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Abstract 

Objective This study assesses the association between health-related quality of life (HRQoL) for pediatric patients 
with osteogenesis imperfecta (OI) and their caregivers’ eHealth literacy (eHL), financial well-being, and mental health 
along with the impact of eHealth literacy on the financial well-being and mental health of OI caregivers.

Methods Participants were recruited from a member pool of two OI patient organizations in China. Information 
about patients’ HRQoL and their caregivers’ eHL, financial well-being, and mental health was collected. Structure equa-
tion modeling (SEM) was used to estimate the relationship between the measures. The robust weighted least square 
mean and variance adjusted estimator was used. Three criteria, the comparative fit index, the Tucker-Lewis index, 
and the root mean square error of approximation, were used to evaluate the goodness-of-fit of the model.

Results A total of 166 caregivers completed the questionnaires. Around 28.3% indicated that pediatric OI patients 
experienced problems related to mobility, and 25.3% reported difficulty doing usual activities. Around 52.4% of car-
egivers reported that their care receivers have some emotional problems while 8.4% reported that their care receivers 
have “a lot of” emotional problems. ‘Some problems’ on all dimensions on EQ-5D-Y was the most frequently reported 
health state (13.9%), and around 10.0% have no problems on all dimensions on EQ-5D-Y. Caregivers tended to show 
a significantly high eHL, financial well-being, and mental health when their care receivers reported no problems 
with usual activities and emotions. The SEM demonstrated a significant and positive relationship between eHL, finan-
cial well-being, and mental health.

Conclusion OI caregivers with high eHL reported satisfactory financial well-being and mental health; their care 
receivers rarely reported living with poor HRQoL. Providing multicomponent and easy-to-learn training to improve 
caregivers’ eHL should be highly encouraged.
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Introduction
Osteogenesis imperfecta (OI) represents a group of rare 
genetic disorders that mainly affect the bones. It is char-
acterized by increased bone fragility and reduced bone 
mass, which increase one’s risk of a fracture [1]. Glob-
ally, OI is estimated to affect approximately 1 in 10,000–
20,000 people [2]. Clinical evidence demonstrates that 
due to recurrent fractures and bone deformity, pediatric 
OI patients, starting from early stages of their life, typi-
cally require periodic medical exams, orthopedic sur-
gery, drug therapy, and physiotherapy that result in an 
impaired health-related quality of life (HRQoL) and lead 
to multiple challenges for the caregivers, particularly 
related to their health, emotions, and finances.

There is a lack of official registry data on OI in China. 
According to a report by ‘Chinadolls’, one of the largest 
OI patient associations in China, there were an estimated 
100,000 OI patients nationwide in 2013. Currently, most 
studies on OI in China focus on patients’ clinical charac-
teristics and genotype–phenotype correlations, evidence 
about their HRQoL is limited. For example, a study con-
ducted in Northern China indicated that HRQoL was 
significantly impaired in adult OI patients, and patients 
with more severe OI had poorer HRQoL outcomes [3]. 
Another study targeted both adult and child OI patients, 
confirming that from the patients’ own perspective, sub-
jective QoL is the most important matter in their lives 
[4]. However, there is, currently, no research assessing 
the associations between pediatric OI patients’ HRQoL 
and their caregivers’ health and socioeconomic status, 
which has been confirmed as an important predictor of 
health outcomes in children [5].

Although health and social care support are available 
for patients with rare diseases (e.g., OI), in most indus-
trial countries, the support systems are often identified as 
inadequate [6]. Caring for pediatric OI patients is a life-
long and complex process. The changing dynamics and 
routines as well as extra family duties are likely to result 
in conflict between caregivers and may lead to dimin-
ished mental health [7]. Qualitative evidence shows that 
parental caregivers of pediatric OI patients tend to suffer 
from increased stress and poorer QoL [7, 8]. Moreover, 
research also indicates that pediatric OI patients living 
with additional chronic disease can trigger high stress 
levels in caregivers [9]. Although these findings offer 
meaningful information about the burden of care for OI 
patients, there is a paucity of quantitative evidence about 
the relationship between caregivers’ mental health and 
the care receivers’ HRQoL in a large sample of the OI 
population.

The impact of financial burdens on poor physical and 
mental health for OI families are discussed in several 
qualitative studies [7, 10–12]. However, unlike financial 

burden, which is related to the cost of medical care, 
financial well-being is a concept that reflects the per-
ception of being able to sustain current and anticipated 
desired living standards and financial freedom [13]. 
While this concept has been widely studied in business, 
it has attracted less attention in health research. Given 
that financial concerns are a major source of distress 
and financial help is a main area of need for the parents 
of pediatric patients with a rare disease [14], financial 
well-being can be a useful measure to help policymak-
ers assess not only the effectiveness of an intervention 
but to plan future support strategies. However, models of 
patient financial well-being cannot be applied across dif-
ferent diseases without considering their specific medical 
conditions and socioeconomic characteristics. Consider-
ing that pediatric OI patients usually need life-long treat-
ment, there is a high risk of financial unsustainability for 
their caregivers, and the feeling of having a secure finan-
cial future is essential for them to make choices and enjoy 
life [15]. Although the literature has already established 
the detrimental relationship between poor financial con-
ditions and patients’ health [16], evidence about financial 
well-being and its impacts to OI caregivers is lacking.

Although information is always scarce in the field of 
rare diseases [17], the Internet has increasingly become 
a valuable source for individuals with rare disorders, 
including OI, to manage their health in recent years. 
Castro et  al. found that some OI caregivers tend to use 
Internet-based technologies to broaden their access to 
information to relieve feelings of distress and the experi-
ence of social isolation [18]. However, other research has 
indicated that most OI caregivers have experienced diffi-
culties obtaining information regarding treatment, finan-
cial assistance, and social support [12]. It is challenging 
for them to decipher what is true and accurate and what 
is not in the infinite amount of  online information. OI 
caregivers’ eHealth literacy (eHL), that is the ability to 
appraise health information from electronic sources and 
apply the knowledge to addressing health problems, is 
unknown. Research on the use of web-based information 
for caregivers of pediatric patients with rare diseases is 
an emerging field; and several studies have demonstrated 
that patients with rare diseases show insufficient eHL to 
appraise the quality of web-based information [19–21]. 
However, evidence about the relationships between 
pediatric OI patients’ HRQoL and their caregivers’ eHL, 
financial well-being, and mental health as well as the 
impact of caregiver’s eHL on mental and financial well-
being is absent. Given the Internet is used substantially 
in health information-seeking, eHL is vital for caregiv-
ers to have the reliable resources to optimize their car-
egiving and improve finanical capability and well-being. 
Therefore, this study aims to preliminarily assess two 
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hypotheses. First, the association between OI patients’ 
low HRQoL and, separately, their caregivers’ low eHL, 
financial well-being, and mental health. Second, the posi-
tive relationship between high eHL, financial well-being, 
and mental health in OI caregivers.

Methods
Survey design and participants
A web-based and cross-sectional survey was conducted 
to collect data between May and December 2021. Par-
ticipants were recruited from the member pool of two 
OI patient organizations in China. Patients who met 
these two criteria were selected: 1) aged between 8 and 
18  years and 2) have a family history of OI or clinical 
presentation (with at least one symptom or sign of OI). 
Primary caregivers, defined as someone who has faced 
the duty of taking care of pediatric OI patients, of eligi-
ble patients (8–17 years) were invited to complete a ques-
tionnaire about the patients’ HRQoL, their eHL, financial 
well-being, and mental health. Those who could not read 
or understand Chinese were excluded from the survey.

The research team collaborated with the managers of 
the patient organizations by sending the survey invitation 
and related information to all members via their internal 
social network. The eligibility of participants was exam-
ined based on the information provided to the patient 
organizations. A total of 175 primary caregivers of pedi-
atric OI patients contacted the research team. After 
examination, all pediatric OI patients were eligible to par-
ticipate in the survey and their caregivers were requested 
to join an online survey group. The participants were 
informed about the guidelines for completing the online 
questionnaire. Information about their demographics, 
socioeconomic status, and other characteristics of inter-
est was collected. In total, 166 caregivers completed the 
questionnaire (response rate = 94.9%). The study proposal 
and informed consent were approved by the Survey and 
Behavioral Research Ethics Committee of the Chinese 
University of Hong Kong (Ref ID: SBRE-19–793). Writ-
ten informed consent was obtained from all participants.

Measures
Background information
Caregiver’s background information about their relation-
ship to the patient, educational level, age, family registry, 
employment, marital status, annual family income, and 
health status was collected.

HRQoL
The proxy version of EuroQol five-dimension measure 
youth (EQ-5D-Y) questionnaire was used to measure 
OI patients’ HRQoL. The EQ-5D-Y has five dimensions 
(mobility, looking after myself, doing usual activities, 

having pain or discomfort, and feeling worried, sad, or 
unhappy). Each dimension has three levels: no prob-
lems, some problems, and a lot of problems [22]. The 
best health state is “11,111,” which means no problem 
on all five dimensions, whereas the worst health state 
is “33,333,” which means a lot of problems on all five 
dimensions.

eHealth literacy
The eHealth literacy scale (eHEALS) was used to meas-
ure people’s ability to search, analyze, and use web-based 
information to manage their health [23]. The eHEALS 
is comprised of eight items, and the sum score ranges 
between 0 and 40; the higher the score the better the 
eHL.

Financial well‑being
InCharge Financial Distress/Financial Well-Being Scale 
(IFDFW) was used to assess financial well-being in this 
study [24]. It aims to measure the latent construct repre-
senting responses to one’s financial state on a continuum 
ranging from the lowest to highest level of financial well-
being. Respondents are asked to rate their financial status 
on a scale ranging between 0 and 10, where a high score 
indicates a low financial distress.

Mental Health
Mental health was measured by the Short Warwick-
Edinburgh Mental Well-being Scale (SWEMWS), which 
aims to monitor mental health and well-being; and evalu-
ate the effectiveness of projects and policies to improve 
it [25]. It includes seven statements with a five-response 
category. A higher score indicates better mental health 
status.

Statistical analysis
Descriptive analysis was used to describe the caregivers’ 
background characteristics. Continuous and categorical 
variables are presented using a mean (standard deviation) 
and number (percentage), respectively. Analysis of vari-
ance was used to assess whether the eHEALS, IFDFW, 
and SWEMWS discriminate the different risk groups.

Structural equation modeling (SEM) was used to ana-
lyze the hypothesized relationship between financial 
well-being, mental health, and eHL, and to test the model 
fit. The robust weighted least square mean and variance 
adjusted estimator, which assumes non-normally distrib-
uted variables and provides the best option for modeling 
categorical or ordered data, was used. Three criteria were 
used to evaluate the goodness-of-fit of the model. They 
include 1) the comparative fit index (CFI) where values 
above 0.9 show a good model fit; 2) the Tucker-Lewis 
index (TLI) where values above 0.9 indicate a good model 
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fit; and (3) the root mean square error of approximation 
(RMSEA) where values less than 0.08 are equal to a “close 
fit” [26]. R software was used to perform all data analysis. 
Statistical significance is based on a p-value ≤ 0.05.

Results
Caregivers’ characteristics
Table  1 presents the background characteristics of the 
participants. Approximately 97% are parental caregivers, 
58.4% are female, and more than 60.0% have completed 
secondary education or higher. The mean age of caregiv-
ers is 39.6  years and around 63.6% indicated that their 
family annual income could not cover daily expenses.

HRQoL for OI patients
Patient’s HRQoL is described by the EQ-5D-Y descriptive 
system. Around 28.3% and 25.3% of caregivers indicated 
their children have “a lot of” problems regarding mobil-
ity and doing usual activities, respectively. Around 52.4% 
of caregivers reported that their care receivers have some 

emotional problems while 8.4% reported that their care 
receivers have “a lot of” emotional problems. Approxi-
mately half of caregivers indicated that their care receiv-
ers have no problems on pan/discomfort Fig. 1.

Figure  2 presents that health state “22,222” (some 
problems on all five EQ-5D-Y dimensions) is the most 
frequently reported health state (13.9%) for the respond-
ents. Most pediatric patients reported experiencing 
problems (level 2 or 3 on that dimension) with perform-
ing their usual activities. Among the top ten health states 
described by the EQ-5D-Y, five of them showed that 
patients experienced some problems in performing their 
usual activities (e.g., “22,222” and “22,212”). Three of 
them showed that patients experienced many problems 
in performing their usual activities (e.g., “33,322” and 
“32,322”). Approximately 9% of the caregivers indicated 
their care receivers have no problems on all dimensions 
on EQ-5D-Y (the second health state – “11,111”). In addi-
tion, health state “33,333” (a lot of problems on mobility, 
looking after myself, doing usual activities, having pain or 
discomfort, and feeling worried, sad, or unhappy) is the 
worst health state reported by the caregivers and around 
2.4% of patients are experiencing with it. The health state 
"33,332" (a lot of problems with mobility, looking after 
oneself, doing usual activities, experiencing pain or dis-
comfort, and some problems with feeling worried, sad, 
or unhappy) was reported by the fewest respondents, 
accounting for approximately 0.5%.

Patients’ HRQoL and caregivers’ eHL, financial well‑being, 
and mental health
Caregivers show a significantly high eHL and financial 
well-being, and mental health when their care receiv-
ers reported no problems on usual activities and emo-
tions. Caregivers indicated a high financial well-being 
when care receivers reported no problems “looking after 
self” and “having pain/discomfort.” Caregivers’ high eHL 
and financial well-being is significantly associated with 
patients with a low frequency of bone fractures and fewer 
complications. Additionally, caregivers who reported that 
their family income could meet their daily expenses had 
significantly higher eHL, financial well-being, and mental 
health compared to those who reported that their family 
income could not meet their daily expenses (Table 2).

Figure 3 shows that caregivers reported a higher eHL, 
financial well-being, and mental health when a patient 
is in the best health state (“11,111”, no problems on all 
dimensions of the EQ-5D-Y), compared to those with 
the worst health state (“33,333”, a lot of problems on all 
dimensions of the EQ-5D-Y). However, the difference in 
the financial well-being and mental health between the 
most selected (“22,222”, some problems on all five dimen-
sions of the EQ-5D-Y) and least 15% selected EQ-5D-Y 

Table 1 Participants’ background characteristics

n %

Relationship with patient

 Parents 160 97

 Grand parents 6 3

Gender

 Male 69 41.6

 Female 97 58.4

Educational level

 Primary or below 49 29.5

 Secondary 98 59.1

 Tertiary or above 19 11.4

Family registry

 Urban 47 28.3

 Rural 119 71.7

Employment

 Active 89 53.6

 Inactive 77 46.4

Marital status

 Married 150 90.4

 Single 3 1.8

 Divorce/widow(er) 13 7.8

Perceived family income

 Cannot meet daily cost 105 63.6

 Can meet daily cost 58 35.2

 Surplus after meeting daily cost 2 1.2

Chronic condition

 Yes 68 41

 No 98 59

Age [mean (standard deviation), range] 39.6 (7.2) 23 ~ 74
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health states is negligible and statistically insignificant. 
Caregivers of patients with the most selected health state 
reported a lower eHL than what patients with the least 
15% selected health state reported.

Correlations between eHL, financial well‑being, and mental 
health
Table 3 demonstrates that all measures show a high relia-
bility in our sample, and the associations are positive and 
statistically significant. After normalization, caregivers 
reported a lower financial well-being  (MeanIFDFW = 24.2) 
than mental health  (MeanSWEMWS = 48.5) and eHL 
 (MeaneHEALS = 62).

The standardized path coefficients and the model fit for 
the SEM are demonstrated in Table  4. The SEM model 
fits the data well with CFI = 0.937, TLI = 0.929, and 
RMSEA = 0.066. Factor loadings range between 0.465 and 
0.925. The standardized solution for the paths of the SEM 
shows a significant and direct effect on mental health. 
The higher the financial well-being, the better the men-
tal health (β = 0.406, p < 0.001). Mental health is positively 
correlated with eHL (β = 0.241, p = 0.002), indicating that 

the higher the eHL, the better the mental health of car-
egivers. A high eHL can lead to a significantly satisfactory 
financial well-being (β = 0.288, p < 0.001).

Discussion
This study confirms that there are statistically significant 
associations between pediatric OI patients’ increased 
HRQoL and their caregivers’ high eHL, financial well-
being, and mental health, but the correlation between 
HRQoL and financial well-being is stronger than the eHL 
and mental health. Additionally, high eHL is associated 
with satisfactory financial well-being, and good mental 
health in OI caregivers. Although caring for OI patients 
can generate emotional distress and extended care can be 
a risk factor for financial burden, our findings show that 
if caregivers are equipped with a high ability to seek and 
use web-based health-related information, the negative 
impact of mental distress and financial hardship might 
be mitigated. Furthermore, the majority of caregivers 
indicate that OI patients encounter either some or more 
problems doing their usual activities and thus their ina-
bility to perform usual activities might be an important 

Fig. 1 Response on EQ-5D-Y dimensions
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source of OI caregivers’ emotional distress and financial 
hardship, which may need further exploration.

Despite its importance, eHL, measured using a vali-
dated scale, has not been examined in OI caregivers and 
has rarely been reported in pediatric patients [20]. In 
this study, we found that OI patients indicate no prob-
lem doing usual activities, few mental health problems, 
infrequent bone fractures, and few complications when 
their caregivers have a high eHL. However, the level of 
eHL (unnormalized mean = 28.6) for OI caregivers in 
this study is relatively lower than what is reported by the 
general Chinese population [23]. Previous studies have 
reported difficulties finding reliable web-based infor-
mation. For example, Kasparian et  al. found that over 
half of the parents of children with coronary heart dis-
ease reported difficulties accessing and using eHealth 
resources [20]. Another German study demonstrated 
that less than 10% of the patients with rheumatology 
stated that they knew some useful websites/mobile rheu-
matology apps, and reported a lower eHEALS mean 
(26.3) compared to the mean in the present study [27]. 
However, there is a paucity of empirical evidence about 

the relationship between patients’ HRQoL and caregiv-
ers’ eHL. Although caregivers with high eHL are more 
likely to find high-quality, evidence-based, and rigorously 
evaluated resources via the Internet to improve their 
care receiver’s HRQoL than those with low eHL, most 
research focuses on studying elderly people with demen-
tia [28–30]. Our study provides quantifiable information 
that improving the caregivers’ eHL can be beneficial for 
enhanced HRQoL of OI patients. However, a relatively 
low eHL highlights the important need for structured 
eHL guidance and patient-adapted information for the 
caregivers of patients with rare diseases to improve their 
ability to use web-based resources.

OI patients’ HRQoL show a strong correlation with 
their caregivers’ financial well-being. This is not reported 
by previous research as most either assess the associa-
tion between patients’ HRQoL and the family’s financial 
crisis [31–33] or between the caregivers’ financial bur-
den and their own quality of life [34, 35]. In this study, 
regarding the financial well-being, caregivers are most 
worried about their inability to meet normal monthly 
living expenses (F4 in Table 4). This worry might not be 

Fig. 2 Cumulative percentage of EQ-5D-Y health states
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only related to their insufficient actual income, but also 
to their money management skills, confidence in their 
ability to deal with financial obligations, and anticipa-
tion of their children’s medical condition [36]. OI is a rare 
disorder that can be either life-threatening or chroni-
cally debilitating, which means caregivers may face either 
immediate financial crisis or long-term financial hard-
ship. Research on rare diseases exhibits that, except for 
providing direct or one-off financial support [37], our 
health and social systems must be resilient, adapt effec-
tively to patients’ changing conditions, help with the sig-
nificant challenges using limited resources, and reduce 
the negative impact of uncertainties because of the loss of 
purpose and hope.

Taking care of a child with rare diseases is mentally 
challenging. For example, Da Paz and Wallander showed 
that parenting a child with autism spectrum disorder is 
associated with enhanced distress and mental health 
problems [38]. Wu et  al. found that family caregivers 
experience substantial stress and an overwhelming bur-
den when caring for patients with epidermolysis bullosa 

[39]. Another Dutch study demonstrated that low men-
tal health is reported by mothers of patients with spinal 
muscular atrophy, and leads to their restricted participa-
tion in social/leisure activities [40]. In this study, OI car-
egivers’ mental health was significantly affected by their 
children’s mental (worry) and physical HRQoL (doing 
usual activities). Given that a significant contribution of 
high eHL to better mental health was observed in this 
study, education, and training for improving the ability 
to seek and use reliable web-based information regarding 
peer and professional psychological support in rare dis-
ease caregivers should be highly encouraged.

We found that most pediatric OI patients face prob-
lems doing their usual activities, including work, study, 
homework, and leisure activities. This is consistent 
with previous findings. For instance, Song et al. in their 
study reported that children with OI scored lower on the 
domain of school functioning of PedsQL than the other 
domains [3]. Tsimicalis et  al. demonstrated that fear of 
fractures can influence the choice of employment and 
leisure activities in OI patients [41]. Another UK study 

Table 2 Relationship between eHealth literacy, financial well-being, and mental health and HRQoL

n eHealth literacy Financial well‑being Mental health

Mean(sd) p‑value Mean(sd) p‑value Mean(sd) p‑value

EQ‑5D‑Y dimensions
 Mobility

  No problem 45 29.6(5) 0.11 64.8(13.9) 0.11 21.9(4.2) 0.19

  Some problems 121 28.1(5.3) 61(13.9) 20.9(4.3)

 Looking after self

  No problem 63 29.5(4.7) 0.07 65.9(13.6) 0.03 21.7(3.9) 0.21

  Some problems 103 28(5.5) 60.3(13.9) 20.9(4.5)

 Doing usual activity

  No problem 42 30(4.8) 0.04 65.4(12.9) 0.008 22.5(4.2) 0.02

  Some problems 124 28.1(5.3) 58.9(15.7) 20.7(4.2)

 Having pain/discomfort

  No pain/discomfort 81 29.4 0.06 67(11) 0.002 21.6(3.9) 0.21

  Some pain/discomfort 85 27.9 60.3(15.8) 20.8(4.6)

 Feeling worried, sad, or unhappy

  No 65 29.6(4.9) 0.04 67.1(11)  < 0.001 22.4(4.7) 0.004

  Some worry, sad or unhappy 101 28(5.4) 58.5(16.3) 20.4(3.8)

Frequency of bone fracture per year
  ≤ 30 times 70 30(5.6) 0.004 65.5(12.1) 0.03 21.7(4.4) 0.18

  ≥ 31 times 94 27.6(4.8) 61(15.8) 20.8(4.2)

Number of complications
  ≤ 1 69 29.9(4.5) 0.007 69.6 0.04 21.6 0.21

 2–3 76 28(5.8) 64.5 21.2

  ≥ 4 20 26.2(4.7) 61.2 19.7

Perceived family income
 Cannot meet daily cost 105 27.7(5.4) 0.003 52.8(13.5)  < 0.001 20.2(3.8)  < 0.001

 Can meet daily cost 60 30.2(4.6) 70.1(9.7) 22.8(4.6)
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reported that over half of OI adults reported problems 
with the ability to carry out usual activities, using the 
EQ-5D adult version [42]. A direct outcome of OI chil-
dren’s inability to carry out their usual activities for their 
caregivers is that they have less time to participate in 
social or leisure activities, which is also true for caregiv-
ers of other childhood onset rare neurodevelopmental ill-
nesses [43]. This leads to social isolation to some extent, 
and may contribute to being more anxious and depressed. 
The Internet might be a useful way to strengthen and 
maintain social ties for caregivers, but only when they are 
equipped with adequate eHL.

Limitations
This study has several limitations that must be 
addressed. First, the study sample was recruited from 
a volunteer pool where participants might be in better 
health compared to non- volunteers; thus, the sample 
may have selection bias. Second, all data were collected 
via a web-based survey; participants who were not 
familiar with such surveying methods might have pro-
vided inappropriate answers, which may have led to 
information bias. Third, given that all data were self-
reported by OI caregivers, no clinical information, for 

Fig. 3 Mean score of three measures stratified by health states

Table 3 Reliability, descriptive statistics, and correlations of measures

*** p < 0.001

α Normalized mean 
(0 ~ 100)

Median SD Range Correlations

1 2 3

1. eHEALS 0.95 62 63.3 17.5 0 ~ 100 - - -

2. IFDFW 0.91 24.2 20.1 21 0 ~ 100 0.29*** - -

3. SWEMWS 0.84 48.5 44.4 16.2 0 ~ 100 0.31*** 0.46*** -
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example, OI types, were collected, which may affect the 
generalizability of our findings.

Conclusion
This study demonstrates a statistically significant rela-
tionship between pediatric OI patients’ enhanced 
HRQoL and their caregivers’ high eHealth literacy, 
financial well-being, and mental health. Caregivers who 
show a high ability to navigate web-based information 
to solve health-related problems tend to report a high 
financial well-being and mental health. Our findings fill 
the research gap that no study investigating the role of 
eHL in caregivers of pediatric rare disease patients has 
done thus far, by quantifying the importance of eHL 

in improving their well-being. Additionally, caregiv-
ers show an inadequate eHL and one that is lower than 
the Chinese general population. Hence, education and 
training for caregivers and optimizing Internet use in 
caring for pediatric OI patients should be encouraged. 
Given that OI caregivers reported extremely high finan-
cial stress, providing multicomponent and easy-to-use 
Internet-based financial support should be considered.

Authors’ contributions
RHX: Conceptualization, Data curation, Formal analysis, Methodology, Writ-
ing – original draft, Writing – review & editing. LLZ: Investigation, Project 
administration, Data curation, Writing – review & editing. RJS: Investigation, 
Project administration, Resource, Writing – review & editing. SNZ: Investiga-
tion, Project administration, Writing – review & editing. DD: Conceptualization, 
Investigation, Project administration, Resource, Writing – review & editing.

Table 4 Factor loadings, mean, and path coefficients of the SEM

Scale Item Mean (SD) Standardized Loading p‑value

Factor loadings
 Mental health M1 3.68(0.71) 0.624  < 0.001

 Mental health M2 3.57(0.74) 0.681  < 0.001

 Mental health M3 3.66(0.78) 0.538  < 0.001

 Mental health M4 3.64(0.77) 0.644  < 0.001

 Mental health M5 3.6(0.79) 0.689  < 0.001

 Mental health M6 3.54(0.79) 0.722  < 0.001

 Mental health M7 3.48(0.78) 0.817  < 0.001

 eHealth literacy E1 3.43(0.77) 0.669  < 0.001

 eHealth literacy E2 3(0.95) 0.855  < 0.001

 eHealth literacy E3 3.28(0.89) 0.87  < 0.001

 eHealth literacy E4 2.25(0.93) 0.85  < 0.001

 eHealth literacy E5 3.07(0.73) 0.872  < 0.001

 eHealth literacy E6 3.16(0.8) 0.834  < 0.001

 eHealth literacy E7 3.18(0.85) 0.876  < 0.001

 eHealth literacy E8 3.18(0.85) 0.844  < 0.001

 Financial well-being F1 3.14(2.21) 0.765  < 0.001

 Financial well-being F2 3.42(2.41) 0.764  < 0.001

 Financial well-being F3 2.73(1.74) 0.843  < 0.001

 Financial well-being F4 2.71(1.94) 0.865  < 0.001

 Financial well-being F5 3.06(2.24) 0.692  < 0.001

 Financial well-being F6 3.27(2.79) 0.465  < 0.001

 Financial well-being F7 2.87(2.34) 0.759  < 0.001

 Financial well-being F8 3.04(2.06) 0.925  < 0.001

Path β p-value

 Financial well-being → Mental health 0.406  < 0.001

 eHealth literacy → Mental health 0.241 0.002

 eHealth literacy → Financial well-being 0.288  < 0.001

Model performance value

 RMSEA 0.066

 CFI 0.937

 TLI 0.929



Page 10 of 11Xu et al. Health and Quality of Life Outcomes           (2023) 21:67 

Funding
This work was supported by the EuroQoL Research Foundation (85-2020RA).

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

Declarations

Ethics approval and consent to participate
This study was performed in line with the principles of the Declaration of Hel-
sinki. The study proposal and informed consent were approved by the Survey 
and Behavioral Research Ethics Committee of the Chinese University of Hong 
Kong (Ref ID: SBRE-19–793).
Written informed consent was obtained from the participants.

Competing interests
RHX, LLZ, RHW, RJS, SNZ, and DD declare that they have no conflict of interest.

Author details
1 Department of Rehabilitation Sciences, The Hong Kong Polytechnic Univer-
sity, Hong Kong SAR, China. 2 JC School of Public Health and Primary Care, The 
Chinese University of Hong Kong, Hong Kong SAR, China. 3 The Illness Chal-
lenge Foundation, Beijing, China. 4 Department of Intensive Care Unit, The Sith 
Affiliated Hospital of Sun Yat-Sen University, Guangzhou, China. 

Received: 4 February 2023   Accepted: 14 June 2023

References
 1. Trejo P, Rauch F. Osteogenesis imperfecta in children and adolescents-

new developments in diagnosis and treatment. Osteoporos Int. 
2016;27:3427–37. https:// doi. org/ 10. 1007/ s00198- 016- 3723-3.

 2. Lim J, Grafe I, Alexander S, et al. Genetic causes and mechanisms of 
Osteogenesis Imperfecta. Bone. 2017;102:40–9. https:// doi. org/ 10. 
1016/j. bone. 2017. 02. 004.

 3. Song Y, Zhao D, Li L, et al. Health-related quality of life in children 
with osteogenesis imperfecta: a large-sample study. Osteoporos Int. 
2019;30:461–8. https:// doi. org/ 10. 1007/ s00198- 018- 4801-5.

 4. Chen P, Tan Z, Qiu A, et al. Patient-reported outcomes in a Chinese 
cohort of osteogenesis imperfecta unveil psycho-physical stratifica-
tions associated with clinical manifestations. Orphanet J Rare Dis 
2022;17. https:// doi. org/ 10. 1186/ s13023- 022- 02394-7.

 5. Vukojević M, Zovko A, Talić I, et al. Parental socioeconomic status as a 
predictor of physical and mental health outcomes in children - Litera-
ture review. Acta Clin Croat 2017;56. https:// doi. org/ 10. 20471/ acc. 2017. 
56. 04. 23.

 6. Zurynski Y, Frith K, Leonard H, et al. Rare childhood diseases: how 
should we respond? Arch Dis Child. 2008;93:1071–4. https:// doi. org/ 10. 
1136/ adc. 2007. 134940.

 7. Dogba MJ, Bedos C, Durigova M, et al. The impact of severe osteogen-
esis imperfecta on the lives of young patients and their parents - a 
qualitative analysis. BMC Pediatr. 2013;13:153. https:// doi. org/ 10. 1186/ 
1471- 2431- 13- 153.

 8. Hill CL, Baird WO, Walters SJ. Quality of life in children and adolescents 
with Osteogenesis Imperfecta: a qualitative interview based study. 
Health Qual Life Outcomes. 2014;12:54. https:// doi. org/ 10. 1186/ 
1477- 7525- 12- 54.

 9. Hoekstra-Weebers JE, Jaspers JP, Kamps WA, et al. Psychological 
adaptation and social support of parents of pediatric cancer patients: 
a prospective longitudinal study. J Pediatr Psychol. 2001;26:225–35. 
https:// doi. org/ 10. 1093/ jpepsy/ 26.4. 225.

 10. Bernehäll Claesson I, Brodin J. What families with children with brittle 
bones want to tell. Child Care Health Dev. 2002;28:309–15. https:// doi. 
org/ 10. 1046/j. 1365- 2214. 2002. 00282.x.

 11. Dogba MJ, Dahan-Oliel N, Snider L, et al. Involving Families with Osteo-
genesis Imperfecta in Health Service Research: Joint Development of the 
OI/ECE Questionnaire. PLoS One. 2016;11:e0147654.

 12. Arabaci LB, Bozkurt S, Vara S, et al. Difficulties experienced by caregivers 
of patients diagnosed with osteogenesisimperfecta (OI): Example of a 
hospital. J Pak Med Assoc. 2015;65:764–70.

 13. Brüggen EC, Hogreve J, Holmlund M, et al. Financial well-being: A con-
ceptualization and research agenda. J Bus Res. 2017;79:228–37. https:// 
doi. org/ 10. 1016/j. jbusr es. 2017. 03. 013.

 14. Pelentsov LJ, Laws TA, Esterman AJ. The supportive care needs of parents 
caring for a child with a rare disease: a scoping review. Disabil Health J. 
2015;8:475–91. https:// doi. org/ 10. 1016/j. dhjo. 2015. 03. 009.

 15. Bartholomae S, Kiss DE, Collins JM, et al. Rural Healthcare Providers’ 
Perceptions of Patient Financial Well-Being and Integrating Financial 
Capability Services. Fam Consum Sci Res J. 2021;50:27–41. https:// doi. org/ 
10. 1111/ fcsr. 12415.

 16. Dean LT, Schmitz KH, Frick KD, et al. Consumer credit as a novel marker 
for economic burden and health after cancer in a diverse population 
of breast cancer survivors in the USA. J Cancer Surviv. 2018;12:306–15. 
https:// doi. org/ 10. 1007/ s11764- 017- 0669-1.

 17. Dong D, Chung RYN, Chan RHW, et al. Why is misdiagnosis more likely 
among some people with rare diseases than others? Insights from a 
population-based cross-sectional study in China. Orphanet J Rare Dis. 
2020;15:1–12. https:// doi. org/ 10. 1186/ s13023- 020- 01587-2.

 18. Castro AR, Chougui K, Bilodeau C, et al. Exploring the Views of Osteogen-
esis Imperfecta Caregivers on Internet-Based Technologies: Qualitative 
Descriptive Study. J Med Internet Res. 2019;21:e15924. https:// doi. org/ 10. 
2196/ 15924.

 19. Kocher A, Simon M, Dwyer AA, et al. Patient and healthcare professional 
eHealth literacy and needs for systemic sclerosis support: a mixed meth-
ods study. RMD Open. 2021;7:e001783. https:// doi. org/ 10. 1136/ rmdop 
en- 2021- 001783.

 20. Kasparian NA, Lieu N, Winlaw DS, et al. eHealth literacy and preferences 
for eHealth resources in parents of children with complex CHD. Cardiol 
Young. 2017;27:722–30. https:// doi. org/ 10. 1017/ S1047 95111 60011 77.

 21. Halwas N, Griebel L, Huebner J. eHealth literacy, Internet and eHealth 
service usage: a survey among cancer patients and their relatives. 
J Cancer Res Clin Oncol. 2017;143:2291–9. https:// doi. org/ 10. 1007/ 
s00432- 017- 2475-6.

 22. Herdman M, Gudex C, Lloyd A, et al. Development and preliminary 
testing of the new five-level version of EQ-5D (EQ-5D-5L). Qual Life Res. 
2011;20:1727–36. https:// doi. org/ 10. 1007/ s11136- 011- 9903-x.

 23. Xu RH, Zhou L, Lu SY, et al. Psychometric Validation and Cultural Adapta-
tion of the Simplified Chinese eHealth Literacy Scale: Cross-Sectional 
Study. J Med Internet Res. 2020;22:e18613. https:// doi. org/ 10. 2196/ 18613.

 24. Prawitz AD, Garman ET, Sorhaindo B, et al. InCharge financial distress/
financial well-being scale: Development, administration, and score inter-
pretation. Financial Counsel Plan. 2006;17:34–50.

 25. Tennant R, Hiller L, Fishwick R, et al. The Warwick-Edinburgh Mental Well-
being Scale (WEMWBS): development and UK validation. Health Qual Life 
Outcomes. 2007;5:63.

 26. DeVellis RF. Scale development : theory and applications. 4th Edi. Los 
Angeles : SAGE 2017.

 27. Knitza J, Simon D, Lambrecht A, et al. Mobile Health Usage, Preferences, 
Barriers, and eHealth Literacy in Rheumatology: Patient Survey Study. 
JMIR Mhealth Uhealth. 2020;8:e19661. https:// doi. org/ 10. 2196/ 19661.

 28. Efthymiou A, Middleton N, Charalambous A, et al. Adapting the eHealth 
Literacy Scale for Carers of People With Chronic Diseases (eHeals-Carer) in 
a Sample of Greek and Cypriot Carers of People With Dementia: Reliability 
and Validation Study. J Med Internet Res. 2019;21:e12504. https:// doi. org/ 
10. 2196/ 12504.

 29. Soleimaninejad A, Valizadeh-Haghi S, Rahmatizadeh S. Assessing the 
eHealth literacy skills of family caregivers of medically ill elderly. Online 
J Public Health Inform. 2019;11:e12–e12. https:// doi. org/ 10. 5210/ ojphi. 
v11i2. 10149.

 30. Romero-Mas M, Ramon-Aribau A, de Souza DLB, et al. Improving the 
Quality of Life of Family Caregivers of People with Alzheimer’s Disease 
through Virtual Communities of Practice: A Quasiexperimental Study. Int J 
Alzheimers Dis. 2021;2021:8817491. https:// doi. org/ 10. 1155/ 2021/ 88174 
91.

 31. Park J, Look KA. Relationship Between Objective Financial Burden and the 
Health-Related Quality of Life and Mental Health of Patients With Cancer. 
J Oncol Pract. 2018;14:e113. https:// doi. org/ 10. 1200/ JOP. 2017. 027136.

https://doi.org/10.1007/s00198-016-3723-3
https://doi.org/10.1016/j.bone.2017.02.004
https://doi.org/10.1016/j.bone.2017.02.004
https://doi.org/10.1007/s00198-018-4801-5
https://doi.org/10.1186/s13023-022-02394-7
https://doi.org/10.20471/acc.2017.56.04.23
https://doi.org/10.20471/acc.2017.56.04.23
https://doi.org/10.1136/adc.2007.134940
https://doi.org/10.1136/adc.2007.134940
https://doi.org/10.1186/1471-2431-13-153
https://doi.org/10.1186/1471-2431-13-153
https://doi.org/10.1186/1477-7525-12-54
https://doi.org/10.1186/1477-7525-12-54
https://doi.org/10.1093/jpepsy/26.4.225
https://doi.org/10.1046/j.1365-2214.2002.00282.x
https://doi.org/10.1046/j.1365-2214.2002.00282.x
https://doi.org/10.1016/j.jbusres.2017.03.013
https://doi.org/10.1016/j.jbusres.2017.03.013
https://doi.org/10.1016/j.dhjo.2015.03.009
https://doi.org/10.1111/fcsr.12415
https://doi.org/10.1111/fcsr.12415
https://doi.org/10.1007/s11764-017-0669-1
https://doi.org/10.1186/s13023-020-01587-2
https://doi.org/10.2196/15924
https://doi.org/10.2196/15924
https://doi.org/10.1136/rmdopen-2021-001783
https://doi.org/10.1136/rmdopen-2021-001783
https://doi.org/10.1017/S1047951116001177
https://doi.org/10.1007/s00432-017-2475-6
https://doi.org/10.1007/s00432-017-2475-6
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.2196/18613
https://doi.org/10.2196/19661
https://doi.org/10.2196/12504
https://doi.org/10.2196/12504
https://doi.org/10.5210/ojphi.v11i2.10149
https://doi.org/10.5210/ojphi.v11i2.10149
https://doi.org/10.1155/2021/8817491
https://doi.org/10.1155/2021/8817491
https://doi.org/10.1200/JOP.2017.027136


Page 11 of 11Xu et al. Health and Quality of Life Outcomes           (2023) 21:67  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 32. Xu RH, Wong EL, Su Y, et al. Quantifying the Effect of Financial Burden on 
Health- Related Quality of Life among Patients with Non-Hodgkin’s Lym-
phomas. Cancers (Basel). 2020;12:3325. https:// doi. org/ 10. 3390/ cance 
rs121 13325.

 33. Chen JE, Lou VW, Jian H, et al. Objective and subjective financial burden 
and its associations with health-related quality of life among lung cancer 
patients. Supp Care Cancer. 2018;26:1265–72. https:// doi. org/ 10. 1007/ 
s00520- 017- 3949-4.

 34. Hsiao C-Y, Lu H-L, Tsai Y-F. Caregiver burden and health-related quality of 
life among primary family caregivers of individuals with schizophrenia: a 
cross-sectional study. Qual Life Res. 2020;29:2745–57. https:// doi. org/ 10. 
1007/ s11136- 020- 02518-1.

 35. Yucel E, Zhang S, Panjabi S. Health-Related and Economic Burden Among 
Family Caregivers of Patients with Acute Myeloid Leukemia or Hemato-
logical Malignancies. Adv Ther. 2021;38:5002–24. https:// doi. org/ 10. 1007/ 
s12325- 021- 01872-x.

 36. Shim S, Xiao JJ, Barber BL, et al. Pathways to life success: A conceptual 
model of financial well-being for young adults. J Appl Dev Psychol. 
2009;30:708–23. https:// doi. org/ 10. 1016/j. appdev. 2009. 02. 003.

 37. Iskrov G, Stefanov R, Ferrelli RM. Health systems for rare diseases: financial 
sustainability. Ann Ist Super Sanita. 2019;55:270–5. https:// doi. org/ 10. 
4415/ ANN_ 19_ 03_ 13.

 38. Da Paz NS, Wallander JL. Interventions that target improvements in 
mental health for parents of children with autism spectrum disorders: a 
narrative review. Clin Psychol Rev. 2017;51:1–14. https:// doi. org/ 10. 1016/j. 
cpr. 2016. 10. 006.

 39. Wu Y-H, Sun F-K, Lee P-Y. Family caregivers’ lived experiences of caring for 
epidermolysis bullosa patients: a phenomenological study. J Clin Nurs. 
2020;29:1552–60. https:// doi. org/ 10. 1111/ jocn. 15209.

 40. Cremers CH, Fischer MJ, Kruitwagen-van Reenen ET, et al. Participation 
and mental well-being of mothers of home-living patients with spinal 
muscular atrophy. Neuromuscul Disord. 2019;29:321–9. https:// doi. org/ 
10. 1016/j. nmd. 2019. 02. 011.

 41. Tsimicalis A, Denis-Larocque G, Michalovic A, et al. The psychosocial 
experience of individuals living with osteogenesis imperfecta: a mixed-
methods systematic review. Qual Life Res. 2016;25:1877–96. https:// doi. 
org/ 10. 1007/ s11136- 016- 1247-0.

 42. Barlow S, Dove L, Jaggi A, et al. The prevalence of musculoskeletal pain 
and therapy needs in adults with Osteogenesis Imperfecta (OI) a cross-
sectional analysis. BMC Musculoskelet Disord. 2022;23:485. https:// doi. 
org/ 10. 1186/ s12891- 022- 05433-3.

 43. Currie G, Szabo J. Social isolation and exclusion: the parents’ experience 
of caring for children with rare neurodevelopmental disorders. Int J Qual 
Stud Health Well-being. 2020;15:1725362. https:// doi. org/ 10. 1080/ 17482 
631. 2020. 17253 62.

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

https://doi.org/10.3390/cancers12113325
https://doi.org/10.3390/cancers12113325
https://doi.org/10.1007/s00520-017-3949-4
https://doi.org/10.1007/s00520-017-3949-4
https://doi.org/10.1007/s11136-020-02518-1
https://doi.org/10.1007/s11136-020-02518-1
https://doi.org/10.1007/s12325-021-01872-x
https://doi.org/10.1007/s12325-021-01872-x
https://doi.org/10.1016/j.appdev.2009.02.003
https://doi.org/10.4415/ANN_19_03_13
https://doi.org/10.4415/ANN_19_03_13
https://doi.org/10.1016/j.cpr.2016.10.006
https://doi.org/10.1016/j.cpr.2016.10.006
https://doi.org/10.1111/jocn.15209
https://doi.org/10.1016/j.nmd.2019.02.011
https://doi.org/10.1016/j.nmd.2019.02.011
https://doi.org/10.1007/s11136-016-1247-0
https://doi.org/10.1007/s11136-016-1247-0
https://doi.org/10.1186/s12891-022-05433-3
https://doi.org/10.1186/s12891-022-05433-3
https://doi.org/10.1080/17482631.2020.1725362
https://doi.org/10.1080/17482631.2020.1725362

	Impact of caregiver’s eHealth literacy, financial well-being, and mental health on quality of life of pediatric patients with osteogenesis imperfecta
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Survey design and participants
	Measures
	Background information
	HRQoL
	eHealth literacy
	Financial well-being
	Mental Health

	Statistical analysis

	Results
	Caregivers’ characteristics
	HRQoL for OI patients
	Patients’ HRQoL and caregivers’ eHL, financial well-being, and mental health
	Correlations between eHL, financial well-being, and mental health

	Discussion
	Limitations
	Conclusion
	References


