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Abstract 

Background:  Despite the high usage of mobile phones in daily life in developing countries like Bangladesh, the 
adoption and usage of mHealth services have been significantly low among the elderly population. When searching 
previous studies, the researchers have found that no studies have empirically investigated whether the quality of life 
and service quality are significant for mHealth adoption by elderlies in Bangladesh. Hence, this study aimed to extend 
the Unified Theory of Acceptance and Use of Technology by adding service quality and the quality of life to empiri-
cally find the key factors that influence elderlies’ intention to adopt and use mHealth services in Bangladesh.

Methods:  A face-to-face structured questionnaire survey method was used to collect data from 493 elderlies (aged 
60 years and above) in Bangladesh. The data were analyzed with the Structural Equations Modelling (SEM) and Fuzzy 
Set Qualitative Comparative Analysis (fsQCA).

Results:  SEM results suggested that Social Influence, Hedonic Motivation, Price Value, Habit, and Service Quality had 
significant impact (p < 0.05) on the elderlies’ behavioral intention to adopt mHealth services. Service Quality, Quality of 
Life, and elderlies’ Habit were found significant in explaining the Use Behavior of mHealth services. Quality of Life did not 
show significant (p > 0.05) effect on Behavioral Intention, which is inconsistent with existing literature. In addition, fsQCA 
findings suggest how the intensity of the influencers may contribute to high versus low m-health behavioral outcomes.

Conclusions:  The findings have significant implications for theory, practice and future research as explained in the 
paper. The originality of this study is the integration of quality of life and service quality into UTUAT2 to explain the 
users’ behavioural intention and use behaviour. Overall, the findings may contribute to shaping appropriate policies 
for designing and implementing mHealth services effectively for elderlies in developing countries.
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Introduction
With the advancement of medical science, the population 
of aging people is increasing more than before world-
wide, especially in developing countries [1, 2]. According 
to WHO [3], about 10 percent of the world population 
is aged 60  years or more, accounting for 840 million 

people, and it is predicted to be more than one billion or 
about 12 percent by 2030 [4, 5]. It is also anticipated that 
five developing countries: Bangladesh, India, Pakistan, 
China, and Indonesia, would cover around 50 percent of 
the world’s elderly population by 2025 [6]. Due to a poor 
socio-economic condition in the developing nations of 
Asia, the elderly reaching their sixties or beyond strug-
gle with inadequate diet, no or limited access to qual-
ity healthcare, and poverty [7]. On the other hand, 
traditional sources of security and healthcare for an aging 
population have already started to disappear with the 
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changing concept of family and responsibility towards 
aged ones due to globalization [8].

Elderlies are comparatively more prone to physical dis-
ability, mental incapability, and chronic diseases than 
others [9]. They need frequent visits to the doctor and/
or hospital, which is inevitable when they become older 
[10]. Being more vulnerable than younger people, they 
need to rely on social connections and family members 
for monitoring and ensuring compliance with medication 
and a healthy lifestyle [11]. However, due to their physical 
inability, frequent movements are difficult for them [12]. 
Also, due to a higher hospitalization cost, such moni-
toring comes out as best if it could be arranged at home 
[13]. Family members and relatives need to make room 
in their busy schedules to take care of elderlies’ health in 
manifold ways, e.g., doctors’ appointments, routine med-
ication, exercise, specialized food, and so on [14].

Because of the significant financial burden, very few 
older couples or single elderlies can avail themselves of 
external caregivers; hence long-term care for them is 
most challenging [15]. They often need help with compre-
hending and administering drugs, interpreting diagnostic 
test reports, finding emergency contacts of hospitals, etc. 
Besides, in cases of chronic diseases or emergencies, they 
require intense monitoring round the clock. Moreover, 
the recent worldwide outbreak of COVID-19 manifests 
how older people might become the most vulnerable and 
subject to quarantine and follow-up care from home [16]. 
In such a scenario, Mobile Health (mHealth) services 
play a role in minimizing costs, time, stress, and discom-
fort [17] by overcoming the stated inconveniencies and 
enabling healthcare access from home [18]. Other than 
complex tests and operative measures, routine consulta-
tion and medication from doctors can easily be availed 
through mHealth [19, 20].

As mHealth can facilitate the registration for doctors’ 
appointments, receiving medical prescriptions, test results 
and treatments after diagnostic [21], it is found as a signifi-
cant and efficient way of access to healthcare by elderlies 
[22, 23] as well as improving health condition of elderlies 
[24]. Recent studies have reported multiple successful 
applications of mHealth for elderlies, such as self-man-
agement of chronic diseases [25], self-care of asthma [26], 
medication adherence [27], medication safety [28], and 
healthcare monitoring at home [29]. Other diverse uses of 
mHealth for elderly healthcare include empowerment and 
patient-centered healthcare [30], mHealth for wheelchair 
users [31] and fall detection [32], and supporting elderlies 
in outdoor risk circumstances [33]. Overall, parallel to reg-
ular face to face healthcare, mHealth helps as an additional 
but significantly by playing various roles [34].

Despite potential advantages with mHealth applica-
tions, only a handful of the elderly population embraces 

mHealth in their real-life needs, while most still depend 
on traditional health services [35]. Recent studies have 
identified motivation, perception [36], low literacy, user 
interface, cost, and income [37] as the significant barriers 
to adopting mHealth applications. Low mHealth uptake 
due to these barriers is commonly reported in develop-
ing countries like India, Pakistan, Sri Lanka, and Bangla-
desh [38–40] that have similar socio-economic status. On 
the other hand, technology anxiety, resistance to change, 
and effort in using were also found as potential barriers 
in mHealth adoption by the elderly in Bangladesh [41]. 
In contrast, Kaium, Bao, Alam, and Hoque (2020) [42] 
showed that performance expectancy, facilitating con-
ditions, and social influence are significant influencing 
factors for the rural older people’s adoption of mHealth 
services in Bangladesh [42]. Another study found that 
social influence, facilitating condition, performance, and 
reliability influence the general population’s behavioral 
intention to use mHealth services in Bangladesh [43].

However, no previous studies have empirically investi-
gated whether the quality of life (QL) and service qual-
ity (SQ) are significant factors for mHealth adoption by 
elderlies in Bangladesh. The researchers assume that if 
the quality of life (QL) and service quality (SQ) are inte-
grated into the Unified Theory of Acceptance and Use of 
Technology (UTAUT2), unlike any previous studies, the 
extended theoretical framework can explain the adoption 
of mHealth by elderlies more with new findings which 
may have significant implications in the context of devel-
oping countries. Therefore, this study aimed to extend 
the Unified Theory of Acceptance and Use of Technology 
(UTAUT2) by adding service quality (SQ) and the qual-
ity of life (QL) to empirically find the key factors that can 
influence elderlies’ intention to adopt and use mHealth 
services. Overall, this study will answer the two research 
questions below.

1.	 What are the significant factors for mHealth adop-
tion by elderlies in Bangladesh?

2.	 Does an integration of quality of life (QL) and ser-
vice quality (SQ) improve the prediction power of 
UTAUT model in explaining the mHealth adoption 
by elderlies in Bangladesh?

Literature review
Quality of life
Unlike in the past, the change in lifestyle and pandemic 
(COVID-19) impact in Bangladesh has recently cre-
ated an enormous demand for mHealth apps or websites 
[44]. Although not in a mature stage [45], the availabil-
ity of mHealth services and their adoption are gradually 
increasing. Subsequently, the factors related to lifestyle 
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(e.g., quality of life) and service (e.g., service quality) have 
become important for the broader adoption of these 
technologies.

Quality of Life (QL) is extensively studied as a signifi-
cant outcome variable in the existing literature on health, 
information systems, and marketing. In contrast, few 
studies highlighted QL as a significant determinant of 
the intention to continue using Assistive technologies 
by older people [46], intention to use mHealth [47, 48], 
and technology acceptance for telecare program by older 
people [49]. A study by Shen [50] indicates that QL the-
ory-related constructs ’Loneliness in Real Life’ and ’Life 
Dissatisfaction’ are significant antecedents of seeking 
support via social networks. Chen and Chan [51] indicate 
that constructs such as cognitive ability, social relation-
ships, attitude to life and satisfaction, and physician func-
tioningare related to QL and those have an impact on 
the acceptance of gerontechnology by elderlies in Hong 
Kong. Another study by Vululleh [52] found that QL is a 
strong determinant of behavioral intention to use eLearn-
ing technology. Although QL influences users’ accept-
ance of technology, few studies are available evaluating 
the predictive power of QL in the acceptance of mHealth 
technology, particularly by developing nations with low 
Wellness Index (WI) such as Bangladesh (WI = 43) [53].

Service quality
Service quality (SQ) is a significant factor for healthcare, 
including mHealth adoption [54–57]. Inferior service 
quality is a major reason for discontinuing using mHealth 
services [58]. Existing studies confirm that service qual-
ity is multi-dimensional [59] and context-specific [60]. 
Most studies focus on system and information qual-
ity dimensions such as the accessibility and reliability of 
service delivery infrastructure, information privacy, and 
trust. For example, Nisha et al. [61] proposed a concep-
tual model to examine the factors primarily related to 
system quality and information quality to understand 
users’ intention to use mHealth services in Bangladesh. 
Alam et al. [43] introduced perceived reliability of service 
delivery infrastructure and data privacy as an additional 
construct with the base UTAUT constructs to identify 
key factors affecting the mHealth adoption by the highly 
educated (100% graduate or above), whereas about 65% 
of the older population in Bangladesh have only primary 
education [62] and younger (majority, 73% aged 55 years 
or less) users (patients) in Bangladesh. Similarly, Kaium 
et  al. [42] investigated the reliability of the technical 
aspects of service provision infrastructure and found no 
significant impact on mHealth adoption by the rural pop-
ulation in Bangladesh.

Further, Jandavath & Bryan (2016) [63] argued that 
among other dimensions, empathy has significant effects 

on behavioral intention to adopt healthcare services. 
A recent study by Zobair et  al. [64] indicates that the 
health staff motivation in the caring and individualized 
attention has substantial effects on the quality of care 
and patient satisfaction in telemedicine service in Bang-
ladesh. In another qualitative study by Khatun et al. [65] 
found that general people (aged between 18 and 63yrs) 
are concerned about the quality of healthcare providers 
in mHealth services in Bangladesh.

While previous research suggests that quality of life 
(QL) is also positively associated with health behaviour 
but has not been studied much to understand how it 
influences mHealth technology acceptance, specially by 
older populations, who are susceptible to various chronic 
health issues that may worsen their QL. Until now, there 
are no studies available investigating the factors influenc-
ing the adoption of mHealth services by the elderly from 
a human-centric perspective: the influence of health care 
providers’ e. g., general practitioner involved, motivation, 
medical advice (service) quality, users trust in the service 
providers, the competence of provider to deliver service 
over mobile technology and their empathy.

Extension of UTAUT​
As a theoretical framework, UTAUT has been extended 
and used in many studies to investigate a broader range 
of factors that might influence the adoption and usage of 
mHealth services by elderlies. For instance, Hoque & Sor-
war [41] used the Unified Theory of Acceptance and Use 
of Technology (UTAUT) to study the factors influencing 
adoption and usage of mHealth from older population 
perspective in the Bangladesh context. They extended the 
UTAUT model with two additional variables, i.e., tech-
nology anxiety and resistance to change for understand-
ing the users’ behavioral intention to adopt mHealth 
services. The extension of UTAUT is practiced by many 
previous studies related to mHealth, such as Shiferaw 
et  al. [66] extended UTAUT by adding self-efficacy and 
attitude for understanding healthcare providers’ accept-
ance of mHealth. Similarly, Khan et  al. [67] extended 
UTAUT by adding perceived ubiquity, perceived trust, 
and technology anxiety to study whether older adults can 
use mobile health (mHealth).

Besides, in a recent study in the context of Bangla-
desh as a developing county, Moudud-Ul-Huq, Swarna, 
and Sultana [68] used an extended version of UTUAT to 
find the factors that may significantly affect the elderly’s 
intention to use mhealth services. Likewise, Alam et  al. 
[69] added self-quarantine and health consciousness to 
extend UTUAT when studying the factors important for 
mHealth adoption. In another previous study, Alam et al. 
[70] extended UTUAT to test whether trust, privacy, 
self-efficacy, and lifestyle in addition to the core UTUAT 
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factors, influence the adoption of mHealth apps in Bang-
ladesh. Alam et al. [70] also integrated important factors 
from IS Success Models into UTAUT2 to understand 
whether mHealth improves the quality of healthy life in a 
developing country context.

However, none of the studies above extended UTUAT 
by adding SQ and QL to investigate the important factors 
in mHealth adoption, especially targeting the elderlies in 
developing countries. Therefore, it is imperative to inves-
tigate the impact of SQ and QL to uncover a more gener-
alized and widely applicable model for understanding the 
users’ behavioral intention of mHealth by elderlies in the 
context of developing countries like Bangladesh.

Theoretical framework and hypotheses
To attain the research objectives as stated in the previ-
ous section, this study adopted the most used and influ-
ential user acceptance and usage analysis model, namely, 
Unified Theory of Acceptance and Use of Technology 
(UTAUT2) [71]. To explain the intention to use and use 
behavior of technologies, a number of theories have been 
developed over time, such as the Theory of Reasoned 
Action [72]; the Technology Acceptance Model [73]; the 
Social Cognitive Theory [74]; the Model of PC Utilization 
[75]; the Theory of Planned Behavior [76]; the combined 
TAM-TPB model [77]; the Motivational Model [78] and 
the Innovation Diffusion Theory [79]. With a comprehen-
sive study of the models mentioned above, the research-
ers have found that the UTAUT2 model has all the user 
acceptance factors found in the TAM, TRA, SCT and 
TPB models [80].

In other health related studies, including e-health, 
UTAUT has been widely used, and researchers claim that 
the model can explain up to 70% of the users’ intention 
variance [46, 81, 82]. UTAUT2 extended the UTAUT 
model with three additional factors, namely, Hedonic 
Motivation, Price Value, and Habit, whereas the basic 
UTAUT model includes Performance Expectancy, Effort 
Expectancy, Social Influence, and Facilitating Condition 
[49]. Here, all seven factors are hypothesized to have an 
influence on the behavioral intention to use technology. 
However, the "Habit” factor is modelled as having influ-
ence on both behavioral intention and use behavior. 
Finally, the model tests the influence of behavioral inten-
tion on the use behavior of technology.

In addition to the constructs of UTAUT2, two impor-
tant determinants of user intention and use behavior, 
namely the service quality (SQ) and quality of life (QL) 
[46, 49, 83, 84], have been added in the proposed model 
(Fig.  1). QL was considered as a perception factor for 
elderlies to adopt assistive technology [85], and a signifi-
cant relationship was found between perception towards 
QL and technology acceptance of elderlies in the telecare 
program [84]. In mHealth literature, SQ has been con-
sidered as an influential factor that plays a pivotal role in 
health systems [83, 84]. While explaining the adoption 
intention and use behavior, SQ has been found to have a 
strong positive impact [77, 86].

Performance expectancy (PE)
As per Venkatesh et  al. [87], performance expectancy 
relates directly to the job performance of any individual 

Fig. 1  Conceptual research model. Performance expectancy = PE, Effort expectancy = EE, Social influence = SI, Facilitating condition = FC, Hedonic 
motivation = HM, Price value = PV, Habit = HA, Service quality = SQ, Quality of life = QL, Behavioural intention = BI, Use behavior = UB
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and his/her belief about the extent to which the usage of 
a particular system will help gain performance criteria. 
Performance expectancy has been found to possess the 
strongest influence on a person’s intention to adopt a par-
ticular system [41]. In healthcare information systems, 
PE has influence on the users’ behavioral intention [88], 
and on the other hand, PE exerts a direct positive effect 
on the user’s intention to use mobile devices [77, 89]. 
With greater PE, users will be more likely to adopt mobile 
health services [90]. Thus, the following hypothesis was 
developed on the basis of the related literature:

H1  PE has positive impact on the elderly’s intention to 
use mHealth.

Effort expectancy (EE)
Effort expectancy is explained as the extent of ease the 
users feel about the system while using it [91]. Literature 
supports the view that EE exerts a strong impact on the 
users’ intention to adopt and use health information sys-
tems. As evident from Lee and Rho [88], EE was found to 
have direct influence on user’s intention for using mobile 
health monitoring system. Clinical decision support 
systems [41], eHealth services [77], and mobile health 
services [88, 92] through smartphones are some of the 
important study findings that support that EE has strong 
influence on the user’s intention to adopt mHealth ser-
vices. Therefore, the hypothesis was formed as:

H2  EE has positive impact on the elderly’s intention to 
use mHealth.

Social influence (SI)
Social influence has been defined as the belief of the 
important ones to an individual about his/her using a 
new system [93]. SI has been found instrumental in users’ 
intention to adopt technology [94], to use health related 
mobile services [95], to use digital information in health-
care [41], to capture users’ overall perception of mHealth 
services [77], in consumers’ acceptance of online pharma-
cies [96] and in explaining elderlies’ adoption of mHealth 
services [97]. Based on the discussion, the hypothesis was 
derived as:

H3  SI has positive impact on the elderly’s intention to 
use mHealth.

Facilitating condition (FC)
Facilitating condition (FC) is explained as the availability 
of organizational and necessary technical infrastructure 

to facilitate the system usage [88]. As evident from Mun 
et al. [94], FC was found to have direct influence on user’s 
intention to use technology. User’s adoption and usage of 
health information systems [98] and mobile health ser-
vices [99] through smartphone are found to be strongly 
linked with FC. Facilitating conditions have been sig-
nificant in understanding users’ overall perception of 
mHealth services [100] and elderlies’ acceptance behav-
ior of telehealth services [101]. Therefore, the hypothesis 
was formed as:

H4  FC has positive impact on the elderly’s intention to 
mHealth.

Hedonic motivation (HM)
This variable signifies the inherent fun, enjoyment, or 
pleasure an individual derives while using technology, 
and such motivation is found significant in explaining 
the adoption and usage of technology [101–103]. From 
the consumers’ perspective, hedonic motivation plays 
a significant role in influencing adoption intention and 
usage of technology, as evident in the existing Informa-
tion System (IS) literature [104, 105]. In chronic illness 
management, hedonic motivation has also been signifi-
cant in the adoption of an online-based self-management 
support system [106]. Moreover, hedonic usage of smart 
home technologies was found to have great potential 
to retain/improve mobility, physical health, and overall 
well-being of inhabitants, including elderlies [107]. Thus, 
the hypothesis was posited as:

H5  HM has positive impact on the elderly’s intention to 
use mHealth.

Price value (PV)
From a generic view, while usage of technology implies 
costs in financial terms, monetary compensation has 
significant impact on users’ adoption and, most impor-
tantly, the continued usage. Therefore, price value can be 
defined as the perceived usefulness a consumer receives 
from using a mHealth service against the monetary cost 
paid for availing that particular service [108]. When a 
user perceives benefits that exceed the monetary costs 
paid, the price value is positive, which ultimately exerts a 
positive impact on the intention to use technology. Price 
value has significant impact on the users’ intention to 
use health and fitness applications [108]. Therefore, the 
hypothesis concerning price value was formed as:

H6  PV has positive impact on the elderly’s intention to 
use mHealth.
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Habit (HA)
Habit is people’s tendency to perform a task or behavior 
or use technology because of experience of usage and 
learning [107]. On the other hand, Kim and Ban [109] 
explained habit as automaticity. Habit has been identi-
fied as the prior behavior [60] and the degree to which an 
individual perceives that the behavior intention or usage 
is automatic [110]. Experiences and feedbacks of past 
usage exert influence on beliefs and, as a result, on the 
next behavioral performances. Habit, as a psychological 
side of BI, has been a meaningful construct to influence 
behavioral intention (BI) and use behavior (UB) and use 
behavior (UB) [111]. Therefore, the following hypotheses 
were developed:

H7  HA has positive impact on the elderly’s intention to 
use mHealth.

H8  HA has positive impact on the elderly’s use behav-
ior of mHealth.

Service quality (SQ)
Service quality is defined as the user’s judgment of the 
superiority or excellence of a service [60]. It is difficult 
to generalize the exact dimensions of service to measure 
its quality; however, most studies confirm that the meas-
urement items should be multidimensional [84, 112] and 
specific to the concerned context [85]. Due to retain-
ing the nature of service, service quality is significant 
to all service businesses [84] and specifically relevant in 
explaining the usage and adoption of mHealth services. 
In mobile health services, service quality is considered 
an influential element [84], and it performs a vital role in 
healthcare systems [82]. Service quality has a strong posi-
tive impact on user’s adoption intention and continuance 
intentions to use [113–115]. Considering the above dis-
cussion, the following hypotheses were developed with 
service quality:

H9  SQ has positive impact on the elderly’s intention to 
use mHealth.

H10  SQ has positive impact on the elderly’s use behav-
ior of mHealth.

Quality of life (QL)
According to [114], the extent of wellbeing and feeling 
of happiness for an individual is referred to as Quality 
of Life (QL). As the context of this study is specific to 

healthcare, the sense of wellbeing of an individual from 
an all-round perspective is captured in the definition of 
QL [82]. Extant literature of both information systems 
[116] and marketing [117] reported QL predominantly 
as a significant outcome variable. However, a study by 
Akter et al. [82] found that QL has significant impact on 
users’ Continuance Intentions (CI) to use mHealth ser-
vice. QL has significant impact on the perception relating 
to a technology’s usefulness [46] and is believed to be an 
important technology concern for individuals of femi-
nine cultural values [49].

While testing the cultural dimensions of masculinity 
and feminism, QL has been found as an important factor 
in behavioral intention to use technology [50]. Specific 
to the elderlies’ perceived QL has been considered as a 
salient perception factor having impacts on the adoption 
of assistive technologies [118]. Chou et  al. [49] identi-
fied significant relationship between perception towards 
QL and technology acceptance of elderlies in a telecare 
program. As per the above discussion, QL has been des-
ignated as an influencing factor for behavioral intention 
and mHealth usage. Such an alternative approach is criti-
cal to enhance understanding of mHealth adoption and 
usage because of an individual’s concurrent lifestyle. QL 
may have important roles to play in the mHealth service 
adoption and continued use, as evidenced by Shen [74] 
and Alaiad [73]. Thus, the hypothesized relationships 
were:

H11  QL has positive impact on the elderly’s intention 
to use mHealth.

H12  QL has positive impact on the elderly’s use behav-
ior of mHealth.

Behavioral intention (BI) and use behavior (UB)
Behavioral Intention has a strong positive relationship 
with Use Behavior, as documented in a number of stud-
ies [119]; [77, 120, 121]. In both cases of technology [77] 
and health information systems [86], BI is a strong pre-
dictor of UB. In addition, physicians’ BI has been signifi-
cantly influenced by their personal innovativeness [87]. 
Based on the study findings, the following hypothesis was 
developed:

H13  BI has positive impact on the elderly’s use behavior 
of mHealth.

The factors and hypotheses of this study are summa-
rized in Appendix 1.
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Methodology
The methodology in this study is based on a positivism 
paradigm that helps a researcher address the research 
problem by using a collection of data used to test hypoth-
eses empirically. Accordingly, the deductive approach 
was followed based on a theoretical framework. Subse-
quently, while the methodology was survey research, the 
method was quantitative involving sampling and measur-
ing using valid tools.

Setting the context
This study has selected Bangladesh as a research con-
text as it is a fast-developing county. Studies show that 
the rate of the older population is growing in Bangladesh 
faster [6, 122]. As reported by the Bangladesh Bureau of 
Statistics [6], elderlies aged 60 years or more accounted 
for nearly 6.90% of the total population. By 2025, this fig-
ure is projected to reach 9.30% [122], and by 2050, one in 
every five persons will be elderly in Bangladesh [7]. More 
than 95% of the elderly experienced health related com-
plications [7], and the majority reported more than one 
health problem in Bangladesh [123].

A notable reduction in traditional support systems for 
elderlies is evident in recent decades in Bangladesh [7]. 
With the rapid urbanization and costlier living standard, 
families lose the financial capability to support the elderly 
in the old age [7]. Therefore, the old-age problems for the 
older generation are compounded further with the ero-
sion of the willingness and abilities of families to sup-
port aged ones. Financial insecurity, negligence of family 
members, and improper health facilities are a few of the 
numerous problems faced by elderlies in Bangladesh [7].

While studying the macro aspects of aging in Bang-
ladesh, Khan and Lesson [7] found that government 
expenditure increases in line with the growth in aging 
population, mostly because of support provided for 
health services, social facilities, and income subsidies 
[123]. Historically, family and society took the responsi-
bility to manage the care necessary for the older popu-
lation of Bangladesh [7]. The scenario is expected to 
deteriorate more in the coming days as the elderly is pre-
dicted to be about 50% of the total population by 2050 
[124]. In addition, mitigating the impact of COVID-19 
pandemic on the healthcare system, the broader appli-
cation of mHealth (e.g., tele-pharmacy) for elderlies is 
expected to grow in the near future [125].

The number of mobile phone users has increased rap-
idly in recent years in Bangladesh. It is reported [126] 
that 87% of the Bangladeshi households use mobile 
phones. As per the Bangladesh Telecommunication 
Regulatory Commission (BTRC) [31, 127], the num-
ber of mobile phone users reached nearly 166 million at 
the end of February 2020. The facts and figures clearly 

indicate that Bangladesh is a potentially promising place 
for mHealth initiatives to improve the overall healthcare 
standard [31].

According to Kay et al. [128], World Health Organiza-
tion (WHO) considers Bangladesh as a member of the 
list of 15 countries where mHealth initiatives are being 
used for raising health awareness. For instance, the use 
of mobile app “Aponjon” was recently reported posi-
tively in improving awareness and practices related to 
maternal and newborn health care [129]. Until now, 
several commendable mHealth initiatives are operating 
in Bangladesh, for examples, Medinova Telemedicine, 
TRCL (eClinic24, AMCARE, Health services for expatri-
ates), Amader Gram, JBFH Telemedicine, mPower, Gra-
meenphone Health Line (789), Banglalink Health Link 
(789), Airtel Health Portal (2,223,441), Robi Health Tips 
(789), TeletalkShashtho Sheba (789), JHSPH (mCARE, 
mTIKKA, MJiVitA), CRP Telemedicine, infoLADY 
(DNet), Aponjon (MAMA Bangladesh) by Dnet, and 
Manoshi (BRAC). In addition, a review on the Bang-
ladeshi mHealth apps shows that privately maintained 
low-scale programs (e.g., Doctorola) are growing in the 
country [130].

In Bangladesh, most private mHealth programs are 
profit-oriented [131] and located in a scattered manner 
across the country. Each of these initiatives has its own 
target population with respect to age group, location, and 
disease specification. Most of the mHealth services men-
tioned above follow a generic approach to deliver their 
services where the service seeker needs to place a call to 
a certain number, e.g., 789 for "Grameenphone Health 
Line" (rebranded as "Tonic" recently) to consult with 
professional doctors about their health-related issues 
(Grameenphone Tonic—https://​www.​myton​ic.​com/​bn/​
tonic-​benef​its). mHealth services in Bangladesh are pri-
marily used for instant health advice, including advice 
on health management, offering prescriptions, suggest-
ing referrals, and remote diagnosis by imaging and video 
conferencing [81, 132]. A study by Hernandez [133] indi-
cated that lack of access and awareness are the significant 
barriers to use mHealth in Bangladesh. Therefore, this 
study is significant as it particularly aims to find the bar-
riers and factors affecting the mHealth adoption by elder-
lies in Bangladesh.

Questionnaire design
The latent constructs in the proposed model were meas-
ured with items captured predominantly from prior 
studies. The items were modified to fit in with the study 
context. The items to measure PE were adapted from 
[120] and [81]. Measurement items for EE, SI, and BI 
were captured from [81] and [84]. The questionnaire 
items to measure constructs, namely FC, HM, PV, and 

https://www.mytonic.com/bn/tonic-benefits
https://www.mytonic.com/bn/tonic-benefits
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HA, were adapted from Sripalawat et  al. [60] and Ven-
katesh et  al. [81]. The constructs for SQ were adapted 
from Akter et al. [134], Dagger et al. [135], Parasuraman 
et  al. [136]. The World Health Organization Quality of 
Life (WHOQOL)-BREF has been consulted to develop 
constructs for measuring the QL of respondents [137]. 
However, the authors developed the items for UB based 
on the commonly offered mHealth services by different 
mHealth care providers in Bangladesh (i.e., Grameen-
phone—Tonic, Robi- mDaktar, Banglalink—Healthlink, 
Teletalk—Shashtho sheba, DGHS. As per Khatun et  al. 
[65], the four most basic services: prescription of drugs, 
appointments of the doctor, emergency medical services, 
and health counselling were selected to get maximum 
responses from sample respondents.

A structured questionnaire in English was preliminarily 
developed, and a professional translator, skilled in Bengali 
language, was appointed to translate the questionnaire. A 
pool of experts, including university academics, mHealth 
service providers, and medical experts, examined each 
question of both language versions to make sure that the 
questions infer similar meaning. The responses to the 
questions were collected by using a 5-point Likert scale, 
starting with (1) Strongly disagree to (5) Strongly agree.

A sample of 15 was randomly selected from Dhaka 
Medical College and Hospital (DMCH), Bangabandhu 
Sheikh Mujib Medical University (BSMMU) and BIR-
DEM General Hospital (Shahbagh, Dhaka) hospitals for 
conducting a pilot study. The feedback from the pilot 
study guided the design of the final questionnaire and 
testing its effectiveness.

Data collection
The researchers attempted to capture a sample popu-
lation that was potentially representative of the entire 
elderly population of Bangladesh. A face-to-face survey 
interaction through the convenience sampling method 
has been followed while selecting elderly respondents. 
The field investigators personally distributed the ques-
tionnaires. The interviewers were trained to conduct 
the interviews. To be included in this study’s sample, a 
participant had to be (a) of age 60 years and above, and 
(b) a user of any mHealth service. Because, in terms of 
age, this study adopted the commonly used definition 
of elderly from the United Nations and World Health 
Organization, i.e., age 60  years or beyond (http://​www.​
who.​int/​healt​hinfo/​survey/​agein​gdefn​older/​en/).

The authors approached 24 hospitals in 8 major cit-
ies in 8 divisions in Bangladesh and sought permission 
to recruit potential participants from the outpatients 
in the hospital premises. To ensure reliability, the study 
questionnaire included a provision for the respondents’ 
postcode, which allowed the authors to examine if the 

sample covered the major geographical regions of Bang-
ladesh. The researchers sought explicit consent from 
the respondents to participate in the study. To preserve 
individual privacy, the name of the respondents was not 
recorded but only the demographic information with a 
code number. The percentage of response rate was 94%. 
Due to the face-to-face survey, the study’s response rate 
was high. The interviewer let the potential participants 
aware of their right to refrain from participating at any 
time during the study period without having any negative 
implications.

The majority (60%) of the study’s sample belongs to 
elderlies over 65  years, making the sample comparable 
to the elderly population above 65  years. We have used 
G*Power 3.1.9.7 version software for power analysis to 
determine the sample size, where the significance level 
was 0.05 (which is normally chosen in the field of IS), 
and the effect size was 0.025, and power was 0.95. The 
software shows that the minimum required sample size 
is 435. Furthermore, the biases and sampling errors were 
minimized by increasing the sample size.

Data analysis
This research included two distinct analytical techniques: 
structural equation modeling (SEM) and fuzzy set quali-
tative comparative analysis (fsQCA). SEM was utilized 
to forecast the causal association between the independ-
ent and dependent variables. The traditional analytical 
technique, namely SEM, is significant; yet, because it is 
focused on net effects, it is insufficient for comprehend-
ing complicated relationships, such as configurational 
effects [138]. The study of how each independent vari-
able is related to the dependent variable is known as “net 
effects.” The net effects technique of analysis cannot 
confirm how the combinations of independent variables 
impact the outcome variable. FsQCA, on the other hand, 
is a configurational analysis that investigates the com-
binations of predictors that lead to an outcome variable 
[138].

To explore the configural effects of antecedents on the 
outcome variables (i.e., behavioural intention towards 
m-health and usage behaviour of m-health), fsQCA anal-
ysis was employed. As a result, the analysis was carried 
out in two essential phases utilizing fsQCA software: 
calibration and counterfactual analysis [139]. Calibra-
tion is the process of converting the values of conditions 
and outcomes into membership scores ranging from 0 
to 1 [139] (Ragin 2008). Agevall (2008) [140] proposes 
three-value fuzzy sets: the threshold for full membership 
(fuzzy score = 0.95), the threshold for full non-member-
ship (fuzzy score = 0.05), and the cross-over point (fuzzy 
score = 0.5). In this regard, this study used the anchor 
values of 5 (strongly agree), 3 (neutral) and 1 (strongly 

http://www.who.int/healthinfo/survey/ageingdefnolder/en/
http://www.who.int/healthinfo/survey/ageingdefnolder/en/
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disagree) as a full membership, cross-over point and full 
non-membership, respectively [138, 141].

In the counterfactual analysis, truth tables were pro-
duced using calibrated fuzzy set membership scores of 
m-health intentions and usage behaviour, as well as their 
antecedents. Then the truth table was refined as per the 
frequency (≥ 2 for medium-to-large sample size) and 
consistency (≥ 80) criteria. As a result, the refining pro-
cess generates a list of causal antecedent configurations 
(i.e., necessary and sufficient conditions) for the outcome 
variables: m-health intention and usage behaviour. Nec-
essary conditions are those that must exist in order for 
the outcome to occur, whereas sufficient conditions are 
those that always result in the outcome [139].

To this end, two probability metrics were calculated: 
coverage and consistency. Coverage denotes how many 
cases with the outcome are represented by a certain 
causal condition. The degree to which a causal combina-
tion leads to an outcome is represented by Eq. 1 below, 
where X is the membership score in causal combination 
and Y is the membership score in the outcome set.

About consistency, Ragin (2008) [139] suggested to 
establish different consistency thresholds for necessity 
and sufficiency analyses. Equation  2 below represents 
consistency. For the need condition, a consistency bench-
mark of at least > 0.90 is recommended, whereas for the 
sufficiency condition, a reasonably well-established con-
sistency standard of at least > 0.80 is recommended.

Results
Characteristics of sample
The study distributed 530 questionnaires and received 
498 completed, comprising a response rate of 94%. While 
screening data for analysis, 493 questionnaires were 
finally selected after deleting outliers (3 respondents), 
imputing missing values (1 respondent), and remov-
ing responses of unacceptable variance (1 respondent). 
Table 1 presents the respondents’ demographic and other 
characteristics:

Assessment of measurement model
According to Hair et  al. [136], the measurement model 
needs to be assessed for internal reliability and discri-
minant and convergent validity to confirm the model 
fit for the study. In this study, Cronbach’s alpha (α) 
and composite reliability (CR) were used to evaluate 

(1)Coverage =

∑
min(X ,Y )
∑

Y

(2)Consistency(X < Y ) =
min(X ,Y )

X

internal reliability. A Cronbach’s alpha (α) and the com-
posite reliability (CR) value of 0.70 for the constructs is 
the acceptable level of internal consistency in a model 
[142]. Assessing the convergent validity, average variance 
extracted (AVE) is used with items’ loading at least 0.50 
to ensure construct validity [143]. Table  2 presents the 
AVE, composite reliability (CR), and Cronbach’s alpha 
(α), and Appendix 2 reports the items’ loadings. The esti-
mated items’ loadings were much higher than the bench-
mark of 0.50 [82]. The AVE values for all the constructs 
ranged from 0.626 to 0.906 exceeded the recommended 
level. Therefore, the conditions for convergent validity 
are adequately satisfied in the study. The range for Cron-
bach’s alpha (α) and the composite reliability values were 
0.784 to 0.968 and 0.855 to 0.974, respectively, which 
provides strong internal reliability.

The model’s discriminant validity was assessed through 
Heterotrait-Monotrait Ratio (HTMT). According to 
Kline [144], to have a satisfactory level of discriminant 
validity, the HTMT value should be lower than the value 
of 0.85. Table 3 shows the results of HTMT where all the 
values passed the HTMT 0.85 and the HTMT does not 
indicate discriminant validity problems.

Moreover, we have tested multicollinearity before 
assessing the structural relationships. Multicollinear-
ity occurs when two or more independent variables are 
highly correlated with one another. Variance Inflation 
Factors (VIFs) score of an independent variable repre-
sents how well the variable is explained by other inde-
pendent variables. If the VIFs results are less than 10, 

Table 1  Demographic and socio-economic characteristics of 
respondents (n = 493)

Variables Categories Frequency Percentage 
(%)

Gender Male 417 85

Female 76 15

Age 60–65 years 199 40

66–70 years 235 48

71–75 years 53 11

Above 75 years 6 1

Education Primary 110 22

Secondary 59 12

Higher secondary 80 16

Honors/Degrees 49 10

Master’s 134 27

Illiterate 61 13

Current living status Accompanied by 
family Members

366 74

Couple only 103 21

Alone 24 5
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there is no multicollinearity. The VIFs (Appendix  3) 
results are lower than 10, which indicates that multicol-
linearity is not an issue in this study.

Assessment of structural model
Overall fit of the estimated model
We have used Standardized Root Mean Square Residual 
(SRMR) to explain Model robustness [143]. SRMR meas-
ures the index of the average of standardized residuals 
between the observed and the hypothesized correlation 
matrices. A value less than 0.08 is generally considered a 
good fit [145]. Therefore, with the SRMR value of 0.071, 
the hypothesized model was found a good fit.

Coefficient of determination (R2)
The assessment of coefficient of determination (R2) is a 
significant part of structural model evaluation. The value 

of 0.7, 0.5 and 0.25 are often used to describe a strong, 
moderate and weak coefficient of determination [146]. 
The PLS Path model found that the nine exogenous 
constructs can jointly explain 84.5% of the variance of 
the endogenous construct behavioural intention. So, 
the overall R2 is found to be strong. The PLS-SEM also 
reveals that R2 for other constructs such as habit, service 
quality, quality of life and behavioral intention explain 
46.7% of use behavior’s variances.

Hypotheses testing
To identify the hypothesized relationships among the fac-
tors in the study, a structural model was developed and 
tested by path coefficients (β), t-statistics, and p-values. 
The results of partial least square modelling, run through 
SmartPLS, for the study’s structural model, are presented 
in Table 4 below. According to the table, all the proposed 

Table 2  The measurement model

Performance expectancy = PE, Effort expectancy = EE, Social influence = SI, Facilitating condition = FC, Hedonic motivation = HM, Price value = PV, Habit = HA, Service 
quality = SQ, Quality of life = QL, Behavioural intention = BI, Use behavior = UB

Factors Cronbach’s alpha Composite reliability Average variance 
extracted (AVE)

Behavioral intention (BI) 0.948 0.967 0.906

Effort expectancy (EE) 0.941 0.957 0.849

Facilitating conditions (FC) 0.784 0.855 0.664

Habit (HA) 0.926 0.953 0.872

Hedonic motivation (HM) 0.918 0.948 0.859

Performance expectancy (PE) 0.966 0.972 0.853

Price value (PV) 0.929 0.955 0.876

Quality of life (QL) 0.914 0.930 0.626

Social influence (SI) 0.902 0.938 0.836

Service quality (SQ) 0.968 0.974 0.863

Use behavior (UB) 0.912 0.939 0.793

Table 3  Heterotrait–Monotrait ratio (HTMT)

Performance expectancy = PE, Effort expectancy = EE, Social influence = SI, Facilitating condition = FC, Hedonic motivation = HM, Price value = PV, Habit = HA, Service 
quality = SQ, Quality of life = QL, Behavioural intention = BI, Use behavior = UB

BI EE FC HA HM PE PV QL SI SQ UB

BI

EE 0.649

FC 0.151 0.190

HA 0.835 0.712 0.096

HM 0.502 0.713 0.087 0.570

PE 0.612 0.824 0.261 0.697 0.644

PV 0.841 0.783 0.096 0.810 0.758 0.732

QL 0.470 0.260 0.370 0.339 0.286 0.197 0.344

SI 0.671 0.751 0.197 0.688 0.614 0.821 0.792 0.249

SQ 0.637 0.480 0.192 0.501 0.436 0.365 0.521 0.755 0.399

UB 0.344 0.355 0.246 0.349 0.328 0.340 0.338 0.268 0.265 0.636
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hypothesized relationships between dependent and inde-
pendent variables were supported, except for the positive 
relationships between PE and BI (H1), EE and BI (H2), 
FC and BI (H4), and QL and BI (H11). The R-Square for 
BI and UB are 0.845 and 0.467, respectively.

Predictive relevance (Q2) and model’s effect sizes (f2)
Predictive Relevance (Q2) checks if the data points of 
indicators in the reflective measurement model of endog-
enous construct can be predicted accurately [147]. In the 
model, two endogenous constructs, such as behavioural 
intention and use behaviour, are selected for blindfold-
ing-based cross-validated redundancy measure. Chin 
[148] suggests that a model demonstrates good predic-
tive relevance when its Q2 value is larger than zero. It is 
observed that the proposed model has good predictive 
relevance for endogenous variables: behavioral intention 
(Q2 = 0.757) and use behavior (Q2 = 0.355).

f2 effect size indicates the practical relevance of signifi-
cant effects of any construct. Cohan’s (1988) [149] sug-
gests that f2 values of 0.35, 0.15 and 0.02 are interpreted 
as large, medium and small effect sizes, respectively. The 
results show the f2 values, indicating that the exogenous 
variables in our model have medium to large f2 effect 
sizes on the endogenous variables (See Appendix 4).

FsQCA results
Necessary conditions for m‑health intentions and usage 
behaviour
Necessary conditions analysis was employed to detect 
which set of antecedents is necessary to induce m-health 
intentions and usage behaviour. As discussed in method 

section (i.e., analytical procedure), a condition with a 
consistency value greater than 0.9 is subject to necessary 
conditions [139]. Table 5 illustrates the necessary condi-
tions for m-health intentions. The findings of the neces-
sary analysis revealed that price value (0.922) and habit 
(0.926) are considered necessary conditions for m-health 
intentions. In contrast, performance expectancy (0.815), 
effort expectancy (0.837), social influence (0.834), facili-
tating condition (0.866), hedonic motivation (0.858), 
service quality (0.325) and quality of life (0.372) are not 
necessary conditions for m-health intentions.

Sufficient analysis for m‑health intentions
Table  6 illustrates the necessary conditions for usage 
behaviour of m-health. The findings of the necessary 
analysis revealed that m-health intentions (0.929) and 
habit (0.920) are considered necessary conditions for 
usage behaviour of m-health. In contrast, service quality 
(0.725) and quality of life (0.663) are not necessary condi-
tions for usage behaviour of m-health.

Sufficient analysis for m‑health intentions
This section reports the results of sufficient conditions 
for high and low m-health intentions. FsQCA was per-
formed to investigate the configurational effects of per-
formance expectancy, effort expectancy, social influence, 
facilitating condition, hedonic motivation, price value, 

Table 4  Structural model

Performance expectancy = PE, Effort expectancy = EE, Social influence = SI, 
Facilitating condition = FC, Hedonic motivation = HM, Price value = PV, 
Habit = HA, Service quality = SQ, Quality of life = QL, Behavioural intention = BI, 
Use behavior = UB

Path Β t- statistics p-value Comments

H1 PE—> BI 0.048 0.525 0.600 Rejected (> p = 0.05)

H2 EE—> BI -0.171 1.792 0.074 Rejected (> p = 0.05)

H3 SI—> BI 0.186 2.740 0.006 Accepted (< p = 0.05)

H4 FC—> BI -0.055 1.799 0.073 Rejected (> p = 0.05)

H5 HM—> BI 0.119 3.617 0.000 Accepted (< p = 0.05)

H6 PV—> BI 0.202 3.007 0.003 Accepted (< p = 0.05)

H7 HA—> BI 0.614 10.243 0.000 Accepted (< p = 0.05)

H8 HA—> UB 0.290 2.447 0.015 Accepted (< p = 0.05)

H9 SQ—> BI 0.226 6.477 0.000 Accepted (< p = 0.05)

H10 SQ—> UB 0.941 11.817 0.000 Accepted (< p = 0.05)

H11 QL—> BI 0.028 0.948 0.343 Rejected (> p = 0.05)

H12 QL—> UB 0.357 5.107 0.000 Accepted (< p = 0.05)

H13 BI—> UB 0.331 2.598 0.010 Accepted (< p = 0.05)

Table 5  Necessary conditions for intentions to use m-health

Antecedent conditions Consistency Coverage

Performance expectancy 0.815 0.956

Effort expectancy 0.837 0.950

Social influence 0.834 0.943

Facilitating condition 0.866 0.733

Hedonic motivation 0.858 0.910

Price value 0.922 0.955

Habit 0.926 0.970

Service quality 0.325 0.964

Quality of life 0.372 0.925

Table 6  Necessary conditions for usage behaviour of m-health

Antecedent conditions Consistency Coverage

Behavioural intention to use 
m-health

0.929 0.264

Service quality 0.725 0.606

Quality of life 0.663 0.461

Habit 0.920 0.272
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habit, service quality and quality of life on m-health 
intentions.

As shown in Table 7 (see left side of the Table), fsQCA 
findings suggested three causal recipes that represent 
the sufficient conditions leading to high m-health inten-
tions (solution coverage = 0.767 and solution consist-
ency = 0.856). Of the three solutions leading to high 
m-health intentions, solution 1 is the most desirable 
solution as it has highest raw coverage of 0.721. The first 
model suggests that elders, who have high levels of per-
ceived social influence, hedonic motivation, price value, 
habit and perceived service quality towards m-health, 
and who have low levels of effort expectancy, facilitat-
ing condition towards m-health and quality of life, report 
their willingness to use m-health.

Table  7 (see right side of Table) also presents fsQCA 
results for two sufficient causal models of unwilling-
ness to use m-health (solution coverage: 0.900 and solu-
tion consistency: 0.824). Of the two solutions leading to 
low m-health intentions, solution 1 is the most desir-
able solution as it has highest raw coverage of 0.811. The 
first model recommends that elders, who have high lev-
els of social influence, service quality towards m-health 
and quality of life, and who have low levels of perfor-
mance expectancy, effort expectancy, price value and 
habit towards m-health, report their unwillingness to use 
m-health.

Sufficient analysis for usage behaviour of m‑health
This section reports the results of sufficient conditions 
for high and low usage behaviour of m-health. FsQCA 
was employed to investigate the configurational effects 
of m-health intention, service quality, habit and quality of 
life on usage behaviour of m-health.

As shown in Table 8 (see left side of the Table), fsQCA 
findings suggested two causal recipes that represent the 
sufficient conditions leading to high usage behaviour of 
m-health (solution coverage = 0.971 and solution con-
sistency = 0.854). Of the two solutions leading to high 
usage behaviour of m-health, solution 1 is the most desir-
able solution as it has highest raw coverage of 0.913. The 
first model suggests that elders, who have high levels of 
m-health intention, habit towards m-health and qual-
ity of life, report their high usage behaviour of m-health. 
Table  8 (see right side of Table) also presents one suffi-
cient causal model of low usage behaviour of m-health 
(solution coverage: 0.711 and solution consistency: 
0.907). The model recommends that elders, who have 
low levels of m-health intentions, habit and service qual-
ity towards m-health, report their low usage behaviour of 
m-health.

Discussion
The study applied the UTAUT2 model to determine the 
elderly’s behavioral intention to adopt and use mHealth 
services in Bangladesh. The study extended the basic 
UTAUT2 model with two additional variables, quality 
of life and service quality. The hypotheses proposed in 
this study have empirical support, and the findings are 
consistent with the earlier studies on the application of 
UTAUT in explaining mHealth adoption and usage [17, 
150].

The findings of this study indicate that PE and EE 
were not significant in explaining the BI of the elder-
ly’s mHealth use in the Bangladesh context. The find-
ings apparently contradict previous mHealth literature 
[17, 87–89, 151, 152]. PE and EE were also found sig-
nificant factors influencing the adoption of healthcare 

Table 7  Configural effects for predicting high and low behavioural intentions towards m-health

Performance expectancy = PE, Effort expectancy = EE, Social influence = SI, Facilitating condition = FC, Hedonic motivation = HM, Price value = PV, Habit = HA, Service 
quality = SQ, Quality of life = QL, Behavioural intention = BI, Use behavior = UB

Configural models for predicting high behavioural intentions towards 
m-health

Configural models for predicting low behavioural intentions 
towards m-health

BI = f (PE, EE, SI, FC, HM, PV, HB, SQ and QL)  ~ BI = f (PE, EE, SI, FC, HM, PV, HB, SQ and QL)

Configural Models (Sufficient 
causal recipes)

Raw coverage Unique 
Coverage

Consistency Configural Models 
(Sufficient causal recipes)

Raw coverage Unique 
Coverage

Consistency

Model 1: ~ EE*SI* ~ FCI*HM*PV*H
A*SQ* ~ QL

0.721 0.010 0.986 Model 
1: ~ PE* ~ EE*SI* ~ PV* ~ HA 
*SQ*QL

0.811 0.145 0.949

Model 2: 
PE* ~ EE*SI* ~ FCI*HM*PV*HA*SQ

0.714 0.018 0.986 Model 
2: ~ PE* ~ EE*SI* ~ PV* ~ HA

0.711 0.031 0.803

Model 3: 
PE*EE*SI*FC*HM*PV*HA* QL

0.546 0.015 0.995

Solution coverage: 0.767 Solution coverage: 0.900

Solution consistency: 0.856 Solution consistency: 0.824
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information technology [90–93, 153, 154]. However, 
the finding of PE in this study aligns with the finding by 
Boontarig et  al. [91] in the context of Thailand. Their 
study indicated that the Thai elderlies are aware of tech-
nology but not interested enough in the use of mHealth 
in smartphones. Another possible reason for the rejec-
tion of the hypotheses about PE could be the fact that the 
available mHealth apps have not reached a certain level 
of maturity that can create enough expectancy about the 
apps. Besides, it may also happen that the elderlies are 
now aware of the benefits of using mHealth.

On the other hand, the rejection of the hypothesis 
about EE can be explained by the findings by Ndayizig-
amiye and Maharaj [154] and Shareef et  al. [155]. The 
possible explanation of this finding might be the fact 
that, rather than being used by the elderly themselves, 
the family members assist the elderly in using mHealth in 
Bangladesh, where the joint family system is still preva-
lent. Alternatively, as efficacy expectation is increased 
through performance accomplishments or learning by 
doing, the elderlies may not have enough experience of 
learning by using mHelath services themselves. Further-
more, the study by Vanneste et  al. [156] and Liu et  al. 
[157] reported that EE is not significant determinant of 
BI.

In this study, FC was also not found significant in 
explaining the elderly’s intention to use mHealth ser-
vices. This finding is consistent with previous findings by 
Hoque and Sorwar [41] as that study also aimed to iden-
tify the factors that might affect the adoption of mHealth 
by elderlies in Bangladesh. Additionally, the recent study 
by Ndayizigamiye et al. [158] supports the finding about 
FC in this study.

On the contrary, the hypothesis about SI was sup-
ported, which is evident in the Bangladesh context as the 
local socio-economic and family culture influence most 
decisions taken in a family, especially concerning health-
related decisions [88]. More specifically, the elderly’s 
health related decisions are influenced mostly by family 

members and social surroundings because of the source 
of financial support, the elderly’s living status, and par-
ticipants involved in the elderly’s health management. A 
recent study by Shareef et al. [155] also indicates that SI 
significantly impacts young individuals’ perception of the 
adoption and usage of mHealth services through SMS 
in Bangladesh. Also, the study finding by Byomire and 
Maiga [159] supports the finding that SI has a significant 
influence on the BI to use mHealth.

The findings of this study confirm that the additional 
factors HM, PV, and HA of the UTAUT2 model are sig-
nificant in determining the elderly’s intention to adopt 
and use mHealth services. Related studies in technology 
adoption and usage in information system (IS) literature 
have offered ample support in line with the findings of 
this study about the impact of HM, PV and HA on adop-
tion and usage of mHealth services [84, 99, 102, 107, 
128, 130, 160]. Although Dwivedi et al. [161] previously 
found PV as significant in Bangladesh considering the 
cost of mHealth services, now the scenario has somewhat 
changed in recent times as the costs of mobile phone and 
the call charge for mHealth services have both reduced 
substantially over time in Bangladesh. mHealth services 
have become affordable for mass people for various med-
ical advice from professional doctors with a call charge of 
only BDT 5 (USD 0.06) per minute (i.e., Grameenphone 
Tonic).

SQ has been considered an essential element of 
mHealth [84] and vital in healthcare systems [82]. The 
study found a significant positive influence of SQ in 
elderly users’ BI and actual usage of mHealth. This find-
ing aligns with the existing literature where SQ had 
significant impact on mHealth adoption, usage, and con-
tinuance of usage [82, 87, 162]. This study also confirms 
that QL has positive influence on the UB of mHealth 
services. This finding is consistent with the findings of 
a study by [82] on mHealth, where QL had significant 
impact on users’ continuance intentions for mHealth ser-
vices. The previous study by Bong, Bergland, and Chen 

Table 8  Configural effects for predicting high and low usage behaviour of m-health

BI: Behavioural intention towards m-health, SQ: Service quality, QL: Quality of life, HA: Habit and UB: Use behaviour of m-health

Configural Models for predicting high usage behaviour of 
m-health

Configural Models for predicting low usage behaviour of m-health

UB = f (BI, SQ, QL and HA)  ~ UB = f (BI, SQ, QL and HA)

Configural Models 
(Sufficient causal 
recipes)

Raw coverage Unique 
Coverage

Consistency Configural Models 
(Sufficient causal recipes)

Raw coverage Unique Coverage Consistency

Model 1: BIN*HA*QL 0.913 0.287 0.879 Model 1: ~ BIN* ~ SQ* ~ HA 0.450 0.010 0.972

Model 2: BIN*HA*SQ 0.616 0.042 0.766

Solution coverage: 0.971 Solution coverage: 0.711

Solution consistency: 0.854 Solution consistency: 0.907
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(2019) mentioned that health condition, financial condi-
tion, and social relationships and participation are among 
the eight major dimensions of QL for elderly people. 
They also mentioned that QL could be affected by a user’s 
personal beliefs and relationship to the environment. 
Therefore, the authors safely assume that once an elderly 
person starts to use mHealth services, the use behaviour 
of the user can be determined by the QL which in turn 
depends on various dimensions stated above. Any future 
study may explain better why QL could significantly 
influence the use behaviour of the elderlies if the influ-
ence of the dimensions of QL on mHealth use bahaviour 
is empirically tested.

In contrast, surprisingly, QL was found insignificant 
in explaining the elderly’s BI to adopt mHealth services. 
This finding is somewhat exceptional to this study, and 
the reasoning behind such an outcome can be explained 
from three angles. First, the study primarily investigated 
how satisfied, healthy, and safe the respondents feel 
about his/her health-related issues. It is, therefore, logical 
to have an insignificant relationship between the high-
level of QL and the intention to adopt mHealth services. 
If a respondent is already satisfied with their health issues 
and health environment, s/he may not be interested in 
adopting mHealth as an additional tool for managing 
their health. Second, the price value (PV) of mHealth 
service is considerably high in Bangladesh as the tariff 
for calls in mHealth service centers is now affordable. 
Therefore, it can be assumed that a higher QL is not 
essential before an elderly can opt for having mHealth 
services. On the flipside and third, with the improvement 
of mobile phone networks and the availability of mobile 
phones at a cheaper price, the usage of mobile phones 
among the elderly is prevalent in Bangladesh. Such access 
to a mobile device is argued as a precursor for the elder-
ly’s mHealth services usage. Therefore, the QL does not 
practically belong to the eligibility criteria for BI to use 
mHealth services by elderlies in the Bangladesh context.

The study also found that BI of adopting mHealth ser-
vices had a significant positive influence on the elderly’s 
UB of mHealth services. Previous studies have offered 
adequate support for such an outcome. For example, 
Ifinedo [162] found a significant correlation between BI 
and UB, whereas empirical studies confirmed that higher 
BI results in a greater UB of a technology [87].

When conducting the PLS Path model analysis, the 
R2 value, related to research question 2, shows that the 
theoretical framework (i.e., the extension of UTUAT by 
QL and SQ) explains 84.5% of the variance in behavioural 
intention. Further, the findings of fsQCA suggest that 
elders’ intention to use m-health is high when they have 
high levels of perceived social influence, hedonic moti-
vation, price value, habit and perceived service quality 

towards m-health. The results further recommend that 
elders’ usage behaviour of m-health is high when they 
have high level of m-health intention, habit towards 
m-health and quality of life.

Overall, each finding in this study is highly context 
specific and vital. For example, the findings regarding PE 
implies that the elderly users are not either well aware of 
mHealth services in Bangladesh or mHealth services in 
Bangladesh are not deemed useful enough to create use 
intention. On the other hand, the insignificant influence 
of EE and FC implies that there is a need for creating per-
ceptions of EE and FC among elderlies in Bangladesh by 
letting them use mHealth services themselves without 
any help from friends and family members. Additionally, 
the rejection of QL’s influence on BI but the acceptance of 
QL’s influence on UB importantly inform the researcher 
that there are necessity future studies for understanding 
which dimensions of QL (e.g., health condition, financial 
condition, and social relationships and participation per-
sonal beliefs and relationship to the environment) specifi-
cally determine the acceptance of mHealth service as well 
as the use behaviour.

Theoretical implications
In addition to the basic UTAUT2 model, this study pro-
vided valuable insights into two essential factors of 
mHealth adoption: quality of life and service quality. There-
fore, the study adds additional knowledge to the IS research 
by offering a theoretical framework for adopting and using 
mHealth in the elderly community in threefold ways. The 
research contributes to IS literature by first applying the 
UTAUT2 model to explain mHealth acceptance and usage 
of elderlies; secondly, it addresses the impact of the qual-
ity of life into the default UTAUT2 model and, thirdly, 
explaining the logical significance of service quality in 
mHealth acceptance and usage. This study contributes to 
the healthcare literature by pointing out the most influen-
tial factors for elderlies to use mobile health services and 
enables policymakers and service providers to offer more 
efficient mHealth services while keeping the significant 
factors under proper consideration. Finally, our fsQCA 
analysis provides further insights into m-health intention 
and usage behaviour. That is, in addition to the overall find-
ings obtained from SEM, fsQCA findings suggest how the 
intensity of the influencers may contribute to high vs low 
m-health intention and usage behaviour.

Managerial implications
The empirical findings provide practical guidelines and 
suggest essential factors that bear implications in planning, 
designing, and developing mHealth services for elderlies 
in Bangladesh. The study findings specific to mHealth ser-
vice quality will help designing better mHealth tools for 
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universal health coverage by providing insights about how 
elderlies perceive mHealth service quality and what ser-
vice quality dimensions are significant to design a success-
ful mHealth intervention. Similarly, the study results show 
that elderlies’ quality of life is an important determinant of 
mHealth use behavior, which informs health policymakers 
that well-being and healthy living can act as the precondi-
tions for mHealth’s effectiveness and continued adherence. 
mHealth service providers should focus on advertisements 
using reference groups since social influence is an essential 
predictor of behavioral intention to use mHealth services. 
mHealth technology should be reliable and easy to use, 
so the elderlies perceive better control and confidence in 
using the system. Additionally, the user should be provided 
with the support of the technology, through training and 
well as materials and human resources as needed as the 
facilitating condition has a significant effect on the elder-
ly’s intention to use mHealth service in Bangladesh. Due 
to the generalized nature of the study, the findings and the 
theoretical framework can be easily modified to enable 
planning and implementing mHealth services in other 
developing nations.

Conclusions
Lack of understanding of the factors influencing tech-
nology adoption might cause digital exclusion of elderly 
people, specifically in developing countries [163]. To 
understand the significant factors influencing mHealth 
adoption and usage in the elderly population of Bangla-
desh, the study has developed and validated a theoretical 
framework. The findings suggest that the Social Influence 
(SI), Hedonic Motivation (HM), Price Value (PV), Habit 
(HA), and Service Quality (SQ) have significant influence 
on elderlies’ BI to the adoption and usage of mHealth ser-
vice. However, the quality of life (QL) was not found sig-
nificant in explaining the adoption of mHealth services, 
which is inconsistent with existing literature. Neverthe-
less, for Bangladesh, the finding is well aligned with the 
low-cost specifications of mHealth that do not require 
individuals to possess a high quality of life for avail-
ing mHealth services. In the socio-economic context 
in Bangladesh, quality of life matters for the continued 
usage of mHealth services but not for the uptake of such 
service. This is due to quite reasonably priced mHealth 
services and mobile phones and cellphone networks 
widely available across the country.

The study extends the conceptual grounding of the 
UTAUT2 model by adding the impacts of QL and SQ to 
articulate the adoption and usage behavior of mHealth 
services in the context of an elderly population. The 
study findings suggest that the cognitive and contex-
tual traits of the elderly population have implications in 
explaining the acceptance and usage of mHealth services 

in a developing country phenomenon. The overall find-
ings may contribute to shaping appropriate policies for 
designing and implementing mHealth services effectively 
for elderlies in developing countries.

Limitations and future research directions
Due to the age-specific characteristic of the sample and 
a cross-sectional perspective of this study, several limi-
tations prevail in the findings of this study. First, due to 
the sampling technique used and age-specific character-
istics of the targeted samples, there is concern about the 
findings’ generalizability to all populations with various 
age ranges. However, considering the findings of diverse 
demographic and socio-economic statuses of the sam-
ple drawn from population nationally, the authors argue 
that the selected sample could be a true representative 
of the entire elderly population of Bangladesh. To offer a 
more generic view of the theoretical framework, a further 
extension of this study could include other age groups of 
Bangladeshi citizens. Second, the cross-sectional nature 
of the study could not offer a comparative view of the 
contingent and causality impact of the users’ experience 
level before and after the adoption and usage of mHealth 
services. To uncover a causal relationship among the 
specified factors, longitudinal data could be used in 
future studies. In a future study, the use of protection 
motivation constructs (e.g., Perceived Vulnerability, Per-
ceived Severity, Self-Efficacy, and Response Efficacy) can 
be considered. Additionally, a future study could more 
context specific constructs (e.g., social factors and physi-
cal infrastructure such as tradition, conformity, power, 
culture, and government policy).

Also, the study’s sample was recruited from public and 
private hospitals in Dhaka (the capital city of Bangla-
desh), where patients attend from different geographical 
areas of Bangladesh. The researchers also attempted to 
ensure a sample representing the overall elderly popula-
tion of Bangladesh by examining the respondents’ postal 
codes. Nevertheless, there could be a possibility of sys-
tematic and/or random bias in the sample as data were 
gathered from hospitals in Dhaka city only. Besides, this 
study sample had low participation from female elderlies, 
which may hamper the generalizability of results. There-
fore, future studies should recruit samples from outside 
of Dhaka city and more female elderlies to provide richer 
results. Moreover, differences in cultural dimensions may 
cause variability in the effectiveness of a health interven-
tion. Therefore, cross-country variation in the sample 
and cultural attributes in the research model may help 
future studies offer more comprehensive study findings. 
Lastly, a further study could investigate the moderating 
and mediating effects of QL and SQ on the relationships 
between the dependent and independent variables.



Page 16 of 21Palas et al. BMC Medical Informatics and Decision Making          (2022) 22:191 

Appendix
Appendix 1: Type factors and hypotheses

Factors Supporting 
references

Hypothesis Measurement 
Instruments 
(Adapted for the 
study’s context)

Performance 
Expectancy (PE)

[41, 77, 81, 88, 
120]

H1: PE has 
positive impact 
on the elderly’s 
intention to use 
mHealth

[88, 89]

Effort Expec-
tancy (EE)

[41, 81, 120, 
164]

H2: EE has 
positive impact 
on the elderly’s 
intention to use 
mHealth

[77, 88, 92]

Social Influence 
(SI)

[41, 81, 93, 120, 
164]

H3: SI has posi-
tive impact on 
the elderly’s 
intention to use 
mHealth

[77, 96, 97]

Facilitating 
Condition (FC)

[81, 88, 94, 99, 
165]

H4: FC has 
positive impact 
on the elderly’s 
intention to use 
mHealth

[100, 101]

Hedonic Moti-
vation (HM)

[81, 101–103, 
105, 165]

H5: HM has 
positive impact 
on the elderly’s 
intention to use 
mHealth

[106, 165]

Price Value (PV) [81, 107] H6: PV has 
positive impact 
on the elderly’s 
intention to use 
mHealth

[108, 109]

Factors Supporting 
references

Hypothesis Measurement 
Instruments 
(Adapted for the 
study’s context)

Habit (HA) [60, 81, 165] H7: HA has 
positive impact 
on the elderly’s 
intention to use 
mHealth

[110, 111]

H8: HA has 
positive impact 
on the elderly’s 
use behavior of 
mHealth

Service Quality 
(SQ)

[60, 82, 84, 85, 
111, 112]

H9: SQ has 
positive impact 
on the elderly’s 
intention to use 
mHealth

[113–115]

H10: SQ has 
positive impact 
on the elderly’s 
use behavior of 
mHealth

Quality of Life 
(QL)

[46, 49, 74, 82, 
116, 117, 134, 
161, 166, 167]

H11: QL has 
positive impact 
on the elderly’s 
intention to use 
mHealth

[73]

H12: QL has 
positive impact 
on the elderly’s 
use behavior of 
mHealth

Behavioral 
Intention (BI)

[77, 81, 
119–121, 164]

H13: BI has 
positive impact 
on the elderly’s 
use behavior of 
mHealth

[81, 119]

Use Behavior 
(UB)

[81, 120] [164]
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Appendix 2: Items’ loadings

BI EE FC HA HM PE PV QL SI SQ UB

BI1 0.936

BI2 0.963

BI3 0.957

EE1 0.931

EE2 0.930

EE3 0.885

EE4 0.938

FC1 0.818

FC2 0.728

FC3 0.891

HA1 0.915

HA2 0.928

HA3 0.957

HM1 0.908

HM2 0.923

HM3 0.949

PE1 0.879

PE2 0.930

PE3 0.950

PE4 0.950

PE5 0.924

PE6 0.907

PV1 0.936

PV2 0.928

PV3 0.943

QL1 0.829

QL2 0.887

QL3 0.844

QL4 0.840

QL5 0.813

QL6 0.698

QL7 0.728

QL8 0.661

SI1 0.938

SI2 0.908

SI3 0.896

SQ1 0.877

SQ2 0.956

SQ3 0.928

SQ4 0.945

SQ5 0.938

SQ6 0.927

UB1 0.814

UB2 0.933

UB3 0.909

UB4 0.902

Appendix 3: Variance inflation factors (VIFs)

VIF

BI1 3.890

BI2 6.379

BI3 5.756

EE1 5.747

EE2 5.414

EE3 4.383

EE4 5.523

FC1 1.564

FC2 1.851

FC3 1.599

H1 3.274

H2 3.605

H3 5.119

HM1 2.882

HM2 3.430

HM3 3.957

PE1 7.648

PE2 9.912

PE3 7.669

PE4 7.535

PE5 5.594

PE6 5.366

PV1 3.702

PV2 3.486

PV3 4.019

QL1 3.090

QL2 3.484

QL3 3.071

QL4 2.904

QL5 2.424

QL6 1.886

QL7 2.068

QL8 1.806

SI1 3.671

SI2 2.547

SI3 2.909

SQ1 3.543

SQ2 9.052

SQ3 5.207

SQ4 7.805

SQ5 6.699

SQ6 5.551

UB1 1.851

UB2 3.939

UB3 4.433

UB4 4.013
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Appendix 4: f2 values

BI UB

BI 0.036

EE 0.016
FC 0.014
HA 0.605 0.036

HM 0.038
PE 0.002
PV 0.047
QL 0.003 0.116

SI 0.038
SQ 0.124 0.622

UB

Acknowledgements
The authors gratefully acknowledge the technical and financial support by 
School of Business and Tourism (SBaT), Southern Cross University, Aus-
tralia and University of Dhaka, Bangladesh.

Author contributions
All authors contributed equally in conceptualizing and designing the study, 
collecting and analyzing required information, and developing the draft 
version and final version of the paper. All authors read and approved the final 
manuscript.

Funding
This work was supported by the seed research grant of School of Business and 
Tourism (SBaT), Southern Cross University, under Grant No. (31496) and Uni-
versity of Dhaka, Bangladesh.

Availability of data and materials
The datasets generated and analyzed during the current study are stored in 
our database and will be publicly available.

Declarations

Ethics approval and consent to participate
This study received ethical approval from Southern Cross University Human 
Research Ethics Committee guided by Australian National Statement of Ethical 
Conduct in Human Research 2007 with Approval Number ECN-14–283. There 
is ethical clearance body in Bangladesh, Bangladesh Medical Research Council 
(BMRC), for health-related studies. However, they are established to handle 
ethics matters only for purely medical research purposes, such as clinical trial 
for a new medication. This study was not intended for purely medical research 
but for investigating the adoption and usage of mobile health technology 
intervention among elderlies. Moreover, all authors of the paper born and 
raised in Bangladesh possess a rich understanding of age groups’ local dyna-
mism and culture. The respondents were required to read (or the interviewer 
to read it to them) the information sheet and the consent form and signed (or 
thumb printed) the same.

Consent for publication
Not applicable.

Competing interests
There is no conflict of interest in the submission of this paper.

Author details
1 School of Science and Engineering, Southern Cross University, Gold Coast, 
Australia. 2 Faculty of Management Studies & Commerce, University of Jaffna, 
Jaffna, Sri Lanka. 3 Department of Banking and Insurance, University of Dhaka, 

Dhaka, Bangladesh. 4 Department of Management Information Systems, 
University of Dhaka, Dhaka, Bangladesh. 

Received: 27 November 2021   Accepted: 28 March 2022

References
	 1.	 Guner H, Acarturk C. The use and acceptance of ICT by senior citizens: 

a comparison of technology acceptance model (TAM) for elderly and 
young adults. Univ Access Inf Soc. 2020;19:311–30.

	 2.	 Tripathi AD, Mishra R, Maurya KK, Singh RB, Wilson DW. The role of 
functional food security in global health. Amsterdam: Elsevier; 2019. p. 
3–24.

	 3.	 WHO. Social Determinants of Health: Health Systems. (2013).
	 4.	 Ortman JM, Velkoff VA, Hogan H. An aging nation: the older popula-

tion in the United States. United States Census Bureau, Economics and 
Statistics Administration, US Department of Commerce, 2014.

	 5.	 He W, Goodkind D, Kowal PR. An aging world: 2015. (2016).
	 6.	 Kabir R, Khan HT, Kabir M, Rahman MT. Population ageing in Bangla-

desh and its implication on health care. Eur Sci J. 2013;9:34–47.
	 7.	 Barikdar A, Ahmed T, Lasker SP. The situation of the elderly in Bangla-

desh. Bangladesh J Bioeth. 2016;7:27–36.
	 8.	 Sarwono S. Care Relations in Southeast Asia: The Family and Beyond 

by Patcharawalai Wongboonsin and Jo-Pei Tan (eds). Bijdragen tot 
de taal-, land-en volkenkunde/J Humanit Soc Sci Southeast Asia. 
2020;176:181–3.

	 9.	 Pinto JM, Fontaine AM, Neri AL. The influence of physical and mental 
health on life satisfaction is mediated by self-rated health: A study with 
Brazilian elderly. Arch Gerontol Geriatr. 2016;65:104–10.

	 10.	 Foltz-Gray, D. Most Common Causes of Hospital Admissions for Older 
Adults, <https://​www.​aarp.​org/​health/​docto​rs-​hospi​tals/​info-​03-​2012/​
hospi​tal-​admis​sions-​older-​adults.​html> (2012).

	 11.	 Unicef. Caring for the elderly during the COVID-19 pandemic, <https://​
www.​unicef.​org/​india/​stori​es/​caring-​elder​ly-​during-​covid-​19-​pande​
mic> (2020).

	 12.	 Gabbard C, Robinson K, Fox A. A Program to improve reach estimation 
and reduce fall risk in the elderly. Geriatrics (Basel). 2016;1:14. https://​
doi.​org/​10.​3390/​geria​trics​10200​14.

	 13.	 Eckardt M, Brettschneider C, Bussche H, König HH. Analysis of health 
care costs in elderly patients with multiple chronic conditions 
using a finite mixture of generalized linear models. Health Econ. 
2017;26:582–99.

	 14.	 Wolff JL, Spillman BC, Freedman VA, Kasper JD. A national profile of 
family and unpaid caregivers who assist older adults with health care 
activities. JAMA Intern Med. 2016;176:372–9. https://​doi.​org/​10.​1001/​
jamai​ntern​med.​2015.​7664.

	 15.	 Li F, Otani J. Financing elderly people’s long-term care needs: Evidence 
from C hina. Int J Health Plan Manag. 2018;33:479–88.

	 16.	 Das AV, Rani PK, Vaddavalli PK. Tele-consultations and electronic medi-
cal records driven remote patient care: Responding to the COVID-19 
lockdown in India. Indian J Ophthalmol. 2020;68:1007–12. https://​doi.​
org/​10.​4103/​ijo.​IJO_​1089_​20.

	 17.	 Hoque R, Sorwar G. Factors influencing mHealth acceptance among 
elderly people in Bangladesh. Preprint http://​arxiv.​org/​abs/​1606.​00874 
(2016).

	 18.	 Anderson-Lewis C, Darville G, Mercado RE, Howell S, Di Maggio S. 
mHealth technology use and implications in historically underserved 
and minority populations in the United States: systematic literature 
review. JMIR Mhealth Uhealth. 2018;6: e128.

	 19.	 Drubin C. Horizon House Publications INC 685 Canton St, Norwood, MA 
02062 USA, 2014.

	 20.	 Sandoval C, Fuentes C, Montero C, Bustos J, Jordan M. Towards a 
mHealth prototype to support integrated health care for elderly in 
Chilean Patagonia. A design case. IEEE Latin Am Trans. 2014;12:54–61.

	 21.	 Deng Z, Mo X, Liu S. Comparison of the middle-aged and older 
users’ adoption of mobile health services in China. Int J Med Inform. 
2014;83:210–24. https://​doi.​org/​10.​1016/j.​ijmed​inf.​2013.​12.​002.

	 22.	 Gilbert BJ, et al. The role of mobile health in elderly populations. Curr 
Geriatr Rep. 2015;4:347–52.

https://www.aarp.org/health/doctors-hospitals/info-03-2012/hospital-admissions-older-adults.html
https://www.aarp.org/health/doctors-hospitals/info-03-2012/hospital-admissions-older-adults.html
https://www.unicef.org/india/stories/caring-elderly-during-covid-19-pandemic
https://www.unicef.org/india/stories/caring-elderly-during-covid-19-pandemic
https://www.unicef.org/india/stories/caring-elderly-during-covid-19-pandemic
https://doi.org/10.3390/geriatrics1020014
https://doi.org/10.3390/geriatrics1020014
https://doi.org/10.1001/jamainternmed.2015.7664
https://doi.org/10.1001/jamainternmed.2015.7664
https://doi.org/10.4103/ijo.IJO_1089_20
https://doi.org/10.4103/ijo.IJO_1089_20
http://arxiv.org/abs/1606.00874
https://doi.org/10.1016/j.ijmedinf.2013.12.002


Page 19 of 21Palas et al. BMC Medical Informatics and Decision Making          (2022) 22:191 	

	 23.	 Urena R, Gonzalez-Alvarez A, Chiclana F, Herrera-Viedma E, Moral-
Munoz J. a. Amsterdam: IOS-Press; 2018.

	 24.	 Safdari R, Shams Abadi AR, Pahlevany Nejad S. Improve health of 
the elderly people with M-health and technology. Iran J Ageing. 
2018;13:288–99.

	 25.	 Park HS, Cho H, Kim HS. Development of a multi-agent m-health 
application based on various protocols for chronic disease self-man-
agement. J Med Syst. 2016;40:36.

	 26.	 Do Q, Tran S, Robinson K. In: Computational science and computational 
intelligence (CSCI), 2015 International Conference on. Pp. 806–809 
(IEEE).

	 27.	 Coleman A. Medication adherence of elderly citizens in retirement 
homes through a mobile phone adherence monitoring framework 
(Mpamf ) for developing countries: a case study in South Africa. Indian J 
Pharm Educ Res. 2014;48:6–11.

	 28.	 Tseng M-H, Wu H-C. A cloud medication safety support system using 
QR code and Web services for elderly outpatients. Technol Health Care. 
2014;22:99–113.

	 29.	 Jecan S, Arba R, Rusu L, Mocanu I. In: 2017 E-Health and Bioengineering 
Conference (EHB). pp. 309–312 (IEEE).

	 30.	 Yared R, Mallat HK, Abdulrazak B. In: International conference on infor-
mation and communication technologies for ageing well and e-health. 
pp. 35–56 (Springer).

	 31.	 Ahmed T, et al. eHealth and mHealth initiatives in Bangladesh: a scop-
ing study. BMC Health Serv Res. 2014;14:260. https://​doi.​org/​10.​1186/​
1472-​6963-​14-​260.

	 32.	 Parker SJ, Jessel S, Richardson JE, Reid MC. Older adults are mobile too! 
Identifying the barriers and facilitators to older adults’ use of mHealth 
for pain management. BMC Geriatr. 2013;13:43.

	 33.	 Baig MM, Gholamhosseini H, Connolly MJ. Mobile Health. Berlin: 
Springer; 2015. p. 299–317.

	 34.	 Bock JG, Haque Z, McMahon KA. Displaced and dismayed: how ICTs are 
helping refugees and migrants, and how we can do better. Inf Technol 
Dev. 2020;26:1–22.

	 35.	 Meng F, Guo X, Peng Z, Lai KH, Zhao X. Investigating the adoption of 
mobile health services by elderly users: trust transfer model and survey 
study. JMIR Mhealth Uhealth. 2019;7: e12269. https://​doi.​org/​10.​2196/​
12269.

	 36.	 Wildenbos GA, Peute L, Jaspers M. Aging barriers influencing mobile 
health usability for older adults: a literature based framework (MOLD-
US). Int J Med Inform. 2018;114:66–75. https://​doi.​org/​10.​1016/j.​ijmed​
inf.​2018.​03.​012.

	 37.	 Cajita MI, Hodgson NA, Lam KW, Yoo S, Han HR. Facilitators of and 
barriers to mHealth adoption in older adults with heart failure. Comput 
Inform Nurs. 2018;36:376–82. https://​doi.​org/​10.​1097/​CIN.​00000​00000​
000442.

	 38.	 Amarakoon P, Hewapathirana R, Dissanayake VH. Digital Health. Amster-
dam: Elsevier; 2021. p. 123–42.

	 39.	 Zhang X, Zaman BU. Adoption mechanism of telemedicine in underde-
veloped country. Health Inform J. 2020;26:1088–103.

	 40.	 Chib A, van Velthoven MH, Car J. mHealth adoption in low-resource 
environments: a review of the use of mobile healthcare in developing 
countries. J Health Commun. 2015;20:4–34.

	 41.	 Hoque R, Sorwar G. Understanding factors influencing the adoption of 
mHealth by the elderly: an extension of the UTAUT model. Int J Med 
Inform. 2017;101:75–84. https://​doi.​org/​10.​1016/j.​ijmed​inf.​2017.​02.​002.

	 42.	 Kaium, M. A., Bao, Y., Alam, M. Z. & Hoque, M. R. Understanding continu-
ance usage intention of mHealth in a developing country. Int J Pharm 
Healthc Mark (2020).

	 43.	 Alam MZ, Hu W, Barua Z. Using the UTAUT model to determine factors 
affecting acceptance and use of mobile health (mHealth) services in 
Bangladesh. J Stud Soc Sci (2018);17(2).

	 44.	 Tahnia, R. The rise of telemedicine in modern healthcare, <http://​bbf.​
digit​al/​the-​rise-​of-​telem​edici​ne> (2020).

	 45.	 Afrin S, Arifuzzaman M. e-Health in developing countries: Bangladeshi 
perspective. Int J Eng Adv Technol (IJEAT) 2020;9.

	 46.	 Vichitvanichphong S, Talaei-Khoei A, Kerr D. In: Proceedings of the 50th 
Hawaii international conference on system sciences.

	 47.	 Alaiad A, Alsharo M, Alnsour Y. The determinants of m-health adoption 
in developing countries: an empirical investigation. Appl Clin Inform. 
2019;10:820–40.

	 48.	 Crico C. et al. mHealth and telemedicine apps: in search of a common 
regulation. Ecancermedicalscience 2018;12.

	 49.	 Chou CC, Chang CP, Lee TT, Chou HF, Mills ME. Technology acceptance 
and quality of life of the elderly in a telecare program. Comput Inform 
Nurs. 2013;31:335–42. https://​doi.​org/​10.​1097/​NXN.​0b013​e3182​95e5ce.

	 50.	 Shen GC. How quality of life affects intention to use social network-
ing sites: Moderating role of self-disclosure. J Electron Commer Res. 
2015;16:276–89.

	 51.	 Chen K, Chan AHS. Gerontechnology acceptance by elderly Hong Kong 
Chinese: a senior technology acceptance model (STAM). Ergonomics. 
2014;57:635–52.

	 52.	 Vululleh P. Determinants of students’e-learning acceptance in develop-
ing countries: an approach based on Structural equation modeling 
(SEM). Int J Educ Dev Using ICT 2018;14.

	 53.	 Aboelmaged M, Hashem G, Mouakket S. Predicting subjective well-
being among mHealth users: a readiness–value model. Int J Inf Manag. 
2021;56: 102247.

	 54.	 Oppong E, Hinson RE, Adeola O, Muritala O, Kosiba JP. The effect of 
mobile health service quality on user satisfaction and continual usage. 
Total Qual Manag Bus Excell. 2021;32:177–98.

	 55.	 Javed SA, Ilyas F. Service quality and satisfaction in healthcare sector of 
Pakistan—the patients’ expectations. Int J Health Care Qual Assur. 2018.

	 56.	 Eze E, Gleasure R, Heavin C. Planning and positioning mHealth interven-
tions in developing countries. Health Policy Technol. 2019;8:137–42.

	 57.	 van Heerden A, et al. Perceived mHealth barriers and benefits for 
home-based HIV testing and counseling and other care: qualitative 
findings from health officials, community health workers, and persons 
living with HIV in South Africa. Soc Sci Med. 2017;183:97–105.

	 58.	 Kim K-H, Kim K-J, Lee D-H, Kim M-G. Identification of critical quality 
dimensions for continuance intention in mHealth services: case study 
of onecare service. Int J Inf Manag. 2019;46:187–97.

	 59.	 Park J, Lee J, Lee H, Truex D. Exploring the impact of communication 
effectiveness on service quality, trust and relationship commitment in 
IT services. Int J Inf Manag. 2012;32:459–68.

	 60.	 Dagger TS, Sweeney JC, Johnson LW. A hierarchical model of health 
service quality: scale development and investigation of an integrated 
model. J Serv Res. 2007;10:123–42.

	 61.	 Nisha N. Exploring the dimensions of mobile banking service quality: 
Implications for the banking sector. Int J Bus Anal (IJBAN). 2016;3:60–76.

	 62.	 BBS. Bangladesh Statistics 2018. (2018).
	 63.	 Jandavath RKN, Byram A. Healthcare service quality effect on patient 

satisfaction and behavioural intentions in corporate hospitals in India. 
Int J Pharm Healthc Mark. 2016.

	 64.	 Zobair KM, Sanzogni L, Sandhu K. Telemedicine healthcare service 
adoption barriers in rural Bangladesh. Aust J Inf Syst. 2020;24.

	 65.	 Khatun F, Heywood AE, Ray PK, Bhuiya A, Liaw S-T. Community readi-
ness for adopting mHealth in rural Bangladesh: a qualitative explora-
tion. Int J Med Inform. 2016;93:49–56.

	 66.	 Shiferaw KB, Mengiste SA, Gullslett MK, Zeleke AA, Tilahun B, Tebeje 
T, Wondimu R, Desalegn S, Mehari EA. Healthcare providers’ accept-
ance of telemedicine and preference of modalities during COVID-19 
pandemics in a low-resource setting: An extended UTAUT model. Plos 
one. 2021;16(4):e0250220.

	 67.	 Khan T, Khan KD, Azhar MS, Shah SN, Uddin MM, Khan TH. Mobile 
health services and the elderly: Assessing the determinants of technol-
ogy adoption readiness in Pakistan. J Publ Affairs. 2021;e2685.

	 68.	 Moudud-Ul-Huq S, Swarna RS, Sultana M. Elderly and middle-aged 
intention to use m-health services: an empirical evidence from a devel-
oping country. J Enabl Technol. 2021;15(1):23–39.

	 69.	 Alam MM, Alam MZ, Rahman SA, Taghizadeh SK. Factors influenc-
ing mHealth adoption and its impact on mental well-being dur-
ing COVID-19 pandemic: A SEM-ANN approach. J Biomed Inform. 
2021;116:103722.

	 70.	 Alam MZ, Hoque MR, Hu W, Barua Z. Factors influencing the adoption 
of mHealth services in a developing country: A patient-centric study. 
Int J Inf Manag. 2020;50:128–43.

	 71.	 Bandura A. Human agency in social cognitive theory. Am Psychol. 
1989;44:1175–84. https://​doi.​org/​10.​1037/​0003-​066x.​44.9.​1175.

	 72.	 Thompson RL, Higgins CA, Howell JM. Personal computing: toward a 
conceptual model of utilization. MIS Q. 1991;125–143.

https://doi.org/10.1186/1472-6963-14-260
https://doi.org/10.1186/1472-6963-14-260
https://doi.org/10.2196/12269
https://doi.org/10.2196/12269
https://doi.org/10.1016/j.ijmedinf.2018.03.012
https://doi.org/10.1016/j.ijmedinf.2018.03.012
https://doi.org/10.1097/CIN.0000000000000442
https://doi.org/10.1097/CIN.0000000000000442
https://doi.org/10.1016/j.ijmedinf.2017.02.002
http://bbf.digital/the-rise-of-telemedicine
http://bbf.digital/the-rise-of-telemedicine
https://doi.org/10.1097/NXN.0b013e318295e5ce
https://doi.org/10.1037/0003-066x.44.9.1175


Page 20 of 21Palas et al. BMC Medical Informatics and Decision Making          (2022) 22:191 

	 73.	 Ajzen I. The theory of planned behavior. Organ Behav Hum Decis 
Process. 1991;50:179–211.

	 74.	 Taylor S, Todd PA. Understanding information technology usage: a test 
of competing models. Inf Syst Res. 1995;6:144–76.

	 75.	 Bagozzi RP. The self-regulation of attitudes, intentions, and behavior. 
Soc Psychol Q. 1992;178–204.

	 76.	 Moore GC, Benbasat I. Diffusion and adoption of information technol-
ogy. Berlin: Springer; 1996. p. 132–46.

	 77.	 Venkatesh V, Morris MG, Davis GB, Davis FD. User acceptance of infor-
mation technology: toward a unified view. MIS Q. 2003;425–478.

	 78.	 Marchewka JT, Kostiwa K. An application of the UTAUT model for 
understanding student perceptions using course management soft-
ware. Commun IIMA. 2007;7:10.

	 79.	 Lin CP, Anol B. Learning online social support: an investigation of 
network information technology based on UTAUT. Cyberpsychol Behav. 
2008;11:268–72. https://​doi.​org/​10.​1089/​cpb.​2007.​0057.

	 80.	 Nuq PA, Aubert B. Towards a better understanding of the intention to 
use eHealth services by medical professionals: the case of developing 
countries. Int J Healthc Manag. 2013;6:217–36.

	 81.	 Venkatesh V, Thong JY, Xu X. Consumer acceptance and use of informa-
tion technology: extending the unified theory of acceptance and use 
of technology. MIS Q. 2012;157–178.

	 82.	 Akter S, D’Ambra J, Ray P, Hani U. Modelling the impact of mHealth 
service quality on satisfaction, continuance and quality of life. Behav Inf 
Technol. 2013;32(12):1225–41.

	 83.	 Akter S, Ray P, D’Ambra J. Continuance of mHealth services at the bot-
tom of the pyramid: the roles of service quality and trust. Electron Mark. 
2013;23:29–47.

	 84.	 Akter S, D’Ambra J, Ray P. Service quality of mHealth platforms: develop-
ment and validation of a hierarchical model using PLS. Electron Mark. 
2010;20:209–27.

	 85.	 Akter S, Ray P, D’Ambra J. Viewing systems as services: the role of service 
quality. (2011).

	 86.	 Pai F-Y, Huang KI. Applying the technology acceptance model to the 
introduction of healthcare information systems. Technol Forecast Soc 
Chang. 2011;78(4):650–60.

	 87.	 Carlsson B. Internationalization of innovation systems: A survey of the 
literature. Res Policy. 2006;35:56–67.

	 88.	 Sun Y, Wang N, Guo X, Peng Z. Understanding the acceptance of 
mobile health services: a comparison and integration of alternative 
models. J Electron Commer Res. 2013;14:183.

	 89.	 Lee J, Rho MJ. Perception of influencing factors on acceptance of 
mobile health monitoring service: a comparison between users and 
non-users. Healthc Inform Res. 2013;19:167–76.

	 90.	 Chang I-C, Hwang H-G, Hung W-F, Li Y-C. Physicians’ acceptance of 
pharmacokinetics-based clinical decision support systems. Expert Syst 
Appl. 2007;33:296–303.

	 91.	 Boontarig W, Chutimaskul W, Chongsuphajaisiddhi V, Papasratorn B. 
Factors influencing the Thai elderly intention to use smartphone for 
e-Health services. In: 2012 IEEE symposium on humanities, science and 
engineering research 2012. (pp. 479-483). IEEE.

	 92.	 Lu J, Yao JE, Yu C-S. Personal innovativeness, social influences and adop-
tion of wireless internet services via mobile technology. J Strateg Inf 
Syst. 2005;14:245–68.

	 93.	 Wills MJ, El-Gayar OF, Bennett D. Examining healthcare professionals’ 
acceptance of electronic medical records using UTAUT. Issues Inf Syst. 
2008;9:396–401.

	 94.	 Nisha N, Iqbal M, Rifat A, Idrish S. Exploring the role of service quality 
and knowledge for mobile health services. Int J E-Bus Res (IJEBR). 
2016;12:45–64.

	 95.	 Yin M, Li Q, Qiao Z. In: Proceedings of the 18th annual international 
conference on electronic commerce: e-Commerce in smart connected 
world. 13 (ACM).

	 96.	 Mun YY, Jackson JD, Park JS, Probst JC. Understanding information tech-
nology acceptance by individual professionals: toward an integrative 
view. Inf Manag. 2006;43:350–63.

	 97.	 Bhattacherjee A, Hikmet N. Reconceptualizing organizational support 
and its effect on information technology usage: evidence from the 
health care sector. J Comput Inf Syst. 2008;48:69–76.

	 98.	 Cimperman M, Makovec Brencic M, Trkman P. Analyzing older users’ 
home telehealth services acceptance behavior-applying an Extended 

UTAUT model. Int J Med Inform. 2016;90:22–31. https://​doi.​org/​10.​
1016/j.​ijmed​inf.​2016.​03.​002.

	 99.	 Thong JY, Hong S-J, Tam KY. The effects of post-adoption beliefs on the 
expectation-confirmation model for information technology continu-
ance. Int J Hum Comput Stud. 2006;64:799–810.

	100.	 Van der Heijden H. User acceptance of hedonic information systems. 
MIS Q. 2004;695–704.

	101.	 Brown SA, Venkatesh V. Model of adoption of technology in house-
holds: a baseline model test and extension incorporating household 
life cycle. MIS Q. 2005;399–426.

	102.	 Childers TL, Carr CL, Peck J, Carson S. Hedonic and utilitarian motiva-
tions for online retail shopping behavior. J Retail. 2001;77:511–35.

	103.	 Aria R, Archer NP. The role of support and sustainability elements in the 
adoption of an online self-management support system for chronic 
illnesses. 2016.

	104.	 Wilkowska W, Brauner P, Ziefle M. Age-sensitive eHealth applications in 
smart homes. 2016.

	105.	 Dodds WB, Monroe KB, Grewal D. Effects of price, brand, and store 
information on buyers’ product evaluations. J Mark Res. 1991; 307–319.

	106.	 Yuan S, Ma W, Kanthawala S, Peng W. Keep using my health apps: 
discover users’ perception of health and fitness apps with the UTAUT2 
model. Telemed e-Health. 2015;21:735–41.

	107.	 Limayem M, Hirt SG, Cheung CM. How habit limits the predictive power 
of intention: the case of information systems continuance. MIS Q. 
2007;705–737.

	108.	 Kim YJ, Ban DJ. Prevalence of irritable bowel syndrome, influence of 
lifestyle factors and bowel habits in Korean college students. Int J Nurs 
Stud. 2005;42:247–54. https://​doi.​org/​10.​1016/j.​ijnur​stu.​2004.​06.​015.

	109.	 Kondrat J. Understanding asymmetries in ict acceptance at individual 
use in Poland: the UTAUT2 theory combined with attitude, privacy risk, 
perceived security, (2017).

	110.	 Grönroos C. A service quality model and its marketing implications. Eur 
J Mark. 1984;18:36–44.

	111.	 Parasuraman A, Zeithaml VA, Berry LL. Servqual: A multiple-item scale 
for measuring consumer perc. J Retail. 1988;64:12.

	112.	 Voss CA, Roth AV, Rosenzweig ED, Blackmon K, Chase RB. A tale of two 
countries’ conservatism, service quality, and feedback on customer 
satisfaction. J Serv Res. 2004;6:212–30.

	113.	 Ferrans CE, Powers MJ. Psychometric assessment of the quality of life 
Index. Res Nurs Health. 1992;15:29–38. https://​doi.​org/​10.​1002/​nur.​
47701​50106.

	114.	 Dagger TS, Sweeney JC. The effect of service evaluations on behavioral 
intentions and quality of life. J Serv Res. 2006;9:3–18.

	115.	 Choi H, Lee M, Im KS, Kim J. Contribution to quality of life: a new out-
come variable for mobile data service. J Assoc Inf Syst. 2007;8:598.

	116.	 Srite M. Culture as an explanation of technology acceptance differ-
ences: an empirical investigation of Chinese and US users. Aust J Inf 
Syst. 2006;14.

	117.	 Srite M, Karahanna E. The role of espoused national cultural values in 
technology acceptance. MIS Q. 2006;679–704.

	118.	 Alaiad A, Zhou L. In: 2015 48th Hawaii international conference on 
system sciences. pp. 824–833 (IEEE).

	119.	 Venkatesh V, Davis FD. A theoretical extension of the technol-
ogy acceptance model: four longitudinal field studies. Manag Sci. 
2000;46(2):186–204.

	120.	 Kijsanayotin B, Pannarunothai S, Speedie SM. Factors influencing health 
information technology adoption in Thailand’s community health 
centers: applying the UTAUT model. Int J Med Inform. 2009;78:404–16. 
https://​doi.​org/​10.​1016/j.​ijmed​inf.​2008.​12.​005.

	121.	 Han S, Mustonen P, Seppanen M, Kallio M. Physicians’ acceptance of 
mobile communication technology: an exploratory study. Int J Mobile 
Commun. 2006;4(2):210–30.

	122.	 Hossain MR. Aging in Bangladesh and its population projections. Pak J 
Soc Sci. 2005;3(1):62–7.

	123.	 Islam MN, Nath DC. A future journey to the elderly support in Bangla-
desh. J Anthropol. 2012;2012.

	124.	 Ghorai K, Jahan S, Ray P, Chylinski M. In: 24th Australasian conference on 
information systems (ACIS). RMIT University, pp. 1–11. Islam MZ. 87pc 
households use mobile. The Daily Star. 2016.

	125.	 Mohiuddin AK. Tele-pharmacists’ prospects in pandemic situations: a 
Bangladesh scenario. Int J Coronaviruses. 2020;1:19–30.

https://doi.org/10.1089/cpb.2007.0057
https://doi.org/10.1016/j.ijmedinf.2016.03.002
https://doi.org/10.1016/j.ijmedinf.2016.03.002
https://doi.org/10.1016/j.ijnurstu.2004.06.015
https://doi.org/10.1002/nur.4770150106
https://doi.org/10.1002/nur.4770150106
https://doi.org/10.1016/j.ijmedinf.2008.12.005


Page 21 of 21Palas et al. BMC Medical Informatics and Decision Making          (2022) 22:191 	

•
 
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: 

	126.	 Islam, M. Z. 87pc households use mobile, <https://​www.​theda​ilyst​ar.​
net/​front​page/​87pc-​house​holds-​use-​mobile-​20065​6#:​~:​text=​Besid​es%​
2C%​203.​14%​20cro​re%​20hou​sehol​ds%​20hav​e,has%​20done%​20such%​
20a%​20sur​vey.> (2016).

	127.	 Express, F. Over 166m mobile phone subscribers in country: BTRC, 
<https://​thefi​nanci​alexp​ress.​com.​bd/​natio​nal/​over-​166m-​mobile-​
phone-​subsc​ribers-​in-​count​ry-​btrc-​15855​62560> (2020).

	128.	 Khan MN, Mondal MNI, Hoque N, Islam MS, Shahiduzzaman M. A study 
on quality of life of elderly population in Bangladesh. Am J Health Res. 
2014;2:152–7.

	129.	 Chowdhury ME, Shiblee SI, Jones HE. Does mHealth voice messaging 
work for improving knowledge and practice of maternal and newborn 
healthcare? BMC Med Inform Decis Mak. 2019;19:179.

	130.	 Bangladesh S. Reality check Bangladesh 2009-Listening to poor peo-
ple’s realities about primary healthcare and primary education-year 3. 
Dhaka: Swedish International Development Agency; 2010.

	131.	 Alam MZ. mHealth in Bangladesh: current status and future develop-
ment. Int Technol Manag Rev. 2018;7:112–24.

	132.	 BSS. Mobile health service aiding millions to get instant health advice, 
<http://m.​thein​depen​dentbd.​com/​home/​print​news/​228847> (2019).

	133.	 Hernandez K. Barriers to digital services adoption in Bangladesh. 2019.
	134.	 Whoqol Group. Development of the World health organization 

WHOQOL-BREF quality of life assessment. Psychol Med. 1998;28:551–8.
	135.	 Götz O, Liehr-Gobbers K, Krafft M. Handbook of partial least squares. 

Berlin: Springer; 2010. p. 691–711.
	136.	 Chin WW. Handbook of partial least squares. Berlin: Springer; 2010. p. 

655–90.
	137.	 Hair JF, Ringle CM, Sarstedt M. PLS-SEM: indeed a silver bullet. J Mark 

Theory Pract. 2011;19:139–52.
	138.	 Taheri B, Olya H, Ali F, Gannon MJ. Understanding the influence of 

airport servicescape on traveler dissatisfaction and misbehavior. J Travel 
Res. 2020;59:1008–28. https://​doi.​org/​10.​1177/​00472​87519​877257.

	139.	 Ragin CC, Strand SI, Rubinson C. User’s guide to fuzzy-set/qualitative 
comparative analysis. University of Arizona 2008;87.

	140.	 A gevall, O. et al. (Chicago/London: University of Chicago Press, 2008).
	141.	 Mehran J, Olya HG. Canal boat tourism: application of complexity 

theory. J Retail Consum Serv. 2020;53: 101954.
	142.	 Hair J, Anderson R, Tatham R, Black W. New Jersey: Prentice Hall. Google 

Scholar, 1995.
	143.	 Henseler J, Ringle CM, Sinkovics RR. New challenges to international 

marketing. Bingley: Emerald Group Publishing Limited; 2009. p. 
277–319.

	144.	 Kline RB. Principles and practice of structural equation modeling (3. 
Baskı), vol. 14. New York, NY: Guilford; 2011. p. 1497–513.

	145.	 Yusif S, Hafeez-Baig A, Soar J, Teik DOL. PLS-SEM path analysis to deter-
mine the predictive relevance of e-Health readiness assessment model. 
Heal Technol. 2020;10:1497–513.

	146.	 Hair JF, Ringle CM, Sarstedt M. Partial least squares structural equation 
modeling: rigorous applications, better results and higher acceptance. 
Long Range Plan. 2013;46:1–12.

	147.	 Wong KK-K. Mediation analysis, categorical moderation analysis, and 
higher-order constructs modeling in Partial least squares structural 
equation modeling (PLS-SEM): a B2B example using SmartPLS. Mark 
Bull. 2016;26:1–22.

	148.	 Chin WW. The partial least squares approach to structural equation 
modeling. Mod Methods Bus Res. 1998;295:295–336.

	149.	 Cohen J. Statistical power analysis Jbr the behavioral. Sciences. Hillsdale 
(NJ): Lawrence Erlbaum Associates, 1988;18–74.

	150.	 Guo X, Sun Y, Wang N, Peng Z, Yan Z. The dark side of elderly accept-
ance of preventive mobile health services in China. Electron Mark. 
2013;23:49–61.

	151.	 Hennington A, Janz BD. Information systems and healthcare XVI: physi-
cian adoption of electronic medical records: applying the UTAUT model 
in a healthcare context. Commun Assoc Inf Syst. 2007;19:5.

	152.	 Phichitchaisopa N, Naenna T. Factors affecting the adoption of health-
care information technology. EXCLI J. 2013;12:413–36.

	153.	 Maiga G, Namagembe F. In: IST-Africa conference proceedings, 2014. 
pp. 1–12 (IEEE).

	154.	 Ndayizigamiye P, Maharaj M. In: 2016 IEEE Global humanitarian technol-
ogy conference (GHTC). pp. 613–623 (IEEE).

	155.	 Shareef MA, Ahmed JU, Kumar V, Kumar U. Health Care delivery and 
clinical science: concepts, methodologies, tools, and applications, IGI 
Global, 2018. pp. 980–993.

	156.	 Vanneste D, Vermeulen B, Declercq A. Healthcare professionals’ accept-
ance of BelRAI, a web-based system enabling person-centred recording 
and data sharing across care settings with interRAI instruments: a 
UTAUT analysis. BMC Med Inform Decis Mak. 2013;13:129. https://​doi.​
org/​10.​1186/​1472-​6947-​13-​129.

	157.	 Liu L, et al. What factors determine therapists’ acceptance of new tech-
nologies for rehabilitation–a study using the Unified Theory of Accept-
ance and Use of Technology (UTAUT). Disabil Rehabil. 2015;37:447–55.

	158.	 Ndayizigamiye P, Kante M, Shingwenyana S. An adoption model of 
mHealth applications that promote physical activity. Cogent Psychol. 
2020;7:1764703.

	159.	 Byomire G, Maiga G. In: IST-Africa conference, 2015. pp. 1–8 (IEEE).
	160.	 Kim SS, Malhotra NK. A longitudinal model of continued IS use: an inte-

grative view of four mechanisms underlying postadoption phenomena. 
Manag Sci. 2005;51:741–55.

	161.	 Dwivedi YK, Shareef MA, Simintiras AC, Lal B, Weerakkody V. A gen-
eralised adoption model for services: a cross-country comparison of 
mobile health (m-health). Gov Inf Q. 2016;33:174–87.

	162.	 Ifinedo P. In: System science (HICSS), 2012 45th Hawaii international 
conference on. pp. 2937–2946 (IEEE).

	163.	 Ferreira SM, Sayago S, Blat J. Going beyond telecenters to foster the 
digital inclusion of older people in Brazil: lessons learned from a rapid 
ethnographical study. Inf Technol Dev. 2016;22:26–46.

	164.	 Davis FD, Venkatesh V. Toward preprototype user acceptance testing of 
new information systems: implications for software project manage-
ment. IEEE Trans Eng Manag. 2004;51:31–46.

	165.	 Sripalawat J, Thongmak M, Ngramyarn A. M-banking in metropolitan 
Bangkok and a comparison with other countries. J Comput Inf Syst. 
2011;51:67–76.

	166.	 Srite M. The influence of national culture on the acceptance and use of 
information technologies: an empirical study. In: AMCIS 1999 Proceed-
ings, 355 (1999).

	167.	 Sheppard BH, Hartwick J, Warshaw PR. The theory of reasoned action: a 
meta-analysis of past research with recommendations for modifications 
and future research. J Consum Res. 1988;15:325–43.

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

https://www.thedailystar.net/frontpage/87pc-households-use-mobile-200656#:~:text=Besides%2C%203.14%20crore%20households%20have,has%20done%20such%20a%20survey
https://www.thedailystar.net/frontpage/87pc-households-use-mobile-200656#:~:text=Besides%2C%203.14%20crore%20households%20have,has%20done%20such%20a%20survey
https://www.thedailystar.net/frontpage/87pc-households-use-mobile-200656#:~:text=Besides%2C%203.14%20crore%20households%20have,has%20done%20such%20a%20survey
https://www.thedailystar.net/frontpage/87pc-households-use-mobile-200656#:~:text=Besides%2C%203.14%20crore%20households%20have,has%20done%20such%20a%20survey
https://thefinancialexpress.com.bd/national/over-166m-mobile-phone-subscribers-in-country-btrc-1585562560
https://thefinancialexpress.com.bd/national/over-166m-mobile-phone-subscribers-in-country-btrc-1585562560
http://m.theindependentbd.com/home/printnews/228847
https://doi.org/10.1177/0047287519877257
https://doi.org/10.1186/1472-6947-13-129
https://doi.org/10.1186/1472-6947-13-129

	Factors influencing the elderly’s adoption of mHealth: an empirical study using extended UTAUT2 model
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Literature review
	Quality of life
	Service quality
	Extension of UTAUT​

	Theoretical framework and hypotheses
	Performance expectancy (PE)
	Effort expectancy (EE)
	Social influence (SI)
	Facilitating condition (FC)
	Hedonic motivation (HM)
	Price value (PV)
	Habit (HA)
	Service quality (SQ)
	Quality of life (QL)
	Behavioral intention (BI) and use behavior (UB)

	Methodology
	Setting the context
	Questionnaire design
	Data collection
	Data analysis

	Results
	Characteristics of sample
	Assessment of measurement model
	Assessment of structural model
	Overall fit of the estimated model
	Coefficient of determination (R2)

	Hypotheses testing
	Predictive relevance (Q2) and model’s effect sizes (f2)
	FsQCA results
	Necessary conditions for m-health intentions and usage behaviour
	Sufficient analysis for m-health intentions
	Sufficient analysis for m-health intentions
	Sufficient analysis for usage behaviour of m-health


	Discussion
	Theoretical implications
	Managerial implications

	Conclusions
	Limitations and future research directions

	Acknowledgements
	References


