 
(%), while continuous variables are presented as median, 
means and standard deviations (mean ± SD). Independ-
ent t-tests were conducted to evaluate the effect of char-
acteristics (demographic and clinical) on the caregiver 
burden. Spearman correlation analyses were utilized to 
examine the correlation between caregiver burden and 
continuous variables (three dimensions of social support, 
age of patients and informal caregivers, total medical 
cost, monthly caregiving and annual household income). 
Based on evidence from previous studies [15, 31, 32], we 
hypothesized that patients’ age, history of interruption of 
blood transfusion and iron chelation therapy, and social 
support, as well as informal caregivers’ age, marital sta-
tus, monthly caregiving, and taking care of others would 
be potential predictors of caregiver burden. Therefore, 
they were included in multiple linear regression. The 95% 
confidence intervals were computed, with p-values < 0.05 
considered statistically significant. The 95% confidence 
intervals were computed, with p-values < 0.05 considered 
statistically significant and p-values < 0.1 considered sta-
tistically borderline significant [33].

Ethical considerations
The ethics committee of the Centre for Health Man-
agement and Policy Research, Shandong University, 
approved the ethical application of this study on Novem-
ber 1, 2021 (approval no. ECSHCMSDU20211101). 
Before the investigation, we informed the participants 

of the study purpose and process and obtained their 
informed consent.

Results
Seventy-five adult patients with β-TM and 75 infor-
mal caregivers of the patients completed the question-
naire. The demographics of the adult patients and their 
informal caregivers are presented in Table  1. Among 
the patients, approximately half (50.7%) were men, with 
a mean age of 24.69  years. Most patients (66.7%) had 
comorbidities, nearly half (56%) of whom had a his-
tory of interrupted blood transfusion therapy, and over 
half (61.3%) had a history of interrupted iron chelation 
therapy. The average score of patients on social support 
was 30.57 ± 5.54. The informal caregivers were mostly 
women (74.7%), with a mean age of 50.60  years. Nearly 
three-quarters (73.3%) of informal caregivers were mar-
ried, and more than a half (58.7%) had an education level 
of middle school or below. The mean monthly caregiving 
was 12.59  days, most (70.7%) of the informal caregivers 
took care of patients without help from others, and most 
(62.7%) also cared for other people at the same time.

The mean ZBI total score was 38.00 ± 17.02, which was 
medium burden, and the score range was from 0 to 83. 
The average scores of personal burden and role burden 
were 20.15 ± 9.08 and 9.44 ± 5.58, respectively. Severe car-
egiver burden was present in a total of 38.67% of patient 
informal caregivers (Table 2).

The univariate analysis reported a higher caregiver bur-
den among caregiver of patients who had interrupted 
blood transfusion therapy (p < 0.05). Additionally, infor-
mal caregivers who needed to care for others bore a 
heavier caregiving burden compared to that in informal 
caregivers caring only for patients with β-TM (p < 0.05) 
(Table 3).

Correlation between continuous variables and car-
egiver burden are shown in Table 4. The Spearman corre-
lation coefficient between caregiver burden and monthly 
caregiving was significantly positive (p < 0.05).

In the multiple linear regression model, the signifi-
cant factors associated with caregiver burden included 
interruption of blood transfusion therapy, taking care of 
others, and informal caregiver’s age and marital status. 
Patients with a history of interrupted blood transfusion 
therapy and informal caregivers who needed to care for 
others were positively associated with caregiver burden 
(p < 0.05). Age of informal caregivers were significantly 
positively associated with caregiver burden (P < 0.1). 
Married informal caregiver status was negatively corre-
lated with caregiver burden (p < 0.05). The model showed 
a good fit (R2 = 0.26) and multicollinearity was not 
observed (tolerance > 0.2, VIF < 10) (Table 5).
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Discussion
This study is the first nationwide survey of the caregiver 
burden of adult patients with β-TM in mainland China, 
with a focus on high-incidence areas. In this study, the 
caregiver burden of adult patients with β-TM was pre-
dominantly moderate-to-severe (38.00 ± 17.02), similar 
to the findings of studies on caregiver burden in children 
with β-thalassemia in India and Pakistan [23, 34], and 
higher than those in some studies on adult patients with 
cancer (34.2 ± 16.4) [35], but lower than some studies on 
adult patients undergoing hematopoietic stem cell trans-
plantation (45.6 ± 13.3) [32].

The mean age of patients with β-TM in this study 
was only 24.7 ± 5.6 years, which aligned to the literature 
reporting that the highest life expectancy of patients with 
β-TM in Guangxi, China, was only 28 years [10]. And it 
indicated that because they usually had poor quality of 

Table 1  Basic characteristics of adult patients with β-thalassemia 
major and their informal caregivers (n = 75)

Variables N/Median(Mean ± SD) Percent (%)

Patient
  Sex

    Female 37 49.3

    Male 38 50.7

  Age (years) 22(24.69 ± 5.59)

     ≤ 22 37 50.7

     > 22 38 49.3

  Education level

    High school and below 37 49.3

    Above high school 38 50.7

  Full-time job

    No 49 65.3

    Yes 26 34.7

  Total medical cost (￥) 810,000(987,506.32 ± 784,960.41)

     ≤ 810,000 38 49.3

     > 810,000 37 50.7

  Comorbidities

    No 25 33.3

    Yes 50 66.7

  Interruption of blood transfusion therapy

    No 42 56

    Yes 33 44

  Interruption of iron chelation therapy

    No 46 61.3

    Yes 29 38.7

  Social support 30(30.57 ± 5.54)

     Objective support  
          (points)

6(6.43 ± 1.62)

       ≤ 6 41 54.7

       > 6 34 45.3

    Subjective support  
         (points)

17(17.84 ± 4.45)

       ≤ 17 39 52

       > 17 36 48

     Utilization (points) 6(6.31 ± 1.74)

        ≤ 6 44 58.7

        > 6 31 41.3

Informal caregiver
  Sex

    Female 56 74.7

    Male 19 25.3

  Age (years) 51(50.60 ± 9.16)

     ≤ 51 38 49.3

     > 51 37 50.7

  Marital status

    Single 20 26.7

    Married 55 73.3

Table 1  (continued)

Variables N/Median(Mean ± SD) Percent (%)

  Education level

    Middle school  
         and below

44 58.7

    Above middle school 31 41.3

  Annual household  
     income (￥)

60,000(84,005.33 ± 101,213.21)

     ≤ 60,000 38 49.3

     > 60,000 37 50.7

  Monthly caregiving (days) 7(12.59 ± 11.58)

     ≤ 7 39 52

     > 7 36 48

  With the help of other caregivers

    No 53 70.7

    Yes 22 29.3

  Caring for others

    No 28 37.3

    Yes 47 62.7

SD Standard deviation

Table 2  Total and dimensional scores of ZBI for primary informal 
caregivers of adult patients with β-thalassemia (n = 75)

SD Standard deviation

Itmes N (%) Mean ± SD Minimum Maximum

Personal burden 75(100) 20.15 ± 9.08 0 43

Role burden 75(100) 9.44 ± 5.58 0 24

ZBI total score 75(100) 38 ± 17.02 0 83

  Mild burden 11(14.67) 11.91 ± 6.41 0 20

  Moderate burden 35(46.67) 32.14 ± 5.27 22 40

  Severe burden 29(38.67) 54.97 ± 10.42 42 83
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life, short life expectancy, and high mortality [36]. How-
ever, most patients with β-TM in the United Kingdom 
live at least until their mid-forties. This may be because 
about half of the patients in the UK with β-TM are 
treated with iron chelation therapy through daily intra-
muscular injection of desferrioxamine, administered 
nightly as an 8–12 h subcutaneous infusion, for at least 
5 nights per week. This became standard management in 
1982 and has been shown to improve survival [9].

Regarding the social support level for patients with 
β-thalassemia, we observed low level scores on the SSRS 
and its subdimensions, which is in alignment with many 
other studies [14, 37]. Compared to patients with other 
diseases, complications associated with blood transfu-
sion and iron chelation therapies can lead to physical 
problems such as facial bone deformities, growth retar-
dation, and psychological problems [38, 39], resulting in 
a lack of social acceptance. Therefore, patients may be 
unwilling to tell others about their experiences to receive 
help. Other studies have also shown that adult patients 
with β-thalassemia have less social support, and family 
is the most important source, while friends are the least 
important source of social support [37].

Among the informal caregivers, more than 70% were 
married women, aged around 50  years old, and more 
than three-fifths cared for patients without help from 
others, and also needed to take care of others besides 
adult patients with β-TM. A study conducted in Rawal-
pindi reported similar result [34]. Males are expected 
to be breadwinners in familial and societal contexts, 
and because of their unique physical and psychological 

Table 3  Differences in caregiver burden scores across 
subgroups for the characteristics of patients and informal 
caregivers (n = 75)

Variables Caregiver 
burden 
Mean ± SD

t P-value

Patient
  Sex -0.799 0.427

    Female 36.41 ± 16.36

    Male 39.55 ± 17.72

  Age (years) 38.00 ± 17.02 1.239 0.219

     ≤ 22 40.39 ± 17.18

     > 22 35.54 ± 16.73

  Education level 1.073 0.287

    High school and below 40.14 ± 17.39

    Above high school 35.92 ± 16.61

  Full-time job 1.114 0.269

    No 39.59 ± 17.22

    Yes 35 ± 16.55

  Total medical cost (￥) 38.00 ± 17.02 1.128 0.263

     ≤ 810,000 40.18 ± 15.95

     > 810,000 35.76 ± 18.01

  Comorbidities -0.257 0.798

    No 37.28 ± 18.45

    Yes 38.36 ± 16.44

  Interruption of blood transfusion  
     therapy

-2.052 0.044

    No 34.5 ± 16.55

    Yes 42.45 ± 16.8

  Interruption of iron chelation  
     therapy

-1.417 0.161

    No 35.8 ± 17.85

    Yes 41.48 ± 15.26

  Social support 38.00 ± 17.02

    Objective support (points) 38.00 ± 17.02 0.407 0.686

       ≤ 6 38.73 ± 14.94

       > 6 37.12 ± 19.43

    Subjective support (points) 38.00 ± 17.02 -0.527 0.601

       ≤ 17 37.00 ± 16.44

       > 17 39.08 ± 17.79

    Utilization (points) 38.00 ± 17.02 -0.342 0.733

       ≤ 6 37.43 ± 16.77

       > 6 38.83 ± 17.62

Informal caregiver
  Sex -1.381 0.171

    Female 36.43 ± 17.74

    Male 42.63 ± 14.08

  Age (years) 38.00 ± 17.02 0.364 0.717

     ≤ 51 38.71 ± 19.23

     > 51 37.27 ± 14.64

  Marital status 0.649 0.522

    Single 40.6 ± 22.82

    Married 37.05 ± 14.5

SD Standard deviation

Table 3  (continued)

Variables Caregiver 
burden 
Mean ± SD

t P-value

  Education level 0.000 1.000

    Middle school and below 38 ± 16.44

    Above middle school 38 ± 18.08

  Annual household income (￥) 38.00 ± 17.02 1.393 0.168

     ≤ 60,000 40.68 ± 18.19

     > 60,000 35.24 ± 15.49

  Monthly caregiving (days) 38.00 ± 17.02 -1.492 0.140

     ≤ 7 35.21 ± 16.72

     > 7 41.03 ± 17.05

  With the help of other caregivers 0.089 0.929

    No 38.11 ± 17.84

    Yes 37.73 ± 15.26

  Caring for others -2.512 0.014
    No 31.82 ± 16.14

    Yes 41.68 ± 16.61
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characteristics, females are regarded as better caregiv-
ers than males. Females can not only maintain a good 
rehabilitation environment but also coordinate conflicts 
[40]. Therefore, females are left to care for sick children at 
home, and they also follow the traditional labor division 
in households.

We found that patients who had interrupted their blood 
transfusion therapy were positively associated with car-
egiver burden; that is to say, patients who had interrup-
tions in their blood transfusion therapy their caregivers 
tend to have a higher level of burden. This was consistent 
with the results of patient and caregiver burden of trans-
fusion-dependent β-thalassemia [41]. Abbas et  al. also 
presented in a qualitative study that patients’ noncompli-
ance with medication regimens can impose severe stress 
on informal caregivers [42]. One possible explanation for 
this phenomenon is that adult patients exceed the best 
age for hematopoietic stem cell transplantation, which 

is the only cure for patients with thalassemia; thus, they 
are subject to lifelong blood transfusion [43]. However, 
lifelong blood transfusion can lead to iron overload and 
increase the risk of death. Some experts have pointed out 
that only long-term blood transfusion therapy combined 
with iron chelator therapy can allow adult patients with 
β-TM to survive for a long time [44]. Although interrupt-
ing blood transfusion therapy can save some medical 
costs in the short-term, once complications arise and the 
condition worsens, surgical treatment is required, and 
patients may lose their labor capacity. In addition, the 
cost of follow-up treatment greatly increases the financial 
burden on the family, causing the caregiver to experience 
both physical and mental pressures [45].

We also observed a positive association between older 
informal caregivers and caregiver burden, and between 
informal caregivers who needed to take care of oth-
ers and caregiver burden. This result is consistent with 

Table 4  Spearman correlation analysis results between caregiver burden and selected features (n = 75)

a Correlation is significant at the 0.05 level (2-tailed)
b Correlation is significant at the 0.01 level (2-tailed)

Variable 1 2 3 4 5 6 7 8

1. Caregiver burden - - - - - - - -

2. Objective support (points) -0.078 - - - - - - -

3. Subjective support (points) -0.013 0.178 - - - - - -

4. Utilization(points) -0.029 -0.030 .237a - - - - -

5. Patient’s Age(years) -0.153 -0.057 -.290a -0.201 - - - -

6. Total medical cost (￥) -0.076 0.002 -0.013 -0.025 -0.045 - - -

7. Informal caregiver’s age (years) 0.018 -0.195 -.326b -0.053 .461b -0.008 - -

8. Monthly caregiving (days) 0.265a -0.099 -0.183 -0.120 0.061 0.018 .241a -

9. Annual household income (￥) -0.081 0.035 -0.042 -0.164 -0.022 0.012 -0.006 0.039

Table 5  Multiple linear regression summary of predictors for caregiver burden (n = 75)

CI Confidence interval
a  Unstandardized beta
b  Standardized beta

Variables Ba Betab P-value 95.0%CI (Lower) 95.0%CI (Upper)

Patient
  Age(years) 0.321 0.173 0.204 -0.178 0.819

  Interrupt blood transfusion therapy 9.509 0.279 0.027 1.107 17.910

  Interrupt iron chelation therapy 3.121 -0.090 0.452 -5.122 11.363

  Objective support(points) -1.689 -0.161 0.164 -4.087 0.709

  Subjective support(points) 0.268 0.070 0.565 -0.659 1.196

  Utilization(points) -0.975 -0.100 0.390 -3.226 1.276

Informal caregiver
  Age(years) -0.650 -0.213 0.078 -1.376 0.076

  Married -10.396 -0.272 0.034 -19.972 -0.820

  Monthly caregiving(days) 0.048 0.033 0.793 -0.314 0.410

  Take care of others 11.141 0.319 0.006 3.258 19.024
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those of another study on the burden among informal 
caregivers of patients with acute leukemia and epilepsy 
[31]. Most informal caregivers of adult patients with 
thalassemia are > 50  years of age; thus, they are in the 
middle-aged or elderly stage of the disease-prone period. 
Informal caregivers also need to take care of other peo-
ple besides the patients, such as their own parents, chil-
dren, and grandchildren. The long-term doubling of time, 
money, and energy consumption greatly increases the 
caregiver burden, which, in turn, affects their physical 
and mental health and may lead to anxiety, depression, 
and other emotions [46], thus further increasing the car-
egiver burden.

In addition, we identified a negative association 
between married informal caregiver status and caregiver 
burden, which is consistent with the results related to 
caregiver burden in patients undergoing hemodialysis 
[47]. The caregiver burden of single informal caregivers 
was higher than that of married informal caregivers. This 
may be because the family function of married informal 
caregivers is better; informal caregivers can obtain more 
resources from family members, such as psychological 
and financial support, to cope with the patient’s disease, 
and the family can also help the patient build confidence 
in the recovery, thereby reducing caregiver burden.

This study also showed a positive association between 
monthly caregiving and caregiver burden, the longer 
care, the higher caregiver burden. The results of a study 
on hemodialyzers in Iran similarly revealed that the 
burden of care increases with the amount of time car-
egivers provide care [48]. Also, the findings of studies 
in Western countries have found that the longer time 
the caregiver spends with the patient was found to be a 
predictor of greater burden experienced by the caregiv-
ers, and by increased duration of disease, the primary 
caregiver experienced greater burden. Because burn-
out syndrome develops in family members, particularly 
in primary informal caregivers [49, 50]. As a study has 
revealed, worse financial situation of caregivers is a major 
cause of higher caregiver burden [51]. The informal car-
egivers were particularly likely to be absent from work or 
unemployed due to more monthly caregiving, leading to 
worse financial circumstances and heavier care burden 
[52]. Therefore, these determinants require consideration 
when seeking to alleviate caregiver burden.

Strengths and limitations
This study contributes to the literature in several ways. 
First, most studies related to thalassemia in mainland 
China are clinical studies, and less attention has been 
paid to the determinants of caregiver burden, which were 
emphasized in the present study. Second, existing stud-
ies on the caregiver burden of patients with thalassemia 

have mainly focused on pediatric patients, ignoring adult 
patients who have relatively worse quality of life, higher 
mortality, and more serious complications due to long-
term irregular treatment. This study attempted to address 
this gap. Finally, the findings of this study provide a refer-
ence to identify informal caregivers with a higher burden 
among those caring for patients with β-TM.

This study has several limitations. First, due to the dif-
ficulty in recruiting samples, the sample size in some 
provinces was relatively small, which limited the rep-
resentativeness and generalizability of the conclusions. 
Nevertheless, sample size of adult patients with major 
β-thalassemia in this study was relatively representa-
tive since thalassemia is a rare disease, β-thalassemia is 
only one of the three principal types, and surviving adult 
patients with major β-thalassemia are an even smaller 
group. Second, the snowball sampling was used in this 
study, voluntary participating respondents probably rep-
resented patients who were more compliant and proac-
tive in general. Therefore, the results of the study may be 
biased to a degree that requires cautions when generaliz-
ing to the entire patient population, and future validation 
in larger samples will be necessary. Third, this study was 
based on a cross-sectional design; therefore, it could only 
test the associations among variables simultaneously, 
rather than the causal relationships. Therefore, future 
large-scale (e. g., adult patients with β-thalassemia inter-
mediate and their informal caregivers) and prospective 
cohort studies should be considered.

Practical, educational, and research implications
This study is the first to investigate the determinants of 
burden among informal caregivers of adults with β-TM 
in mainland China, providing evidence-based insights to 
assist policymakers in identifying burden factors. These 
results emphasized to minimize the burden of informal 
caregivers of thalassemia patients in China, which will 
assist the relevant parts of the government to formulate 
effective strategic planning to optimize the treatment of 
patients’ security and reduce social discrimination. The 
study will also be useful for medical professionals and 
nursing educators to establish effective strategies, such 
as strengthening grassroots training, conducting scien-
tific education campaigns, and revising caregiver needs 
assessments, in order to enhance the quality of care and 
the implementation of home-based care.

Conclusions
The present study demonstrated that the informal car-
egivers of adult patients with β-TM in mainland China 
experienced a moderate-to-severe caregiver burden. The 
informal caregivers experienced a higher care burden 
when the patients had interrupted their blood transfusion 
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therapy or the informal caregivers who were older or 
needed to take care of others. Additionally, married 
informal caregivers experienced less burden compared to 
that in informal caregivers who were not married. There-
fore, the relevant government departments should make 
efforts to ensure that patients with thalassemia receive 
regular blood transfusion and iron chelation therapies 
by improving blood and drug availability. In addition, 
society should pay more attention to adult patients with 
thalassemia. Moreover, further increased social support 
for the informal caregivers of patients with thalassemia is 
required from society, relatives, and friends.

Abbreviations
β-TM	� β-thalassemia major
COVID-19	� Coronavirus
ZBI	� Zarit burden interview
SSRS	� Social support rating scale
SD	� Standard deviation
CI	� Confidence interval

Acknowledgements
We want to thank the Beijing New Sunshine Charity Foundation, Sun Yat-sen 
Memorial Hospital, Guangzhou Liwan District People’s Hospital, The First 
Affiliated Hospital of Guangxi Medical University, Guinan Hospital of Guangxi 
Yulin, Zhongshan Hospital of Xiamen University, Longyan First Hospital of 
Fujian Medical University, Hospital No. 920 of the People’s Liberation Army 
Joint Security Force, Lincang Hospital of Yunnan Province, Hainan Cancer 
Hospital, and Hainan Provincial People’s Hospital, for assistance in primary data 
collection.

Authors’ contributions
R.Z. and S.Z. participated in the conception and design of this study, data 
collection, data analysis, and interpretation of data, drafted and revised the 
manuscript. J.M., J.X., B.L and W.J. performed the data analysis, and interpreta-
tion of data, drafted and revised the manuscript. Y.F. participated in the con-
ception and design of this study and revised the manuscript. X.Z. participated 
in the conception, design of the study, data collection and interpretation of 
data, and drafted and revised the manuscript. X.S. participated in the concep-
tion and design of the study and helped in revising the manuscript.

Funding
This work was supported by the Shandong University Multidisciplinary 
Research and Innovation Team of Young Scholars (2020QNQT019) and the 
grant project on the economic burden of adult patients with β-thalassemia by 
the New Sunshine Charity Foundation.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Written informed consent and permission for interviews and publication were 
received from all study participants. The ethics committee of the Centre for 
Health Management and Policy Research, Shandong University, approved 
the ethical application of this study on November 1, 2021 (approval no. 
ECSHCMSDU20211101). The study followed the ethical guidelines, protocol, 
and regulations stated in the Declaration of Helsinki. Informed consent was 
obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Centre for Health Management and Policy Research, School of Public Health, 
Cheeloo College of Medicine, Shandong University, Jinan, Shandong 250012, 
China. 2 NHC Key Lab of Health Economics and Policy Research (Shandong 
University), Jinan, Shandong 250012, China. 3 Shandong Public Health 
Clinical Center, Jinan 250100, China. 4 New Sunshine Charity Foundation, 
Beijing 100097, China. 

Received: 25 October 2023   Accepted: 25 February 2024

References
	1.	 Senol SP, Tiftik EN, Unal S, Akdeniz A, Tasdelen B, Tunctan B. Quality of life, 

clinical effectiveness, and satisfaction in patients with beta thalassemia 
major and sickle cell anemia receiving deferasirox chelation therapy. J 
Basic Clin Pharm. 2016;7(2):49–59. https://​doi.​org/​10.​4103/​0976-​0105.​
177706.

	2.	 Taher AT, Weatherall DJ, Cappellini MD. Thalassaemia. Lancet. 
2018;391(10116):155–67. https://​doi.​org/​10.​1016/​S0140-​6736(17)​
31822-6.

	3.	 Reed-Embleton H, Arambepola S, Dixon S, Maldonado BN, Premaward-
hena A, Arambepola M, Khan J, Allen S. A cost-of-illness analysis of beta-
Thalassaemia major in children in Sri Lanka - experience from a tertiary 
level teaching hospital. BMC Pediatr. 2020;20(1):257. https://​doi.​org/​10.​
1186/​s12887-​020-​02160-3.

	4.	 Xu L, Fang J. Interpretation of guidelines for diagnosis and treatment of 
beta-thalassemia major (2017). Chin J Pract Pediatr. 2018;33(12):940–3.

	5.	 Colah R, Gorakshakar A, Nadkarni A. Global burden, distribution and 
prevention of beta-thalassemias and hemoglobin E disorders. Expert Rev 
Hematol. 2010;3(1):103–17. https://​doi.​org/​10.​1586/​ehm.​09.​74.

	6.	 Betts M, Flight PA, Paramore LC, Tian L, Milenkovic D, Sheth S. Systematic 
literature review of the burden of disease and treatment for transfusion-
dependent beta-thalassemia. Clin Ther. 2020;42(2):322-337.e322. https://​
doi.​org/​10.​1016/j.​clint​hera.​2019.​12.​003.

	7.	 Lai K, Huang G, Su L, He Y. The prevalence of thalassemia in mainland 
China: evidence from epidemiological surveys. Sci Rep. 2017;7(1):920. 
https://​doi.​org/​10.​1038/​s41598-​017-​00967-2.

	8.	 Galanello R, Barella S, Turco MP, Giagu N, Cao A, Dore F, Liberato NL, 
Guarnone R, Barosi G. Serum erythropoietin and erythropoiesis in high- 
and low-fetal hemoglobin beta-thalassemia intermedia patients. Blood. 
1994;83(2):561–5.

	9.	 Modell B, Khan M, Darlison M. Survival in beta-thalassaemia major in the 
UK: data from the UK Thalassaemia register. Lancet. 2000;355(9220):2051–
2. https://​doi.​org/​10.​1016/​s0140-​6736(00)​02357-6.

	10.	 Jing LI, Tianhong Z, Zuzu T, Mingxing C, Junning Z, Piyin N, Xiaowen LU, 
Xiaolin Y. Investigation on anemia and iron overload in patients with 
β-thalassemia major in Guangxi. Chin J Blood Transfus. 2019. https://​doi.​
org/​10.​13303/j.​cjbt.​issn.​1004-​549x.​2019.​02.​022.

	11.	 Klaassen RJ, Barrowman N, Merelles-Pulcini M, Vichinsky EP, Sweet-
ers N, Kirby-Allen M, Neufeld EJ, Kwiatkowski JL, Wu J, Vickars L, et al. 
Validation and reliability of a disease-specific quality of life measure (the 
TranQol) in adults and children with thalassaemia major. Br J Haematol. 
2014;164(3):431–7. https://​doi.​org/​10.​1111/​bjh.​12631.

	12.	 Zhang R, Zhang S, Ming J, Xie J, Liu B, Chen C, Sun X, Zhen X. Predictors 
of health state utility values using SF-6D for Chinese adult patients with 
β-thalassemia major. Front Public Health. 2023;10. https://​doi.​org/​10.​
3389/​fpubh.​2022.​10728​66.

	13.	 Montgomery RJ, Borgatta EF, Borgatta ML. Societal and family change in 
the burden of care. In: Liu WT, Kendig H, editors. Who Should Care for the 
Elderly: An East-West Value Divide. Singapore: World Scientific Publishing 
Co. & Singapore University Press; 2000. p. 27–54. https://​doi.​org/​10.​1142/​
97898​12793​591_​0002.

	14.	 Amid A, Leroux R, Merelles-Pulcini M, Yassobi S, Kirby-Allen M. Factors 
impacting quality of life in thalassemia patients; results from the Intercon-
tinenthal collaborative study. Blood. 2016;128(22):3633–3633.

https://doi.org/10.4103/0976-0105.177706
https://doi.org/10.4103/0976-0105.177706
https://doi.org/10.1016/S0140-6736(17)31822-6
https://doi.org/10.1016/S0140-6736(17)31822-6
https://doi.org/10.1186/s12887-020-02160-3
https://doi.org/10.1186/s12887-020-02160-3
https://doi.org/10.1586/ehm.09.74
https://doi.org/10.1016/j.clinthera.2019.12.003
https://doi.org/10.1016/j.clinthera.2019.12.003
https://doi.org/10.1038/s41598-017-00967-2
https://doi.org/10.1016/s0140-6736(00)02357-6
https://doi.org/10.13303/j.cjbt.issn.1004-549x.2019.02.022
https://doi.org/10.13303/j.cjbt.issn.1004-549x.2019.02.022
https://doi.org/10.1111/bjh.12631
https://doi.org/10.3389/fpubh.2022.1072866
https://doi.org/10.3389/fpubh.2022.1072866
https://doi.org/10.1142/9789812793591_0002
https://doi.org/10.1142/9789812793591_0002


Page 10 of 10Zhang et al. BMC Nursing          (2024) 23:151 

	15.	 AskaryzadehMahani M, Ghasemi M, Arab M, Baniasadi Z, Omidi A, Irani PS. 
The correlation between caregiver burden with depression and quality of 
life among informal caregivers of hemodialysis and thalassemia patients 
during the COVID-19 pandemic: a cross-sectional study. BMC Nurs. 
2023;22(1):183. https://​doi.​org/​10.​1186/​s12912-​023-​01351-4.

	16	 Biswas B, Naskar NN, Basu K, Dasgupta A, Basu R, Paul B. Care-related 
quality of life of caregivers of beta-thalassemia major children: an 
epidemiological study in Eastern India. J Epidemiol Glob Health. 
2020;10(2):168–77. https://​doi.​org/​10.​2991/​jegh.k.​200102.​003.

	17	 Rafati F, Mashayekhi F, Dastyar N. Caregiver burden and spiritual 
well-being in caregivers of hemodialysis patients. J Relig Health. 
2020;59(6):3084–96. https://​doi.​org/​10.​1007/​s10943-​019-​00939-y.

	18.	 Zaheer Z, Wazir S, Hameed B, Zeeshan S, Zaman Q, Iqbal M. Psycho-
logical burden in βthalassemia affected families. J Postgrad Med Inst. 
2015;29(4):260.

	19	 Burnette D, Duci V, Dhembo E. Psychological distress, social support, 
and quality of life among cancer caregivers in Albania. Psychooncology. 
2017;26(6):779–86. https://​doi.​org/​10.​1002/​pon.​4081.

	20.	 Prasomsuk S, Jetsrisuparp A, Ratanasiri T, Ratanasiri A. Lived experiences 
of mothers caring for children with thalassemia major in Thailand. J Spec 
Pediatr Nurs. 2007;12(1):13–23. https://​doi.​org/​10.​1111/j.​1744-​6155.​2007.​
00085.x.

	21	 Gok MZ, Karadas C, Balci C, Cankurtaran M. The perceived caregiver bur-
den among Turkish family caregivers providing care for frail older adults. 
J Transcult Nurs. 2019;30(3):222–30. https://​doi.​org/​10.​1177/​10436​59618​
790041.

	22.	 Ali S, Sabih F, Jehan S, Anwar M, Javed S. Psychological distress and cop-
ing strategies among parents of beta-thalassemia major patients. In: 2012 
International Conference on Clean and Green Energy (ICCGE 2012). Hong 
Kong; 2012. p. 127–31.

	23	 Khanna AK, Prabhakaran A, Patel P, Ganjiwale JD, Nimbalkar SM. Social, 
psychological and financial burden on caregivers of children with chronic 
illness: a cross-sectional study. Indian J Pediatr. 2015;82(11):1006–11. 
https://​doi.​org/​10.​1007/​s12098-​015-​1762-y.

	24.	 Subspecialty Groups of Hematology TSoP, Chinese Medical Association. 
Guidelines for diagnosis and treatment of β-thalassemia major (2017). 
Zhonghua Er Ke Za Zhi. 2018;56(10):724–9. https://​doi.​org/​10.​3760/​cma.j.​
issn.​0578-​1310.​2018.​10.​002.

	25	 Lu L, Wang L, Yang X, Feng Q. Zarit caregiver burden interview: develop-
ment, reliability and validity of the Chinese version. Psychiatry Clin Neuro-
sci. 2009;63(6):730–4. https://​doi.​org/​10.​1111/j.​1440-​1819.​2009.​02019.x.

	26.	 Lie W, Xiaoshi Y, Zhe H. Application and evaluation of chinese version of 
zarit caregiver burden interview. Chin J Public Health. 2006;121(4):28–32.

	27	 Li Y, Wang K, Yin Y, Li Y, Li S. Relationships between family resilience, breast 
cancer survivors’ individual resilience, and caregiver burden: a cross-
sectional study. Int J Nurs Stud. 2018;88:79–84. https://​doi.​org/​10.​1016/j.​
ijnur​stu.​2018.​08.​011.

	28	 Zhong Y, Wang J, Nicholas S. Social support and depressive symp-
toms among family caregivers of older people with disabilities in four 
provinces of urban China: the mediating role of caregiver burden. BMC 
Geriatr. 2020;20(1):3. https://​doi.​org/​10.​1186/​s12877-​019-​1403-9.

	29.	 Xiao S. The theoretical basis and research application of social support 
rating scale. J Clin Psychol Med. 1994;4:98–100.

	30	 Fu C, Wang G, Shi X, Cao F. Social support and depressive symptoms 
among physicians in tertiary hospitals in China: a cross-sectional 
study. BMC Psychiatry. 2021;21(1):217. https://​doi.​org/​10.​1186/​
s12888-​021-​03219-w.

	31.	 Arab M, Bernstein C, Haghshenas A, Ranjbar H. Factors associated with 
caregiver burden for mothers of children undergoing Acute Lympho-
cytic Leukemia (ALL) treatment. Palliat Support Care. 2020;18(4):405–12. 
https://​doi.​org/​10.​1017/​s1478​95151​90008​53.

	32.	 Xie L, Shen C, Shi Y, Li H. Caregiver burden among primary family caregiv-
ers of patients undergoing hematopoietic stem cell transplantation: a 
cross-sectional study from Suzhou, China. Cancer Nurs. 2021;44(6):E556–
66. https://​doi.​org/​10.​1097/​NCC.​00000​00000​000895.

	33	 Greenland S. Modeling and variable selection in epidemiologic analysis. Am 
J Public Health. 1989;79(3):340–9. https://​doi.​org/​10.​2105/​ajph.​79.3.​340.

	34.	 Aziz K, Sadaf B, Kanwal S. Psychosocial problems of Pakistani parents 
of thalassemic children: a cross sectional study done in Bahawal-
pur, Pakistan. Biopsychosoc Med. 2012(1). https://​doi.​org/​10.​1186/​
1751-​0759-6-​15.

	35	 Son KY, Lee CH, Park SM, Lee CH, Oh SI, Oh B, Tak SH, Cho B, Lee K, 
Lee SH. The factors associated with the quality of life of the spouse 
caregivers of patients with cancer: a cross-sectional study. J Palliat Med. 
2012;15(2):216–24. https://​doi.​org/​10.​1089/​jpm.​2011.​0305.

	36.	 Report on the prevention and treatment of thalassemia in China. http://​
www.​angel​mom.​org/​conte​nt/​689.

	37	 Platania S, Gruttadauria S, Citelli G, Giambrone L, Di Nuovo S. 
Associations of thalassemia major and satisfaction with quality of 
life: the mediating effect of social support. Health Psychol Open. 
2017;4(2):2055102917742054. https://​doi.​org/​10.​1177/​20551​02917​
742054.

	38	 Gharaibeh H, Amarneh BH, Zamzam SZ. The psychological burden of 
patients with beta thalassemia major in Syria. Pediatr Int. 2009;51(5):630–
6. https://​doi.​org/​10.​1111/j.​1442-​200X.​2009.​02833.x.

	39.	 Kosaryan M, Karami H, Darvishi-Khezri H, Akbarzadeh R, Aliasgharian 
A, Bromand K. Treatment status of patients with B-thalassemia major 
in Northern Iran: thalassemia registry system. Iran J Public Health. 
2019;48(7):1335–45.

	40.	 Lai DWL, Bai X. Social work with diverse older adults: diversity in social 
work in Canada; 2016.

	41	 Hudgins K, Carter E. Blood conservation: exploring alternatives to blood 
transfusions. Crit Care Nurs Q. 2019;42(2):187–91. https://​doi.​org/​10.​1097/​
cnq.​00000​00000​000252.

	42	 Ebadi A, Sajadi SA, Moradian ST, Akbari R. Psychological consequences 
for family caregivers of patients receiving hemodialysis: threat or 
opportunity? BMC Psychol. 2021;9(1):154. https://​doi.​org/​10.​1186/​
s40359-​021-​00667-7.

	43	 Cappellini MD, Cohen A, Porter J, Taher A, VipViprakasit E. Guidelines for 
the management of Transfusion Dependent Thalassaemia (TDT). Nicosia 
(CY): Thalassaemia International Federation; 2014.

	44.	 Caocci G, Orofino MG, Vacca A, Piroddi A, Piras E, Addari MC, Caria R, 
Pilia MP, Origa R, Moi P, et al. Long-term survival of beta thalassemia 
major patients treated with hematopoietic stem cell transplantation 
compared with survival with conventional treatment. Am J Hematol. 
2017;92(12):1303–10. https://​doi.​org/​10.​1002/​ajh.​24898.

	45	 Bansal D. Financial burden of treatment of transfusion dependent 
thalassemia. Indian J Pediatr. 2018;85(2):85–6. https://​doi.​org/​10.​1007/​
s12098-​017-​2547-2.

	46.	 Naderi M, Hormozi MR, Ashrafi M, Emamdadi A. Evaluation of mental 
health and related factors among patients with beta-thalassemia major 
in South East of Iran. Iran J Psychiatry. 2012;7(1):47–51.

	47.	 Liang Y, Hou SQ, Fu QY. Investigation on burden and hope level of main-
tenance hemodialysis patients and related influencing factors. South 
China J Prev Med. 2020;46(06):715–8.

	48.	 Sajadi SA, Farsi Z, Akbari R, Sadeghi A, Akbarzadeh Pasha A. Investigating 
the relationship between quality of life and hope in family caregivers of 
hemodialysis patients and related factors. BMC Nephrol. 2021;22(1):383. 
https://​doi.​org/​10.​1186/​s12882-​021-​02578-6.

	49	 Adeosun II. Correlates of caregiver burden among family members of 
patients with schizophrenia in Lagos, Nigeria. Schizophr Res Treatment. 
2013;2013:353809. https://​doi.​org/​10.​1155/​2013/​353809.

	50.	 Hajebi A, Naserbakht M, Minoletti A. Burden experienced by caregivers 
of schizophrenia patients and its related factors. Med J Islam Repub Iran. 
2019;33:54. https://​doi.​org/​10.​34171/​mjiri.​33.​54.

	51.	 Deniz H, Inci F. The burden of care and quality of life of caregivers of leu-
kemia and lymphoma patients following peripheric stem cell transplan-
tation. J Psychosoc Oncol. 2015;33(3):250–62. https://​doi.​org/​10.​1080/​
07347​332.​2015.​10196​60.

	52.	 Wang J, Shen N, Zhang X, Shen M, Xie A, Howell D, Yuan C. Care burden 
and its predictive factors in parents of newly diagnosed children 
with acute lymphoblastic leukemia in academic hospitals in China. 
Support Care Cancer. 2017;25(12):3703–13. https://​doi.​org/​10.​1007/​
s00520-​017-​3796-3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/s12912-023-01351-4
https://doi.org/10.2991/jegh.k.200102.003
https://doi.org/10.1007/s10943-019-00939-y
https://doi.org/10.1002/pon.4081
https://doi.org/10.1111/j.1744-6155.2007.00085.x
https://doi.org/10.1111/j.1744-6155.2007.00085.x
https://doi.org/10.1177/1043659618790041
https://doi.org/10.1177/1043659618790041
https://doi.org/10.1007/s12098-015-1762-y
https://doi.org/10.3760/cma.j.issn.0578-1310.2018.10.002
https://doi.org/10.3760/cma.j.issn.0578-1310.2018.10.002
https://doi.org/10.1111/j.1440-1819.2009.02019.x
https://doi.org/10.1016/j.ijnurstu.2018.08.011
https://doi.org/10.1016/j.ijnurstu.2018.08.011
https://doi.org/10.1186/s12877-019-1403-9
https://doi.org/10.1186/s12888-021-03219-w
https://doi.org/10.1186/s12888-021-03219-w
https://doi.org/10.1017/s1478951519000853
https://doi.org/10.1097/NCC.0000000000000895
https://doi.org/10.2105/ajph.79.3.340
https://doi.org/10.1186/1751-0759-6-15
https://doi.org/10.1186/1751-0759-6-15
https://doi.org/10.1089/jpm.2011.0305
http://www.angelmom.org/content/689
http://www.angelmom.org/content/689
https://doi.org/10.1177/2055102917742054
https://doi.org/10.1177/2055102917742054
https://doi.org/10.1111/j.1442-200X.2009.02833.x
https://doi.org/10.1097/cnq.0000000000000252
https://doi.org/10.1097/cnq.0000000000000252
https://doi.org/10.1186/s40359-021-00667-7
https://doi.org/10.1186/s40359-021-00667-7
https://doi.org/10.1002/ajh.24898
https://doi.org/10.1007/s12098-017-2547-2
https://doi.org/10.1007/s12098-017-2547-2
https://doi.org/10.1186/s12882-021-02578-6
https://doi.org/10.1155/2013/353809
https://doi.org/10.34171/mjiri.33.54
https://doi.org/10.1080/07347332.2015.1019660
https://doi.org/10.1080/07347332.2015.1019660
https://doi.org/10.1007/s00520-017-3796-3
https://doi.org/10.1007/s00520-017-3796-3

	A cross-sectional study: caregiver burden and related determinants of adult patients with β-thalassemia major in mainland China
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Sampling
	Data collection
	Statistical analysis
	Ethical considerations

	Results
	Discussion
	Strengths and limitations
	Practical, educational, and research implications

	Conclusions
	Acknowledgements
	References


