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Abstract 

Background Older adults increasingly prefer to age in place, but health and safety risks often threaten this inde-
pendence. Home delivered meals, a key service under the Older Americans Act, provide essential nutritional support 
to homebound older adults, the majority of whom are at elevated risk for fall-related morbidity and mortality. Given 
the complex health conditions of homebound older adults, we conducted a feasibility randomized controlled trial 
(RCT) to evaluate our methods for testing four different service models designed to help reduce fall risk among home 
delivered meal recipients: (1) meals alone; (2) meals + registered dietitian nutritionist (RDN) services; (3) meals + occu-
pational therapy (OT) services; or (4) meals + RDN + OT services. Findings will inform protocol modifications for our 
definitive RCT to improve fall-related outcomes among this population.

Methods A four-arm, parallel-group feasibility RCT was conducted with one home delivered meal agency in the Mid-
west United States. Participants were eligible to participate if they were over 60 years old, were able to receive meals 
from our partner agency, had one diet-related health condition, and were at risk for falling. Feasibility outcomes 
included study eligibility, recruitment, retention, fidelity to RDN and OT services, and service acceptability.

Results Of 442 screened clients, 31% were eligible for participation, and 41% of eligible individuals were recruited 
(N = 56). Retention at three months was 79%. Fidelity rates were 84.5% for RDN services and 90.2% for OT services. Par-
ticipants expressed high satisfaction with meal convenience and staff interactions but noted areas for improvement, 
including meal taste and inconsistent meal deliveries (e.g., timeliness; receiving correct meals).

Conclusions The study identified several barriers to scaling this trial, including restrictive eligibility criteria 
and recruitment challenges. Protocol modifications for the definitive trial include broader eligibility, expanded recruit-
ment areas, and increased flexibility in meal selection. Randomization procedures will also be adjusted to account 
for participants from the same household. This feasibility trial demonstrates the potential for integrating RDN and OT 
services into home delivered meal programs to address recipients’ fall-related needs.

Trial registration Clinicaltrials.gov; NCT06059404; 22/09/2023.
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Background
An overwhelming majority of older adults prefer to “age-
in-place,” defined as remaining in a community-based 
dwelling during one’s later years in life [1]. However, 
the growth of the older adult population has brought to 
light several health and safety concerns that threaten the 
ability for older adults – particularly homebound older 
adults – to remain independent in their home environ-
ments [2, 3]. To mitigate these concerns, community-
based agencies provide health and social services that 
optimize independence and reduce older adults’ needs 
for more advanced and costly care (e.g., nursing home 
placement) [4, 5]. One example of these essential – and 
popular – services is home delivered meals. Authorized 
under the Older Americans Act of 1965, federally funded 
home delivered meal programs represent the largest 
nutritional support program for older individuals in the 
United States [6]. Meals are delivered to an older adult’s 
home by paid or volunteer drivers who provide opportu-
nities for social interaction and communicate any client 
concerns back to the meal agency.

Despite the well-established value that home deliv-
ered meals provide [7, 8], the health characteristics of 
home delivered meal recipients are becoming increas-
ingly complex [9, 10]. For instance, nearly 90% of home 
delivered meal recipients are living with diet-related 
health conditions, such as cardiovascular disease, (e.g., 
hypertension; congestive heart failure), diabetes, and 
renal disease [11]. These conditions are often accompa-
nied by metabolic changes, reductions in muscle mass, 
visual changes as a result of diabetic retinopathy, impair-
ments in lower extremity sensation, and poor endurance 
to complete daily tasks (e.g., eating, cooking) [12, 13]. Of 
paramount concern is how these conditions also impact 
home delivered meal recipients’ risk of falls – the lead-
ing cause of injury and disability among older adults 
[14]. While approximately 25% of the general older adult 
population experience falls annually [15], as high as 60% 
of older adults with diet-related health conditions report 
falling [13], suggesting that tailored clinical services are 
warranted to address the nutritional, physical, and func-
tional needs of older adults with these conditions. Relat-
edly, 80% of home delivered meal recipients present with 
one or more personal fall risk factors (e.g., prior fall, use 
of assistive ambulatory device) [16], and as many as one-
quarter are living in home environments that contain 
concerning fall hazards, such as uneven walking surfaces, 
broken flooring, and tripping obstacles in the kitchen and 

dining areas [17]. If proactively addressed by a skilled 
professional these fall risk concerns can be drastically 
reduced [18], resulting in improved safety and independ-
ence for older adults living at home.

To support the nutritional, physical, and functional 
needs of home delivered meal recipients living with 
diet-related health conditions, we propose that tailored 
clinical services – particularly those provided by regis-
tered dietitian nutritionists (RDNs) and occupational 
therapists (OTs) – may attenuate fall risk and promote 
the ability for meal recipients to remain living in their 
own homes. Given that RDNs are experts in providing 
nutritional guidance, and OTs are experts in maximizing 
safety in the home environment, we claim that these are 
the ideal professionals to address the complex fall-related 
needs of the home delivered meal population.

While supplementing home delivered meals with 
skilled clinical services (e.g., RDN and OT services) 
seems like a practical approach to mitigate recipients’ 
nutritional and safety needs [19, 20], the value of these 
services has yet to be empirically evaluated. Without 
such evidence, it is unlikely that meal agencies would 
attempt to add new, time- and resource-intensive ser-
vices to their restrictive operating budgets. Accordingly, 
the present feasibility study serves as a first step towards 
testing the effect of RDN and OT services on meal recipi-
ents’ fall-related outcomes. Below, we describe our meth-
odological approaches and the feasibility outcomes that 
have informed revisions to our definitive randomized 
controlled trial study protocol.

Methods
Study design and setting
We conducted a four-arm, parallel-group randomized 
controlled feasibility trial in partnership with one home 
delivered meal agency in the Midwest United States 
(NCT06059404). The feasibility trial design was most 
appropriate given our interest in examining two under-
studied services in the home delivered meal setting 
– RDN and OT services. In our definitive trial, the four-
arm design will also allow us to estimate the individual 
effect of meals, registered dietitian services, and occupa-
tional therapist services, as well as the combined effect of 
these services on fall-related outcomes.

Notably, our interests in this early investigative phase 
were primarily focused on evaluating the feasibility of 
our study methods. We were not focused on determining 
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estimates of RDN or OT effectiveness, nor were we inter-
ested in estimating the effect of home delivered meals on 
participant outcomes. Rather, we planned to use find-
ings from this feasibility study to inform refinements to 
our definitive RCT study protocol and research proce-
dures. All study activities described below are reported in 
accordance with the Consolidated Standards of Report-
ing Trials (CONSORT) statement for pilot and feasibility 
trials [21] (Additional file 1).

The agency partner for this study typically provided 
home delivered meals to over 6,000 older adults each 
year and employed over 200 part- and full-time staff 
members. For the present study, meals were provided 
to homebound older adults who resided in the agency’s 
primary service area, and the cost of meal services were 
covered by a combination of federal appropriations (e.g., 
Older Americans Act Nutrition Program), local tax lev-
ies, and private donations.

Participant eligibility
Participants were recruited from our partner agency in 
the six months between September 1, 2023 – February 
29, 2024. Individuals who contacted our partner agency 
to begin meal services were automatically assessed for 
study eligibility by the lead outcome assessor via tele-
phone. Inclusion criteria and exclusion criteria are listed 
below:

Inclusion criteria:

• The presence of one or more fall risk factors, as 
defined by the Centers for Disease Control and Pre-
vention [22], given that such factors can be addressed 
by an occupational therapist

• A self-reported diagnosis of either cardiovascular 
disease or diabetes as these are diet-related condi-
tions that often warrant registered dietitian services

• Age of 60 years or older
• Willing to receive the weekly-delivered Frozen 

Choice meal plan (versus the daily-delivered hot 
meal plan)

• The ability to store and reheat 14 frozen meals
• Met our partner agency’s home delivered meal eligi-

bility criteria (i.e., difficulty with safe and independ-
ent meal preparation; no regular access to a caregiver 
who can provide meals).

Exclusion criteria:

• Had received home delivered meals from our part-
ner agency or other meal agency within the past 
6 months

• Resided in a residential care or skilled nursing facility

• Had cognitive impairments that limited their ability 
to provide informed consent

• Were unable to communicate in English

Participants who were eligible and interested in study 
participation then scheduled an in-home visit with the 
lead outcome assessor within 14 days. During this in-
home visit, the assessor reviewed the purpose of the 
study and potential study risks, obtained informed con-
sent, provided participants with printed educational 
handouts (described below), and helped participants 
select frozen meals for their first week of meal deliveries.

Sample size
Given that this study was designed as a feasibility RCT, 
we did not conduct a power analysis to determine sample 
size. Rather, we used a combination of feasibility study 
recommendations [23] and expertise from our agency 
experts to determine the likelihood of recruiting partici-
pants over a 6-month time frame. Accordingly, we aimed 
to recruit 60 participants – or 15 participants per study 
arm. Recruitment activities were scheduled to occur 
between September 1, 2023—February 29, 2024 regard-
less of whether we reached our target sample size. The 
decision to cease recruitment was made to ensure the 
study team had sufficient time to develop and implement 
protocol modifications before the study entered its defin-
itive RCT phase (August 1, 2024 – July 31, 2026).

Involvement of agency staff
Notably, agency staff were heavily involved in study 
activities and served as essential members of the research 
team. Two agency staff (LEB and MLR) served as pro-
ject co-Principal Investigators with the lead author, and 
six staff members underwent required research train-
ing (e.g., Collaborative Institutional Training Initiative) 
[24] to complete informed consent, data collection, and 
intervention delivery activities. Agency staff met monthly 
with the full study team to discuss study progress and 
make modifications to feasibility study procedures, as 
indicated.

Randomization
After informed consent and baseline data were gathered, 
participants were randomized (1:1:1:1) at the individual 
level into one of our four study arms using the RED-
Cap (Research Electronic Data Capture) randomization 
feature [25]. To ensure balanced enrollment among 4 
arms, we implemented a stratified (living alone and liv-
ing with others) block randomization scheme with a first 
block size of 16 patients followed by blocks of size 4. To 
avoid bias in data collection, our outcome assessor and 
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biostatisticians were blinded to each participant’s study 
arm assignment.

Intervention arms
Arm 1 (meals only)
Participants randomized to Arm 1 received 14 frozen 
meals, delivered 1x/week, for 3-months. As required by 
the Older Americans Act, each meal met at least one-
third of the dietary recommended intake requirements 
for older adults. Participants were provided with a menu 
of 40 standard meal options, were invited to select their 
own meals to be delivered each week, and were also pro-
vided with general nutrition education and fall preven-
tion handouts.

Arm 2 (meals + registered dietitian services)
In addition to the weekly, frozen meals and educational 
handouts described for Arm 1, participants randomized 
to Arm 2 also received services from one of our agen-
cy’s RDNs. Services were characterized by three core 
components: 1) a telephone-based nutrition assessment 
between the participant and dietitian, 2) assistance with 
frozen meal selections that were concordant with the par-
ticipant’s dietary needs, and 3) a follow-up phone-based 
encounter with the dietitian to address the participant’s 
nutritional needs and satisfaction with meal selections.

Arm 3 (meals + occupational therapy services)
Participants in this arm received weekly frozen meals, 
educational handouts, and tailored services from one of 
our agency’s occupational therapists. The four core com-
ponents of occupational therapy services consisted of: 1) 
a phone-based screen related to the participants’ fall risk 
and home safety needs, 2) a full in-home evaluation, 3) 
the development of a fall prevention intervention plan, 

and 4) an in-home OR phone-based (at the therapist’s 
discretion) follow-up session to determine participants’ 
satisfaction with fall prevention recommendations.

Arm 4 (meals + registered dietitian services + occupational 
therapy services)
Participants in Arm 4 received frozen meals, educational 
handouts, and the combination of tailored dietitian and 
occupational therapy services as provided in Arms 2 and 
3 (Table 1).

Data collection procedures
Self-reported demographic data, including age, gender, 
race, household composition, health conditions, mobil-
ity impairment status (yes/no), and marital status were 
drawn from our partner agency’s electronic health record 
database. Additionally, we administered three standard-
ized outcome measures, described below, to all enrolled 
participants at baseline and at 3-month follow-up. To 
assess fall risk, we used the Short Falls Efficacy Scale-
International (FES-I) which is a 7-item questionnaire 
with all items measured via a 1–4-point Likert scale to 
evaluate participants’ level of concern about the possi-
bility of falling [26]. The FES-I has excellent test–retest 
reliability (Cronbach’s alpha = 0.92), and high scores indi-
cate a greater concern with falling. The Mini Nutrition 
Assessment-Short Form (MNA-SF) is a 6-item instru-
ment that measures older adults’ malnutrition risk on a 
scale from 0–14 points [27]. Instrument items include 
those addressing food consumption, unintentional 
weight loss, mobility issues, acute illness, psychological 
function, and body mass index. The MNA-SF has been 
found to have both strong sensitivity (97.9%) and speci-
ficity (100%), and has a diagnostic accuracy of 98.7% for 
predicting malnutrition [28]. Lastly, four items from 

Table 1 Description of services provided across Arms 1–4

RDN services registered dietitian nutritionist services, OT services occupational therapy services; follow-up encounters occurred 30-days after initial assessment/
evaluation

Arm 1 (Meals only) Arm 2 (Meals + RDN 
services)

Arm 3 (Meals + OT 
services)

Arm 4 (Meals 
+ RDN + OT 
services)

Up to 14 frozen meals, delivered weekly X X X X

Nutrition education handouts X X X X

Fall prevention education handouts X X X X

Nutrition assessment with RDN X X

RDN assistance with meal selection X X

Follow-up RDN encounter X X

Fall risk screen with OT X X

OT in-home safety evaluation X X

Fall prevention intervention plan X X

Follow-up OT encounter X X
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the Summary of Diabetes Self-Care Activities (SDSCA) 
questionnaire were used to assess dietary quality, par-
ticularly related to weekly intake of food items (e.g., How 
many of the last SEVEN DAYS have you eaten a healthy 
diet?) [29]. Psychometric assessments of the SCSCA have 
demonstrated that it has acceptable criterion validity 
(r = −0.54–0.58), test–retest reliability (mean r = .40), and 
internal consistency (mean r = 0.47) [30]. Our three out-
come measures (FES-I, MNA-SF, SDSCA) were selected 
after extensive discussion with our meal agency partners 
and after piloting each measure to ensure they could be 
appropriately administered by agency staff who led data 
collection activities.

Primary outcome: feasibility of study methods
Given that feasibility of our study methods was of pri-
mary interest for this study, we evaluated the following: 
participant eligibility, recruitment, retention, fidelity to 
RDN and OT services, and perceived acceptability of 
services. Eligibility was defined as the proportion of our 
agency’s meal recipients who were screened by agency 
staff and met our inclusion criteria. Recruitment was the 
proportion of eligible recipients who agreed to enroll in 
our study; retention was considered the proportion of 
enrolled participants who completed the 3-month fol-
low-up encounter with our outcome assessor. Fidelity 
was calculated by determining the number of core ser-
vice components that were implemented by dietitians 
and occupational therapists compared to how many 
components we expected to be implemented (actual 
components ÷ expected components). All core compo-
nents were documented as being completed (Yes/No) in 
REDCap by our RDN and OT clinicians after each par-
ticipant encounter. Lastly, acceptability was measured 
qualitatively upon study completion and was defined as 
participants’ perceived satisfaction with their frozen meal 
deliveries and/or their receipt of RDN and OT services. 
To understand acceptability, participants were asked 
two questions: 1) What did you like about the services 
you received during this study? and 2) What about our 
services could be improved? Responses were not audio 

recorded but were summarized by the outcome assessor 
and entered directly into REDCap.

Consistent with previously established feasibility pro-
gression criteria [31, 32], we applied the traffic light rat-
ing system to interpret our feasibility outcomes (Table 2). 
Outcomes rated as green (≥ 80%) indicated that related 
activities (e.g., application of eligibility criteria) could 
proceed to the definitive trial with minor or no modifi-
cations to the study protocol. Outcomes rated as yellow 
(60–79%) indicated that moderate adjustments to the 
study protocol were warranted whereas red outcomes (≤ 
59%) suggested major protocol adjustments were neces-
sary prior to initiating our definitive trial.

Analysis
For our primary outcome of feasibility, we used univari-
ate statistics to evaluate our feasibility outcomes. We 
used the following approaches to descriptively analyze 
each of our feasibility outcomes: eligibility = number of 
clients who met eligibility criteria ÷ number of clients 
screened over 6-months; recruitment = the total number 
of participants who enrolled in the study ÷ the number 
of clients eligible clients; retention = number of enrolled 
participants who completed 3-month follow-up ÷ num-
ber of enrolled participants; fidelity = number of RDN 
and OT core components that were implemented (per 
clinician documentation) with each participant ÷ the 
number of core components that were expected to be 
implemented. An independent assessor calculated fidel-
ity using the core component data that clinicians docu-
mented in REDCap. To evaluate acceptability of services, 
three members of our research team, with experience 
in qualitative methods, used a rapid qualitative analysis 
approach to independently code participants’ comments 
about their satisfaction with services and opportunities 
to improve meals and clinical service implementation. 
Team members met twice to discuss common codes and 
identify primary themes about the acceptability of ser-
vices provided.

Table 2 Traffic light rating criteria for interpreting feasibility outcomes

Criteria adapted from Hilton et al. [32]. Clinical services = registered dietitian nutritionist and/or occupational therapy services

Feasibility outcome Description Green Yellow Red

Eligibility Proportion of clients screened who were eligible for our study ≥ 80% 60–79% ≤ 59%

Recruitment Proportion of eligible clients who enrolled in the study ≥ 80% 60–79% ≤ 59%

Retention Proportion of enrolled participants who completed 3-month follow-up ≥ 80% 60–79% ≤ 59%

Fidelity Proportion of clinical services that were implemented as intended ≥ 80% 60–79% ≤ 59%

Acceptability Perceived satisfaction with services delivered (e.g., frozen meals, clinical services) Assessed qualitatively
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Ethics
This study was conducted in accordance with The 
Ohio State University’s Institutional Review Board and 
was approved on 8/25/2023. All participants provided 
informed consent electronically, and participants’ data 
were securely entered and stored in REDCap by approved 
members of the research team.

Results
A total of 56 participants enrolled in our feasibility 
study, and baseline characteristics of our sample are 
presented in Table  3. There were slightly more par-
ticipants who identified as being women compared to 
being men (50% versus 46.4%); 25.0% were between the 
ages of 65–69 years of age; 58.9% of our sample was 
White, and half of our participants lived alone. The 
most commonly reported health conditions were car-
diovascular disease, arthritis, and diabetes.

Primary outcome: feasibility of study methods
Eligibility
Over the course of 6-months, our team assessed 442 
older adults, newly interested in participating in home 
delivered meals, for study eligibility. Of these older 
adults, 137 (31.0%; major protocol modifications war-
ranted) met our eligibility criteria for study participa-
tion. The primary exclusion criterion for participation 
was the absence of self-reported diabetes, cardiovascu-
lar disease, and/or a fall risk factor.

Recruitment
Of the 137 older adults who were eligible to participate, 
68 were not interested in the study, and 13 were “too 
busy” to participate given other health-related appoint-
ments and ongoing medical complexities. Fifty-six 
participants, or 40.9% (major protocol modifications 
warranted) of eligible older adults, provided informed 
consent to be included in our study, completed baseline 
outcome measures with our assessment team, and were 
allocated to one of our four study arms.

Retention
A total of 44 participants completed their 3-month 
follow-up with our outcome assessor, yielding a reten-
tion rate of 78.6% (minor protocol modifications war-
ranted). The most common reason participants did not 
complete their follow-up was due to the difficulty our 
assessment team had in reaching participants to sched-
ule their follow-up visit (e.g., phone number out of 
order; unreturned voicemails). Three participants were 
not interested in providing follow-up data, two partici-
pants had been admitted to a care facility (e.g., skilled 

Table 3 Characteristics of enrolled participants at baseline

Characteristics N (%)

Gender

 Female 28 (50.0)

 Male 26 (46.4)

 Unknown 2 (3.6)

Age Range

 60–64 8 (14.3)

 65–69 14 (25.0)

 70–74 12 (21.4)

 75–79 8 (14.3)

 80–84 5 (8.9)

 85–89 5 (8.9)

 90–94 2 (3.6)

 Unknown 2 (3.6)

Race

 White 33 (58.9)

 African American 17 (30.4)

 Other 2 (3.6)

 Unknown 4 (7.1)

Household Composition

 Lives Alone 28 (50.0)

 Lives with adult relative 4 (7.1)

 Lives with non-relative 5 (8.9)

 Lives with spouse 12 (21.4)

 Lives with spouse and children 2 (3.6)

 Other 2 (3.6)

 Unknown 3 (5.4)

Marital Status

 Divorced 14 (25.0)

 Married 14 (25.0)

 Never married 14 (25.0)

 Separated 2 (3.6)

 Single 2 (3.6)

 Widowed 5 (8.9)

 Unknown 5 (8.9)

Mobility impairment (i.e., fall risk)

 Yes 49 (87.5)

 No 4 (7.1)

 Unknown 3 (5.4)

Health conditions

 Cardiovascular disease 46 (82.1)

 Arthritis 33 (58.9)

 Diabetes 24 (42.9)

 COPD 8 (14.3)

 Stroke 6 (10.7)

 Memory issues 5 (8.9)

 Orthopedic disorder 4 (7.1)

 Renal disease 3 (5.4)

 Cancer 2 (3.6)

 Liver disease 2 (3.6)

 Neurological disorder 2 (3.6)

 Unknown health history 3 (5.4)

Baseline sample (n = 56)
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nursing facility), and two had died during the study 
period. See Fig. 1 for our study flow diagram.

Fidelity
Twenty-eight participants were randomized to receive 
RDN services either in Arm 2 (meals + RDN services) 
or Arm 4 (meals + RDN + OT services). As such, we 
expected that 84 encounters (28 assessments; 28 meal 
selections, 28 follow-up calls) would be completed by 
our dietitians. Documentation data indicated that 71 of 
84 encounters were completed, yielding a 84.5% fidel-
ity rate. Missed RDN follow-up calls (i.e., no answer 
from participants) were the most common reason that 
reduced the fidelity rate. Relatedly, 28 participants were 

randomized to receive OT services either in Arm 3 or 
Arm 4, and we expected 112 completed OT encoun-
ters (28 phone screens, 28 in-home evaluations, 28 
intervention plans provided, 28 follow-up encoun-
ters). Services documented by OTs indicated that 101 
encounters were completed, resulting in a 90.2% fidelity 
rate (no protocol modifications warranted). Similar to 
RDN services, missed follow-up OT encounters con-
tributed to reductions in the fidelity rate.

Acceptability
Open-ended comments from participants were manu-
ally  recorded and analyzed to understand acceptability 
of services provided. Participants expressed satisfaction 

Fig. 1 Overview of participant recruitment and retention
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with three main areas: 1) the convenience of meal prepa-
ration, 2) the positive interactions with staff members 
and drivers, and 3) meal variety. Participants noted that 
meals were “convenient and easy to prepare,” that the 
agency hired “polite and caring drivers who provided 
meals when family was not available,” and that meals 
had “a good variety of fruits and vegetables.” Comments 
from participants also indicated two primary areas for 
improvement: 1) the taste and types of food items pro-
vided and 2) issues with meal deliveries. Some partici-
pants stated that “the taste could be improved for some 
meals” and that they experienced “inconsistent delivery 
times;” however, the majority of participants did not 
comment on areas for service improvement.

Discussion
The primary goal of the present study was to evaluate 
the feasibility of conducting a definitive, four-arm, rand-
omized controlled trial that tests the effect of RDN and 
OT services on fall risk among home delivered meal 
recipients. We applied criteria set forth by Hilton et  al. 
[32] to determine which of our study protocol procedures 
needed to be modified before proceeding with our defini-
tive trial.

Feasibility of study methods
Our study was designed to assess the feasibility of the 
following: participant eligibility, recruitment, reten-
tion, fidelity to RDN and OT services, and acceptability 
of services delivered. Our assessment team screened a 
total of 442 older adults for study participation; how-
ever, only 31% met the study’s inclusion criteria. This 
finding indicates that substantial revisions to our inclu-
sion criteria are necessary to ensure a sufficient sample 
size can be recruited in our definitive trial. Additionally, 
among those who were eligible, only 41% consented to 
participate, highlighting the need for significant protocol 
modifications to enhance the study’s appeal to potential 
participants. The most commonly reported reason for 
declining participation among eligible older adults was 
lack of interest followed by being too busy to engage in 
study activities.

A particularly promising outcome, however, was our 
study’s retention rate. Of the 56 individuals enrolled, 44 
participants (79%) completed the 3-month follow-up 
assessment. This high retention rate can likely be attrib-
uted to multiple retention strategies implemented by the 
assessment team, including consistent reminders (e.g., 
written reminders at baseline for follow-up appoint-
ments; up to three phone call reminders from the lead 
outcome assessor) and the ability to conduct in-home vis-
its for participants who were otherwise difficult to reach 
via phone. The increased follow-up incentive ($25 gift 

card at baseline versus $50 gift card at follow-up) may 
have further contributed to this favorable retention rate.

Fidelity was also notably high, with 84.5% of RDN ser-
vices and 90.2% of OT services delivered as expected. 
This suggests that RDNs and OTs were feasibly able to 
complete their initial encounters with participants; how-
ever, follow-up encounters were less consistent suggest-
ing that additional strategies (e.g., written reminders, 
mailed reminders) may be warranted to further improve 
fidelity rates in our definitive trial. Furthermore, the 
acceptability of the meals and clinical services appeared 
favorable. Several participants found the convenience 
of frozen meals to be appealing and enjoyed their inter-
actions with drivers and staff (e.g., clinicians, outcome 
assessors). However, minor suggestions for improvement 
were noted, primarily related to the taste of specific meal 
items.

Necessary changes to study methods for the definitive RCT 
Findings from this feasibility study warranted major 
modifications to our methods in two primary areas: eligi-
bility and recruitment. While our retention rate, clinician 
fidelity, and participants’ perceived acceptability of ser-
vices appeared sufficient, we also noted an opportunity 
to improve our protocol by modifying the randomization 
scheme for our full trial.

Eligibility
Only 31% of potential participants met our study’s eligi-
bility criteria, suggesting that our criteria were too strict 
and needed to be revised prior to initiating our definitive 
trial. As a result, we removed two criteria that seemed to 
be most prohibitive to recruiting a larger, representative 
study sample. First, we eliminated the requirement that 
all participants must have a diagnosis of either diabetes 
or cardiovascular disease. Despite our team’s attempt to 
define diabetes and cardiovascular disease for partici-
pants (i.e., explaining to potential participants that these 
conditions may be colloquially known as “the sugar” or 
“high blood pressure”), our findings suggest that older 
adults are underreporting their health conditions to 
home delivered meal staff. Prior research linking national 
home delivered meal client data to their Medicare claims 
data indicated that 90% of meal clients are living with car-
diovascular disease (e.g., hypertension), and almost half 
are living with diabetes [11]. Accordingly, our definitive 
trial will aim to recruit participants, regardless of their 
health conditions, given that meal clients likely have one 
or more diet-related health conditions but underreport 
these conditions when asked by our assessment team. 
Next, we also decided to remove the criterion about fall 
risk as we presume that all older adults in need of home 
delivered meals are at an increased risk of falling, and our 
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team’s prior work estimated that 80% of meal clients pre-
sent with one or more fall risk factors (e.g., prior fall; use 
of an assistive mobility device) [16]. With these criteria 
eliminated, our revised eligibility requirements for our 
full trial include: a) be eligible to receive home delivered 
meals from our partner agency, b) have the freezer space 
needed to store up to 14 frozen meals per week, and c) 
have the necessary appliances to reheat meals safely. 
Exclusion criteria underwent minor revisions and are as 
follows: a) has received home delivered meals from our 
partner agency within the past 40 days (the period of 
time after which a current client’s meal plan “expires” if 
they do not make verbal or in-person contact with our 
partner agency), b) resides in a residential care or skilled 
nursing facility, c) has cognitive impairments that limit 
their ability to provide informed consent, or d) are una-
ble to communicate in English. We also claim that these 
expanded eligibility criteria will make findings from our 
definitive RCT more generalizable to home delivered 
meal agencies nationwide.

Recruitment
Of those participants who met the eligibility criteria for 
our feasibility study, only 41% opted to enroll, suggest-
ing a need to increase the appeal of our study to older 
adults. As such, we plan to use three new strategies in our 
full trial. To make the frozen meal services more appeal-
ing, we will allow all our participants to receive snack 
items that accompany their weekly, frozen meal deliv-
eries. It is from our study team’s prior experiences that 
we recognized recipients appreciated these snack items, 
which will hopefully serve as an added incentive for par-
ticipants. We also learned from our feasibility study that 
participants were not always able to consume all 14 meals 
provided to them each week. For our definitive trial, we 
will modify this requirement and allow participants to 
select how many meals – from the options of 7, 10, or 
14 – they would like to receive. By allowing participants 
to customize the number of meals they receive, this will 
ideally contribute to the overall appeal of the study and 
further foster a sense of client-centeredness. Lastly, for 
our feasibility trial, we only recruited participants from 
our partner agency’s largest county given its proximity to 
our agency’s main office location. Going forward, we will 
expand recruitment to include our partner agency’s full 
service area (five counties) in order to effectively recruit 
our target sample size.

Randomization scheme
Though not explicitly examined, our team used the pre-
sent study as an opportunity to ensure that all randomi-
zation procedures could be implemented appropriately. 
All of our participants were individually randomized into 

one of our four study arms. However, upon analysis, we 
identified that several participants lived together (i.e., 
spouses; adult relatives) but were randomized to different 
study arms. Given that participants in the same house-
hold should receive the same services as to not risk con-
tamination, we plan to randomize all participants at the 
household level for the full trial using minimal sufficient 
balance randomization (MSB). A novel approach of MSB 
will be employed to randomize household clusters using 
a 2 × 2 factorial design [33, 34]. The process will begin 
with a “burn-in” randomization phase, during which 
a subset of households (n = 160) will be allocated using 
stratified block randomization. Following this phase, the 
MSB method will be applied, leveraging test statistics and 
p-values to evaluate balance across key continuous and 
categorical covariates while maintaining randomness in 
treatment assignments.

Limitations
Though our pilot study provided our team with several 
lessons learned prior to our definitive trial, it is not with-
out limitations. First, while our partner agency is one of 
the largest home delivered meal providers in the United 
States, our recruitment efforts were restricted only to 
those older adults who lived within the agency’s primary 
service area. Thus, our study methods may not be as fea-
sible in other geographic regions that are more expan-
sive and necessitate greater travel and resource expenses. 
Additionally, our methods may not generalize to other 
agencies, especially agencies who serve a high propor-
tion of non-English speaking clients as our eligible par-
ticipants needed to be able to communicate in English. 
Further, our eligibility criteria required that participants 
have a diagnosis of cardiovascular disease or diabetes; 
however, all health history was provided to our assess-
ment team via client self-report, which may have resulted 
in the underreporting of how many older adults were 
eligible for our study, though self-reporting of health 
conditions is the most common form of data collection 
in home delivered meal agencies in the United States. 
Lastly, our participant dropout rate may have biased our 
feasibility findings, particularly our findings that relate to 
acceptability of services.

Conclusions
This study provides evidence on the feasibility of con-
ducting a four-arm, randomized controlled trial in part-
nership with one home delivered meal agency. Findings 
from this study have informed modifications to our 
definitive RCT study protocol where we expanded our 
eligibility criteria (e.g., removed criteria about diet-
related health risk and fall risk factors), offered more 
appealing meal options (e.g., a range of 7–14 meals per 
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week), and are in the process of applying minimal suf-
ficient balance randomization to enhance the meth-
odological rigor of our definitive trial. We expect that 
results from our definitive trial will demonstrate the 
value of RDN and OT services for reducing fall risk 
among older adults, providing compelling evidence to 
indicate that these services warrant sufficient funding 
or insurance contracts to help provide services that 
keep older adults in their own homes and communities.

Abbreviations
ACL  Administration for Community Living
CDC  Centers for Disease Control and Prevention
CONSORT  Consolidated Standards of Reporting Trials
FES-I  Falls Efficacy Scale-International
MNA-SF  Mini Nutrition Assessment-Short Form
NIH  National Institutes of Health
OT  Occupational Therapy
RCT   Randomized Controlled Trial
RDN  Registered Dietitian Nutritionist
REDCap  Research Electronic Data Capture
SDSCA  Summary of Diabetes Self-Care Activities

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12877- 025- 06008-2.

Supplementary Material 1.

Acknowledgements
The authors would like to extend their sincere gratitude to Molly Haroz and 
Charles W. Gehring for their support and guidance throughout all phases of 
this feasibility trial.

Authors’ contributions
LJ led manuscript development and assisted with study design and con-
ceptualization; SJ and JMH contributed to study design and led the creation 
of data collection forms and data analyses; GH, KST, and MLH assisted with 
study design and manuscript development; LEB and MLR led development of 
agency procedures to support study implementation and assisted with study 
design; TSS ensured study activities were congruent with IRB approvals; AD 
and KP led study conceptualization and administrative activities. All authors 
and LifeCare Alliance team members contributed to protocol development 
and approved the final version of this manuscript. The funder of this study, the 
U.S. Administration for Community Living, Department of Health and Human 
Services, did not have any role in the aforementioned activities.

Funding
This project was supported, in part by grant number 90INNU0044, from the 
U.S. Administration for Community Living, Department of Health and Human 
Services, Washington, D.C. 20201. Grantees undertaking projects with govern-
ment sponsorship are encouraged to express freely their findings and conclu-
sions. Points of view or opinions do not, therefore, necessarily represent official 
ACL policy. This publication was also supported, in part, by The Ohio State 
University Clinical and Translational Science Institute (CTSI) and the National 
Center for Advancing Translational Sciences of the National Institutes of Health 
under Grant Number UM1TR004548. The content is solely the responsibility 
of the authors and does not necessarily represent the official views of the 
National Institutes of Health.

Data availability
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This trial complied with the ethical rules stated in the Declaration of Helsinki. 
Informed consent was obtained from all study participants. Study activities 
were approved by the Institutional Review Board at The Ohio State University 
(#2023H0248).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 School of Health and Rehabilitation Sciences, The Ohio State University, 453 
West 10 th Avenue, Columbus, OH 43210, USA. 2 Center for Biostatistics, The 
Ohio State University Wexner Medical Center, 1645 Neil Avenue, Columbus, 
OH 43210, USA. 3 Coles College of Business, Kennesaw State University, 1000 
Chastain Road, Kennesaw, GA 30144, USA. 4 School of Nursing, Johns Hopkins 
University, 525 N Wolfe Street, Baltimore, MD 21205, USA. 5 LifeCare Alliance, 
1699 West Mound Street, Columbus, OH 43223, USA. 

Received: 22 January 2025   Accepted: 30 April 2025

References
 1. 2021 AARP home and community preferences survey. AARP. https:// 

www. aarp. org/ pri/ topics/ livab le- commu nities/ housi ng/ 2021- home- 
commu nity- prefe rences/. Accessed 16 Jan 2025.

 2. Liu M, Peng W, Miyawaki CE, Mo C, Luo Y, Gong N. The bidirectional 
relationship between homebound status and falls among older adults: a 
longitudinal study. BMC Geriatr. 2022;22:923.

 3. Ornstein KA, Garrido MM, Bollens-Lund E, Husain M, Ferreira K, Kelley 
AS, et al. Estimation of the incident homebound population in the US 
among older Medicare beneficiaries, 2012 to 2018. JAMA Intern Med. 
2020;180:1022–5.

 4. Siegler EL, Lama SD, Knight MG, Laureano E, Reid MC. Community-based 
supports and services for older adults: a primer for clinicians. J Geriatr. 
2015;2015:678625.

 5. Wang Q, Fan K, Li P. Effect of the Use of home and community care 
services on the multidimensional health of older adults. Int J Environ Res 
Public Health. 2022;19:15402.

 6. Administration for Community Living. Nutrition services. http:// acl. gov/ 
progr ams/ health- welln ess/ nutri tion- servi ces. Accessed 28 Dec 2024.

 7. Meals on Wheels America. The case for meals on wheels. https:// www. 
meals onwhe elsam erica. org/ learn- more/ resea rch/ the- case- for- meals- on- 
wheels- sept23. Accessed 15 Jan 2025.

 8. Mabli J, Ghosh A, Schmitz B, Shenk M, Panzarella E, Carlson B, Flick, M. 
Evaluation of the effect of the older Americans Act Title III-C nutrition ser-
vices program on participants’ health care utilization. https:// www. mathe 
matica. org/ publi catio ns/ 2018- evalu ation- of- the- effect- of- the- older- ameri 
cans- act- title- iii-c- nutri tion- servi ces- progr am. Accessed 30 Dec 2024.

 9. Thomas KS, Smego R, Akobundu U, Dosa D. Characteristics of older adults 
on waiting lists for meals on wheels: identifying areas for intervention. J 
Appl Gerontol. 2017;36:1228–42.

 10. Juckett LA, Nikahd M, Hyer JM, Klaus JN, Rowe ML, Bunck LE, et al. Pre-
liminary evaluation of Home delivered meals for reducing frailty in older 
adults at risk for mal-nutrition. J Nutr Health Aging. 2024;28:100283.

 11. Shan M, Gutman R, Dosa D, Gozalo PL, Ogarek JA, Kler S, et al. A new data 
resource to examine meals on wheels clients’ health care utilization and 
costs. Med Care. 2019;57:e15–21.

 12. Yang Y, Hu X, Zhang Q, Zou R. Diabetes mellitus and risk of falls in older 
adults: a systematic review and meta-analysis. Age Ageing. 2016;45:761–7.

 13. Denfeld QE, Turrise S, MacLaughlin EJ, Chang PS, Clair WK, Lewis EF, et al. 
Preventing and managing falls in adults with cardiovascular disease: a 

https://doi.org/10.1186/s12877-025-06008-2
https://doi.org/10.1186/s12877-025-06008-2
https://www.aarp.org/pri/topics/livable-communities/housing/2021-home-community-preferences/
https://www.aarp.org/pri/topics/livable-communities/housing/2021-home-community-preferences/
https://www.aarp.org/pri/topics/livable-communities/housing/2021-home-community-preferences/
http://acl.gov/programs/health-wellness/nutrition-services
http://acl.gov/programs/health-wellness/nutrition-services
https://www.mealsonwheelsamerica.org/learn-more/research/the-case-for-meals-on-wheels-sept23
https://www.mealsonwheelsamerica.org/learn-more/research/the-case-for-meals-on-wheels-sept23
https://www.mealsonwheelsamerica.org/learn-more/research/the-case-for-meals-on-wheels-sept23
https://www.mathematica.org/publications/2018-evaluation-of-the-effect-of-the-older-americans-act-title-iii-c-nutrition-services-program
https://www.mathematica.org/publications/2018-evaluation-of-the-effect-of-the-older-americans-act-title-iii-c-nutrition-services-program
https://www.mathematica.org/publications/2018-evaluation-of-the-effect-of-the-older-americans-act-title-iii-c-nutrition-services-program


Page 11 of 11Juckett et al. BMC Geriatrics          (2025) 25:325  

scientific statement from the American Heart Association. Circulation. 
2022;15:e000108.

 14. Kakara R, Bergen G, Burns E, Stevens M. Nonfatal and fatal falls among 
adults aged ≥65 years - United States, 2020–2021. MMWR Morb Mortal 
Wkly Rep. 2023;72:938–43.

 15. Centers for Disease Control and Prevention. Older adult falls data. 2024. 
https:// www. cdc. gov/ falls/ data- resea rch/ index. html. Accessed 6 Apr 2025.

 16. Juckett LA, Bunger AC, Bunck L, Balog EJ. Evaluating the implementation 
of fall risk management practices within home delivered meal organiza-
tions. J Gerontol Soc Work. 2021;64:372–87.

 17. Thomas KS, Dosa D. Results from a pilot randomized control trial of 
home-delivered meal programs. Meals on wheels America. https:// www. 
issue lab. org/ resou rces/ 21228/ 21228. pdf. Accessed 16 Jan 2025.

 18. Stevens JA, Lee R. The potential to reduce falls and avert costs by clini-
cally managing fall risk. Am J Prev Med. 2018;55:290–7.

 19 Juckett LA, Robinson ML. The occupational therapy approach to address-
ing food insecurity among older adults with chronic disease. Geriatrics 
(Basel). 2019;4:2.

 20. Juckett LA, Hariharan G, Dodonova DC, Klaus J, Rowe M, Burak E, et al. 
Implementing a community-based initiative to improve nutritional intake 
among home delivered meal recipients. Nutrients. 2022;14:944.

 21. Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane 
L, et al. CONSORT 2010 statement: extension to randomised pilot and 
feasibility trials. BMJ. 2016;355:i5239.

 22. Centers for Disease Control and Prevention. STEADI - older adult fall 
prevention. 2024. https:// www. cdc. gov/ steadi/ index. html. Accessed 30 
Dec 2024..

 23. Bowen DJ, Kreuter M, Spring B, Cofta-Woerpel L, Linnan L, Weiner D, et al. 
How we design feasibility studies. Am J Prev Med. 2009;36:452–7.

 24. Collaborative Institutional Training Initiative. Research, ethics, compliance, 
and safety training. https:// about. citip rogram. org/. Accessed 16 Jan 2025.

 25. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research 
electronic data capture (REDCap)–a metadata-driven methodology and 
workflow process for providing translational research informatics sup-
port. J Biomed Inform. 2009;42:377–81.

 26. Kempen GIJM, Yardley L, van Haastregt JCM, Zijlstra GAR, Beyer N, Hauer 
K, et al. The short FES-I: a shortened version of the falls efficacy scale-
international to assess fear of falling. Age Ageing. 2008;37:45–50.

 27. Rubenstein LZ, Harker JO, Salvà A, Guigoz Y, Vellas B. Screening for under-
nutrition in geriatric practice: developing the short-form mini-nutritional 
assessment (MNA-SF). J Gerontol A. 2001;56:M366–72.

 28. Kaiser MJ, Bauer JM, Ramsch C, Uter W, Guigoz Y, Cederholm T, et al. 
Validation of the Mini Nutritional Assessment short-form (MNA®-SF): a 
practical tool for identification of nutritional status. J Nutr Health Aging. 
2009;13:782–8.

 29. Toobert DJ, Hampson SE, Glasgow RE. The summary of diabetes self-care 
activities measure: results from 7 studies and a revised scale. Diabetes 
Care. 2000;23:943–50.

 30. Caro-Bautista J, Martín-Santos FJ, Morales-Asencio JM. Systematic review 
of the psychometric properties and theoretical grounding of instruments 
evaluating self-care in people with type 2 Diabetes Mellitus. J Adv Nurs. 
2014;70:1209–27.

 31. Avery KNL, Williamson PR, Gamble C, O’Connell Francischetto E, Metcalfe 
C, Davidson P, et al. Informing efficient randomised controlled trials: 
exploration of challenges in developing progression criteria for internal 
pilot studies. BMJ Open. 2017;7:e013537.

 32. Hilton C, Morris A, Burnside G, Harris R, Aggarwal VR, Procter S, et al. A 
two-arm, randomised feasibility trial using link workers to improve dental 
visiting in people with severe mental illness: a protocol paper. Pilot Feasi-
bility Stud. 2023;9:157.

 33. Zhao W, Hill MD, Palesch Y. Minimal sufficient balance—a new strategy 
to balance baseline covariates and preserve randomness of treatment 
allocation. Stat Methods Med Res. 2015;24:989–1002.

 34. Johns H, Italiano D, Campbell B, Churilov L. Common scale minimal suf-
ficient balance: an improved method for covariate-adaptive randomiza-
tion based on the Wilcoxon-Mann-Whitney odds ratio statistic. Stat Med. 
2022;41:1846–61.

Publisher’s Note
A list of authors and their affiliations appears at the end of the paper.

https://www.cdc.gov/falls/data-research/index.html
https://www.issuelab.org/resources/21228/21228.pdf
https://www.issuelab.org/resources/21228/21228.pdf
https://www.cdc.gov/steadi/index.html
https://about.citiprogram.org/

	Occupational therapy and registered dietitian services to reduce fall risk among home delivered meal clients: a randomized controlled feasibility trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Study design and setting
	Participant eligibility
	Sample size
	Involvement of agency staff
	Randomization
	Intervention arms
	Arm 1 (meals only)
	Arm 2 (meals + registered dietitian services)
	Arm 3 (meals + occupational therapy services)
	Arm 4 (meals + registered dietitian services + occupational therapy services)

	Data collection procedures
	Primary outcome: feasibility of study methods
	Analysis
	Ethics

	Results
	Primary outcome: feasibility of study methods
	Eligibility
	Recruitment
	Retention
	Fidelity
	Acceptability


	Discussion
	Feasibility of study methods
	Necessary changes to study methods for the definitive RCT
	Eligibility
	Recruitment
	Randomization scheme

	Limitations

	Conclusions
	Acknowledgements
	References


