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Abstract

Background: Rural communities face unique challenges including limited healthcare access, financial constraints, and health
disparities. These challenges result in shortages of healthcare professionals, insufficient health literacy, socio-cultural dynamics,
geographical isolation, transportation difficulties, economic constraints, and inconsistent doctor-patient relationships, collectively
contributing to barriers to accessing healthcare in rural areas. However, interventional research focused on overcoming barriers
to access healthcare services in rural areas remains limited.

Objective: This study assessed the effectiveness of a multicomponent intervention in increasing the hospital arrival and
treatment rate of anti-osteoporosis medication (AOM), and the risk factors leading to the refusal of therapy in a rural community.

Methods: Overall, 567 patients were randomly assigned to three groups: multicomponent integrated care (MIC), osteoporosis
care only (OC), and usual care (UC). Five interventions were implemented in the MIC and OC groups: medical professionals and
specialists, enhancing disease knowledge, overcoming geographic barriers, peer support, and dedicated case managers. However,
only medical professionals and specialists, enhancing disease knowledge and a portion of overcoming geographic barriers were
included in the UC group.

Results: In the MIC group, 116 patients were admitted to hospital, with 85 (73.3%) visiting and 68 (58.6%) receiving AOM after
interventions. In the OC group, 153 patients were referred to the hospital, of whom 124 (81 %) visited and 106 (69.3%) received
AOM after intervention. However, in the UC group, only six (4.1%) visited and received AOM, of the 146 participants
recommended for hospital after our screening. Significant differences were found between the MIC and UC groups regarding the
proportion of patients who visited the hospital (P<.001) and those who received AOM (P<.001). Significant differences were
also observed between the OC and UC groups (P<.001, P<.001, respectively). Multivariable logistic modeling identified risk
factors hindering hospital visits, including male sex (odds ratio (OR) 3.54; 95% CI 1.46–8.59; P=.005), low education (OR 2.46;
95% CI 1.14–5.32; P=.02), multiple disabilities (OR 2.18; 95% CI 1.05–4.51; P=.04), and osteopenia diagnosis (OR 2.3; 95% CI
1.15–4.61; P=.02).

Conclusions: Our findings underscore the importance of supporting patients in accessing rural healthcare services, in addition to
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integrating professionals and specialists, and improving disease knowledge. We emphasize the need for multiple interventions to
enhance osteoporosis treatment rates in rural communities. Clinical Trial: ClinicalTrials.gov NCT05104034
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Addressing  Healthcare  Disparities  and  Improving  Osteoporosis
Management in Rural Communities: A Randomized Control Trial

Abstract
Background:  Rural  communities  face  unique  challenges  including  limited  healthcare  access,
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financial  constraints,  and  health  disparities.  These  challenges  result  in  shortages  of  healthcare
professionals,  insufficient  health  literacy,  socio-cultural  dynamics,  geographical  isolation,
transportation  difficulties,  economic  constraints,  and  inconsistent  doctor-patient  relationships,
collectively contributing to barriers to accessing healthcare in rural areas. However,  interventional
research focused on overcoming barriers to access healthcare services in rural areas remains limited.
Objective: This study assessed the effectiveness of a multicomponent intervention in increasing the
hospital  arrival  and treatment  rate  of  anti-osteoporosis  medication (AOM),  and the risk factors
leading to the refusal of therapy in a rural community.
Methods:  Overall, 567 patients were randomly assigned to three groups: multicomponent integrated
care (MIC), osteoporosis care only (OC), and usual care (UC). Five interventions were implemented
in  the MIC and OC groups:  medical professionals and specialists, enhancing disease knowledge,
overcoming geographic barriers, peer support, and dedicated case managers. However, only medical
professionals and specialists, enhancing disease knowledge and a portion of overcoming geographic
barriers were included in the UC group.
Results: In the MIC group, 116 patients were admitted to hospital, with 85 (73.3%) visiting and 68
(58.6%) receiving AOM after interventions. In  the OC group, 153 patients were  referred to the
hospital, of whom 124 (81 %) visited and 106 (69.3%) received AOM after intervention. However,
in  the  UC  group,  only  six  (4.1%)  visited  and  received  AOM, of  the  146  participants
recommended for hospital after our screening. Significant differences were found between the
MIC and UC groups regarding the proportion of patients who visited the hospital (P<.001) and
those who received AOM (P<.001). Significant differences were also observed between the OC and
UC groups (P<.001,  P<.001, respectively). Multivariable logistic modeling identified risk factors
hindering hospital visits, including male sex (odds ratio (OR) 3.54; 95% CI 1.46–8.59; P=.005), low
education (OR 2.46; 95% CI 1.14–5.32; P=.02), multiple disabilities (OR 2.18; 95% CI 1.05–4.51;
P=.04), and osteopenia diagnosis (OR 2.3; 95% CI 1.15–4.61; P=.02).
Conclusions:  Our  findings  underscore  the  importance  of  supporting  patients  in  accessing  rural
healthcare services, in addition to integrating professionals and specialists, and improving disease
knowledge. We emphasize the need for multiple interventions to enhance osteoporosis treatment
rates in rural communities.

Trial Registration: ClinicalTrials.gov NCT05104034

Keywords:  rural  healthcare  access;  healthcare  disparities;  multicomponent  intervention;
osteoporosis intervention.

Introduction

Rural  regions  face  unique  challenges  that  negatively  impact  health  outcomes,  including  limited
access  to  medical  care,  lower  income,  and  a  higher  prevalence  of  medical  conditions  such  as
diabetes,  end-stage  renal  disease,  and cancer  [1].  These challenges  often result  in  poorer  health
outcomes for rural residents compared to their urban or suburban counterparts [2]. Despite ongoing
efforts to improve healthcare accessibility in rural areas, issues such as financial constraints and
substandard healthcare quality persist [3], exacerbating health disparities. Consequently, addressing
healthcare access in rural areas has garnered significant attention in recent decades, with extensive
research and discussions focused on finding solutions [3,4].
Several  barriers  impede  access  to  healthcare  in  rural  communities.  These  include  shortages  of
healthcare  professionals  [4-7],  insufficient  health  literacy  [6,8],  socio-cultural  dynamics  [4,6],
geographical remoteness [6-9], transportation difficulties [4,6,9,10], economic constraints [4,8], and
inconsistent doctor-patient rapport  [6,11]. The lack of  healthcare professionals in rural  areas is a
major  challenge,  with  a  shortage  of  physicians,  pharmacists,  and  nurse  practitioners  [12,13].
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Therefore,  strategies  for  recruiting  and  retaining  professionals  in  rural  areas  are  imperative.
Moreover,  health  literacy  deficits  are  prevalent  in  these  regions  [14-16],  often  leading  to
compromised  health  management.  From  a  positive  perspective,  this  barrier  can  be ameliorated
through appropriate education, as reported by Fernandez et al. [17]. 
The vast geographical span of rural settings make transportation a pivotal concern. Extended travel
durations coupled with limited public transportation availability hinder healthcare access, resulting in
delays, rescheduling, and lapses in medication adherence [10]. As highlighted by Brundisini et al.,
geographical  factors  increase  health  risks  for  rural  residents  [6].  Furthermore,  to  address
transportation  barriers  affecting  rural  communities,  a  previous  review article  emphasized  that
achieving  equal  access  to  high-quality  chronic  disease  care  and  reducing  geographic  disparities
necessitates the design and implementation of customized, multilevel interventions [18].
Both  the  National  Academy  of  Medicine  in  the  United  States  and  the  Council  of  Science  and
Technology in the United Kingdom have underscored the crucial role of community-based health
promotion  and  disease  prevention  initiatives  [19,  20].  These  programs  aim  to  alleviate  health
challenges  and  social  burdens associated  with  an  aging  population  within  healthcare  systems
constrained by limited resources. However, there remains a requirement for further interventional
research focused on overcoming barriers to access healthcare services in rural areas. 
Therefore,  this  study  aimed  to  assess  the  effectiveness  of  a  multicomponent  intervention  in
increasing the hospital arrival and treatment rate  of  anti-osteoporosis medication (AOM). We used
osteoporosis as a case study, given its increasing prevalence [21] as a result of the aging population,
which  is  representative  of  other  common  chronic  conditions.  Concurrently,  we  endeavored  to
explore  the  barriers  preventing  older  individuals  from  pursuing  medical  care,  even  after
comprehensive intervention and support.

Methods

Design and setting:

The Healthy Longevity and Aging in Place (HOPE) study is a two-year, open-label, three-armed
cluster  randomized  controlled  trial  conducted  in  a  rural  community.  The  study  commenced  in
November 2021 and is scheduled for completion by the end of 2023. The HOPE study aims to
provide community-based integrated care, with the goal of improving  quality-adjusted life years
and preventing disability.  Our  interdisciplinary team comprised orthopedic and rehabilitation
doctors,  pharmacists,  physical  therapists,  dietitians,  research  nurses,  and other  professionals.  We
delivered integrated, multifaceted healthcare services; addressed issues such as osteoporosis,
sarcopenia, and polypharmacy. Additionally, we provided support for exercise and nutrition to
enhance  the  overall  well-being  of  rural  residents,  both  physically  and mentally.  This  article
reports  the  one-year  outcomes  of  the  osteoporosis  intervention  within  the  HOPE  study
(Supplement  figure  1.).  This  article  adheres  to  the  Consolidated  Standards  of  Reporting  Trials
(CONSORT)-Outcomes 2022 Extension [22]. 

Recruitment

The trial was conducted in Yunlin County, a rural area in Taiwan known for being one of the most
aged counties, with residents mainly engaged in agriculture and holding a relatively lower average
incomes  [23,  24].  Our  participants  were  sourced  from  community-dwelling  elderly  individuals
participating  in  activities  at  congregated meal  service  (CMS) centers.  Established by the Yunlin
government, CMS centers are typically conveniently located near participants' residences compared
to  hospitals,  and  they  serve  dual  functions  of  providing  affordable  lunches  for  the  elderly  and
fostering their  community involvement.  As of April  2020, 110 CMS centers had been set  up in
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Yunlin, catering to approximately 7,232 seniors daily, 5 days a week. The supportive environment
and  well-established  infrastructure  make  CMS  centers  suitable  venues  for  healthcare  delivery
programs and social engagement, including those in our trial.

Inclusion criteria

Rural residents aged 50 years or older who participated in the CMS were eligible to participate in
the trial. Our recruitment strategy was all-encompassing, aiming not only to target high-risk elderly
individuals, but also to include those in the low- and medium-risk strata. The overarching goal
was to prevent the onset of disabilities and age-associated ailments across diverse subsets of elderly
individuals.

Exclusion criteria

Elderly  individuals with severe cognitive dysfunction, rendering them incapable of lucid self-
expression, or those identified as terminally ill  with a life expectancy of  three months or less
were  excluded.  Life  expectancy  was  estimated  by  two  of  the  authors,  a  cardiologist  and  a
geriatrician, respectively.

Ethical consideration

The  design  and  execution  of  the  study  adhered  to  the  ethical  principles  of  the  Declaration  of
Helsinki.  This  trial  was  approved  by  the  Institutional  Review  Board  of  the  National  Taiwan
University  Hospital  (protocol  ID:  202106076RIND)  and  registered  at  ClinicalTrials.gov
(NCT05104034). Informed consent was obtained from all participants before starting the trial.

Randomization

Cluster  randomization  was  employed  to  allocate  CMS  centers  into  three  randomized  groups:
multicomponent Integrated care (MIC), osteoporosis care only (OC), and usual care (UC), using a
computer-generated random allocation sequence to achieve an allocation ratio at the individual level
of 1:1:1. The MIC group benefited from the holistic program targeting osteoporosis, sarcopenia, and
polypharmacy. The OC group underwent osteoporosis care mirroring that of the MIC group  but was
devoid of additional interventions. Participants in the UC group underwent data collection with
minimal intervention, a step taken to uphold ethical standards. Following randomization, inclusion
and  exclusion  criteria  were  applied  to  identify  suitable  individuals,  and  informed  consent  was
obtained. 

Blinding

While statistical analyses were performed by a blinded statistician, logistical constraints necessitated
that the participants, investigators, and study nurses remain unblinded.

Baseline characteristics collection and comprehensive assessment

Sociodemographic information, including age, sex, comorbidities (Charlson comorbidity index was
also  utilized  [25]),  educational  attainment,  employment  status,  income,  and  marital  status,  was
documented at the beginning of the study. Data pertaining to the participants' lifestyles, including
smoking patterns,  alcohol consumption,  Activities of Daily Living (ADL) [26], and Instrumental
Activities of Daily Living (IADL) [27], were also gathered. Fracture risk was assessed employing the
Fracture Risk Assessment Tool (FRAX) [28]. The FRAX utilizes 11 clinical factors, including age,
sex, and fracture history, to estimate the 10-year probability of major osteoporotic fractures (such as
those in the spine, hip, forearm, and humerus) or hip fractures. A high fracture risk, as defined by the
FRAX,  occurs  when  the  10-year  hip  fracture  risk  is  equal  to  or  greater  than  3% or  the  major
osteoporosis risk is equal to or greater than 20%. FRAX is versatile and can be used with or without
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a  bone  mineral  density  (BMD)  scan,  providing  guidance  for  further  Dual-energy  X-ray
Absorptiometry (DEXA) or AOM treatment. The guideline also defines osteoporosis as a T-score of
≤-2.5 at the lumbar spine, total hip, or femoral neck, and osteopenia as a T-score between -2.5 and -1.
This information aids in determining the need for additional AOM [29].

Interventions

The  interventions  were  designed  to  optimize  participant  engagement  and  encourage  active
participation  in  seeking  treatment.  In  both  the  MIC  and  OC  groups,  five  interventions  were
implemented:  medical  professionals  and  specialists,  enhancing  disease  knowledge,  overcoming
geographic  barriers,  peer  support,  and  dedicated  case  managers.  However,  only  the  first  two
interventions and  mobile  DEXA units were implemented in  the UC group. Table 1 presents the
details of the five interventions used in our study.

Table 1. Specific interventions implemented in the three groups (MIC, OC, UC).
Multicomponent
integrated care

Osteoporosis
care only

Usual care

Medical Professionals and Specialists:
Osteoporosis  care experts  offered their  medical  insights.
For instance, these professionals assessed whether further
evaluation and treatment were necessary based on fracture
risk or BMD results [30].

✓ ✓ ✓

Enhancing Disease Knowledge:
Educational initiatives, such as a concise 15-min lecture
on  osteoporosis  by  Dr.  Fu,  were  conducted  to  enhance
participants' understanding of their condition and improve
their health literacy.

✓ ✓ ✓

Overcoming Geographic Barriers: 
a. A mobile DEXAa unit was utilized to obtain accurate
bone health results for the participants.
b. To  overcome  geographical  limitations,  we  provided
facilitated  transportation  to  a  hospital  for  individuals
requiring further examinations and treatment.

✓ ✓

✓c

Peer Support:
Anonymized presentation of BMD and fracture risk data
within  CMSb centers  encouraged  participants  to  engage
with their results and fostered peer discussions.

✓ ✓

Dedicated Case Managers:
Assigned  case  managers  offered  valuable  guidance  and
support,  ensuring  participants  had  seamless  access  to
hospital examinations and necessary treatments.

✓ ✓

aDEXA: Dual-energy X-ray Absorptiometry
bCMS: Congregated Meal Services
c Mobile DEXA services were also provided to the participants in the usual care group.

Individuals  assigned  to  the  UC  group  underwent  comprehensive  data  collection  encompassing
baseline  characteristics  and FRAX calculations.  Furthermore,  owing  to  ethical  considerations,  a
detailed  assessment  of  osteoporosis  status  was  provided,  accompanied  by  an  identical,  concise
osteoporosis lecture. No additional intervention was administered.
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Outcome ascertainment

The primary outcomes of this study were the proportion of participants who visited the outpatient
clinic and received definitive AOM treatment within the first year after screening. The differences in
these proportions among the three groups were analyzed.
We also explored several secondary outcomes. Our aim was to gauge the residents’ receptiveness
to treatment under diverse circumstances.
1. The immediate disclosure of fracture risk,  as determined by the FRAX following screening,

was intended to evaluate the comprehension of future fracture risk concepts among elderly
rural residents.

2. Delayed communication of BMD results by one month post screening aimed at assessing the
comprehension  and  significance  attributed  to  the  concept  of  osteoporosis  within  this
demographic.

Additionally,  we  sought  to  identify  factors  impeding  hospital  arrival  among  individuals
recommended for hospitalization.

Statistical analysis

We used the chi-square test to compare differences among the three groups regarding the proportion
of visits to the outpatient clinic and the proportion of patients who received AOM (MIC vs. UC, OC
vs. UC, and MIC vs. OC). 
For our secondary outcome, we focused on factors influencing the participants' hospital arrivals
within the MIC and OC groups. The UC group was excluded from the analysis due to incomplete
intervention.  Overall,  269 individuals  (116 in  the  MIC  group and  153  in  the  OC  group)  were
recommended to the hospital for further management, while 60 individuals did not achieve this even
after our robust interventions (Table 3). A multivariate logistic regression model was employed to
assess the risk factors hindering the elderly from receiving AOM therapy when deemed necessary.
Older  individuals  in  the  MIC and OC groups were included in  this  analysis,  and  their  baseline
characteristics were evaluated (Table 2).
All statistical analyses were conducted using SAS software, Version 9.4 (SAS Institute, Cary, NC,
USA), and two-sided statistical testing was performed with an α-significance level of 0.05.

Results

The 31 CMS centers were randomized into one of three groups: 1. MIC (11 CMS centers),  and 2.
OC (10 CMS centers), and 3. UC (10 CMS centers). One CMS in MIC group closed shortly after
randomization because of the COVID-19 pandemic and a  lack of financial  support (Supplement
figure 2.). Of the remaining participants in 30 CMS, 48 were excluded, and 70 refused to participate. 

Baseline characteristics

Among the 567 individuals included in the study (Table 2), 178, 201, and 188 were included in
the MIC, OC, and 188 in UC group, respectively. The participants had an average age 74.8 (SD
8.7),  and  460  (81.1%)  were  female.  Additionally,  157  (27.7%)  participants  were  illiterate,  212
(37.4%) had completed only elementary school, 116 (20.5%) were living alone, 355 (62.6%) were
retired, and 383 (67.5%) had a monthly disposable budget of less than 10,000 NTD (320 USD). As
for comorbidity, the participants had 1.4 (SD 1.2) comorbidities in average, and they had an average
3.9 (SD 1.3) points of Charlson comorbidity index. Of the total participants, only 11 (1.9%) were
current smokers and 41 (7.3%) consumed alcohol. The average ADL score among the participants
was 98.6 (SD 4.8), with males averaging a score of 4.9 (SD 0.3) and females averaging a score of 7.6
(SD 1.0).  Regarding  osteoporosis,  129  (22.8%)  participants  had  been  screened  for  osteoporosis
before  this  study,  17  (3.0%) had  been treated  in  the  past,  18  (3.2%) had been diagnosed  with
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osteoporosis  but  not  treated,  and  43  (7.6%)  had  received  current  osteoporosis  treatment.
According to the FRAX, 447 (78.8%) patients had a high-risk of fracture. After  the DEXA scan,
204 (36 %) of the 567 study patients had osteopenia, and 314 (55.4%) had osteoporosis. 
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Table 2. Baseline characteristics
Multicomponent integrated

care (n=178)
Osteoporosis care only

(n=201)
Usual care

(n=188)
Total

(N=567)

Sex (Female, %) 134 (75.3%) 173 (86.1%) 153 (81.4%) 460 (81.1%)
Age (mean, SD) 74.3 (SD 8.8) 74.4 (SD 8.6) 75.6 (SD 8.7) 74.8 (SD 8.7)
BMI (mean, SD) 24.7 (SD 3.3) 25.1 (SD 3.9) 24.3 (SD 3.8) 24.7 (SD 3.7)
Education

Illiteracy (n, %) 42 (23.6%) 51 (25.4%) 64 (34.0%) 157 (27.7%)
elementary school (n, %) 66 (37.1%) 74 (36.8%) 72 (38.3%) 212 (37.4%)

Living alone (n, %) 34 (19.1%) 40 (19.9%) 42 (22.3%) 116 (20.5%)
Retired (n, %) 116 (65.2%) 123 (61.2%) 116 (61.7%) 355 (62.6%)
Disposable budget
< NTDa $10,000 (US $320)b (n, %)

112 (62.9%) 135 (67.2%) 136 (72.3%) 383 (67.5%)

Comorbidity No. (mean, SD) 1.4 (SD 1.1) 1.4 (SD 1.2) 1.4 (SD 1.2) 1.4 (SD 1.2)
Fracture history (yes, %) 23 (12.9%) 35 (17.4%) 30 (16%) 88 (15.5%)
Charlson comorbidity index (mean, SD) 3.9 (SD 1.3) 3.9 (SD 1.3) 4.0 (SD 1.3) 3.9 (SD 1.3)
Current smoker (n, %) 3 (1.7%) 2 (1.0%) 6 (3.2%) 11 (1.9%)
Alcohol drinking (n, %) 18 (10.1%) 12 (6.0%) 11 (5.9%) 41 (7.3%)
ADLc (mean, SD) 98.5 (SD 5.3) 98.7 (SD 4.3) 98.7 (SD 5.0) 98.6 (SD 4.8)
IADLd (mean, SD) Me: 5.0 (SD 0.2)

Ff: 7.7 (SD 0.8)
M: 4.9 (SD 0.4)
F: 7.6 (SD 1.1)

M: 4.9 (SD 0.3)
F: 7.6 (SD 1.1)

M: 4.9 (SD 0.3)
F: 7.6 (SD 1.0)

Have been screened for osteoporosis (n, %) 42 (23.6%) 44 (21.9%) 43 (22.9%) 129 (22.8%)
Diagnosed osteoporosis but not treated (n, %) 8 (4.5%) 6 (3.0%) 4 (2.1%) 18 (3.2%)
Have been treated in the past (n, %) 2 (1.1%) 8 (4.0%) 7 (3.7%) 17 (3.0%)
Current osteoporosis treatment (n, %) 12 (6.7%) 12 (6.0%) 19 (10.1%) 43 (7.6%)
FRAXg high fracture risk (n, %) 134 (75.3%) 152 (75.6%) 161 (85.6%) 447 (78.8%)
Osteopenia (n, %) 66 (37.3%) 76 (38%) 62 (33%) 204 (36%)
Osteoporosis (n, %) 87 (48.9%) 115 (57.2%) 112 (59.6%) 314 (55.4%)

aNTD: New Taiwan Dollar. 
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bA currency exchange rate of NTD $1=US $0.032 is applicable.
cADL: Activities of Daily Living.
dIADL: Instrumental Activities of Daily Living.
eM: male.
fF: female.
gFRAX: Fracture Risk Assessment Tool.
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Evaluation outcomes

As shown in Table 3, a higher percentage of participants in the MIC and OC groups
(66.4%  (77/116) and  84.3%  (129/153),  respectively)  were  willing  to  receive  further
management after being informed of their BMD results and receiving a short talk than
those who only received their  FRAX results  (65.6% (76/116)  and 77.1% (118/201),
respectively).  The  UC  group  had  the  highest  initial  willingness  to  receive  further
management in the hospital (91.8% (134/153)), but the proportion of participants who
visited the outpatient clinic and received AOM was significantly lower than that in the
MIC  group  and  OC  group  without  the  aid  of  interventions  including  "facilitated
transportation," "peer support," and "dedicated case managers."
In the MIC group (Table 3,  Figure 1), 116 participants were recommended further
medical  management  in  hospitals.  Of  these,  73.3%  (85/116)  visited  the  outpatient
clinic after all interventions and 58.6% (68/116) received AOM. In the UC group, 146
participants were recommended further medical management in hospitals after receiving
the FRAX results; however, only 4.1% (6/146) visited the outpatient clinic and received
AOM. A significant difference was found between the MIC and UC groups in terms of
both the proportion of participants who visited the outpatient clinic (P<.001) and the
proportion of those who received AOM (P<.001). Comparable results were observed for
the OC and UC groups. In the OC group, 153 participants were recommended to the
hospital, and 81% (124/153) visited  the outpatient clinic after our intervention. Of
these,  69.3%  (106/153)  received  AOM.  The  results  remained  significant  when
comparing the OC group with the UC group (P<.001, P<.001, respectively). However, no
significant  differences  were  found  between  the  MIC  and  OC  groups, regardless  of
whether the participants visited the outpatient clinic or received AOM.
Figure 2 illustrates the most common reasons for participants not visiting hospitals after
being  informed  of  the  FRAX results.  The  top  two  reasons  were  disbelief  in  having
osteoporosis and the belief that osteoporosis does not necessitate treatment.

Table  3.  Willing  to  be  surveyed  in  hospital  and  receive  treatment  after  different
interventions.

Multicomponent
integrated care

(n=178)

Osteoporosis care
only

(n=201)

Usual care
(n=188)

Recommended to the hospitala 116 153 146
Willing  to  receive  further
management in hospitals

After FRAX reported 76/116 (65.6%) 118/153 (77.1%) 134/146 (91.8%)
After BMD & short talk 77/116 (66.4%) 129/153 (84.3%) Not asked

Final disposition
Visits to the outpatient clinic 85/116 (73.3%) 124/153 (81.0%) 6/146 (4.1%)
Received AOM 68/116 (58.6%) 106/153 (69.3%) 6/146 (4.1%)
aRecommended to the hospital: meeting the criteria for osteoporosis or FRAX fracture
risk.
bFRAX: Fracture Risk Assessment Tool
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cBMD: bone mineral density

Figure 1. Comparison of proportion of participants visit the outpatient clinic and received
treatment in three groups.
*** P <.001
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Figure  2:  Reasons  for  participants'  unwillingness  to  receive  further  management  in
hospitals. 

Table 4. Factors that prevent participants from going to the hospital.
Univariate P-value Multivariate P-value

ORa (95% CI) OR (95% CI)

Sex (male vs female) 3 (1.4, 6.42) .005 3.54 (1.46, 8.59) .005
Age (≥65 vs <65) 2.28 (0.51, 10.25) .28
Age (≥80 vs<80) 1.66 (0.92, 3) .09
BMI (18.5 BMI≦ ＜24 vs ≥24) 0.78 (0.44, 1.40) .41
Education

illiterate vs others 1.25 (0.67, 2.31) .48
elementary or below vs others 1.92 (0.99, 3.72) .05 2.46 (1.14, 5.32) .02

Living alone vs not living alone 0.82 (0.40, 1.67) .59
Retired vs employed 1.27 (0.68, 2.40) .45
Disposable budget <10,000 NTDb vs ≥10,000 1.41 (0.67, 2.96) .36
Comorbidity No. (≥3 vs <3) 0.5 (0.21, 1.18) .11 0.44 (0.18, 1.09) .08
Fracture history (yes vs no) 1.04 (0.5, 2.18) .92
Charlson comorbidity index (≥4 vs <4) 1.04 (0.56, 1.95) .90
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Current smoker (yes vs no) 1.73 (0.15, 19.4) .66
Alcohol drinking (yes vs no) 0 (0, 0) .99
ADLc (<100 vs 100) 1.79 (0.82, 3.92) .15
IADLd more than one disability 1.76 (0.93, 3.33) .08 2.18 (1.05, 4.51) .04
Have  been  screened  for  osteoporosis  (no  vs
yes)

0.89 (0.45, 1.77) .75

Previous osteoporosis diagnosis
(no vs yes (+/- treated))

0.79 (0.27, 2.29) .66

FRAXe moderate vs high fracture risk 1.70 (0.7, 4.18) .24
Osteopenia vs Osteoporosis 2.3 (1.25, 4.25) .007 2.30 (1.15, 4.61) .02

aOR: odds ratio.
bNTD:  New  Taiwan  Dollar.  A  currency  exchange  rate  of  NTD  $1=US  $0.032  is
applicable.
cADL: Activities of Daily Living.
dIADL: Instrumental Activities of Daily Living.
eFRAX: Fracture Risk Assessment Tool.

Based on the statistics provided in Table 4, male participants exhibit less willingness to
receive further hospital  management compared to females (OR 3.54; 95% CI 1.46 to
8.59;  P=.005).  Similarly,  participants  with  an  elementary  educational  level  or  below
display  reluctance  toward  hospital  management  compared  to  their  counterparts  with
higher  educational  degrees  (OR  2.46;  95%  CI  1.14–5.32;  P=.02).  Additionally,
individuals  grappling  with  one  or  more  disabilities  in  the  IADL  questionnaire
demonstrate disinclination toward hospital management compared to those without IADL
disabilities (OR 2.18; 95% CI 1.05–4.51; P=.04). Moreover, participants diagnosed with
osteopenia  show  hesitancy  toward  hospital  management  compared  to  those  with
osteoporosis (OR 2.3; 95% CI 1.15–4.61; P=.02).

Discussion

Principal findings

Rural  communities  face  unique  challenges,  such  as  limited  access  to  healthcare,
financial constraints, and health disparities [1-4]. These challenges results in shortages of
healthcare professionals  [4-7], insufficient health literacy [6,8], socio-cultural dynamics
[4,6],  geographical  remoteness  [6-9],  transportation  difficulties  [4,6,9,10],  economic
constraints  [4,8],  and  inconsistent  doctor-patient  relationships  [6,11],  collectively
contributing to barriers to accessing healthcare in rural areas. 
Our study highlights the positive impact of a multi-intervention approach in increasing
treatment willingness for chronic diseases such as osteoporosis within rural communities.
We found that a comprehensive strategy that encompasses a spectrum of interventions,
including  incorporating  medical  professionals  and  specialists,  heightened  disease
awareness,  surmounting  geographical  obstacles,  peer  support  networks,  and dedicated
case  management,  is  effective  in  addressing  healthcare  disparities.  Our  study  results
underscore the importance of each intervention component, as the absence of any could
compromise the efficacy of rural healthcare approaches and potentially lead to the failure
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of other intervention components. These findings align seamlessly with the core objective
of our study, robustly affirming the necessity for multifaceted interventions to improve
treatment adherence rates for chronic ailments such as osteoporosis in rural settings.
Our findings demonstrate that with solely three interventions,  encompassing “medical
professionals and specialists,” “enhancing disease knowledge,” and “mobile DEXA unit,”
implemented in the UC group, have minimal impact. Despite providing FRAX results,
BMD scores,  and osteoporosis  information,  only  4.1% of  patients  in  the  UC group
sought  follow-up  treatment.  Incorporating  interventions  such  as,  “facilitated
transportation,”  “peer  support,”  and  “dedicated  case  manager”  enhanced  outcomes.
Transportation interventions address rural health challenges and provide access to care.
In the MIC and OC groups, displaying BMD score rankings in the CMS centers fostered
peer  support  and  motivated  participants  to  pursue  treatment.  Case  managers  ensured
streamlined appointments and treatment. Notably,  interventions “medical professionals
and specialists” and “enhancing disease knowledge” remain pivotal irrespective of other
measures. The analysis revealed that osteopenia was a risk factor for reduced hospital
visits compared with patients diagnosed with osteoporosis (osteopenia vs. osteoporosis:
OR=2.3). Misconceptions about osteoporosis could have prevented participants from
seeking medical treatment, as illustrated in Figure 2. Awareness improved after the BMD
scores and health discussions in the MIC and OC groups. Importantly, some individuals
needing treatment  due  to  higher  fracture  risk  hesitate  due  to  “osteopenia”  instead  of
“osteoporosis”  BMD  scores.  The  term  “osteoporosis”  holds  more  weight  than  “hip
fracture>3% in 10 years,” increasing care-seeking behavior. Unlike the abstract notion of
fracture  risk,  the  public  familiarity  with  “osteoporosis”  encourages  action.  Multiple
interventions are crucial to boost the treatment of osteoporosis in rural areas.

Comparison with prior work

The  suitability  of  large-scale  community  fracture  risk  screening  RCTs,  commonly
employed in developed nations, for rural areas is hindered for several key reasons [31-
33]. First, the use of  the FRAX questionnaire requires  participants, particularly the
elderly, to be literate. However, approximately 27.7% of rural residents are illiterate, and
even those with  a basic education (37.4%) struggle  to understand the questionnaire.
Second,  participant  engagement  is  crucial;  however,  previous  trials  have  faced
challenges. In the SOS study, 24% dropped out before undergoing DEXA scans [32],
and the ROSE study observed a lack of interest in DEXA scans among 12%, with 17%
not attending [34]. Even in the SCOOP study [31], renowned for reducing hip fracture
incidence, the experimental group saw treatment rates of approximately 15% within the
first  year  and  approximately  24%  within  5  years,  still  demonstrating  relatively  low
proportions. Third, previous trials required a strong network of general practitioners or
family physicians for health education and consultation,  which were absent in rural
areas. Fourth, to apply these methods in other studies, we must address challenges related
to transportation and clinical registration obstacles. These issues are effectively tackled
by our interventions “facilitated transportation” and “dedicated case manager.” Through
the interventions introduced in our study, we increased the treatment proportions to 60–
70% in both the MIC and OC groups. This ratio significantly surpasses that of previous
studies  [31-33],  signifying a  potentially  enduring enhancement  of  bone health  among
elderly residents.
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Identifying hindering risk factors

We revealed that  participants who are male,  have an educational  level  of elementary
school or below, experience one or more IADL disabilities, or have osteopenia are less
willing to engage in hospital management.
Male sex emerged as the strongest risk factor  hindering rural residents from arriving at
outpatient clinics for osteoporosis treatment. Several studies have highlighted the lower
disease  screening  rates  among men compared  to  women [35-37].  Borkhoff  et al.
found that men have lower screening rates for both cancer and chronic diseases, such as
diabetes  and  high  cholesterol  [35].  Lo  et  al.  demonstrated  that  men  had  a  lower
participation  rate  in  three  consecutive  years  of  screening  invitations  compared  to
women.  However,  our  study  specifically  highlights  how  a  lower  educational  level,
particularly below elementary education, hinders hospital attendance. Hansen et al.
discovered that individuals with secondary education (>10 years) exhibited better
treatment persistence than those with primary education (> 10 years) [38]. Patients with
limited  education  demonstrated  lower  health  literacy,  thereby  reducing  their
inclination to seek hospital treatment [39]. Moreover, patients with multiple IADL
disabilities are less inclined to visit hospitals. Although few studies  have addressed
the link between IADL and osteoporosis treatment, some have associated physical
and mental activity with medication compliance [40,41]. Tomioka et al. pointed out
the  association  between  IADL  and  social  participation  [42],  and  some  studies
emphasized the interaction between IADL and physical and leisure activities [43,44],
thus emphasizing the multifaceted role of IADL. Furthermore, the term "osteopenia"
diminishes participants' health consciousness and willingness to seek medical care.
Contrasting "osteopenia" with "osteoporosis," we posit, weakens health awareness,
thereby reducing hospital visits. McHorney et al. reported that patients diagnosed with
osteopenia exhibited lower AOM adherence rates than those with osteoporosis [45].
Considering these insights, we propose that interventions aimed at increasing AOM
adherence should prioritize male sex, individuals with limited education (elementary or
lower), those with multiple IADL disabilities, and those diagnosed with osteopenia.

Limitations

It is challenging to ascertain the impact of each component, such as whether medical
professionals and specialists are more crucial than geographical barriers or dedicated case
managers. The UC group exhibited a lower proportion of individuals seeking medical
care without the latter three interventions. However, in the absence of the former two
interventions—medical professionals and specialists or Enhancing Disease Knowledge—
rural  community  residents may  have  a  limited understanding  of  osteoporosis,  thus
reducing their  likelihood of  prioritizing  and complying with  treatment.  Therefore,  all
intervention measures are indispensable.
Both MIC and OC groups underwent the same osteoporosis intervention. However, the
MIC group incorporated additional measures such as exercise or nutrition,  potentially
influencing their willingness to engage in osteoporosis interventions. Nevertheless, since
our osteoporosis interventions under multicomponent integrated care (MIC) commenced
earlier  than  the  other  measures,  patients  were  less  likely  to  be  impacted  by  these
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additional  interventions.  The  comparable  proportion  of  the  OC  group  receiving
osteoporosis  treatment  suggests  that  subsequent  interventions  in  the  MIC  did  not
significantly affect osteoporosis interventions.

Conclusions

Our intervention significantly increased hospital arrival and treatment rates for the MIC
and  OC  groups  compared  to  the  UC  group.  This  underscores  the  necessity  of
implementing  multiple  interventions  to  enhance  osteoporosis  treatment  rates  in  rural
areas. Identified risk factors hindering hospital visits include male sex, low education
level, multiple disabilities, and osteopenia diagnosis. Future studies should prioritize
investigating these factors to develop targeted strategies aimed at improving access to
osteoporosis  treatments  in  rural  communities.  Effectively  addressing  healthcare
access in  rural  areas requires diverse solutions,  such as bolstering  the healthcare
workforce, improving health literacy, fostering strong doctor-patient relationships,
and enhancing transportation options. Through collaborative efforts, we can ensure
equitable access to medical care regardless of the location.
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