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Abstract 
Background: Modifiable risk factors for type 2 diabetes are primarily lifestyle 
related. However, we know little about the impact of low-intensity community-
based lifestyle interventions on health and health services use. In this patient-
oriented research, we sought to assess the effectiveness on quality of life of a 
6-month, person-centred community-based lifestyle intervention (additional 
to usual care) for community-dwelling older adults (≥ 65 years) with diabetes 
and at least one other chronic condition, and their caregivers compared to 
usual care. Methods: We conducted a type II hybrid effectiveness-implemen-
tation randomized controlled trial (RCT) at two sites in each of three Cana-
dian provinces. Knowledge user partners were engaged throughout. Partici-
pants were eligible if aged 65+ years, diagnosed with diabetes and multimor-
bidity, enrolled in a primary care setting or diabetes education program, ca-
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pable of providing consent, and spoke English or French. Enrolled partici-
pants were randomly assigned to intervention and control arms (1:1). The in-
tervention arm consisted of usual care plus: 1) up to 3 home/telephone visits; 
2) up to 6 monthly group education sessions; 3) ongoing nurse-led care coor-
dination and system navigation; 4) caregiver engagement/support; 5) monthly 
interdisciplinary team case conferences; and 6) collaboration with primary 
care, as needed. The control arm received usual care. The primary outcome 
was quality of life (measure: SF-12 Mental Component Summary [MCS]); in-
tention-to-treat was used with missing data multiply imputed. Secondary out-
comes and sensitivity analyses were tested. Results: The trial ran from July 
2019 - May 2022; sites started at different points within this period. Of 619 
eligible participants, 295 (48%) were enrolled and 246 (83%) completed 6-
month data collection. Our primary analysis showed no difference between 
groups in the SF12-MCS (mean difference: −0.71, 95% CI −2.66 to 1.24, p = 
0.47) or secondary outcomes (e.g., anxiety, self-care, physical activity); sensi-
tivity analyses showed consistent results. Discussion: A low intensity 6-month 
community-based lifestyle intervention for community-dwelling older adults 
(≥65 years) with diabetes and at least one other chronic condition did not im-
prove quality of life or other outcomes, in contrast to our previous studies. 
The trial ran during COVID-19, with disruptions and the shift to virtual de-
livery potentially diluting intervention effects. 
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1. Introduction 

Diabetes is one of the most common chronic conditions worldwide, and its preva-
lence is rising (https://www.who.int/news-room/fact-sheets/detail/diabetes). Older 
adults (age ≥ 65 years) have the highest prevalence of diabetes of any age group 
(https://www.statcan.gc.ca/o1/en/plus/5103-diabetes-among-canadian-adults)  
and multimorbidity is common with upwards of 40% of older adults with diabetes 
having three or more chronic conditions [1] [2]. Models of care require a shift 
away from the single-disease paradigm towards a multimorbidity framework that 
concurrently addresses multiple conditions and the range of risk factors (social, 
biological, system, environmental) associated with them [1] [2]. 

Modifiable risk factors for type 2 diabetes (which accounts for at least 90% of 
adult diabetes cases) are shared by many chronic conditions. These risk factors 
include: obesity, limited physical activity, hypertension and health behaviours 
such as smoking and unhealthy diets  
(https://www.heart.org/en/health-topics/diabetes/understand-your-risk-for-dia-
betes). The past decade has seen the development and testing of many lifestyle 
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interventions targeting one or more of these modifiable risk factors in various set-
tings (e.g., outpatient clinics, primary care, community-based centers). Among 
the most successful lifestyle interventions are the Diabetes Prevention Program 
(DPP) and adaptations like Look AHEAD, which have shown long-term weight 
loss, improvements in diabetes self-care, reductions in complications, and benefits 
to other health outcomes (e.g., depression, physical health-related quality of life, 
incontinence, sleep quality, health care use/cost) [3]-[7]. Lifestyle interventions 
like the DPP (and its adaptations) target constructs of social cognitive theory that 
support behaviour change such as observational learning, self-efficacy, reinforce-
ment and expectations expressed by professionals or groups/peers [8]-[11]. The 
critical role of social cognitive theory is highlighted in a study showing that con-
structs from the theory explain over half the variance in participation in moderate 
physical activity among older adults [12]. This is consistent with an integrative 
review showing that interventions targeting self-efficacy and self-determination 
were effective in improving diabetes self-management behaviours (e.g., exercise, 
dietary control) and clinical outcomes [13].  

However, these programs are resource intensive, motivating the development 
of lower-cost adaptations. These adaptations have involved a variety of settings 
and populations (e.g., rural adults, obese individuals, military personnel) and in-
cluded: group-based delivery; virtual formats, which show promise in terms of 
upstream factors (e.g., attitudes, perceptions) but their ultimate impact on out-
comes such as weight loss are uncertain; and fewer sessions delivered by lay pro-
fessionals [14]-[17]. Studies also suggest the mode of delivery and strategies mat-
ters; for example, Befort and colleagues found that in-person group-based visits 
but not virtual (telephone) group-based visits resulted in statistically significant 
weight loss compared to in-person individual visits [14].  

While the empirical evidence and theoretical foundation for intensive lifestyle 
interventions like the DPP are strong, less resource intensive adaptations have 
shown more modest or mixed results. This means the effectiveness is less certain 
for pragmatic applications that are more likely to be adopted and sustained in 
practice. There are additional gaps in the current evidence. Most studies of life-
style interventions in the target population (older adults with diabetes) concen-
trate on clinical outcomes, with less consideration of other patient-oriented out-
comes. For example, a recent review found that the majority of self-management 
interventions for adults with type 2 diabetes aimed to improve clinical outcomes 
such as HbA1C (83%), weight (53%), lipid profile (45%) or blood pressure (42%); 
whereas quality of life was considered in only 27% of the studies, and less than 
16% of studies considered health literacy, satisfaction with care, or shared deci-
sion-making [18]. There is wide variation in the populations studied, limited at-
tention to mental health, and more complex populations with diabetes are often 
excluded from clinical trials are and therefore less representative of those seen in 
practice (e.g., older adults, patients with multimorbidity) [19]. Sparse evidence 
exists related to interventions that address multimorbidity, consider caregiver 
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needs, and link primary care with community-based services to address broader 
social determinants of health [18] [19]. 

Our research unit has conducted several studies of a chronic disease manage-
ment and healthy lifestyle intervention known as the Aging, Community and 
Health Research Unit’s Community Partnership Program (hereinafter ACHRU-
CPP). This 6-month self-management intervention targets older adults with dia-
betes and other chronic conditions and aims to address many of the existing evi-
dence gaps, which were also identified by older adults living with diabetes. The 
ACHRU-CPP, underpinned by constructs from social cognitive theory [10] [11] 
[20] [21], was co-designed by patients, caregivers, primary care providers, and 
researchers. A pilot study of the ACHRU-CPP showed preliminary effectiveness 
(improved physical functioning) and feasibility for delivery and acceptability to 
clients, caregivers and providers [22]. A larger pragmatic RCT conducted in 4 sites 
within 2 Canadian provinces showed significant improvements in physical func-
tioning, mental health, and diabetes self-management in the group receiving the 
ACHRU-CPP [23]. This work showed promising results and supported additional 
testing in more complex populations and diverse geographic settings and ethno-
cultural populations, with the aim of further understanding the impacts of less 
intensive community-based diabetes and multimorbidity self-management inter-
ventions on lifestyle habits and health. 

This article presents the results of the most recent clinical trial, which sought to 
assess the effectiveness on quality of life of the ACHRU-CPP—a low intensity 6-
month community-based lifestyle intervention (additional to usual care) for com-
munity-dwelling older adults (≥ 65 years) with diabetes and at least one other 
chronic condition, and their caregivers. This paper presents the findings from the 
effectiveness evaluation; separate papers have been prepared for presentation of 
the findings from other portions of the research program including the imple-
mentation evaluation [24] and scalability assessment [25]. 

The paper was structured in accordance with the CONSORT reporting guide-
lines for RCTs [26].  

2. Methods 
2.1. Study Design 

The details regarding study design and outcomes for this trial are described in the 
published study protocol [20], thus more briefly described in this paper. The trial 
was designed as a cross-jurisdictional multi-site effectiveness-implementation 
type II hybrid RCT, which assigned equal emphasis to the implementation and 
effectiveness components [27] [28]. A hybrid design was chosen because we were 
evaluating a complex intervention where complexity arises not only from the in-
tervention, but also the context within which it is implemented [28]. The effec-
tiveness component was designed to achieve the aims of comparative effectiveness 
research (e.g., informing practice/policy decisions, conducting the trial in real-
world practice settings) [29]. To this end, we used the Pragmatic Explanatory 
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Continuum Indicator Summary Version 2 (PRECIS-2) [30] to maximize pragma-
tism across the tool’s nine domains; pragmatic features of the trial included: re-
cruitment of participants similar to those seen in practice, delivery of the trial in 
the practice setting by providers employed in the setting, flexibility in the delivery 
of the intervention similar to that seen in practice, no extraordinary follow-up 
measures to encourage participant engagement, and intention-to-treat principles 
applied in the analysis.  

An important element in the current study (and all prior work on the ACHRU-
CPP) was the involvement of patients and caregivers in the research itself. The 
study included older adult patients and caregivers who were actively involved as 
research partners, providing strategic guidance through their participation on the 
study’s Steering Committee and Community Advisory Boards at each of the trial 
sites to support local adaptation and implementation. They advised the research 
team on study design, patient-relevant outcomes, existing community assets, re-
cruitment approaches, implementation strategies, interpretation of findings, and 
developing knowledge translation products to share the trial results.  

2.2. Research Questions and Related Hypotheses 

The research questions for the effectiveness evaluation were: 
1) What is the effect of the ACHRU-CPP in addition to usual care compared to 

usual care alone on mental health functioning (primary outcome), physical health 
functioning, diabetes self-management, depressive symptoms, anxiety, social sup-
port, physical activity, basic and instrumental activities of daily living, nutrition risk 
(poor diet), food security, and costs of use of health services (secondary outcomes) 
in older adults aged ≥ 65 years with diabetes and one or more chronic condition? 

2) If the intervention demonstrates a treatment effect for the primary outcome, 
what subgroups of older adults (e.g., sex/gender groups, those with more vs less 
multimorbidity) benefit most from the intervention? 

3) What is the effect of the intervention compared to usual care on outcomes 
(health-related quality of life, depressive symptoms, anxiety, caregiver strain, costs 
of use of health services) of family and friend caregivers aged ≥18 years? 

We hypothesized that older adult participants and caregivers in the interven-
tion group would experience greater improvements in mental and physical func-
tioning and other health benefits and that the intervention would be cost neutral 
for participants compared to usual care (consistent with results from our previous 
studies) [22] [23]. We note that the resulting small caregiver sample precluded 
making firm inferences regarding caregiver health benefits, thus the results of the 
caregiver analyses below should be regarded as exploratory. 

2.3. Study Setting 

In Canada, provincial governments have the primary responsibility for the deliv-
ery of healthcare services. Consequently, healthcare systems and services differ 
across the 10 provinces, and assessing Canada-wide scalability of the intervention 
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requires testing in more than one province. The trial was conducted in two sites 
in each of three Canadian provinces (i.e., Ontario, Quebec and Prince Edward 
Island). These provinces were chosen because policy initiatives aligned with the 
intervention (e.g., prioritizing care for older adults and those with multimorbid-
ity, focused on diabetes care) and the sites within them were chosen as they service 
a significant older adult population, reflect diversity in geography and socio-eco-
nomic/cultural features, and employ providers with strong support for the inter-
vention and availability to deliver it. Each site involved a primary care setting or 
diabetes (outpatient) education program, and a community partner (e.g., YMCA, 
community center) to collaborate with the other providers and participate in de-
livery of the intervention. 

2.4. Study Participants 

For the effectiveness evaluation we recruited two study populations: 1) older adults 
who received the intervention in addition to usual care versus usual care alone, and 
2) caregivers of the older adults. Eligibility criteria pertaining to the older adults 
included: aged ≥ 65 years, diagnosed with type 1 or 2 diabetes, diagnosed with at 
least one other chronic condition (in addition to diabetes), enrolled in a primary 
care setting or diabetes education program, residing in the area (with no plans to 
leave during the study) served by the primary care setting or diabetes education 
program, capable of providing informed consent (or has a substitute decision-
maker), and competent in English or French (or has an interpreter). Eligible care-
givers were those who, at the time of enrollment of the older adult, were identified 
by that older adult as an adult (at least 18 years of age) family/friend caregiver. 

Recruitment staff (existing personnel) from each of the primary care or diabetes 
education program sites were trained to identify potential older adult participants 
using medical/electronic records. They contacted potential clients by telephone to 
determine their interest; all eligible and interested clients were then contacted by 
the Research Assistants (RAs) who shared more information about the study and 
arranged a baseline assessment interview. During the scheduled interview, RAs 
obtained consent from all participants before they completed the initial (baseline) 
assessment. Before COVID-19, this was done in person during a home-based in-
terview, so the participant provided signed informed consent. During COVID-19, 
RAs obtained verbal informed consent by phone and the consent process was au-
dio-recorded. All data were collected by phone. Reasons for eligible participants 
declining to participate in the study were recorded and clients enrolled in the 
study were asked to invite their caregivers at the time of the baseline assessment.  

2.5. Randomization Process 

Participants who were eligible and agreed to participate in the study were ran-
domly assigned to the intervention or control group using a 1:1 allocation ratio, 
using stratified permuted block randomization with the sequence generated by a 
biostatistician not involved in the recruitment process. The sites were the strata, 
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and sequences for each site were entered into a centralized web-based randomi-
zation service (REDCap Version 11.1.9). 

2.6. Intervention Arm (ACHRU-CPP and Usual Care) 

The intervention was delivered at each site by an interprofessional team that in-
cluded a registered nurse (RN) and a registered dietitian (RD)/nutritionist from 
the primary care site or diabetes education program, and a community program 
coordinator (PC) that was a kinesiologist or exercise specialist from the commu-
nity partner organization. Managers at the primary care site or diabetes education 
program site recruited and selected the RN and RD/nutritionist. To avoid con-
tamination in the control arm, all providers on the intervention team delivered 
the ACHRU-CPP and usual care to the intervention arm but different providers 
delivered usual care to participants in the control arm. 

The core components of the intervention included: 1) up to three home/tele-
phone/zoom visits by the RN and/or the RD/Nutritionist; 2) up to six monthly 
group sessions that include health education, exercise (gentle progressive physical 
activity) and informal peer support; 3) nurse-led care coordination and system 
navigation support provided by either the RN or RD to link participants to other 
health care professionals and community services as needed, ensure continuity of 
care across different providers and settings, and prevent gaps in care; 4) ongoing 
caregiver engagement and support; 5) monthly case conferences of the interven-
tion team where the team developed and engaged in ongoing evaluation of the 
participant’s plan of care; and 6) collaboration with the primary care team and 
other specialists as needed. A care plan was developed at the initial home/tele-
phone visit in collaboration with the participant, with documentation of the goals 
and actions to be undertaken, and progress was monitored in subsequent home 
visits. Key areas of focus for the care plan included adopting a holistic view that 
incorporated the social determinants of health, employing motivational inter-
viewing strategies to foster self-efficacy, and providing self-management educa-
tion and support for diabetes and their other chronic conditions. Ultimately, the 
core intervention components operationalized constructs in the social cognitive 
theory underpinning the intervention (8, 9, 19), such as building self-efficacy and 
self-control through peer-to-peer learning (e.g., in group sessions), receiving re-
inforcement from providers for behaviour change and goal attainment (e.g., in 
home visits where progress is regularly reviewed), and learning about and access-
ing additional resources (e.g., connecting participants with community resources 
to enable them to take control of their health and behaviours). Although concerns 
were shared with primary care and other specialists (with the participant’s con-
sent), the care plan was not shared with them. Participants in the intervention arm 
were free to continue receiving their usual diabetes care services. 

2.7. Control Arm (Usual Care Alone) 

Control group participants continued to be offered usual care services through 
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their primary care setting and/or local diabetes education program. The specific 
services that comprised usual diabetes care differed within and across provinces 
in terms of the length and focus of educational sessions, whether classes/services 
were required versus optional, access to on-site professionals (e.g., endocrinolo-
gist, dietitian, physiotherapist, exercise specialist, pharmacist), connections with 
community resources, and type/extent of follow-up services available. 

2.8. Intervention Implementation Strategies 

A prior protocol paper provides a detailed description of the multiple strategies 
used to implement and monitor delivery of the intervention [31]. Briefly these 
included provider training, regular outreach meetings between researchers and 
the intervention team to discuss progress and address challenges, and routine 
completion of forms documenting intervention components delivered. Compared 
to previous trials, implementation strategies used in this study employed virtual 
methods extensively to deliver intervention components. This was done in re-
sponse to the pandemic restrictions but also to facilitate communication/collabo-
ration across multiple sites and provinces. 

2.9. Data Collection  

Research Assistants, trained on the data collection procedures, conducted two as-
sessments (home or telephone interview) with each study participant, one at base-
line and the other immediately after the completion of the 6-month intervention 
period, 6 months after baseline. Baseline data were collected on socio-demo-
graphic, clinical, and primary and secondary outcome variables.  

2.10. Allocation Concealment and Blinding 

Participants that met the eligibility criteria and provided their informed consent 
were enrolled in the study and entered into the REDCap system, and were then 
allocated to the intervention or control group (in accordance with the randomi-
zation sequence entered into REDCap). Participants were not informed of their 
group allocation, although it is unlikely that they remained blinded once the in-
tervention began. RAs conducting the baseline and 6-month interviews were 
blinded to group allocation, and the statistician was blinded to the group alloca-
tion. The intervention was known to the providers delivering it, however they 
were unaware of the study outcomes.  

2.11. Outcomes 

Details regarding all trial outcomes (e.g., measure, timing, analytical methods) are 
published in Table 1 of the study protocol [20], thus we briefly summarize them 
here. The primary outcome was mental functioning measured by the Mental 
Component Summary (MCS) score from the SF-12 (30). We chose the MCS be-
cause it is widely recognized as a quality-of-life measure that is an important pa-
tient-reported outcome (PROM). We found this measure to be responsive to the 
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intervention in our previous RCT and consider mental functioning to be im-
portant to self-efficacy, self-management, and the behaviour change constructs 
embedded in the theoretical foundation of the intervention [10] [23]. We also col-
lected data on a range of secondary outcome measures for participants, selected 
due to validation in older adults and anticipated responsiveness to the ACHRU-
CPP: 
• Physical function measured by the Physical Component Summary (PCS) score 

of the SF-12 [32];  
• Diabetes self-management measured by the Summary of Diabetes Self-Care 

Activities (SDSCA) tool [33]; 
• Depressive symptoms measured by the Center for Epidemiological Studies on 

Depression 10-item scale (CESD-10) [34];  
• Anxiety measured using the Generalized Anxiety Disorder 7-item scale (GAD-

7) [35]; 
• Social support measured by the Duke Social Support Index (DSSI) [36]; 
• Eating and nutrition risk measured by the SCREEN II [37]; 
• Physical activity measured by the Physical Activity in Seniors (PASE) [38];  
• Instrumental/basic activities of daily living limitations measured by the Older 

American Resources and Services instrument (OARS) [39]; 
• Shared patient-clinician decision making measured by the CollaboRATE tool 

[40]; 
• Use of health and social services measured by the Health and Social Services 

Use Index and research unit costing manual [41] [42]. 
Quality of life, self-management, mental health and activities of daily living 

were identified by patient/caregiver partners as important to those living with di-
abetes and multimorbidity. We also attempted to collect participant data on se-
lected clinical measures (HbA1C, e-GFR, LDL-cholesterol), but COVID-19 ser-
vice interruptions caused many study participants to skip or delay screening ap-
pointments. The clinical data collected from RCT participants had many missing 
values, uncertain timing, and/or poor alignment with study timepoints, prevent-
ing meaningful analyses/interpretation (thus no analyses of these data were per-
formed). 

For caregivers, we collected and analyzed data on caregiver strain using the Mod-
ified Caregiver Strain Index (MSI) [43], quality of life using the SF-12, depressive 
symptoms using the CESD-10, and anxiety using the GAD-7. These items were 
identified as important caregiver-reported outcome measures by patient/caregiver 
partners. 

2.12. Statistical Analyses  

The study was designed with 80% power, two-sided alpha = 0.05, and 20% attri-
tion. It aimed to detect an effect size of 0.38 for mental functioning (primary out-
come) as measured by the Mental Component Summary (MCS) score from the 
12-item Medical Outcomes Study Short-Form Health Survey (SF-12), which was 
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observed in the previous Ontario RCT [23]. The target total sample size was 264, 
which resulted in 88 participants per province and 44 per site [20].  

The baseline demographic and clinical characteristics of participants who were 
randomized at baseline were summarized using descriptive statistics. Character-
istics of those who dropped out compared to those that completed the study were 
compared descriptively. Analysis of covariance (ANCOVA) was conducted to test 
for group differences in the 6-month change in outcomes. Separate ANCOVA 
models were run for each outcome, with the 6-month outcome as the response and 
the baseline value of the same outcome as a covariate. The primary analyses were 
unadjusted for baseline differences and applied intention-to-treat (ITT) principles 
with participants analyzed in the groups to which they were randomized and with 
multiple imputation to address missing data (if substantial, e.g., >5%). Multiple 
imputation used multivariate imputation by chained equations with predictive-
mean matching, and the imputation model included all available baseline and 6-
month outcome data and covariates that were predictive of missingness. Five im-
puted data sets were created, the ANCOVA model was fitted to each data set, and 
Rubin’s rules were applied to pool model coefficients from each run [44]-[46]. 
Costs obtained from provincial databases were applied to the health and social 
service use reported by clients and caregivers [20]. These databases provide the 
amounts reimbursed by public and private insurance plans for insured/qualifying 
services, but exclude indirect and out-of-pocket patient, caregiver or productivity 
costs. Group differences in the 6-month change in service use costs were examined 
using non-parametric methods due to the skewed distributional properties of the 
cost data. 

Pre-planned sensitivity analyses were conducted to test the robustness of the 
results for the primary outcome to assumptions and analytical approaches used in 
the primary analyses. All sensitivity analyses were conducted using complete 
cases. The following pre-planned sensitivity analyses were performed: a complete 
case analysis for comparison with the ITT results, adjusted models for significant 
baseline imbalances (if present), use of non-parametric methods where the para-
metric assumptions of the ANCOVA model were not met, and an analysis that 
excluded sites where participants either did not receive the intervention or did not 
receive it per protocol. Additionally, the COVID-19 pandemic resulted in a shift 
to virtual delivery of the intervention at some sites, thus a subgroup analysis ex-
ploring the treatment effect across different delivery formats (in-person, virtual, 
hybrid) was conducted [20].  

Pre-selected factors for subgroup analyses (proposed if the treatment effect is 
significant for the primary outcome) were sex, number of chronic conditions, and 
province.  

An additional unplanned sensitivity analysis was conducted, focused on “high-
fidelity” only sites, in response to unplanned events that occurred during the de-
livery of the intervention. These events were triggered by staff shortages relating 
to COVID-19 responses, and the “high-fidelity” sensitivity analysis excluded sites 
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that had to terminate the trial early due to staff redeployment, and sites that did 
not have a full provider team to deliver home visits or group sessions (thus may 
not have been able to fully address all lifestyle components of the intervention). 

All statistical analyses were performed using R Version 4.4.1 (2024-06-14) and 
assumed a two-tailed p-value (α = 0.05). The following robust ANCOVA methods 
available in R were explored for outcomes where parametric assumptions were 
not met: WRS2 (Version 1.1 - 6, 2024-03-14), sm.ancova (Version 2.2 - 6.0, 2024-
02-17) and fANCOVA (Version 0.6 - 1, 2020-11-13). The results of the robust 
ANCOVA models were similar for all outcomes, thus results were reported for 
one package (fANCOVA, which offers two statistical tests of significance: 
ANOVA-like statistic, variance estimator statistic). 

3. Results 
3.1. Participants (Baseline) 

Table 1(a) provides the participant baseline characteristics. Randomization re-
sulted in no significant group differences. Slightly more than half of participants 
were female (54%), and the average age was 76 years (standard deviation = 6 
years). Over half of the participants (54%) were married or living with a partner 
and had at least a college diploma. Approximately 25% had annual household in-
comes above $50,000 CAD, 90% were retired, and 36% were living alone. The 
mean number of chronic conditions (excluding diabetes) was 5 (standard devia-
tion = 2 conditions). Mean depressive symptom scores were approximately 5 for 
both groups, which is below the at-risk cut-off for the CESD-10 (32). Mean anxiety 
scores were approximately 2 for both groups, which is below the at-risk threshold 
of 8 established for the GAD-7 [35]. 
 

Table 1. (a) Baseline characteristics of RCT participants; (b) Baseline characteristics of RCT caregivers. 

(a) 

Characteristic Category Total (n = 295) 
Intervention  

(n = 147) 
Control  

(n = 148) 

Socio-demographic Factors 

Sex, n (%) 
Male 136 (46.1) 67 (45.6) 69 (46.6) 

Female 159 (53.9) 80 (55.4) 79 (53.4) 

Age, mean (sd) N/A 75.6 (6.1) 75.8 (6.5) 75.5 (5.7) 

Marital, n (%) 

Married, living with partner 159 (54.1) 77 (52.7) 82 (55.4) 

Separated, divorced 51 (17.3) 29 (19.9) 22 (14.9) 

Widowed 61 (20.7) 29 (19.9) 32 (21.6) 

Never married 23 (7.8) 11 (7.5) 12 (8.1) 
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Education, n (%) 

<high school 63 (21.4) 35 (23.8) 28 (18.9) 

completed high school 74 (25.1) 36 (24.5) 38 (25.7) 

completed college or some 
university 

105 (35.6) 48 (32.7) 57 (38.5) 

bachelor’s degree 38 (12.9) 18 (12.2) 20 (13.5) 

graduate degree 15 (5.1) 10 (6.6) 5 (3.4) 

Household Annual  
Income, n (%) 

<$20,000 57 (21.3) 32 (23.7) 25 (18.8) 

$20,000 - $$49,000 141 (52.6) 65 (48.1) 76 (57.1) 

$50,000 - $99,000 50 (18.7) 27 (20.0) 23 (17.3) 

$100,000 - $149,000 15 (5.6) 8 (5.9) 7 (5.3) 

>$150,000 5 (1.9) 3 (2.2) 2 (1.5) 

Employment, n (%) 

Retired 269 (91.2) 132 (91.2) 137 (93.2) 

Working full-time, part-time, 
looking 

23 (7.8) 13 (8.8) 10 (6.8) 

Born in Canada, n (%) 
Yes 230 (78.0) 116 (78.9) 114 (77.1) 

No 65 (22.0) 31(21.1) 34 (22.9) 

Live Alone, n (%) 
Yes 107 (36.3) 52 (35.4) 55 (37.2) 

No 188 (63.7) 95 (64.6) 93 (62.8) 

Health and Selected Trial Outcomes 

Number of Chronic 
Conditions, mean (sd) 

N/A 5.3 (2.3) 5.3 (2.5) 5.3 (2.2) 

DSSIa - Total, mean (sd) N/A 26.8 (3.8) 26.2 (4.1) 27.3 (3.4) 

SCREEN IIa, mean (sd) N/A 36.2 (7.4) 35.3 (7.6) 37.1 (7.2) 

SDSCAa - Tot, mean (sd) N/A 32.6 (10.9) 31.6 (10.8) 33.5 (11.0) 

SF-12a - PCS, mean (sd) N/A 42.4 (11.9) 42.6 (11.8) 42.2 (12.0) 

SF-12a - MCS, mean (sd) N/A 54.3 (9.0) 54.0 (9.0) 54.7 (8.9) 

OARSa - Sum, mean (sd) N/A 1.1 (2.3) 1.1 (2.3) 1.2 (2.4) 

CESDa, mean (sd) N/A 5.2 (5.1) 5.7 (5.5) 4.7 (4.7) 

GADa, mean (sd) N/A 2.1 (3.4) 2.3 (3.5) 2.0 (3.3) 

PASEa, mean (sd) N/A 87.9 (56.7) 92.9 (57.4) 82.9 (55.7) 

COLLABORATE, mean (sd) N/A 22.9 (7.2) 22.3 (7.4) 23.5 (6.9) 

aDSSI = Duke Social Support Index, SCREEN II - Nutritional Risk in Older Adults Version 2, SDSCA = Summary of Diabetes Self 
Care Activities, SF-12 = Short Form Health Survey 12-Items, OARS = Older Americans Resources & Services, CESD = Center for 
Epidemiological Studies on Depression, GAD = Generalized Anxiety Disorder, PASE = Physical Activity in Seniors Scale. 

https://doi.org/10.4236/health.2026.186033


K. Fisher et al. 
 

 

DOI: 10.4236/health.2026.186033 535 Health 
 

Continued  

(b) 

Characteristic Category Total (n = 29) Intervention (n = 14) Control (n =1 5) 

Sex, n (%) 
Male 5 (17.2) 3 (21.4) 2 (13.3) 

Female 24 (82.8) 11 (78.6) 13 (86.7) 

Age, mean (sd) N/A 64.0 (12.7) 61.4 (14.6) 66.4 (10.5) 

Marital, n (%) 

Married, living with partner 25 (86.2) 11 (78.6) 14 (93.3) 

Separated, divorced 0 (0) 0 (0.0) 0 (0.0) 

Widowed 1 (3.4) 0 (0.0) 1 (6.7) 

Never married 3 (10.3) 3 (21.4) 0 (0.0) 

Education, n (%) 

<high school 4 (13.8) 2 (14.3) 2 (13.3) 

completed high school 2 (6.9) 2 (14.3) 0 (0.0) 

completed college or some 
university 

14 (48.3) 6 (42.9) 8 (53.3) 

bachelor’s degree 6 (20.7) 2 (14.3) 4 (26.7) 

graduate degree 3 (10.3) 2 (14.3) 1 (6.7) 

Household Annual  
Income, n (%) 

<$20,000 3 (11.5) 3 (23.1) 0 (0.0) 

$20,000 - $$49,000 10 (38.5) 1 (7.7) 9 (69.2) 

$50,000 - $99,000 6 (23.1) 5 (38.5) 1 (7.7) 

$100,000 - $149,000 5 (19.2) 2 (15.4) 3 (23.1) 

>$150,000 2 (7.7) 2 (15.4) 0 (0.) 

Employment, n (%) 

Retired 18 (62.1) 8 (57.1) 10 (66.7) 

Working full-time, part-time, 
looking 

11 (37.9) 6 (42.9) 5 (33.3) 

Born in Canada, n (%) 
Yes 22 (75.9) 12 (85.7) 10 (66.7) 

No 7 (24.1) 2 (14.3) 5 (33.3) 

Ethnicity, n (%) 
White 23 (79.3) 11 (78.6) 12 (80.0) 

Other 6 (20.7) 3 (21.4) 3 (20.0) 

 
Table 1(b) provides the caregiver baseline characteristics and shows that the 

groups were relatively similar across a range of factors. For both groups, over 75% 
of caregivers were female, married or living with a partner, born in Canada, and 
white/Caucasian; the average age (groups combined) was 64 years (standard de-
viation = 12.7 years). Over 60% had completed at least college or some university 
and were retired; and 25% (groups combined) had annual household incomes 
above $100,000. 
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3.2. Attrition 
 

 
Figure 1. Study flow diagram. 
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Figure 1 provides the study flow for participants and caregivers. Of the 839 
participants assessed for eligibility, 619 (74%) met the inclusion criteria and 295 
(48%) of the eligible participants accepted an invitation to join the study. Partici-
pants were randomized on a 1:1 ratio to the groups, resulting in 147 intervention 
and 148 control participants. Of the 295 participants randomized at baseline, 246 
(83%) successfully completed the 6-month follow-up. Forty-nine (49) participants 
were lost to follow-up - a dropout rate of approximately 16% in each group. Rea-
sons for refusing to participate in the study and losses to follow-up are shown in 
Figure 1, with the pandemic being a key reason (e.g., study stoppage, disinterest 
in virtual delivery). Note that complete outcome data for participants that com-
pleted the 6-month follow-up were obtained for the primary outcome (MCS) and 
many of the secondary outcomes (see complete case sample sizes for each group 
in Additional File 3), thus the dropout rate (~16%) represents the missing data 
rate for most outcomes.  

Additional File 1 provides a comparison of those who completed the study (n 
= 246) compared to those who dropped out (n = 49). It shows that the two groups 
were similar across a range of socio-demographic and health-related characteris-
tics; the exception was income where there was a considerably higher proportion 
of dropouts in the lowest annual household income category compared to com-
pleters (33% for dropouts compared to 19% for completers). 

Caregivers of the 249 participants having a caregiver (84.4%) were invited to 
join the study, with 32 (12.9%) accepting the invitation. Caregivers were allocated 
to the group in which the participant was randomized, resulting in 15 caregivers 
in the intervention and 17 caregivers in the control group. Three (9%) caregivers 
were lost to follow-up, 1 in the intervention and 2 in the control group, resulting 
in 29 caregivers completing the 6-month data collection. 

3.3. Intervention Delivery (Timing, Format, Dose) 

The RCT ran from July 2019 through May of 2022, with sites starting at different 
times and COVID-19 impacting the sites differently depending on when the site 
began the trial. Additional File 2 provides the timeline for the trial by province 
and site. In Province 1, one site switched from in-person to virtual delivery mid-
way through the intervention, while the other site started after the lockdown thus 
the entire intervention was delivered virtually. In Province 2, the intervention was 
running in-person but stopped at both sites shortly after the lockdown began, due 
to interventionists being redeployed to provide pandemic assistance. The inter-
vention was run twice in Province 3, the first time delivered entirely in-person 
and the second entirely virtual.  

Table 2 summarizes the intervention dose for home visits and group sessions 
by province and site. Home Visits: The engagement rate (% of participants receiv-
ing at least one home visit) was high, ranging from 83% to 95% across the sites. 
Mean home visits were approximately 2 (out of a maximum of 3). However, home 
visits were below the mean at Province 2 sites due to trial stoppage during the 
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COVID-19 pandemic. Home visits were attended by either the RN or RD, except 
in Province 1/Site 2 where both providers attended all home visits (due to provider 
safety concerns). The proportion of participants receiving in-person home visits 
varied considerably depending on when the trial began relative to the COVID-19 
lockdown, from 0% at Province 3 (both sites, as began after lockdown) to 95% at 
Province 2/Site 1 (prior to lockdown). Group Sessions: Mean group sessions at-
tended by participants was 2 and 3 for Sites 1 and 2 (respectively) in Province 1, 
just under 2 for both sites in Province 3, and below 1 for the sites in Province 2. 
The proportion of participants receiving in-person group sessions varied in a pat-
tern similar to that of home visits, from 0% for the sites in Province 3 (virtual 
cohort) to 73% at Province 1/Site 1. 

 
Table 2. Intervention dose (home visits, group sessions) by province and site.  

 Province 1 Province 2a Province 3 

 Site 1 Site 2 Site 1 Site 2 
Cohort #1: 
Sites 1 & 2 

Cohort #2: 
Sites 1 & 2 

Home Visits 

% of Participants Receiving  
at Least 1 Visit 

86.4% 
(19/22) 

85.7% 
(18/21) 

95.0% 
(19/20) 

83.3% 
(15/18) 

88.6% 
(39/44) 

86.4% 
(19/22) 

Mean Visits Received by 
Participantsb 

2.1 4.6 1.7 1.3 2.3 2.2 

Range of Visits Received by 
Participants 

0 to 5 0 to 6 0 to 3 0 to 3 0 to 3 0 to 3 

% of Participants Receiving 
In-Person Visits 

77.3% 
(17/22) 

14.3% 
(3/21) 

95.0% 
(19/20) 

83.3% 
(15/18) 

88.6% 
(39/44) 

0.0% 
(0/22) 

Group Sessions 

Mean Sessions Received by 
Participants 

2.2 2.9 0.5 0.8 1.9 1.8 

Range of Sessions Attended by 
Participants 

0 to 5 0 to 6 0 to 3 0 to 3 0 to 6 0 to 6 

% of Participants Attending 
In-Person Sessions 

72.7% 
(16/22) 

9.5% 
(2/21) 

20.0% 
(4/20) 

38.9% 
(7/18) 

68.2% 
(30/44) 

0.0% 
(0/22) 

aTrial stopped due to redeployment of interventionists to assist with COVID-19 pandemic; bAt most sites, one provider (Registered 
Nurse or Registered Dietitian) attended home visits, and the providers alternated visits. The exceptions were Province 1/Site 2 and 
1 visit in Province1/Site 1, where both providers attended all home visits. Participants were offered a maximum of 3 visits, with the 
number of visits counted as 2 visits if attended by both providers. For this reason, the home visit count could exceed the maximum 
of 3 - e.g., in the case where a participant had 3 home visits and 2 providers attended all 3, this would count as 6 home visits. 

 
Research Question 1: Intervention Effectiveness, Sensitivity Analyses (Par-

ticipants) 
Table 3 provides the ANCOVA model results, using multiple imputation (n = 
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295, n = 147 intervention & n = 148 control). No significant group differences were 
observed for the primary or secondary outcomes. Adjusted ANCOVA models were 
not run due to the absence of significant differences at baseline (see Table 1).  

 
Table 3. Effectiveness analysis (ANCOVA model results, multiple imputation). 

Outcome 

Intervention (n = 147) Control (n = 148) 
ANCOVA Group Difference 

T1 T2 T1 T2 

Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
LSM Mean Diff 

(95% CI) 
p-valuea 

DSSI (Duke Social Support Index) 

DSSI-SI 7.48 (1.70) 7.35(1.94) 7.95 (1.72) 7.49 (1.88) −0.06 (−0.51, 0.40) 0.81 

DSSI-SS 18.73 (3.13) 18.72 (3.26) 19.32 (2.59) 18.97 (3.19) −0.04 (−0.83, 0.75) 0.92 

DSSI-Total 26.21 (4.13) 26.07(3.96) 27.28 (3.48) 26.46 (3.81) −0.17 (−1.16, 0.81) 0.72 

OARS (Older Americans Resources & Services) 

OARS_Total 1.10 (2.26) 2.07 (3.70) 1.16 (2.36) 2.03 (3.43) −0.09 (−0.99, 0.81) 0.84 

SCREEN II (Nutritional Risk in Older Adults, Version 2) 

SCREEN_Total 35.33 (7.63) 35.35 (8.46) 37.02 (7.18) 36.44 (7.94) 0.27 (−2.45, 2.99) 0.83 

SDSCA (Summary of Diabetes Self-Care Activities) 

SDSCA_Gendiet 5.31 (2.05) 5.00 (2.44) 5.61 (1.95) 5.14 (2.28) 0.02 (−0.58, 0.63) 0.93 

SDSCA_Specdiet 3.61 (1.74) 3.09 (1.89) 3.60 (1.64) 3.22 (1.92) 0.13 (−0.31, 0.57) 0.55 

SDSCA_Exer 2.34 (2.43) 2.64 (2.61) 2.55 (2.52) 2.61 (2.70) −0.13 (−0.76, 0.49) 0.67 

SDSCA_Bloodtest 4.29 (2.82) 4.44 (2.89) 4.61 (2.87) 4.55(2.87) −0.07 (−0.66, 0.52) 0.81 

SDSCA_Footcare 2.38 (2.16) 2.58 (2.48) 2.64 (2.35) 3.17 (2.56) 0.49 (−0.09, 1.07) 0.09 

SDSCA_Total 35.85 (11.76) 37.80 (13.34) 38.02 (11.80) 38.99 (12.64) 0.27 (−3.53, 4.06) 0.89 

SF-12 (Short Form Health Survey, Version 2) 

Physical Function 43.29 (12.79) 43.78 (12.24) 43.07 (12.24) 42.05 (12.96) −1.60 (−3.97, 0.77) 0.18 

Role Physical 45.23 (11.32) 45.83 (10.98) 44.85 (11.60) 44.91 (10.95) −0.74 (−3.21, 1.73) 0.55 

Bodily Pain 46.01 (11.39) 46.58 (11.01) 46.03 (11.21) 46.19 (10.53) −0.40 (−3.46, 2.67) 0.79 

General Health 46.13 (10.61) 47.88 (10.44) 46.52 (10.14) 47.65 (10.99) −0.43 (−2.66, 1.79) 0.70 

Vitality 49.94 (11.10) 49.37 (12.38) 49.80 (10.89) 48.44 (12.17) −0.88 (−4.24, 2.49) 0.60 

Social Function 50.06 (9.71) 51.04 (9.88) 50.17 (10.51) 49.73 (10.38) −1.34 (−4.21, 1.52) 0.35 

Role Emotional 50.20 (10.22) 51.17 (8.77) 51.11 (8.88) 50.65 (9.23) −0.84 (−2.90, 1.21) 0.42 

Mental Health 52.78 (9.09) 54.37 (9.24) 53.09 (9.16) 53.94 (8.66) −0.57 (−2.65, 1.51) 0.72 

https://doi.org/10.4236/health.2026.186033


K. Fisher et al. 
 

 

DOI: 10.4236/health.2026.186033 540 Health 
 

Continued  

Physical Component 
Summary Score (PCS) 

42.60 (11.75) 43.07 (10.96) 42.22 (11.97) 42.01 (12.03) −0.85 (−3.17, 1.47) 0.32 

Mental Component 
Summary Score (MCS) 

54.02 (9.03) 55.09 (8.64) 54.65 (8.91) 54.63 (8.47) −0.71 (−2.66, 1.24) 0.47 

CESD-10 (Center for Epidemiological Studies on Depression, 10 Items) 

CESD_Total 5.70 (5.45) 5.75 (6.14) 4.74 (4.71) 5.25 (6.41) −0.10 (−2.55, 2.34) 0.93 

GAD-7 (Generalized Anxiety Disorder, 7 Items) 

GAD_Total 2.29 (3.53) 2.09 (3.75) 1.99 (3.28) 1.99 (3.19) 0.03 (−0.97, 1.04) 0.94 

PASE (Physical Activity in Seniors) 

PASE_Total 92.32 (57.62) 76.68 (57.52) 83.79 (58.07) 67.57 (54.17) −5.78 (−20.01, 8.45) 0.42 

COLLABORATE (Patient/Provider Collaboration) 

COLLABORATE_Total 22.05 (7.69) 22.09 (7.56) 23.40 (6.95) 21.82 (7.63) −0.55 (−2.38, 1.28) 0.55 

 
Various pre-planned sensitivity analyses were conducted, including: 
1) Complete Case Analysis: Additional File 3 provides the results from the com-

plete case analysis (n = 246), which is consistent with the results shown in Table 
2 (no group differences for the primary or secondary outcomes).  

2) Nonparametric ANCOVA: The ANCOVA model assumptions were checked; 
the most frequent violation was the absence of normalcy in the distribution of 
most outcomes, with only minor violations for a few outcomes for the assump-
tions of constant variance (SF-12 PCS) and equality of regression slopes (GAD, 
COLLABORATE). While ANCOVA is known to be robust to the main violation 
we observed across the outcomes (non-normality) (42), we performed nonpara-
metric analyses for all outcomes where a violation of one or more parametric as-
sumptions was observed. These results are included in Additional File 4 and are 
consistent with the parametric results. 

3) “High-fidelity” sites: We separately examined the treatment effect in “high 
fidelity” sites, where the intervention was primarily delivered per protocol (which 
included virtual delivery). Two Quebec sites and the second delivery at the PEI 
site were excluded from this analysis because a) the two Quebec sites stopped the 
study (see Additional File 2) due to re-deployment of the interventionists to assist 
with the pandemic, and b) only one of the interventionists (dietitian) attended 
most home visits at the PEI site. Additional File 5 provides the results, which are 
consistent with the results in Table 1. 

4) Intervention delivery format: We explored whether the treatment effect var-
ied across delivery formats (all in-person, all virtual, a mix of in-person and vir-
tual). Additional File 6 provides the results, which show that the absence of a treat-
ment effect for all outcomes is seen across all three delivery formats. 
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5) Sex-differences: We performed a subgroup analysis, based on feedback from 
our interventionists during the trial indicating that females seemed to be more 
engaged in the intervention compared to males. Additional Files 7 & 8 provide the 
results, which show that the absence of a treatment effect for all outcomes as seen 
in the primary analysis was also the case for both females and males.  

 
Table 4. Effectiveness evaluation (caregiver outcomes) (ANCOVA model results).  

Outcome 

Intervention (mean ± sd) 
(n = 14) 

Control (mean ± sd) 
(n = 15) LSM Group Diff 

(95% CI)a 

ANCOVA  
Model  
p-value T1 T2 T1 T2 

SF-12 (Short Form Health Survey, Version 2) 

Physical Function 49.75 (10.45) 44.69 (11.84) 49.72 (8.66) 52.86 (6.56) 8.19 (2.35, 14.00) 0.01b 

Role Physical 49.91 (8.65) 50.81 (9.49) 53.23 (6.40) 51.26 (7.65) −1.86 (−7.29, 3.58) 0.49c 

Bodily Pain 50.00 (11.66) 48.07 (11.44) 50.51 (9.76) 49.91 (8.93) 1.55 (−4.82, 7.93) 0.62d 

General Health 51.16 (9.07) 54.00 (8.06) 51.99 (8.36) 52.92 (7.98) −1.52 (−6.64, 3.60) 0.55d 

Vitality 46.26 (9.78) 49.77 (13.06) 53.00 (11.64) 49.72 (11.44) −5.01 (−12.60, 2.62) 0.19d 

Social Function 50.55 (10.71) 48.64 (10.73) 50.97 (7.26) 53.94 (5.49) 5.09 (−0.55, 1.86) 0.08e 

Role Emotional 52.94 (8.56) 50.71 (9.00) 51.08 (7.35) 49.01 (9.17) −1.02 (−7.76, 5.72) 0.76c 

Mental Health 53.15 (10.18) 51.52 (9.85) 53.88 (7.26) 55.03 (8.34) 3.07 (−2.63, 8.77) 0.28c 

Physical Component 
Summary Score (PCS) 

48.78 (9.70) 47.95 (11.34) 50.69 (8.75) 51.40 (7.35) 2.26 (−3.64, 8.15) 0.44f 

Mental Component 
Summary Score (MCS) 

52.12 (8.83) 51.87 (11.12) 52.91 (7.64) 52.15 (9.57) −0.34 (−6.60, 5.92) 0.91d 

CESD-10 (Center for Epidemiological Studies on Depression, 10 Items) 

CESD_Total 6.43 (6.32) 5.86 (7.97) 4.00 (3.65) 2.73 (2.99) −0.90 (−3.81, 2.02) 0.53d 

GAD (Generalized Anxiety Disorder, 7 Items) 

GAD_Total 2.71 (5.24) 2.71 (5.23) 1.73 (2.49) 1.60 (1.88) −0.283 (−1.68, 1.11) 0.68d 

MSI (Modified Caregiver Strain Index) 

MSI_Total 3.86 (4.09) 5.14 (4.96) 6.53 (7.44) 3.73 (5.33) −3.28 (−5.63, −0.91) 0.01d 

aleast mean square (LSM) difference, ANCOVA model, Control - Intervention; bnormalcy assumption of ANCOVA model not met, 
fANCOVA (non-parametric) method shows mixed results: ANOVA-like statistic shows p = 0.39, variance estimator statistic shows 
p = 0.03; cnormalcy assumption of ANCOVA model not met, fANCOVA (non-parametric) method agrees with parametric results 
(p > 0.05 for both methods): Role Physical: ANOVA-like statistic p = 0.61, variance estimator statistic p = 0.33; Role Emotional: 
ANOVA-like statistic p = 0.55, variance estimator statistic p = 0.37; Mental Health: ANOVA-like statistics p = 0.41, variance esti-
mator statistics p = 0.14; dall ANCOVA (parametric) model assumptions met; eequality of regression slopes assumption of ANCOVA 
not met fANCOVA (non-parametric) method agrees with parametric results (p > 0.05 for both methods): ANOVA-like statistics p 
= 0.32, variance estimator statistics p = 0.33; fnormalcy and homogeneity of variance assumptions of ANCOVA model not met, 
fANCOVA (non-parametric) method agree with parametric results (p > 0.05 for both methods): ANOVA-like statistic p = 0.53, 
variance estimator statistic p = 0.47. 
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Table 4 provides the results of the cost analysis, which shows that the two 
groups differed regarding the cost of the use of health and social services, with the 
result favouring the control group. The cost difference is attributed to the cost of 
the intervention, with the change in the costs of use of all other services being 
similar and negligible in both groups. The mean (sd) cost per person of the inter-
vention was $CAD594.4 ($CAD437.6) and the median (IQR) cost was $CAD559.20 
($CAD417.4, $CAD594.30). 

Research Question 2: Intervention Effectiveness, Subgroup Analyses (Par-
ticipants) 

No subgroup analyses were performed as no treatment effect was observed for 
the primary outcome.  

Research Questions 3: Intervention Effectiveness (Caregivers) 
As per Figure 1, 29 caregivers completed the baseline and 6-month data collec-

tion (n = 14 intervention, n = 15 control). Table 5 provides the results from the 
ANCOVA analysis, which showed a significant group difference for the caregiver 
strain index (MSI), favouring the control group (mean difference: −3.28, 95% CI: 
−5.63 to −0.91). As noted in the Methods above, due to the small caregiver sample, 
these results should be regarded as exploratory. 

Cost differences in service use were not explored, as the data included only 
acute care service use (emergency department, hospital) and the groups were sim-
ilar in reporting very few acute care events (e.g., at baseline and 6 months both 
groups reported one visit to the emergency department for health issues pertain-
ing to the caregiver, and both groups reported one hospitalization at baseline and 
none at 6 months for the caregiver). 

 
Table 5. Cost of use of health and social services analysis by group.  

Servicee 

Intervention Control 

Non-Parametric 
Independent 
Samples Diff 

Test 

Baseline  
Median  
(QI, Q3) 

6 Month  
Median  

(Q1, Q3) 

Difference in 
Median Costsb 

(Q1, Q3) 

Baseline 
Median  
(QI-Q3) 

6 Month  
Median  
(Q1-Q3) 

Difference in 
Median Costsb 

(Q1-Q3) 

Wilcoxon - W 
statistic (p)a 

Family Physician 
170.94 

(85.54, 256.41) 
170.94 

(85.75, 254.88) 
0.00 

(−84.45, 84.45) 
170.94 

(85.75, 256.41) 
168.90 

(85.47, 254.88) 
0.00 

(−85.75, 0.00) 
4365.5 
(0.07) 

Physician  
Specialist 

74.49 
(0.00, 197.14) 

0.00 
(0.0, 181.2) 

0.00 
(−110.05, 69.95) 

110.0 
(0.00, 220.10) 

0.00 
(0.0, 155.8) 

0.00 
(−122.7, 36.1) 

8116.5 
(0.31) 

Other Health and 
Social Service Costse 

60.00 
(0.00, 235.9) 

97.26 
(0.00, 303.06) 

0.00 
(−60.06, 200.00) 

61.23 
(0.00, 341.23) 

81.2 
(0.00, 274.00) 

0.00 
(−191.08, 61.23) 

8546.5 
(0.07) 

Prescription  
Meds 

772.26 
(259.44, 1583.39) 

818.9 
(278.8, 1750.1) 

1.80 
(−42.52, 167.26) 

717.1  
(240.9, 1450.5) 

652.36  
(309.21, 1567.41) 

0.00 
(−109.1, 171.4) 

7685.5 
(0.83) 

Diabetes Care 
Servicesc 

0.00 
(0.00, 81.96) 

705.9 
(450.9, 963.0) 

601.50 
(416.5, 838.2) 

0.00 
(0.00, 75.05) 

0.00 
(0.00, 53.10) 

0.00 
(−35.00, 0.00) 

14823 
(<0.0001) 
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Continued  

Supplies & 
Equipment 

0.00 
(0.00, 0.00) 

0.00 
(0.00, 0.00) 

0.00 
(0.00, 0.00) 

0.00 
(0.00, 0.00) 

0.00 
(0.00, 0.00) 

0.00 
(0.00, 0.00) 

7357.5 
(0.55) 

Ambulance &  
911 Services 

0.00 
(0.00, 0.00) 

0.00 
(0.00, 0.00) 

0.00 
(0.00, 0.00) 

0.00 
(0.00, 0.00) 

0.00 
(0.00, 0.00) 

0.00 
(0.00, 0.00) 

7027.5 
(0.12) 

Emergency 
Department Visits 

125.01  
(61.43, 296.02) 

122.86 
(61.43, 125.10) 

0.00 
(0.00, 0.00) 

122.86 
(61.43, 270.87) 

61.43 
(61.43, 296.02) 

−13.89 
(−145.16, 92.14) 

28.5 
(0.90) 

Hospital  
Admissions 

0.00 
(0.00, 0.00) 

0.00 
(0.00, 0.00) 

0.00 
(0.00, 0.00) 

0.00 
(0.00, 0.00) 

0.00 
(0.00, 0.00) 

0.00 
(0.00, 0.00) 

7545 
(0.96) 

Total Health and 
Social Service Costs 

1468.35 
(903.2, 2643.8) 

2132.6  
(1449.1, 3638.3) 

664.7 
(141.4, 1175.7) 

1568.1 
(873.70, 2827.80) 

1304.9 
(770.50, 2723.10) 

0.00 
(−551.1, 429.5) 

10,327 
(<0.0001) 

aWilcoxon-Mann-Whitney test is a non-parametric analog to the independent samples t-test. The hypothesis being tested is whether 
the median differences are equal for the two groups; bA positive median cost difference indicates that median costs were higher at 
T2. A negative median cost difference indicates that median costs were higher at T1 (baseline); cIncludes the costs of the intervention 
for the intervention group, which includes the following costs: home (or virtual) visits, group wellness sessions, monthly case con-
ferences, interventionist training. The median (IQR) cost of the intervention per patient was $559.20 ($417.4, $793.40) and the mean 
cost per patient was $594.40; eServices included in the categories: other healthcare provider services (e.g., nurse practitioner, physi-
otherapist, occupational therapist, speech and language pathologist, dietician, social worker, mental health counsellor, optometrist, 
chiropractor, dentist, pharmacist, personal support worker), alternative therapy services (e.g., naturopath), and social services (e.g., 
meals, homemaker, transportation). 

4. Discussion 

We assessed the effectiveness on quality of life of a low intensity 6-month commu-
nity-based lifestyle intervention (additional to usual care) for community-dwelling 
older adults (≥65 years) with diabetes and at least one other chronic condition, and 
their caregivers. Compared to usual care, the intervention was not associated with 
an improvement in the primary outcome (mental functioning) or secondary out-
comes (social support, health-related quality of life, functional limitations, depres-
sive symptoms, anxiety, physical activity, nutritional risk, diabetes self-care activi-
ties, patient/provider collaboration). There are several potential hypotheses to ex-
plain the absence of results seen in the trial: 1) the pragmatic nature of the trial 
aimed to deliver the intervention in routine practice settings but introduced a num-
ber of challenges, 2) the pandemic-related restrictions diluted the effects of many 
of our core intervention components, and 3) the choice of measurement tool for 
the main variable may not have captured the change or the nuance in the change.  

Choosing to set our trial in routine practice settings naturally made it vulnera-
ble to numerous challenges. First, and most impactful, was the COVID-19 disrup-
tion. A separate paper presents the implementation evaluation which includes a 
detailed discussion of pandemic-related issues (22), thus here we only briefly high-
light the concerns. Patients and caregivers on the Steering Committee and Com-
munity Advisory Boards stressed the importance of recognizing the extreme na-
ture of the COVID-19 disruption, particularly the negative effects of the pandemic 
on the mental health and well-being of older adults. Their views were matched by 
studies showing that COVID-19 and the accompanying restrictions impacted 
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mental health and quality of life [47] [48]. Investigators on the team also acknowl-
edged several destabilizing effects threatening the validity of the trial results, in-
cluding: the move from in-person to virtual care occurred in both groups which 
may have reduced the differences in care between groups (thereby diluting the 
treatment effect), the move from in-person to virtual occurred mid-trial and 
affected intervention sites differently (hence resulting in unforeseen consequences 
and variation in responses from both providers and participants, see Additional 
File 2), and the ever-changing circumstances dictated by COVID-19 led to con-
stant change on a scale beyond that typically seen in routine practice (impacting 
the generalizability of the findings and stability of care and service use in both 
groups). Many of the threats to scientific validity that our investigators identified 
have been reported by others who conducted trials during COVID-19 [49]. While 
some argue that the RCT design offers insulation from contextual changes because 
both groups are affected, this ignores the unique impacts of the pandemic on this 
intervention which includes components that do not exist or are less in-
tensely/consistently delivered in usual care (e.g., home visits, group sessions, sys-
tem navigation/care coordination). Second, the study targeted the general popu-
lation of older adults having diabetes, but not those with or at high risk of mental 
health problems or poor quality of life. This may have reduced the ability of the 
intervention to benefit those that had high baseline mental functioning or quality 
of life due to a ceiling effect. Table 1 shows that there were few high-risk individ-
uals at baseline regarding mental health—e.g., average CESD and GAD scores in 
both groups were well below the at-risk thresholds. Additionally, Additional File 
7 provides the sex-based T1 MCS mean (sd) scores for participants in our study 
(Females: 53.9 (9.1), Males: 53.8 (10.0)), which are similar to the norms for the 
Canadian population (Females: 54.6 (7.7), Males: 53.0 (8.8)) [50]. Third, our trial 
analyzed several secondary outcomes and performed multiple sensitivity analyses, 
which raises the likelihood of false-positive results. However, the consistency of 
our results across the large number of outcomes and analyses suggests that this is 
not a concern. Also, our approach aligns with recommendations for pragmatic 
trials, which is to include a broad range of outcomes [30]. Many of the outcomes 
we captured have been recommended for trials testing interventions addressing 
multiple chronic conditions (our participants had an average of 5 conditions and 
the intervention targeted management of multiple chronic conditions) [51].  

As noted above, the absence of a treatment effect in our trial may be due to the 
pandemic-related restrictions which diluted the effects of many of our core inter-
vention components. Significant changes resulted from the switch to virtual de-
livery of the intervention, including: 
• home visits were impacted by reducing the number of assessments and the 

ability of providers to fully assess the home environment.  
• group sessions were impacted by reducing the duration from 2 hours to 1 hour 

(to avoid online fatigue), eliminating lunches which reduced the opportunity 
for participants to socialize, reducing the physical activity component and lim-
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iting its tailoring, and introducing a format that did not suit all participants 
(due to discomfort and/or challenges with technology, preference for in-per-
son contact) which reduced engagement and attendance. 

• system navigation was challenged by the closure and/or constant state of 
change of many community-based services. 

We searched for RCTs run during COVID-19 that were similar to ours in terms 
of testing patient-oriented outcomes (e.g., quality of life, self-management) in a 
lifestyle intervention targeting community-dwelling (non-institutionalized) older 
adults. Very few had been published at the time of writing, due in part to a con-
centration on clinical outcomes like HbA1C and hampered by inadequate descrip-
tions of the interventions [13]. We found one RCT run during COVID-19 that 
tested a social needs system navigation intervention (a component in our inter-
vention) for adults with type 2 diabetes, which showed no treatment effect for 
quality of life or the clinical outcomes [52]. The pandemic began in March 2020, 
only 6 months into our own study; at this time the literature on virtual delivery of 
similar interventions was limited but in general seemed to support this format, 
thus the research team decided to proceed with the trial using virtual delivery of 
the intervention [20]. Virtual delivery was not embraced by all intervention par-
ticipants despite the various mitigation strategies put in place (e.g., provision of 
tablets, internet/wifi and technology training). Many participants in both groups 
struggled with virtual care, but it is important to recognize that the shift to virtual 
delivery in our study occurred in the early months of the pandemic when the for-
mat was new, abruptly implemented, and dramatically different from pre-pan-
demic, in-person care.  

This shift was seen across Ontario, with one study reporting that primary care 
use by individuals in Ontario with type 2 diabetes declined by 17% in the first year 
of the pandemic with a 330% increase in those having 1+ virtual visits [53]. While 
some have linked reduced use of healthcare services to a decline in health status 
of people living with diabetes, evidence from the U.S. suggests that telehealth al-
leviated the negative impacts of decreased primary care screenings and risk factor 
management [54]. Other studies suggest that telehealth reduced the mental health 
impacts of the pandemic in adults living with diabetes [55]. Ultimately, virtual 
delivery of care in our study ensured that participants in both groups had contin-
ued access to care, which was undoubtedly a benefit to some. Moreover, virtual 
delivery is likely to be accepted even if not embraced in the future, since virtual 
care has been increasingly adopted post-pandemic and recommendations have 
emerged on incorporating this format into care delivery strategies across the spec-
trum of diabetes care [56] [57]. However, shifting to exclusively virtual delivery 
during the pandemic means that the optimal model of delivery for the interven-
tion still needs to be determined. Another outstanding question is whether tele-
health care will widen disparities in population subgroups managing diabetes 
[54]; our intervention included intensive mitigation measures (e.g., providing 
participants with tablets) unlikely to become part of usual care any time soon.  
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Another explanation of our findings may relate to challenges noted in the liter-
ature regarding moving the needle on our primary outcome. We used the SF-12 
instrument (MCS score) to measure our primary outcome, which is frequently 
regarded as a quality-of-life measurement tool. Quality of life, while an important 
patient-oriented outcome, has proven to be challenging in terms of generating 
meaningful change for interventions that address multiple chronic conditions (a 
key area targeted in our intervention). A systematic review of interventions for 
multimorbidity (half of which focused on diabetes, depression and/or heart dis-
ease; core intervention elements included case management and multidisciplinary 
teams) showed little evidence of improvements in quality of life or clinical out-
comes, with only modest reductions in depression for studies that targeted partic-
ipants with depression [58]. Even intensive interventions such as Guided Care 
have not shown evidence of improving quality of life [59]. Nevertheless, interven-
tion participants in our study reported improvements in their experience with 
care and positive perceptions of health benefit/impact from their care [60]. Con-
sistent with the findings from the 3D intervention and other multimorbidity in-
terventions such as Guided Care [59] [61], it is conceivable that the ACHRU-CPP 
improves perceptions and experience with care but does not improve quality of 
life itself [61]. Since patient experience is one of the Quadruple Aims of health 
care [62], perhaps this outcome should factor more prominently in an evaluation 
of the merits of an intervention. 

Strengths and Limitations 

The trial had several strengths. We used a multi-jurisdictional and multi-site ap-
proach, recruiting participants from two sites in each of three Canadian provinces. 
The trial was consistent with recommended guidelines for conducting pragmatic 
RCTs, was rigorously done with various mitigation strategies employed to address 
pandemic-related changes and included a range of sensitivity analyses to test the 
robustness of the findings to model assumptions and pandemic effects [20]. 
Slightly less than half (48%) of eligible participants agreed to participate in the 
study, which is above rates often seen in trials testing interventions in older adults 
with multiple chronic conditions [58] [60]. The engagement rate for core compo-
nents of the intervention was high. The trial was highly pragmatic to ensure that 
the results were reflective of real-world implementation, e.g., we used broad eligi-
bility criteria to ensure that the participants were representative of those seen in 
practice, the intervention was delivered in the real-world practice setting by pro-
viders employed in the setting, no extraordinary follow-up measures were used, 
patient-oriented outcomes were selected, and intention-to-treat analyses were 
conducted [30].  

Among the key limitations experienced in this trial (other than COVID-19 
mentioned above), we acknowledge the challenge in engaging caregivers in the 
trial (they were encouraged but not required to participate). Only 32 of 249 
(12.9%) eligible caregivers accepted an invitation to the study, and 29 of the 32 
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completed the baseline and 6-month data collection. Consequently, the statistical 
analyses pertaining to caregivers should be interpreted with caution and regarded 
as exploratory. That is, the group difference in the change in caregiver strain fa-
vouring the control group is an unusual finding that is not explained by large dif-
ferences in socio-demographic characteristics (see Table 1(b)) and may be the 
product of a small and unrepresentative sample (further influenced/exacerbated 
by pandemic-related effects). While efforts were made to blind participants (e.g., 
they were not advised of their group allocation), awareness of usual care services 
could result in awareness of membership in the intervention group and lead to 
bias in the self-reporting of outcomes. However, the findings and consistency of 
the results across a range of outcomes do not suggest a systematic response bias 
favouring the intervention group. Although we communicated participant con-
cerns to their primary care or specialist team as needed, we did not share the care 
plan developed in the intervention. This may have reduced the ability to align/co-
ordinate the care provided by the interventionists with the routine care partici-
pants were receiving. We acknowledge that health and service use costs may be 
underestimated, due to the exclusion of indirect, out-of-pocket and productivity 
costs. Finally, engagement rates in the group sessions at both sites in Province 2 
were significantly lower compared to the other sites (see Table 2), with trial stop-
page representing only a partial explanation of these low rates. Low attendance in 
Province 2 was also due to cultural differences (many participants preferred indi-
vidual rather than group sessions) and challenges finding a suitable site that was 
accessible to all intervention participants. 
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Abbreviation Definition 

ACHRU Aging, Community & Health Research Unit 

ANCOVA Analysis of covariance 

CAB Community Advisory Board 

CESD Center for Epidemiologic Studies on Depression Scale 

CPP Community Partnership Program 

GAD Generalized Anxiety Disorder 

LSM Least Squares Mean 

OARS Older Americans Resources and Services 

PC Program Coordinator 

PEI Prince Edward Island 

PASE Physical Activity in Seniors Scale 

PRECIS PRagmatic Explanatory Continuum Indicator Summary 

PSAT Partnership Self-Assessment Tool 

RCT Randomized Controlled Trial 

RD Registered Dietitian 

RN Registered Nurse 

SDSCA Summary of Diabetes Self-Care Activities 
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Effectiveness results for RCT complete 
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ANCOVA (Nonparametric) Results 
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model assumptions. effectiveness  

analysis for parametric and  
nonparametric models 

Additional File 5 .pdf 

Effectiveness Analysis (ANCOVA  
Model Results, Complete Cases) 

High Fidelity Sites Only (ONTARIO  
& PEI-1ST RUN) 

Effectiveness results for RCT high  
fidelity sites (Ontario Sites 1 & 2,  

PEI Sites 1 & 2 - 1st cohort) 

Additional File 6 .pdf 

Effectiveness Analysis (ANCOVA  
Model Results, Complete Cases) 

Subgroup Analysis - Type of  
Intervention Delivery 

Effectiveness results for RCT  
Intervention Group - subgroup  

analysis by type of delivery (entirely  
in-person, entirely virtual, both  

in-person and virtual) 

Additional Files 7 & 8 .pdf 

Effectiveness Analysis (ANCOVA  
Model Results, Complete Cases) 
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Effectiveness Analysis (ANCOVA  
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disaggregated analysis (females  

versus males) 

https://doi.org/10.4236/health.2026.186033


K. Fisher et al. 
 

 

DOI: 10.4236/health.2026.186033 556 Health 
 

Additional File 1. Baseline characteristics of RCT completers vs dropouts.  

Characteristic Category Total (n = 295) Completers (n = 246) Dropouts (n = 49) 

Socio-demographic Factors 

Sex, n (%) 
Male 136 (46.1) 113 (45.9) 23 (46.9) 

Female 159 (53.9) 136 (54.1) 26 (53.1) 

Age, mean (sd) N/A 75.6 (6.1) 75.5 (6.0) 76.3 (6.3) 

Marital, n (%) 

Married, living with partner 159 (54.1) 136 (55.5) 23 (46.9) 

Separated, divorced 51 (17.3) 44 (18.0) 7 (14.3) 

Widowed 61 (20.7) 49 (20.0) 12 (24.5) 

Never married 23 (7.8) 16 (6.5) 7 (14.5) 

Education, n (%) 

<high school 63 (21.4) 52 (21.1) 11 (22.4) 

completed high school 74 (25.1) 58 (23.6) 16 (32.7) 

completed college or some 
university 

105 (35.6) 90 (36.6) 15 (30.6) 

bachelor’s degree 38 (12.9) 33 (13.4) 5 (10.2) 

graduate degree 15 (5.1) 13 (5.3) 2 (4.1) 

Household Annual Income,  
n (%) 

<$20,000 57 (21.3) 41 (18.6) 16 (33.3) 

$20,000 - $$49,000 141 (52.6) 119 (54.1) 22 (45.8) 

$50,000 - $99,000 50 (18.7) 44 (20.0) 6 (12.5) 

$100,000 - $149,000 15 (5.6) 14 (6.4) 1 (2.1) 

> $150,000 5 (1.9) 2 (0.90) 3 (6.2) 

Employment, n (%) 

Retired 269 (91.2) 222 (91.4) 47 (95.9) 

Working full-time, part-time, 
looking 

23 (7.8) 24 (9.8) 2 (4.1) 

Born in Canada, n (%) 
Yes 230 (78.0) 190 (77.2) 40 (81.6) 

No 65 (22.0) 56 (22.8) 9 (18.4) 

Live Alone, n (%) 
Yes 107 (36.3) 86 (35.0) 21 (42.9) 

No 188 (63.7) 160 (65.0) 28 (57.1) 

Health and Selected Trial Outcomes 

Number of Chronic 
Conditions, mean (sd) 

N/A 5.3 (2.3) 5.4 (2.4) 4.7 (2.0) 
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Continued  

DSSIa - Total, mean (sd) N/A 26.8 (3.8) 26.8 (3.9) 26.8 (3.5) 

SCREEN IIa, mean (sd) N/A 36.2 (7.4) 36.2 (7.3) 36.0 (8.0) 

SDSCAa - Tot, mean (sd) N/A 32.6 (10.9) 32.6 (11.0) 32.2 (10.8) 

SF-12a - PCS, mean (sd) N/A 42.4 (11.9) 42.0 (11.9) 44.6 (11.3) 

SF-12a - MCS, mean (sd) N/A 54.3 (9.0) 54.1 (9.3) 55.4 (8.4) 

OARSa - Sum, mean (sd) N/A 1.1 (2.3) 1.2 (2.4) 0.9 (1.7) 

CESDa, mean (sd) N/A 5.2 (5.1) 5.3 (5.2) 4.9 (4.5) 

GADa, mean (sd) N/A 2.1 (3.4) 2.3 (3.6) 1.4 (1.9) 

PASEa, mean (sd) N/A 87.9 (56.7) 86.9 (57.0) 92.8 (55.4) 

COLLABORATE, mean (sd) N/A 22.9 (7.2) 22.6 (7.3) 24.4 (6.2) 

a DSSI = Duke Social Support Index, SCREEN II - Nutritional Risk in Older Adults Version 2, SDSCA = Summary of Diabetes Self 
Care Activities, SF-12 = Short Form Health Survey 12-Items, OARS = Older Americans Resources & Services, CESD = Center for 
Epidemiological Studies on Depression, GAD = Generalized Anxiety Disorder, PASE = Physical Activity in Seniors Scale 

 

 
Additional File 2. RCT timeline by province and site. 
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Additional File 3. Effectiveness analysis (ANCOVA model results, complete cases).  

utcomes 

Group 1 Group 2 
ANCOVA 

(Group Diff) 
T1a T2 T1a T2 

n 
Mean 
(SD) 

n 
Mean 
(SD) 

n 
Mean 
(SD) 

n 
Mean 
(SD) 

LSM Mean 
Diff (95% CI) 

p-value 

DSSI (Duke Social Support Index) 

DSSI-SI 122 
7.58 

(1.71) 
120 

7.43 
(1.59) 

124 
7.81 

(1.69) 
123 

7.49 
(1.60) 

−0.05 
(−0.40, 0.30) 

0.78 

DSSI-SS 121 
18.74 
(3.24) 

121 
19.06 
(2.80) 

122 
19.34 
(2.64) 

124 
19.30 
(2.82) 

−0.13 
(−0.69, 0.43) 

0.64 

DSSI-Total 121 
26.35 
(4.29) 

120 
26.47 
(3.84) 

122 
27.21 
(3.47) 

122 
26.75 
(3.74) 

−0.27 
(−1.00, 0.46) 

0.47 

OARS (Older Americans Resources & Services) 

OARS_Total 122 
1.08 

(2.32) 
121 

1.07 
(2.42) 

124 
1.27 

(2.51) 
125 

1.30 
(2.47) 

0.07 
(−0.22, 0.37) 

0.62 

SCREEN II (Nutritional Risk in Seniors) 

SCREEN_Total 120 
35.02 
(7.53) 

121 
35.93 
(6.97) 

124 
37.07 
(7.08) 

124 
36.79 
(6.83) 

−0.25 
(−1.64, 1.14) 

0.72 

SDSCA (Summary of Diabetes Self Care Activities) 

SDSCA_Gendiet 122 
5.43 

(2.00) 
121 

5.54 
(1.94) 

124 
5.60 

(1.88) 
125 

5.64 
(1.72) 

−0.03 
(−0.42, 0.37) 

0.88 

SDSCA_Specdiet 121 
3.53 

(1.64) 
120 

3.07 
(1.75) 

124 
3.53 

(1.63) 
124 

3.21 
(1.79) 

0.14  
(−0.28, 0.55) 

0.52 

SDSCA_Exer 122 
2.23 

(2.37) 
121 

2.37 
(2.39) 

124 
2.57 

(2.50) 
125 

2.34 
(2.53) 

−0.26 
(−0.78, 0.27) 

0.34 

SDSCA_Bloodtest 121 
4.35 

(2.80) 
113 

4.93 
(2.60) 

123 
4.62 

(2.90) 
118 

5.00 
(2.60) 

−0.05 
(−0.48, 0.39) 

0.83 

SDSCA_Footcare 122 
2.52 

(2.23) 
121 

2.41 
(2.30) 

123 
2.57 

(2.42) 
125 

2.93 
(2.41) 

0.52 
(−0.02, 1.05) 

0.06 

SDSCA_Total 120 
35.93 

(11.87) 
113 

36.83 
(10.62) 

122 
37.89 

(11.84) 
118 

38.22 
(10.33) 

0.42 
(−1.88, 2.72) 

0.72 
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SF-12 (Short Form Health Survey, Version 2) 

Physical Function 122 
42.98 

(12.73) 
121 

43.99 
(11.87) 

124 
42.72 

(12.38) 
125 

42.08 
(12.74) 

−1.84 
(−3.93, 0.25) 

0.08 

Role Physical 122 
44.73 

(11.27) 
121 

46.24 
(10.63) 

124 
44.02 

(11.50) 
125 

45.28 
(10.39) 

−0.66 
(−2.68, 1.36) 

0.52 

Bodily Pain 122 
45.31  

(11.50) 
121 

46.47 
(10.94) 

124 
45.66 

(11.08) 
125 

46.11 
(10.49) 

−0.57 
(−2.84, 1.70) 

0.30 

General Health 122 
45.99  

(10.57) 
121 

47.54 
(9.99) 

123 
45.97 

(10.26) 
125 

47.40 
(10.56) 

0.05 
(−1.91, 2.02) 

0.96 

Vitality 122 
50.28  

(10.77) 
121 

49.80 
(11.08) 

124 
49.38 

(10.86) 
125 

48.75 
(11.24) 

−0.62 
(−3.05, 1.81) 

0.62 

Social Function 122 
49.83  
(9.70) 

121 
52.20 
(8.44) 

124 
50.16 

(10.36) 
125 

50.14 
(9.81) 

−2.15 
(−4.31, 0.001) 

0.05 

Role Emotional 122 
49.93 

(10.36) 
121 

51.08 
(9.15) 

124 
50.33 
(9.41) 

125 
50.75 
(9.24) 

−0.51 
(−2.61, 1.59) 

0.63 

Mental Health 122 
52.31 
(9.13) 

121 
53.92 
(9.63) 

124 
52.88 
(9.35) 

125 
53.84 
(8.61) 

−0.35 
(−2.31, 1.6) 

0.72 

Physical Component 
Summary Score (PCS) 

122 
42.20 

(11.98) 
121 

43.30 
(10.82) 

124 
41.73 

(11.92) 
125 

42.15 
(12.02) 

−0.97 
(−2.96, 1.02) 

0.34 

Mental Component 
Summary Score (MCS) 

122 
53.90 
(9.38) 

121 
55.15 
(8.89) 

124 
54.34 
(9.32) 

125 
54.75 
(8.60) 

−0.56 
(−2.49, 1.37) 

0.57 

CESD-10 (Center for Epidemiological Studies on Depression, 10 Items) 

CESD_Total 121 
5.90 

(5.57) 
121 

4.87 
(4.56) 

124 
4.69 

(4.82) 
125 

4.53 
(5.19) 

0.24 
(−0.82, 1.3) 

0.66 

GAD (Generalized Anxiety Disorder, 7 Items) 

GAD_Total 122 
2.53 

(3.74) 
121 

1.92 
(3.50) 

124 
2.08 

(3.48) 
125 

1.71 
(2.66) 

0.02 
(−0.61,0.66) 

0.94 

PASE (Physical Activity in Seniors) 

PASE_Total 118 
94.04 

(57.35) 
121 

77.71 
(51.83) 

117 
79.93 

(55.94) 
124 

66.76 
(48.15) 

−6.07 
(−17.0, 4.83) 

0.27 

COLLABORATE (Patient/Provider Collaboration) 

COLLABORATE_Total 118 
22.06 
(7.57) 

119 
23.10 
(6.34) 

123 
23.09 
(7.04) 

125 
22.90 
(6.45) 

−0.66 
(−2.20, 0.87) 

0.39 

an, Mean (SD) for T1 outcomes are for complete cases at T2. 
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Additional File 4. Effectiveness analysis ANCOVA (parametric) & ROBUST ANCOVA (nonparametric) results. 

Outcome 

ANCOVA 
(Parametric) 

ANCOVA Assumptions c 
fANCOVA 

(Nonparametric)b 

LSM Group 
Diff  

(p-value)a 

1. Linearity 
2. Equal 
Slopes 

(p-value) 

3. Normality 
(p-value) 

4. Constant 
Variance 
(p-value) 

ANCOVA-
like test 

(p-value) 

Variance 
Estimator test 

(p-value) 

DSSI (Duke Social Support Index) 

DSSI_SI 0.78 Met Met (0.69) 
Not Met 
(0.008) 

Met (0.94) 0.57 0.88 

DSSI_SS 0.64 Met Met (0.52) 
Not Met 

(<0.0001) 
Met (0.65) 0.53 1.00 

DSSI_Total 0.47 Met Met (0.78) 
Not Met 

(<0.0001) 
Met (0.88) 0.53 0.91 

SCREEN II (Nutritional Risk in Seniors) 

SCREEN_Tot 0.72 Met Met (0.83) 
Not Met 
(0.0005) 

Met (0.51) 0.54 0.96 

CESD-10 (Center for Epidemiological Studies on Depression, 10 Items) 

CESD_Tot 0.66 Met Met (0.06) 
Not Met 

(<0.0001) 
Met (0.90) 0.41 0.40 

GAD (Generalized Anxiety Disorder, 7 Items) 

GAD_Total 0.94 Met 
Not Met 
(0.009) 

Not Met 
(<0.0001) 

Met (0.99) 0.35 0.03 

PASE (Physical Activity in Seniors) 

PASE_Total 0.27 Met Met (0.09) 
Not Met 

(<0.0001) 
Met (0.07) 0.47 0.31 

COLLABORATE (Patient/Provider Collaboration) 

COLLABORATE_Total 0.39 Met 
Not Met 

(0.03) 
Not Met 

(<0.0001) 
Met (0.32) 0.46 0.16 

SF-12 (Short Form Health Survey, Version 2) 

Physical Component 
Summary Score (PCS) 

0.34 Met Met (0.94) Met (0.16) 
Not Met 

(0.02) 
0.54 0.19 

Mental Component 
Summary Score (MCS) 0.57 Met Met (0.30) 

Not Met 
(<0.0001) 

Met (0.67) 0.44 0.37 
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Physical Function 0.08 Met Met (0.79) 
Not Met 
(0.002) 

Met (0.22) 0.47 0.23 

Role Physical 0.52 Met Met (0.43) 
Not Met 
(0.0008) 

Met (0.66) 0.50 0.35 

Bodily Pain 0.30 Met 
Not Met 

(0.03) 
Not Met 

(<0.0001) 
Met (0.28) 0.45 0.18 

General Health 0.96 Met Met (0.86) 
Not Met 

(<0.0001) 
Met (0.25) 0.53 0.41 

Vitality 0.62 Met Met (0.65) 
Not Met 
(0.002) 

Met (0.44) 0.58 0.80 

Social Function 0.05 Met Met (0.08) 
Not Met 

(<0.0001) 
Not Met 

(0.03) 
0.39 0.11 

Role Emotional 0.63 Met 
Not Met 

(0.03) 
Not Met 

(<0.0001) 
Met (0.42) 0.64 0.60 

Mental Health 0.72 Met Met (0.85) 
Not Met 

(<0.0001) 
Met (0.36) 0.45 0.21 

OARS (Older Americans Resources & Services) 

OARS_Total 0.62 Met Met (0.39) 
Not Met 

(<0.0001) 
Met (0.19) 0.49 0.38 

SDSCA (Summary of Diabetes Self Care Activities) 

SDSCA_Gendiet 0.88 Met Met (0.12) 
Not Met 

(<0.0001) 
Met (0.88) 0.51 0.09 

SDSCA_Specdiet 0.52 Met Met (0.18) Met (0.05) Met (0.41) 0.52 0.55 

SDSCA_Exer 0.34 Met Met (0.13) 
Not Met 

(<0.0001) 
Met (0.42) 0.55 0.40 

SDSCA_Bloodtest 0.83 Met Met (0.62) 
Not Met 

(<0.0001) 
Met (0.35) 0.49 0.28 

SDSCA_Footcare 0.06 Met Met (0.93) 
Not Met 
(0.0002) 

Met (0.27) 0.57 0.21 

SDSCA_Tot 0.72 Met Met (0.32) Met (0.71) Met (0.39) 0.68 0.36 

aSignificance test p-value for group variable in ANCOVA (= p-values in Additional File 1); bfANCOVA - a nonparametric ANCOVA 
procedure available in R which offers a number of different statistical significant tests (ANOVA-like and variance estimator selected); 
cAssumptions tested as follows: 1) Linearity (visual - scatterplot of covariate & outcome), 2) Equal slopes (significance of covariate 
x Group interaction term in ANCOVA, H0: slope = 0), 3) ~N (Shapiro Wilks test of ANCOVA model residuals, H0: residuals ~N), 
4) Constant variance (Levene’s test of ANCOVA model residuals, H0: equal variances across groups ).  
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Additional File 5. Effectiveness analysis (ANCOVA model results, complete cases) high fidelity sites only (ONTARIO & PEI-1ST 
RUN).  

Outcomesi 

Group 1 Group 2 
ANCOVA 

(Group Diff) 
T1a T2 T1a T2 

n 
Mean 
(SD) 

n 
Mean 
(SD) 

n 
Mean 
(SD) 

n 
Mean 
(SD) 

LSM Mean  
Diff (95% CI) 

p-value 

DSSI (Duke Social Support Index) 

DSSI-SI 77 
7.44 

(1.82) 
75 

7.19 
(1.75) 

80 
7.85 

(1.84) 
80 

7.44 
(1.70) 

0.04 
(−0.44, 0.52) 

0.86 

DSSI-SS 76 
18.33 
(3.42) 

76 
18.0 

(3.00) 
78 

19.26 
(2.79) 

81 
19/41 
(2.75) 

−0.02 
(−0.69, 0.65) 

0.95 

DSSI-Total 76 
25.80 
(4.60) 

75 
25.96 
(4.15) 

78 
27.19 
(3.71) 

80 
26.84 
(3.65) 

−0.06 
(−0.97, 0.86) 

0.90 

OARS (Older Americans Resources & Services) 

OARS_Total 77 
1.38 

(2.81) 
76 

1.38 
(2.81) 

80 
1.45 

(2.79) 
81 

1.44 
(2.63) 

0.08 
(−0.33, 0.48) 

0.71 

SCREEN II (Nutritional Risk in Seniors) 

SCREEN_Total 75 
34.20 
(7.87) 

76 
35.57 
(7.23) 

80 
37.16 
(6.88) 

80 
36.65 
(6.70) 

−0.32 
(−2.10, 1.45) 

0.72 

SDSCA (Summary of Diabetes Self Care Activities) 

SDSCA_Gendiet 77 
5.12 

(1.99) 
76 

5.37 
(2.06) 

80 
5.43 

(1.91) 
81 

5.59 
(1.64) 

0.04 
(−0.44, 0.51) 

0.88 

SDSCA_Specdiet 76 
3.47 

(1.62) 
76 

2.74 
(1.75) 

80 
3.36 

(1.70) 
80 

3.12 
(1.85) 

0.40 
(−0.11, 0.91) 

0.12 

SDSCA_Exer 77 
2.01 

(2.32) 
76 

2.22 
(2.42) 

80 
2.67 

(2.54) 
81 

2.42 
(2.62) 

−0.23 
(−0.91, 0.44) 

0.50 

SDSCA_Bloodtest 76 
4.62 

(2.76) 
76 

5.32 
(2.48) 

79 
4.88 

(2.83) 
81 

5.14 
(2.55) 

−0.32 
(−0.86, 0.22) 

0.25 

SDSCA_Footcare 77 
2.59 

(2.27) 
76 

2.43 
(2.34) 

79 
2.65 

(2.43) 
81 

2.96 
(2.32) 

0.53 
(−0.16, 1.23) 

0.13 

SDSCA_Total 75 
35.64 

(12.72) 
76 

36.17 
(10.92) 

78 
38.14 

(12.09) 
81 

38.43 
(10.47) 

0.98 
(−1.76, 3.72) 

0.48 

https://doi.org/10.4236/health.2026.186033


K. Fisher et al. 
 

 

DOI: 10.4236/health.2026.186033 563 Health 
 

Continued  

SF-12 (Short Form Health Survey, Version 2) 

PF_NBS 77 
41.61 

(13.11) 
76 

42.67 
(12.15) 

80 
41.32 

(12.27) 
81 

40.15 
(12.57) 

−2.52 
(−5.22, 0.17) 

0.07 

RP_NBS 77 
43.23 

(11.55) 
76 

45.49 
(10.91) 

80 
42.76 

(11.45) 
81 

43.98 
(10.67) 

−1.44 
(−3.96, 1.08) 

0.26 

BP_NBS 77 
43.91 

(12.21) 
76 

45.86 
(11.14) 

80 
45.10 

(11.53) 
81 

46.26 
(10.19) 

−0.22 
(−3.1, 2.66) 

0.88 

GH_NBS 77 
43.88 

(10.69) 
76 

45.03 
(10.33) 

79 
44.28 

(10.62) 
81 

46.75 
(10.81) 

1.25 
(−1.43, 3.92) 

0.36 

VT_NBS 77 
49.07 

(10.94) 
76 

47.38 
(10.82) 

80 
49.80 

(10.36) 
81 

47.49 
(10.37) 

−0.36 
(−3.19, 2.47) 

0.80 

SF_NBS 77 
48.67 

(10.09) 
76 

52.10 
(8.77) 

80 
49./90 
(10.84) 

81 
48.89 

(10.30) 
−3.62 

(−6.51, −2.48) 
0.01 

RE_NBS 77 
49.13 

(10.60) 
76 

51.22 
(9.34) 

80 
50.63 
(9.14) 

81 
50.70 
(9.11) 

−1.2 
(−3.81, 1.41) 

0.37 

MH_NBS 77 
52.14 
(8.91) 

76 
53.94 
(9.38) 

80 
53.38 
(9.08) 

81 
53.73 
(8.25) 

−0.80 
(−3.21, 1.61) 

0.51 

PCS 77 
40.28 

(12.48) 
76 

41.56 
(11.09) 

80 
39.95 

(12.12) 
81 

40.69 
(12.26) 

−0.90 
(−3.44, 1.64) 

0.49 

MCS 77 
53.48 
(9.28) 

76 
55.12 
(8.90) 

80 
55.30 
(8.68) 

81 
54.65 
(9.08) 

−1.33 
(−3.81, 1.15) 

0.29 

CESD-10 (Center for Epidemiological Studies on Depression, 10 Items) 

CESD_Total 76 
6.38 

(5.68) 
76 

4.97 
(4.82) 

80 
4.74 

(5.04) 
81 

4.67 
(5.16) 

0.52 
(−0.83, 1.87) 

0.45 

GAD-7 (Generalized Anxiety Disorder, 7 Items) 

GAD_Total 77 
2.62 

(3.48) 
76 

1.91 
(3.30) 

80 
2.14 

(3.52) 
81 

1.77 
(2.61) 

0.09 
(−0.71, 0.88) 

0.82 

PASE (Physical Activity in Seniors) 

PASE_Total 73 
84.56 

(56.44) 
76 

72.61 
(56.18) 

73 
77.95 

(58.33) 
81 

61.57 
(45.44) 

−11.9 
(−26.7, 2.94) 

0.12 

COLLABORATE (Patient/Provider Collaboration) 

COLLABORATE_Total 73 
21.14 
(8.09) 

74 
22.07 
(6.77) 

79 
23.75 
(6.38) 

81 
22.69 
(6.22) 

−0.63 
(−2.56, 1.30) 

0.52 

an, Mean (SD) for T1 outcomes are for complete cases at T2. 
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Additional File 6. Effectiveness analysis (ANCOVA model results, complete cases) subgroup analysis - type of intervention delivery. 

Outcome 

Estimated Marginal Means (=Least Squares Means)a ANCOVA 
Model 

Resultsc Group 1b Group 2b Group 3b 

mean (se) 95% CI mean (se) 95% CI Mean (se) 95% CI 
F statistic 
(p-value) 

DSSI (Duke Social Support Index) 

DSSI-SI 7.31 (0.20) (6.93, 7.70) 7.30 (0.26) (6.79, 7.80) 7.73 (0.23) (7.28, 8.19) 1.15 (0.32) 

DSSI-SS 19.10 (0.31) (18.50, 19.80) 18.90 (0.40) (18.10, 19.70) 19.00 (0.36) (18.30, 19.70) 0.13 (0.88) 

DSSI-Total 26.40 (0.40) (25.60, 27.20) 26.20 (0.52) (25.20, 27.20) 26.80 (0.47) (25.90, 27.70) 0.35 (0.71) 

SCREEN II (Nutritional Risk in Seniors, Version II) 

SCREEN_Total 35.70 (0.79) (34.10, 37.30) 35.40 (1.05) (33.30, 37.50) 36.10 (0.94) (34.20, 38.00) 0.12 (0.89) 

CESD-10 (Center for Studies on Depression, 10 Items) 

CESD_Total 5.28 (0.57) (4.16, 6.40) 5.30 (0.76) (3.79, 6.81) 4.09 (0.67) (2.76, 5.42) 1.10 (0.34) 

GAD-7 (Generalized Anxiety Disorder, 7 Items) 

GAD_Total 2.40 (0.38) (1.66, 3.14) 1.50 (0.50) (0.52, 2.48) 1.38 (0.44) (0.51, 2.26) 1.89 (0.16) 

PASE (Physical Activity in Seniors) 

PASE_Total 76.10 (6.99) (62.30, 90.00) 90.40 (9.01) (72.60,108.00) 71.00 (8.01) (55.10, 86.90) 1.35 (0.26) 

COLLABORATE (Patient/Provider Collaboration) 

COLLABORATE_Total 23.80 (0.78) (22.30, 25.40) 23.20 (1.05) (21.10, 25.30) 23.10 (0.90) (21.30, 24.90) 0.23 (0.80) 

SF-12 (Short Form Health Survey Version 2) 

Physical Function 44.80 (1.10) (42.60, 47.00) 43.70 (1.45) (40.80, 46.60) 44.00 (1.30) (41.40, 46.60) 0.20 (0.82) 

Role Physical 46.60 (1.13) (44.40, 48.90) 46.40 (1.49) (43.40, 49.30) 44.40 (1.33) (41.80, 47.00) 0.89 (0.42) 

Bodily Pain 47.40 (1.17) (45.10, 49.70) 45.70 (1.56) (42.60, 48.80) 45.50 (1.39) (42.70, 48.20) 0.68 (0.51) 

General Health 47.70 (1.08) (45.60, 49.80) 48.20 (1.43) (45.40, 51.00) 47.30 (1.27) (44.80, 49.90) 0.10 (0.90) 

Vitality 51.70 (1.31) (49.10, 54.30) 49.60 (1.73) (46.20, 53.00) 47.20 (1.54) (44.10, 50.30) 2.47 (0.09) 

Social Function 52.40 (1.10) (50.20, 54.60) 52.60 (1.46) (49.70, 55.50) 51.10 (1.29) (48.60, 53.70) 0.39 (0.68) 

Role Emotional 52.10 (1.09) (49.90, 54.30) 51.10 (1.44) (48.20, 53.90) 49.10 (1.29) (46.50, 51.60) 1.64 (0.20) 

Mental Health 54.50 (1.21) (52.00, 56.80) 52.70 (1.60) (49.50, 55.80) 54.10 (1.44) (51.30, 57.00) 0.38 (0.68) 

Physical Component 
Summary Score (PCS) 

43.80 (1.00) (41.80, 45.80) 43.60 (1.33) (41.00, 46.20) 42.50 (1.18) (40.10, 44.80) 0.40 (0.67) 

Mental Component 
Summary Score (MCS) 

55.90 (1.11) (53.70, 58.10) 54.90 (1.46) (52.00, 57.80) 53.80 (1.31) (51.20, 56.40) 0.77 (0.47) 

OARS (Older Americans Resources & Services) 

OARS_Total 0.89 (0.16) (0.56, 1.21) 1.49 (0.22) (1.07, 1.92) 0.97 (0.19) (0.59, 1.35) 2.70 (0.07) 
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SDSCA (Summary of Diabetes Self Care Activities) 

SDSCA_Gendiet 5.32 (0.22) (4.88, 5.77) 5.75 (0.30) (5.16, 6.34) 5.48 (0.26) (4.96, 6.00) 0.64 (0.53) 

SDSCA_Specdiet 3.24 (0.25) (2.75, 3.73) 3.08 (0.33) (2.43, 3.73) 3.09 (0.29) (2.51, 3.66) 0.11 (0.90) 

SDSCA_Exer 2.43 (0.30) (1.83, 3.03) 2.02 (0.40) (1.22, 2.81) 2.45 (0.36) (1.75, 3.16) 0.42 (0.66) 

SDSCA_Bloodtest 5.09 (0.27) (4.55, 5.63) 5.44 (0.36) (4.74, 6.15) 4.73 (0.30) (4.14, 5.33) 1.18 (0.31) 

SDSCA_Footcare 2.85 (0.30) (2.25, 3.45) 2.36 (0.36) (1.57, 3,15) 2.01 (0.36) (1.30, 2.72) 1.65 (0.20) 

SDSCA_Total 38.80 (1.24) (36.30, 41.30) 36.80 (1.66) (33.50, 40.10) 35.70 (1.37) (32.90, 38.40) 1.51 (0.23) 

aEstimated marginal means, also known as least-squares means, and related 95% confidence intervals were generated using the 
emmeans package Version 1.10.5 (2024-10-14) in R; bGroup variable is a categorical variable that represents the three intervention 
delivery formats used in the RCT: 1 = Fully In-person, 2 = Hybrid, 3 = Fully Virtual; cANCOVA results for model that includes 
independent variable indicating group (intervention, control) and baseline covariate value.  

 
Additional File 7. Effectiveness analysis (ANCOVA model results, complete cases) FEMALES (n = 133). 

Outcome 

Group 1 Group 2 ANCOVA 
(Group Diff) T1a T2 T1a T2 

n 
Mean 
(SD) 

n 
Mean 
(SD) 

n 
Mean 
(SD) 

n 
Mean 
(SD) 

LSM Mean  
Diff (95% CI) 

p-value 

DSSI (Duke Social Support Index) 

DSSI-SI 69 
7.64 

(1.80) 
69 

7.56 
(1.58) 

64 
7.86 

(1.76) 
64 

7.52 
(1.72) 

−0.16 
(−0.65, 0.34) 

0.53 

DSSI-SS 69 
18.75 
(3.35) 

69 
19.38 
(2.72) 

64 
19.08 
(3.15) 

64 
19.11 
(3.35) 

−0.45 
(−1.28, 0.37) 

0.28 

DSSI-Total 69 
26.39 
(4.49) 

69 
26.91 
(3.75) 

64 
26.94 
(4.09) 

64 
26.58 
(4.33) 

−0.45 
(−1.28, 0.37) 

0.28 

OARS (Older Americans Resources & Services) 

OARS_Total 69 
1.42 

(2.68) 
69 

1.38 
(2.89) 

64 
1.25 

(2.55) 
64 

1.39 
(2.49) 

0.17 
(−0.28, 0.62) 

0.46 

SCREEN II (Nutritional Risk in Seniors) 

SCREEN_Total 68 
33.90 
(7.93) 

69 
34.84 
(7.31) 

64 
36.13 
(7.65) 

63 
36.44 
(7.50) 

0.23 
(−1.65, 2.10) 

0.81 

SDSCA (Summary of Diabetes Self Care Activities) 

SDSCA_Gendiet 69 
5.22 

(1.96) 
69 

5.49 
(2.08) 

64 
5.59 

(1.72) 
64 

5.59 
(1.78) 

−0.15 
(−0.67, 0.37) 

0.57 

SDSCA_Specdiet 68 
3.28 

(1.63) 
69 

2.91 
(1.66) 

64 
3.41 

(1.60) 
63 

3.10 
(1.87) 

0.10 
(−0.43, 0.63) 

0.71 

SDSCA_Exer 69 
1.92 

(2.30) 
69 

2.46 
(2.40) 

64 
2.47 

(2.48) 
64 

1.97 
(2.50) 

−0.81 
(−1.51, −0.12) 

0.02 
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SDSCA_Bloodtest 69 
4.31 

(2.76) 
64 

5.05 
(2.52) 

63 
4.71 

(2.93) 
60 

5.13 
(2.69) 

−0.17 
(−0.81, 0.47) 

0.60 

SDSCA_Footcare 69 
2.41 

(2.11) 
69 

2.46 
(2.40) 

64 
3.14 

(2.46) 
64 

3.21 
(2.39) 

0.44 
(−0.32, 1.21) 

0.25 

SDSCA_Total 68 
34.27 

(11.59) 
64 

36.64 
(10.43) 

63 
38.87 

(12.77) 
60 

37.82 
(10.49) 

−1.55 
(−4.47, 1.38) 

0.30 

SF-12 (Short Form Health Survey, Version 2) 

Physical Function 69 
41.98 

(12.72) 
69 

42.69 
(12.66) 

64 
42.43 

(12.53) 
64 

40.83 
(12.53) 

−2.19 
(−5.06, 0.68) 

0.13 

Role Physical 69 
42.81 

(11.53) 
69 

45.38 
(11.11) 

64 
45.03 

(10.79) 
64 

45.69 
(10.38) 

−0.98 
(−3.95, 1.98) 

0.51 

Bodily Pain 69 
43.87 

(11.53) 
69 

44.79 
(11.31) 

64 
45.33 

(10.84) 
64 

47.02 
(10.15) 

1.46 
(−1.65, 4.58) 

0.35 

General Health 69 
46.80 

(10.66) 
69 

47.81 
(10.01) 

64 
46.94 

(10.78) 
64 

48.68 
(10.67) 

0.78 
(−1.18, 3.37) 

0.55 

Vitality 69 
49.35 

(11.19) 
69 

50.06 
(10.82) 

64 
49.99 

(11.72) 
64 

48.76 
(11.88) 

−1.69 
(−4.81, 1.43) 

0.29 

Social Function 69 
49.68 
(8.93) 

69 
52.53 
(7.87) 

64 
49.40 

(10.30) 
64 

50.09 
(9.47) 

−2.34 
(−5.14, 0.47) 

0.10 

Role Emotional 69 
49.43 
(9.99) 

69 
50.56 
(9.65) 

64 
49.54 
(9.33) 

64 
51.25 
(8.49) 

0.64 
(−2.20, 3.49) 

0.66 

Mental Health 69 
52.15 
(8.64) 

69 
52.99 

(10.15) 
64 

51.84 
(9.92) 

64 
53.10 
(9.53) 

0.26 
(−2.77, 3.29) 

0.87 

Physical Component 
Summary Score (PCS) 

69 
40.95 

(12.40) 
69 

42.49 
(11.38) 

64 
42.49 

(11.75) 
64 

42.37 
(11.99) 

−0.96 
(−3.86, 1.93) 

0.51 

Mental Component 
Summary Score (MCS) 

69 
53.94 
(9.06) 

69 
55.18 
(9.82) 

64 
53.39 
(9.63) 

64 
54.73 
(8.72) 

−0.21 
(−3.10, 2.68) 

0.89 

CESD-10 (Center for Epidemiological Studies on Depression, 10 Items) 

CESD_Total 68 
6.13 

(4.89) 
69 

5.07 
(4.40) 

64 
4.86 

(4.90) 
64 

4.92 
(6.04) 

0.47 
(−1.12, 2.06) 

0.56 

GAD-7 (Generalized Anxiety Disorder, 7 Items) 

GAD_Total 69 
2.57 

(3.08) 
69 

1.88 
(3.25) 

64 
2.27 

(3.58) 
64 

1.86 
(2.93) 

0.10 
(−0.86, 1.06) 

0.84 

PASE (Physical Activity in Seniors) 

PASE_Total 66 
84.56 

(49.20) 
69 

70.77 
(43.03) 

64 
77.10 

(47.23) 
64 

60.82 
(36.75) 

−6.61 
(−19.10, 5.90) 

0.30 

COLLABORATE (Patient/Provider Collaboration) 

COLLABORATE_Total 67 
21.78 
(8.01) 

67 
23.09 
(6.36) 

63 
22.94 
(7.55) 

64 
22.11 
(7.31) 

−1.53 
(−3.70, 0.64) 

0.17 

an, Mean (SD) for T1 variables are for complete cases at T2. 
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Additional File 8. Effectiveness evaluation (ANCOVA model results, complete cases) MALES (n = 113). 

Outcome 

Group 1 Group 2 
ANCOVA 

(Group Diff) 
T1a T2 T1a T2 

n 
Mean 
(SD) 

n 
Mean 
(SD) 

n 
Mean 
(SD) 

n 
Mean 
(SD) 

LSM Mean  
Diff (95% CI) 

p-value 

DSSI (Duke Social Support Index) 

DSSI-SI 52 
7.25 

(1.61) 
52 

7.54 
(1.61) 

61 
7.79 

(1.63) 
61 

7.46 
(1.48) 

0.09 
(−0.41, 0.59) 

0.72 

DSSI-SS 51 
18.73 
(3.16) 

52 
18.64 
(2.87) 

59 
19.66 
(1.90) 

60 
19.50 
(2.12) 

0.29 
(−0.45, 1.03) 

0.44 

DSSI-Total 51 
26.31 
(4.08) 

52 
25.89 
(3.90) 

59 
27.56 
(2.64) 

60 
26.92 
(3.90) 

0.27 
(−0.73, 1.26) 

0.60 

OARS (Older Americans Resources & Services) 

OARS_Total 52 
0.65 

(1.67) 
52 

0.67 
(1.52) 

61 
1.26 

(2.46) 
61 

1.20 
(2.47) 

−0.005 
(−0.37, 0.36) 

0.98 

SCREEN II (Nutritional Risk in Seniors) 

SCREEN_Total 51 
36.33 
(6.74) 

52 
37.37 
(6.28) 

61 
38.05 
(6.26) 

61 
37.15 
(6.10) 

−0.79 
(−2.86, 1.27) 

0.45 

SDSCA (Summary of Diabetes Self Care Activities) 

SDSCA_Gendiet 52 
5.48 

(2.07) 
52 

5.61 
(1.75) 

61 
5.60 

(2.04) 
61 

5.70 
(1.67) 

0.05 
(−0.54, 0.64) 

0.86 

SDSCA_Specdiet 52 
3.84 

(1.63) 
51 

3.27 
(1.85) 

61 
3.71 

(1.68) 
62 

3.34 
(1.71) 

0.11 
(−0.55, 0.76) 

0.74 

SDSCA_Exer 52 
2.56 

(2.37) 
52 

2.26 
(2.39) 

61 
2.75 

(2.57) 
61 

2.72 
(2.52) 

0.37 
(−0.44, 1.18) 

0.37 

SDSCA_Bloodtest 51 
4.49 

(2.83) 
49 

4.79 
(2.73) 

61 
4.45 

(2.92) 
58 

 
4.88 

(2.52) 
0.15 

(−0.45, 0.75) 
0.63 

SDSCA_Footcare 52 
2.67 

(2.39) 
52 

2.34 
(2.17) 

61 
1.94 

(2.20) 
61 

2.64 
(2.42) 

0.64 
(−0.16, 1.43) 

0.12 

SDSCA_Tot 51 
38.14 

(12.10) 
49 

37.08 
(10.95) 

60 
36.90 

(10.67) 
58 

38.64 
(10.24) 

2.17 
(−1.52, 5.87) 

0.25 
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SF-12 (Short Form Health Survey, Version 2) 

Physical Function 52 
44.04 

(12.75) 
52 

45.71 
(10.62) 

61 
43.13 

(12.22) 
61 

43.48 
(10.62) 

−1.69 
(−4.79, 1.41) 

0.28 

Role Physical 52 
47.05 

(10.52) 
52 

47.37 
(9.96) 

61 
43.17 

(12.24) 
61 

44.84 
(10.47) 

−0.14 
(−2.95, 2.67) 

0.92 

Bodily Pain 52 
46.98 

(11.30) 
52 

48.71 
(10.10) 

61 
45.90 

(11.35) 
61 

45.16 
(10.83) 

−3.01 
(−6.38, 0.34) 

0.08 

General Health 52 
44.69 

(10.40) 
52 

47.18 
(10.04) 

61 
45.13 
(9.71) 

61 
46.68 

(10.43) 
−0.80 

(−3.87, 2.27) 
0.61 

Vitality 52 
51.34 

(10.24) 
52 

49.45 
(11.52) 

61 
48.74 
(9.83) 

61 
48.74 

(10.62) 
0.37 

(−3.51, 4.25) 
0.85 

Social Function 52 
49.89 

(10.76) 
52 

51.77 
(9.21) 

61 
50.78 

(10.47) 
61 

50.19 
(10.23) 

−1.88 
(−5.29. 1.54) 

0.28 

Role Emotional 52 
50.48 

(10.97) 
52 

51.78 
(8.49) 

61 
51.17 
(9.42) 

61 
50.23 

(10.01) 
−1.82 

(−4.99, 1.35) 
0.26 

Mental Health 52 
52.41 
(9.87) 

52 
55.16 
(8.83) 

61 
53.77 
(8.73) 

61 
54.62 
(7.53) 

−1.31 
(−3.68, 1.07) 

0.28 

Physical Component 
Summary Score (PCS) 

52 
43.57 

(11.27) 
52 

44.63 
(9.97) 

61 
41.11 

(12.13) 
61 

41.92 
(12.15) 

−0.94 
(−3.73, 1.83) 

0.50 

Mental Component 
Summary Score (MCS) 

52 
53.78 
(9.95) 

52 
55.11 
(7.57) 

61 
55.15 
(9.95) 

61 
54.78 
(8.55) 

−0.97 
(−3.50, 1.58) 

0.45 

CESD-10 (Center for Epidemiological Studies on Depression, 10 Items) 

CESD_Total 52 
5.73 

(6.39) 
52 

4.60 
(4.79) 

61 
4.54 

(4.74) 
61 

4.12 
(4.11) 

0.04 
(−1.35, 1.43) 

0.95 

GAD-7 (Generalized Anxiety Disorder, 7 Items) 

GAD_Total 52 
2.52 

(4.51) 
52 

1.96 
(3.84) 

61 
1.90 

(3.38) 
61 

611.56 
(2.36) 

−0.05 
(−0.88, 0.77) 

0.90 

PASE (Physical Activity in Seniors) 

PASE_Total 51 
104.30 
(64.16) 

52 
86.91 

(60.84) 
57 

82.39 
(64.00) 

60 
73.10 

(57.54) 
−5.84 

(−24.80,13.10) 
0.54 

COLLABORATE (Patient/Provider Collaboration) 

COLLABORATE_Total 50 
22.34 
(7.04) 

52 
23.12 
(6.38) 

61 
23.31 
(6.49) 

61 
23.74 
(5.33) 

0.24 
(−1.91, 2.39) 

0.83 

an, Mean (SD) for T1 variables are for complete cases at T2.  
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