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a b s t r a c t

Objectives: To examine the patient outcomes of a comprehensive health education plus village health
volunteer monitoring support program on older adults with knee osteoarthritis who are overweight and
have type 2 diabetes.
Methods: Quasi-experimental, two-group, pretest-posttest design was applied. Using random
geographic cluster sampling, older adults who met the inclusion criteria were assigned to two groups, 62
in the intervention group and 71 in the control group. The intervention group received the compre-
hensive health education plus village health volunteer monitoring support program. The control group
received only the comprehensive health education program. Study outcomes, including blood glucose
level, knee pain and range of motion, body weight, physical ability (Timed Up and Go Test), fatigue,
depressive symptoms, quality of sleep, and quality of life, were assessed at baseline, 3 months, and 6
months after enrollment and analyzed using descriptive statistics and multivariate analysis of variance.
Results: One hundred and ten participants completed the study (55 participants in each group). Most
patient outcomes in the two groups showed general improvement with statistical significance
(P � 0.001): pain decreased, physical ability improved, less depressive symptoms and fatigue, quality of
life and sleep improved. The interaction effect (the group and time) demonstrated statistically significant
differences between the intervention and control groups on pain, knee range of motion, and fatigue
according to each time follow-up (P < 0.001).
Conclusions: The comprehensive health education plus village health volunteer monitoring support
program promotes good patient outcomes in this population. The integrated health education resource
and support for older adults with knee osteoarthritis and type 2 diabetes is an effective, non-surgical
treatment that highlights professional nursing roles and non-professional rolesdvillage health volun-
teers. Nurses should consider implementing a health education plus monitoring support program to
mitigate the effects of chronic diseases and improve patients’ quality of life.
© 2022 The authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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What is known?

� Integrating theory, evidence, and resource-based health in-
terventions to promote health and equity for older adults with
chronic illness is a significant role for nurses in the community
and clinical practice.

� Comprehensive theoretical-based interventions to promote
healthy behaviors would be more impactful in reducing symp-
toms associated with knee osteoarthritis.
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� Less is known about integrating local healthcare resources to
improve outcomes and maintain adherence to healthy behav-
iors of older adults with knee osteoarthritis coexisting with
being overweight and type 2 diabetes.
What is new?

� Implementing comprehensive health education plus village
health volunteer monitoring supportdnon-surgical treat-
mentsdimproves patient outcomes in older adults with knee
osteoarthritis and type 2 diabetes who are overweight.

� Disseminating a health education intervention embedded in
community healthcare resources in a low-middle income
country highlights both health volunteers and nursing roles in
enhancing care quality for older adults with chronic illness.
1. Introduction

In older adults with knee osteoarthritis (KOA), there is a great
need to provide effective care for promoting health that goes
beyond hospitals or traditional services, particularly for those with
coexisting conditions. According to the prevalence and coexistence
of KOA, a common coexisting condition is type 2 diabetes mellitus
(T2DM), making KOA more difficult to manage [1e3]. T2DM not
only shares risk factors with osteoarthritis [4,5], but also its path-
ological pathways influence inflammation processes and increase
adverse outcomes [6]. Moreover, being overweight or obese is
prevalent in older adults with KOA and T2DM, and it aggravates the
risks of developing KOA symptoms and intensifying severity [4,5].
The combination of coexisting conditionsdT2DM and increased
body weightdare more likely to increase risks and alter joint
loading resulting in KOA. A combination of being overweight and
having T2DM seems to be a characteristic of older adults with KOA;
however, the pathogenic interplay among KOA, T2DM and being
overweight or obese is complex and remains elusive [4,7]. Thus,
effective management is needed to prevent disease progression
and promote health in this populationdolder adults with KOA and
T2DM who are overweight.

Older adults with KOA who both are overweight or obese and
have T2DM are prone to develop more physical and mental
suffering [8,9]. Common unfavorable health outcomes in this
population are pain, physical disability, depressive symptoms, sleep
disturbance, disability, and increased care demands and/or de-
pendency [1,8,9] that result in reduced quality of life (QOL) [10,11].
For severe KOA progression, surgery is often the treatment of
choice, yet the costs of care are substantial; and not all physical
function and mobility are regained [1]. Efficient management with
respect to individual situations is challenging for nurses and other
healthcare providers. Reducing the cost of care in addition to using
an effective non-surgical intervention (e.g., lifestyle modification
and quadriceps exercise) would be preferred to improve physical
functioning, alleviate mental suffering, and enhance the QOL for
this population [12]. Remarkably, consistent effort is required to
adhere to healthy behaviors; thus, considering the personal context
may lead to better care. Due to an individual’s perception of their
living situation pertaining to social norms, cultural and contextual
values, socio-cultural context, and environment affects both per-
sonal behaviors and QOL [13]. Therefore, comprehensive in-
terventions that combine socio-cultural aspects and available
community resources may improve adherence, thereby enhancing
long-term healthy behaviors and QOL. However, evidence has
demonstrated that current interventions lack comprehensiveness
and are less theoretically oriented [14]. Still, the value of the socio-
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cultural context for care and local community resources has
remained speculative for sustaining healthy behavior change and
promoting the QOL [15], particularly in overweight older adults
with KOA and T2DM who reside in Thailand.

Numerous multidimensional interventionsdmulticomponent
or multifactor interventionsdpromoting healthy behaviors and
QOL have been developed and led by nurses or a member of the
multidisciplinary team [16e19]. Interventions to promote healthy
behaviors (e.g., diet control, exercise, and lifestyle modification)
have been beneficial in reducing KOA problems as well as pro-
ducing enhanced joint health [17,18] and reducing the risk of
escalating knee pain [19] for better functional performance. These
types of interventions have also been effective for T2DM [16]. Thus,
ameliorating further chronic illness and delaying functional decline
and dependency for older adults with KOA who are overweight or
obese and T2DM would be optimal [20]. Continuing care with
compelling motivation is essential for promoting healthy behav-
iors; highly-motivated individuals are more likely to adhere to in-
terventions [16e19]. However, interventions that integrate family
involvement for enhanced motivation and healthy behavior change
may be less advantageous to older adults living alone with no
family support or equality of resources. Since dependent older
adults seem to increase, collaboration with the local healthcare
resourcesdhealthcare personneldmay have the edge over others
in monitoring, promoting health, and ensuring care equity [15].
Additionally, current evidence suggests that comprehensive health
education with theoretically based interventions is necessary for
improving care, particularly for the KOA population [14]. Thus,
applying comprehensive health education intervention with local
healthcare personnel may fill gaps in care. However, there is a
paucity of evidence evaluating health education interventions
monitored by local healthcare resources. What is not yet clear is the
impact of integrating local community resourcesdother healthcare
personnel such as village health volunteersdmonitoring health
outcomes. Therefore, providing interventions involving health ed-
ucation and care that integrates local healthcare resources (e.g.,
nurses and village health volunteers), especially in rural areas,
would make a valuable contribution in low to middle-income
countries.

Effective practical interventions to prevent dependency and
disability are essential for KOA in older adults; however, the pres-
ence of coexisting conditions makes KOA more challenging to
maximize care [1e3]. Thailand is similar to the worldwide popu-
lation regarding the complexity of KOA and coexisting con-
ditionsdT2DM and overweight/obesity. The prevalence of KOA in
Thailand has been shown to range from 9.0% to 64.7% depending on
the geographic area [2,3]. KOA mostly occurs with coexisting
morbidity, particularly T2DM. For T2DM, recent evidence revealed
that pathological pathwaysdchronic hyperglycemia and insulin
resistancedsignificantly influence the inflammation processes and
increase adverse outcomes in the osteoarthritis population [6].
Additionally, T2DM shares risk factors with osteoarthritis [4,5]; the
prevalence of older people diagnosed with both KOA and T2DM
continues to increase [1e3]. Notably, the conundrum of KOA and
T2DM seems more complex in overweight or obese older adults.
Evidence has demonstrated that older adults with KOA and T2DM
who are overweight or obese report greater KOA progression [21].
Obesity or being overweight is a significant risk factor influencing
pro-inflammatory chemicals and insulin resistance, which
contribute to the development and suffering of KOA and T2DM.
Hence, a person with KOA who experienced T2DM with increasing
body weight is more likely to increase the risk of severe arthritis
and altered joint loading resulting in a poor prognosis of KOA.
Suffering from KOA severity, chronic pain, and poor outcomes are
not only associated with, but also shared influenced by both T2DM
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and being overweight or obese [4e6]. Coexisting conditions of
T2DM and obesity or being overweight is predominant in older
adults with KOA leading to increased risk of dependency, long-term
care needs, and poor QOL. Although a few studies have been con-
ducted, the problems of older adults with KOA coexisting with
overweight/obese and T2DM have not been sufficiently explored
for improving care. Promoting health outcomes in this population
requires initiatives that go beyond hospital services; thus, incor-
porating community resources and inter-sector health service
collaborations may be essential. Hence, integrative interventions
that focus on risk factors, resource management, and sustaining
healthy behaviors to reduce the KOA burden are needed.

Many theory-informed behavior change interventions have
been broadly developed to enhance positive health outcomes
[18,22], but success in promoting sustainable healthy behaviors in
chronic illness seems more challenging. Of those interventions,
retention and intervention adherence are important issues for
older adults who undertake an intervention to change behavior and
improve health outcomes. However, the rate of adherence to
healthy behaviors, particularly exercise, tends to be low in Thailand
[22]. The social cognitive theory posits that enhancing adherence
and goal-oriented motivation should focus not only on individual
factors, but also on the environment and socio-structural factors for
strengthening long-term healthy behavior change [23]. Several
factors determine behavioral changes and are pivotal in promoting
health (e.g., the reciprocal associations between personal, envi-
ronmental, and behavioral factors) [24]. The core determinants that
translate into healthy behaviors in terms of health promotion and
disease prevention are knowledge, perceived self-efficacy,
perceived outcome expectations, goals, and socio-structural fac-
tors. Interventions that promote the adherence to achieve healthy
habits in older adults and that integrate community-based re-
sources and family members as socio-structural factors, may pro-
mote sustainable healthy behaviors.

Blending local community resources and socio-cultural contexts
may have more advantages in increased adherence and sustained
changes; notably, the availability of resources may vary across
geographical locations. Access to community-based resources in
Thailand comes from village health volunteers. Established in the
1960s, the health volunteers form part of Thailand’s comprehensive
health system [15]. The country is divided into regional geopolitical
units, the largest being provinces. Provinces are comprised of dis-
tricts and sub-districts, inwhich cities/villages are located. The sub-
districts have health promotion hospitals that provide primary
health care services. Affiliated with the health promotion hospitals
are the village health volunteers who provide support to villagers,
collaborate with health care providers, and are frontline workers in
promoting primary health care for community-dwelling pop-
ulations. Therefore, integrating the valuable community
resourceda village health volunteerdwith a health education
intervention might maximize cost-effective care [15]. As vital pri-
mary health community resources, the village health volunteers
monitor and support older adults in carrying out health behaviors
that achieve positive and sustainable health outcomes.

The social cognitive theory best explains the interactions be-
tween the individual, the environment, and their behavior and the
relationship of these factors in promoting behavior change. Several
intervention studies have used Bandura’s social cognitive theory as
a framework to guide behavior change, such as exercise, physical
activity, and nutritional consumption [25]. However, few studies
have examined these factors in older adults with KOA who are
overweight and have T2DM. Thus, the purpose of the study was to
evaluate effects of a comprehensive health education plus village
health volunteer monitoring support program on clinical and pa-
tient outcomes of community-dwelling, older adults with KOA
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coexisting with being overweight and T2DM in residents of
Thailand. More specifically, the study’s aim was to investigate the
interaction effects of intervention and times (6-month follow-up)
on outcomes of a comprehensive health education program that
included exercise (walking and muscle strengthening), and nutri-
tion plus village health volunteer monitoring support program. As
an intervention, comprehensive health education program was
integrated with the Thai village health volunteer monitoring sup-
port roles for primary and secondary prevention of KOAwith three-
time follow-ups.

2. Methods

2.1. Study design and setting

A quasi-experimental, cluster random assignment, two-group,
pretest-posttest research design was conducted in accordance
with the TREND statement. We randomly recruited community-
dwelling older adults with KOA from 12 sub-districts in a large
province in upper northeastern Thailand from January 2019 to
February 2019. Potential participants included older adults who
visited a local health promotion hospital for a health check-up and
those who were telephone screened by four nurse research assis-
tants. To avoid cross-contamination during the intervention, the 12
sub-districts were divided into two areas, southern and northern
parts. Based on geographical locations (southern or northern),
eligible participants were assigned to either the intervention or the
control group (Fig. 1).

2.2. Participants

The target population was Thai older adults, aged 60 years and
over, diagnosed with KOA using symptomatic criteria based on the
American Colleague of Rheumatology [26] (age �50 years, knee
pain, morning stiffness <30 min, and crepitation on knee motion),
diagnosed with T2DM controlled by oral medications, had a body
mass index of 23.00e24.99 kg/m2 (using Asian body mass index for
Thais), could perform activities of daily living independently, and
expressed willingness to volunteer for the study. Participants were
excluded if they had had knee surgeries (e.g., total knee arthro-
plasty, knee arthrotomy), secondary KOA (e.g., rheumatoid
arthritis), received a steroid or hyaluronic acid intra-articular knee
joint injections within the past 3 months, severe comorbidities
(e.g., history of myocardial infarction), cognitive impairment, or
high risk of falls (information obtained from screening health re-
cords of the health promotion hospital).

Using G*Power 3.1.9.2 for Windows, we estimated the sample
size to be 102 participants based on amedian effect size of 0.40 [18],
a significance level of 0.05, and a power of 0.80 [27]. With an
estimated 10% added to account for possible participant dropouts,
the targeted sample size was about 112 participants to be randomly
assigned to intervention and control groups.

2.3. Intervention protocol

The intervention of comprehensive health education plus
monitoring support from village health volunteers was developed
using social cognitive theory [23] and modified from a previous
study that had not included health volunteers [18]. For participants
in the intervention group, the study beganwith a 3-consecutive day
health education workshop (see Appendix A). Following the
workshop, the participants undertook an exercise regimen at least
3 days per week that consisted of brisk walking and quadriceps
muscle strengthening exercises, targeting both cardiovascular and
musculoskeletal systems. Participants established their preliminary



Fig. 1. Flow chart of setting and sample selection.
yAll eligible participants showed their interest in participating in the study. KOA ¼ knee osteoarthritis. DM ¼ diabetes mellitus. BMI ¼ body mass index.
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plans and goals to complete their exercise assignments. For the first
one to two weeks, participants exercised brisk walking for 20 min
per day for 3 days a week. The trained village health volunteers
(one per village with a total of 11 persons who were specifically
trained in how to support, assist, and monitor participants in
adhering to the study protocol with safety concerns) led the par-
ticipants in the brisk walking and muscle strengthening exercises,
then monitored and helped them to achieve their goals by acting as
peer walking or performing muscle strengthening with them.

In the third to fourth weeks, the walking exercise increased to
30 min per day for 3 days a week. In the fifth week through 6
months, the daily exercise increased in frequency to 30 min for 5
days a week, or 150 min a week, under the leadership and support
of the village health volunteers [16,18].

To strengthen muscles, participants performed 10 cycles of
strengthening quadriceps per session, with three sessions each day
for at least 3 days a week. Additionally, participants received
training on how to calculate caloric intake and were taught that
they should consume less than their daily caloric requirement, but
not under 5,040 kJ (1,200 kcal) daily [18]. To determine whether
they had met their goals, participants kept daily exercise and di-
etary logs with help from village health volunteers and family
members.

Participants in the control group also startedwith a 3-day health
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education workshop. After the workshop, they were encouraged to
follow the same regimen of brisk walking, muscle strengthening,
and dietary consumption outlined for the intervention group.
However, there were no village health volunteers to provide lead-
ership and support to ensure they met their goals. Family members
who wanted to attend the workshop and assist them could do so
independently. Additionally, safety concerns regarding any exercise
and walking were also emphasized during the 3-day health edu-
cation workshop.

2.4. Measures

2.4.1. Demographic characteristics and health information
questionnaire

A researcher-developed questionnaire elicited information
about participants’ demographic characteristics, including age, sex,
marital status, education level, sufficient incomes, exercise
behavior, and health status (e.g., comorbidities, knee pain self-
management, and strategies to control diabetes).

2.4.2. An Accu-Chek
An Accu-Chek (Roche Diagnostic, Thailand) is an instrument

that tests proximal sugar levels, reporting the average blood
glucose level in mg/dl. Blood was collected from the fingertip 1e2 h
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after breakfast. Blood glucose levels >180 mg/dl (10.0 mmol/L)
were considered high.

2.4.3. Numeric rating scale for pain
The pain scale was used to measure knee pain [28]. The self-

report 11-point scale is widely used in research and clinical prac-
tice. Participants were asked to rate their pain level over the pre-
vious 24 h on a scale from 0 (no pain) to 10 (worst pain). The scale
has shown good validity for measuring pain intensity [29].

2.4.4. A goniometer
A goniometer is a mechanical device to measure the range of

motion (ROM). It is comprised of three parts: a body that is
designed as a protractor, a stationary arm, and a moving arm. A
normal knee flexion range is 0 (full knee extension) to 140� (full
knee flexion). Since difficulty in knee flexion is a common symptom
of KOA, the degree of flexion is reported in this study.

2.4.5. The Timed Up and Go Test (TUGT)
The TUGTmeasures a person’s physical ability. Participants were

asked to rise from a chair, walk at a normal pace to a marked line
3 m away, then walk back and sit on the same chair. Higher scores
(time taken to complete the test) indicate worse physical ability.
The TUGT has excellent test-retest reliability (intraclass
coefficient ¼ 0.75) in patients with osteoarthritis [30].

2.4.6. Weight scale
A CAMRY BR 9807 personal weight scale (Camry Electronic Ltd.,

China) was used to measure body weight in kg. Participants
removed their shoes and other objects before standing on the scale.

2.4.7. The Multidimensional Assessment of Fatigue (MAF)
The MAF was used to assess fatigue. The 16-item self-

assessment tool contains four dimensions: severity, distress, de-
gree of interference in activities of daily living, and timing. Partic-
ipants were asked to recall their fatigue experience over the last
week; the score is calculated to provide a Global Fatigue Index that
ranges from 1 (no fatigue) to 50 (severe fatigue). Reported Cron-
bach’s a coefficients for the instrument range from 0.81 to 0.96 [31].

2.4.8. The Thai geriatric depression scale-15
The depression scale assesses depressive symptoms in older

adults. The scale comprises 15 yes-no items and includes positively
and negatively worded questions. Total scores can range from 0 to
15, with scores >5 indicating depressive symptoms. The scale’s
reported sensitivity, specificity, and internal consistency reliability
(Cronbach’s a) are 0.92, 0.87, and 0.82, respectively [32].

2.4.9. The Thai Pittsburgh Sleep Quality Index
This questionnaire assesses sleep quality. The seven compo-

nents contain 19 items. Each component was computedwith a total
score ranging from 0 (no difficulty) to 3 (severe difficulty). The
seven-component score was summed as a global score that can
range from 0 to 21, with higher scores indicating worse sleep
quality [33]. The index has excellent internal consistency (Cron-
bach’s a ¼ 0.83) and test-retest reliability (r ¼ 0.89).

2.4.10. The osteoarthritis knee and hip quality of life questionnaire
The questionnaire assesses the QOL in people with KOA. The

self-report 43-item scale contains five dimensions (physical activ-
ities, pain, mental health, social activities, and social support) and
three separate items related to relationship with a partner, sexu-
ality, and employment. The normalized total score ranges from
0 (worst possible QOL) to 100 (best possible QOL). Higher scores
reflect greater health-related QOL. The original version of the
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questionnaire showed satisfactory reliability for each dimension
(Cronbach’s a ranges from 0.72 to 0.96). The construct validity
(convergent and divergent validity) and reproducibility (intraclass
coefficient) were moderate to excellent [34]. Applying the com-
mittee approach, a professional translator and the principal
investigator (fluent in French and Thai) translated the question-
naire from French into Thai independently; then, the expert (a
linguist) adjust the disagreement. The reliability was tested by a
pilot test in 30 older adults similar to these study participants; the
internal consistency (Cronbach’s a) was 0.85.
2.5. Data collection

Outcomes of this study were obtained from self-report and
objective measures, medical equipment, and health information
questionnaires at baseline, 3 months, and 6 months later. The pa-
tient outcomes (blood glucose level, ROM, body weight, knee pain,
and TUGT) were assessed by trained research assistants (two
graduate nursing students) using standard medical equipment. The
patient-reported outcomes (fatigue, depressive symptoms, quality
of sleep, and QOL) were evaluated by standard measures. Partici-
pants who could not complete the 6-month assessment were not
included in the final analysis.
2.6. Data analysis

We analyzed descriptive and inferential statistics using SPSS for
Windows version 18.0 (SPSS Co., Ltd., Bangkok, Mahidol License).
During a preliminary examination of all variables, the datadblood
glucose levels, pain, and physical ability (TUGT)dwere different
between groups. Thus, these three variables should be assigned to
be covariates based on the standard assumption of multivariate
analysis of covariance (MANCOVA) analysis. However, the prior
analysis demonstrated non-linearity indicating a low association
between these covariate dependent variables, which was a viola-
tion for further analysis with MANCOVA [35]. Therefore, another
option for statistical analysis as multivariate analysis of variance
(MANOVA) is of concern for precision analysis.

The assumption for MANOVA was validated, and the findings
revealed the heterogeneity of covariance matrices between groups
and dependent variables (Box’s M Test ¼ 266.938, F ¼ 2.424,
P < 0.001). However, if differences in variances of the dependent
variables in each group were lesser than ten times, they were
considered normality. Accordingly, the MANOVA analysis was the
choice to investigate the effect of the intervention and the inter-
action effects on patient outcomes across and between the three
time periods [35].
2.7. Ethical consideration

This study was approved by the two institutional review boards
(IRBs) of the Faculty of Medicine Ramathibodi Hospital, Mahidol
University (Protocol # ID 07-59-23) and Nakhon Phanom Province
(Protocol # HE600020) before data collection began. The admin-
istrative heads of the villages allowed access to conduct research,
and the provincial public health office approved engaging the
village health volunteers. All participants signed written consents
after being informed orally and in writing about the study’s pur-
pose and protocol, the confidentiality of all data collected, and their
ability to withdraw without hindering access to health care
services.
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3. Results

3.1. Characteristics of participants

Of 119 participants who participated in the 3-day comprehen-
sive health education workshop, one dropped out of the interven-
tion group and eight left the control group (total dropout rate:
7.56%); no adverse events were found in both groups. Data were
analyzed for 110 participants (n ¼ 55 in each group).

In both groups, the majority of the participants were female
(Table 1). Most participants were between 60 and 74 years old, and
32 participants in each group (58.2%) had chronic illnesses other
than T2DM (e.g., metabolic syndrome). A somewhat greater per-
centage of participants in the intervention group had pain in both
knees. Of all participants’ general characteristics, only the age
category showed a statistical difference between intervention and
control groups at baseline.
Table 1
General and health characteristics of participants.

Characteristics Intervention Group
(n ¼ 55)

n %

Gender
Male 5 9.1
Female 50 90.9

Age (years)
60e74 52 94.5
75 and over 3 5.5

Marital status
Single 2 3.6
Spouse 34 61.9
Divorced/widowed 19 34.5

Educational level
Primary school 52 94.5
Secondary school and higher 3 5.5

Sufficient income
No 41 74.6
Yes 14 25.4

Comorbidities
Only diabetes mellitus 23 41.8
Metabolic syndrome and other like syndromes 32 58.2

Knee pain
One joint 10 18.2
Both joints 45 81.8

History of KOA treatment
No 28 50.9
Yes 27 49.1
Oral painkillera 24 43.6
Steroid injectiona 5 9.1
Physical therapya 1 1.8
Normal sitting position

Squat 14 25.4
Cross-legged 21 38.2
Sitting on chair/knee straight 20 36.4

Lifts heavy objects (3 kg)
Never 28 50.9
1e2 times/week 16 29.1
>2 times/week 11 20.0

Exercise behavior
None 13 23.6
Walking/jogging 26 47.3
Cycling 11 20.0
Aerobic/physical activity 5 9.1

Frequency of exercise
None 13 23.6
< 3 days/week 8 14.6
3e5 days/week 8 14.6
> 5 days/week 26 47.2

Note: a multiple answers. KOA ¼ knee osteoarthritis.
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3.2. Effects of the intervention on patient outcomes

Table 2 displays changes in the means of patient outcomes
across three time periods. Most patient outcomes in the two groups
showed general improvement with statistical significance across
time points (P � 0.001): pain decreased, physical ability improved,
less depressive symptoms and fatigue, quality of life and sleep
improved. The Bonferroni procedure was performed for multiple
comparison tests. The blood glucose level showed a trend to drop
and knee ROM showed a trend to increase by the 6-month follow-
up without statistical significance; body weight remained fairly
stable.

The MANOVA analysis showed a statistically significant inter-
action effect between groups and times indicating that differences
existed in the improvement trends of pain, knee ROM and fatigue
between the two groups (P < 0.001). Differences between the two
groups were revealed in blood glucose level, depressive symptoms,
fatigue and TUTG with statistical significance (P < 0.05).
Control Group (n¼ 55) c2 P

n %

1.930 0.165
10 18.2
45 81.8

9.565 0.002
40 72.7
15 27.3

0.530 0.912
3 5.5
36 65.5
16 29.0

1.089 0.297
49 89.1
6 10.9

0.049 0.825
42 76.4
13 23.6

0.000 1.000
23 41.8
32 58.2

3.793 0.051
19 34.5
36 65.5

0.328 0.567
25 45.5
30 54.5
30 54.5
8 14.5
3 5.5

3.954 0.267
10 18.2
24 43.6
21 38.2

1.223 0.747
29 52.8
13 23.6
13 23.6

5.803 0.326
15 27.3
20 36.4
17 30.9
3 5.4

4.305 0.366
15 27.3
11 20.0
13 23.6
16 29.1



Table 2
Means and standard deviations of the study variables across time (n1 ¼ n2 ¼ 55).

Variables Baseline (T1) 3-month follow-up (T2) 6-month follow-up (T3) Group Time Group*Time

Intervention
Group

Control
Group

Intervention
Group

Control
Group

Intervention
Group

Control
Group

F P F P F P

Body weight, kg 60.55 ± 11.10 60.40 ± 12.24 59.97 ± 11.00 59.84 ± 12.97 59.58 ± 10.96 60.80 ± 14.21 0.001 0.973 0.086 0.917 0.018 0.982
Blood glucose,

mmol/L
8.34 ± 2.31 6.71 ± 1.65 8.34 ± 2.66 6.08 ± 1.45 7.73 ± 2.40 6.66 ± 1.57 70.675 <0.001 0.064 0.938 2.352 0.097

Paina 7.11 ± 2.31 6.18 ± 2.02 2.31 ± 2.32 3.40 ± 2.65 1.73 ± 2.06 2.93 ± 2.51 3.513 0.062 52.315 <0.001 12.593 <0.001
ROM, � 133.18 ± 10.37 133.93 ± 10.73 137.13 ± 8.68 138.35 ± 9.36 142.73 ± 8.09 141.85 ± 9.52 0.003 0.955 2.778 0.064 9.419 <0.001
TUGTb, s 10.82 ± 2.92 13.23 ± 3.41 10.51 ± 2.68 12.46 ± 3.71 9.29 ± 1.72 10.86 ± 3.67 10.612 0.001 7.083 0.001 1.152 0.317
Depressive

symptomsa
5.62 ± 2.79 5.78 ± 2.62 3.13 ± 2.16 3.95 ± 3.14 3.51 ± 2.46 4.58 ± 2.67 5.483 0.020 19.947 <0.001 0.857 0.425

Fatiguec 24.22 ± 9.92 23.51 ± 7.60 17.03 ± 7.83 20.02 ± 9.48 16.77 ± 9.08 13.97 ± 8.91 6.643 0.010 8.314 <0.001 8.074 <0.001
Sleep Qualityc 7.64 ± 3.95 7.07 ± 4.24 7.31 ± 4.13 7.85 ± 4.44 5.27 ± 3.21 6.00 ± 3.42 0.299 0.585 8.084 <0.001 0.872 0.419
Quality of Lifed 56.94 ± 8.25 55.67 ± 11.80 71.60 ± 8.31 71.33 ± 8.42 73.48 ± 10.12 72.15 ± 9.59 0.830 0.363 102.396 <0.001 0.108 0.898

Note:Multiple comparisons of variables of three time periods using Bonferroni analysis: a T1 > T2, T1 > T3; b T1 > T2 > T3; cT1 > T3, T2 > T3; d T1 < T3, T1 < T2. ROM¼ range of
motion. TUGT ¼ Timed Up and Go Test.
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4. Discussion

This quasi-experimental study evaluated the effects of the
comprehensive health education plus village health volunteer
monitoring support program on patient outcomes of community-
dwelling overweight older adults with KOA and T2DM in
Thailand. Participants in the two groups showed general
improvement in most patient outcomes, such as pain decreased,
physical ability improved, less depressive symptoms and fatigue,
and quality of life and sleep improved. These results highlighted the
role of nurse-led comprehensive health education for these over-
weight older adults with KOA and T2DM. The older adults who
participated in brisk walking, muscle strengthening exercises, and
diet control (comprehensive health education) with social support
from village health volunteers lowered their pain levels and
enhanced ROM better than those who did not receive support from
village health volunteers, and experienced different levels of fa-
tigue across time points of assessments. This is evidence that village
health volunteers provide the emotional support and motivation
that many older adults find necessary to maintain healthy behav-
iors. We found that the dropout rate was also lower in the inter-
vention group than in the control group probably because village
health volunteers who live in the same community enhance older
adults’ self-efficacy to adhere to exercise practices. Utilizing com-
munity healthcare providers’ potential may be a significant
advantage for countries with limited resources (e.g. health care
providers per capita).

Previous research has demonstrated a relationship between
depression, pain, and physical ability in patients with osteoarthritis
[10,36]. It is notable that we found that knee ROM increased and
pain decreased for all participants engaged in brisk walking, muscle
strengthening, and diet control, independent of the support from
the village health volunteers. At each follow-up assessment period,
pain and physical ability in both the intervention and control
groups showed a trend for improvement.

Pain is a key osteoarthritis symptom that has a negative impact
on functional ability and QOL. Previous research has shown an as-
sociation between pain, depression, and time spent walking in
older adults with severe KOA [10,36]. Pain is considered to be a
mediating factor between depression and physical ability [37]. It
can lead to poor quality of sleep [9], subsequent fatigue [38], and
negative effects on QOL [10,11]. Even though pain variation at the
base was identified, our results support that exercise programs
reduce pain and improve overall physical ability resulting in
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improved ROM [36,39].
Knee flexion deformity is a common KOA symptom that impacts

physical ability [40]. Physical and functional limitations have the
potential to contribute to other health conditions, particularly fa-
tigue [11]. Fatigue in people with KOA is associated with other
health conditions, including pain and physical ability [8,11].
Consistent with previous studies, we found a reduction in pain
scores at each follow-up period with an improvement in physical
ability (TUGT decrease). Although we did not investigate causal
effects, there is evidence of an association between pain and fatigue
[10,11] and between fatigue and physical disability [8,10]. However,
a note of caution is due because pain does fluctuate, particularly
with disease severity. Also, pain perception, nerve function, and
central pain processing may be altered due to diabetic conditions,
both type 1 diabetes and T2DM [1]. Our positive impacts on pain
and physical ability, therefore, need to be interpreted with caution.

One issue that emerged from our results is that health beliefs,
cultural aspects, and socioeconomic conditions are important fac-
tors when initiating tailored interventions to promote health in
older adults with multiple chronic illnesses, particularly those who
live in rural areas. For example, although the intervention group
showed a weight-loss trend, the inability to detect a statistically
significant change between groups may have been due to the rural
culture in Thailand in which older adults live with extended fam-
ilies and all family members eat the same type of food. When living
with extended famliy, it might be difficult to prepare individual
meals. Not preparing food themselves, personal or family food
preference habits, and health problems can add to older adults
being overweight and not adhering to a dietary intervention pro-
gram [22]. We also found that one-third of participants reported
insufficient income. Economic problems may limit access to the
healthy dietary choices the intervention recommends.

Additionally, some people may believe that lower body weight
causes hypoglycemia. Because body mass index influences blood
glucose levels, people may wrongly assume that low body weight
correlates with dangerously low blood glucose levels. Multiple
factors affect the changes in blood glucose levels in older adults
with T2DM and multimorbidities [41], including health-related
beliefs and practices. Older adults with diabetes might be con-
cerned that hypoglycemia will result when they try to control food
consumption to reduce body weight; consequently, body weight
remained unchanged. However, the influence of baseline blood
glucose variability on outcomes remains unclear. Thus, health be-
liefs, which consider these variables, are an essential topic for
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further exploration.
Our results reflect substantial evidence congruent with the

recent model of care from the WHO, integrated care for older
people (ICOPE), which emphasizes the use of local and family re-
sources integrated together with the implementation of a new way
of involving social care workers to promote healthy aging [42].
Notably, asmentioned in the social cognitive theory [23], consistent
motivation by focusing on individual, environmental, and socio-
structural contexts are the keys not only to promoting health, but
also to enhancing adherence to healthy behavior changes in the
long term. In the present study, the village health volunteers who
live in the same socio-cultural contexts may play a pivotal role in
understanding personal needs, barriers, and limitations for healthy
behavior change. In addition to integrating community resources,
the additional roles of village health volunteersdpeer support,
motivation, reflection, family-collaborating, and monitoringdare
momentous in improving adherence to achieve healthy habits in
older adults. Undeniably, in chronic illness or long-term care pop-
ulations, the incorporation of the village health volunteers moni-
toring support program, or one of similar scope, may be a pragmatic
model that reflects the priorities of integrated care for older people
that can enhance care and the quality of living in older adults with
KOA coexisting with overweight and T2DM, especially in countries
with limited resources.

5. Limitations

Although the results are formative, this study has some limita-
tions. The lack of longer follow-up periods (beyond 6 months) may
have precluded our detecting significant change in more outcomes.
For example, previous research has evaluated body weight more
than 12e18 months after participation in an intensive weight loss
program [43,44]. Also, we did not address other possible adherence
barriers to health practices, such as the difference in age (presented
in this study) and diagnosed KOA using symptomatic criteria. The
discrepancy between blood glucose level, physical ability (TUGT),
and pain at baseline prior to intervention is another source of un-
certainty; these data should be interpreted with caution. Moreover,
participants were from only two sub-districts in one province in
Thailand and with mild age bias. The participants from two sub-
districts might have different attitudes, beliefs, or socioeconomic
status that could influence their health practices. These factors
might limit the scope of the analysis and the generalizability of the
results.

6. Conclusions

The comprehensive health education plus village health vol-
unteers monitoring and support program was beneficial in pro-
moting good patient outcomes in older adults with KOA and T2DM
who are overweight. The effect of the intervention program was
significant in alleviating pain and fatigue, and improved knee ROM
in the older adults, which showed positive changes across three
time periods. The intervention that we have presented can be used
as a model (that reflects the WHO model–ICOPE) led by profes-
sional nurses for disseminating practice guidelines to reduce the
severity of osteoarthritis and enhance health outcomes. Impor-
tantly, integrating health education and local/community resources
with longitudinal follow-up health outcomes is needed to support
adherence to programs for sustainable health behavior change,
resulting in more positive patient outcomes in older adults with
KOA and T2DM who are overweight. However, questions on phys-
ical ability, fatigue, and symptom exacerbation through the tra-
jectory of KOA and T2DM and long-term impact require further
research.
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