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Abstract

Background The SUGAR Handshake is a pharmacist-led educational intervention to prevent hypoglycaemia in
elderly people with type 2 diabetes mellitus (T2DM). A process evaluation was conducted alongside the ROSE-ADAM
pragmatic randomized controlled trial (RCT) to assess the implementation of the intervention and study procedures,
explore mechanisms of impact, and examine future scalability.

Methods This mixed-methods process evaluation was nested within a single-centre RCT conducted at outpatient
clinics in a Jordanian hospital. Routine monitoring quantitative data assessed adherence to the intervention
components and study activities, and estimated reach. Qualitative data, collected through semi-structured
interviews with 12 purposively selected participants on Days 45 and 90 of enrolment, captured experiences with the
intervention and usual care. Thematic analysis was used for qualitative data; descriptive statistics and inferential tests
were applied to quantitative data.

Results The intervention was well implemented: 104 of 106 participants (98.11%) continued the full intervention,
with a 100% reach to those enrolled in the trial. Participants showed high adherence to study activities (mean + SD:
88.07 £9.33 documented days on diaries; 77.97 + 18.87 fasting blood glucose measurements). Intervention reach was
100%. Participants described the intervention as informative, easy to follow, and helpful in avoiding hypoglycaemia
and the side-effects of antidiabetic medications. Key facilitators included trust in pharmacists, altruism, and social
support. Reported barriers were people’s health status, age-related conditions, and stress.

Conclusions This process evaluation highlights the SUGAR Handshake's potential for broader implementation and
scale-up. By addressing identified barriers, future educational interventions may enhance adherence, improve patient
outcomes, and advance hypoglycaemia management in diabetes care.

Trial registration Clinicaltrials.gov (NCT04081766), registration date 4,920,219.
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Background

In 2021, approximately 529 million people were living
with diabetes worldwide—a number projected to rise
to 1.31 billion by 2050—making type 2 diabetes mel-
litus (T2DM) one of the most pressing global health
challenges and a leading cause of death and disability
globally [1]. Hypoglycaemia is a major adverse effect in
people with diabetes that can lead to serious clinical, psy-
chosocial and economic consequences [2, 3]. The risk of
hypoglycaemia is highest in elderly people with T2DM,
given several precipitating factors are associated with
ageing (e.g., diminished counter-regulatory mechanisms,
comorbidities, polypharmacy, impaired awareness of
hypoglycaemia, cognitive impairment, and suppressed
appetite) [4].

Educational interventions have been developed to
control hypoglycaemia among people with diabetes that
effectively reduce the severity and rate of hypoglycaemic
attacks [5]. The lack of adequately powered clinical tri-
als evaluating the effectiveness of hypoglycaemia educa-
tional interventions among people with T2DM [5], and
the frequent exclusion of elderly people with diabetes
from these trials [6], necessitate conducting high-quality
pragmatic clinical trials (PCT) to assess the impact of
education on this patient group.

Whilst RCTs are considered the gold standard of clini-
cal research designs to generate evidence, they cannot
provide information on the factors and processes influ-
encing their outcomes. Process evaluation, however,
allows the researcher to assess the implementation pro-
cess of interventions and explore contextual factors and
mechanisms influencing their functionality [9]. When
developing and evaluating complex interventions, con-
ducting process evaluations alongside clinical trials is
recommended to improve the quality of the trial’s imple-
mentation and maximise interpretation of findings [9,
10].

Process evaluations have been conducted with several
diabetes interventions, including those targeting pre-
vention, self-management, and control of T2DM and its
complications [11-13]. However, among RCTs assessing
educational interventions for hypoglycaemia in people
with T2DM, process evaluation measures are often lim-
ited to the quantitative evaluation of participants’ adher-
ence to an intervention or diabetes knowledge [14—17].
Satisfaction questionnaires have also been employed [18,
19] but none of these studies conducted a comprehensive
process evaluation encompassing multiple measures and
used a mixed-methods approach. This study is, therefore,
the first comprehensive investigation of participants’

adherence to an intervention and the study activities,
and the processes that influenced the intervention’s
effectiveness.

Details of the RCT protocol and its findings are pub-
lished elsewhere [7, 20]. The aims and methods of the
process evaluation were designed in accordance with
the Medical Research Council's (MRC) framework for
complex interventions and process evaluation [9]. The
process evaluation aimed to: (1) understand contextual
factors influencing the implementation of the SUGAR
Handshake intervention and RCT outcomes, (2) evaluate
the implementation process and mechanisms underlying
changes produced by the intervention, and (3) explore
the future scalability of the RCT and the intervention.

Methods

Description of the ROSE-ADAM trial and SUGAR handshake
intervention

A single-centre, pragmatic, open-label, randomised con-
trolled trial (ROSE-ADAM RCT) was conducted in the
outpatient clinics of a Jordanian hospital to evaluate the
effectiveness of the SUGAR Handshake intervention in
preventing hypoglycaemia among elderly individuals
with T2DM [7]. Eligible participants were aged 65 years
or older, diagnosed with T2DM, and receiving sulfonyl-
urea, insulin, or at least three antidiabetic medications.
They were randomly assigned in parallel to either the
intervention group (SUGAR Handshake plus usual care)
or a control group receiving usual care alone. The pri-
mary outcome was the total number of hypoglycaemic
episodes per participant over a three-month follow-up
period. Secondary outcomes included hypoglycaemia
subtypes, incidence of any hypoglycaemia, hypoglycae-
mia-free survival, and fasting hyperglycaemia requiring
therapy adjustment. Data were collected using self-mon-
itoring glucose meters and structured hypoglycaemia
diaries, and analysed according to the intention-to-treat
principle. A total of 212 participants (mean age 68.98
years; 58.96% men) were randomly assigned equally to
the two groups, with 89.6% completing the study.

The SUGAR Handshake intervention is a pharmacist-
led, patient-centred, complex educational interven-
tion designed to prevent hypoglycaemia by improving
patients’ recognition, understanding, and self-manage-
ment of hypoglycaemia-related risks. The intervention
comprises five educational domains, represented by the
acronym SUGAR: Signs and Symptoms, Understanding
the Causes, Good Glycaemic Control, Acknowledgment,
and Recap and Summary.
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All domains were delivered through a one-on-one,
face-to-face educational session, supported by a custom-
designed pictogram tool to reinforce verbal communi-
cation and ensure clarity. The “Signs and Symptoms”
domain covered early indicators of hypoglycaemia (e.g.,
shakiness, sweating, dizziness), using visual aids to help
participants recognise and recall symptoms. The “Under-
standing the Causes” domain involved a tailored dis-
cussion of common individualised risk factors, such as
missed meals, medication timing, overexertion, or illness,
using scenario-based illustrations to personalise the con-
tent. The third domain, “Good Glycaemic Control and
Self-Monitoring’, provided practical guidance on blood
glucose monitoring practices, interpretation of results,
and target ranges. Participants were instructed to mea-
sure fasting blood glucose (FBG) at least three times per
week, and more frequently if hypoglycaemia was sus-
pected. Instructions were provided on the proper use of
glucose meters and completion of a structured diary to
document blood glucose readings and symptoms. The
“Acknowledgment” domain focused on fostering patient
responsibility and engagement by encouraging partici-
pants to recognise their role in preventing hypoglycaemia
and applying the strategies discussed. Finally, the “Recap
and Summary” domain reinforced the key messages of all
previous components and helped participants consoli-
date their learning through verbal review and a printed
take-home summary. Participants in both the interven-
tion and control groups received a follow-up phone call
on Day 45 to remind them to continue measuring their
FBG and documenting their readings and any symptoms
in the provided diaries. For participants in the interven-
tion group, these calls also served to reinforce the edu-
cational session content, revisit key self-care behaviours,
and address any implementation challenges they faced.

The intervention was delivered by 2 clinical pharma-
cists with formal training in diabetes care and behaviour
change communication. Prior to implementation, the
pharmacists received structured training covering diabe-
tes and hypoglycaemia education, use of the pictogram,
patient counselling strategies, and motivational inter-
viewing principles. The educational content and tools
were piloted and refined during the development phase
to ensure cultural relevance and acceptability for the tar-
get population.

A pragmatic approach guided both the trial and the
intervention design, using the PRagmatic Explanatory
Continuum Indicator Summary-2 (PRECIS-2) tool [8]
to ensure the intervention was suitable for real-world
clinical settings. The SUGAR Handshake was shown to
reduce the rate and incidence of hypoglycaemia signifi-
cantly and improve hypoglycaemia-free survival among
elderly people with T2DM, without increasing the inci-
dence of fasting hyperglycaemia. The CONSORT flow

Page 3 of 13

diagram and full methodology of the RCT and interven-
tion details are available in the main trial publication [7].

Study setting and design

This process evaluation was nested within the pragmatic
ROSE-ADAM RCT [7]. A mixed-methods approach was
adopted for this process evaluation, involving both quali-
tative—using participants’ interviews—and quantitative
evaluation, using routine monitoring data. The Consoli-
dated criteria for reporting qualitative research (COREQ)
were applied while reporting the qualitative part of this
study [21].

Eligible participants for the qualitative element were
identified from participants who enrolled in the RCT.
Purposive sampling was used on day 45 to select par-
ticipants from both the intervention and control groups,
including those who had and had not experienced hypo-
glycaemia, and to ensure representation across differ-
ent outpatient clinics. This approach aimed to capture a
range of experiences with the intervention and usual care.
On day 90, purposive sampling focused on participants
in the intervention group who experienced the highest
number of hypoglycaemic episodes, in order to explore
possible explanations for the frequency of events, includ-
ing any discontinuation or inconsistent use of interven-
tion components. This sampling approach aligns with
process evaluation methodology, where the goal is to gain
and in-depth understanding of variations in participant
responses and intervention implementation (Fig. 1).

Semi-structured interviews were undertaken (HYA
and AA) over the telephone. The quantitative evaluation
complemented the qualitative approach by assessing the
extent of participants’ adherence to the intervention and
the study activities: i.e., FBG measurements and hypogly-
caemia diaries throughout the study duration. Evaluation
of participants’ adherence to the intervention served as
an indicator of whether success or failure in implement-
ing the intervention was the reason for the effectiveness/
ineffectiveness of the intervention in preventing hypo-
glycaemia [9]. Reach refers to the extent to which the
intervention components and study procedures were
delivered to, and engaged with, by participants enrolled
in the trial. It was measured as the proportion of trial par-
ticipants who received the intervention (educational ses-
sion and pictogram) and study materials (glucose meters,
hypoglycaemia diaries, and follow-up phone calls). Par-
ticipants’ engagement in these activities reflected the
feasibility of both the intervention and the study. Data on
eligible individuals who declined participation or were
not approached were not collected; thus, assessing reach
beyond the enrolled population falls outside the scope of
this evaluation.

The interview process followed the theoretical satura-
tion concept, starting with three initial interviews and
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Control group
receiving usual care

190 participants

212 (106 participants) Follow-up completed the RCT
participants - phone call 95 from intervention
enrolled Intervention group group
receiving the SUGAR
- : - 95 from control group
intervention and usual care
(106 participants) :
Day 0 Day 45 Day 90
o 9 Interviews: 3 Interviews from
12 participants approached 5 from intervention group e raion grons

to take part in the interviews

4 from control group

Routine monitoring data (212 participants)

Fig. 1 The RCT and process evaluation timeline

Table 1 Characteristics of interview participants

Characteristics Intervention Control
group, group,
n=8 n=4

Clinic, n (%)

Endocrinology 6 (75%) 2 (50%)

Cardiology 1(12.5%) 1 (25%)

Diabetic foot care 1 (12.5%) 1 (25%)

Age (years), Mean = SD 66.63 +2.2 66.63 +
2.2

Sex, n (%)

Male 7 (87.5%) 3 (75%)
Female 1(12.5%) 1 (25%)

Educational level, n (%)

Primary school 2 (25%) 0 (0%)
Secondary school 3(37.5%) 1
University and higher 3(37.5%) 3

Living arrangement n, (%)

Alone 1(12.5%) 0 (0%)
With only a partner 0 (0%) 0 (0%)
Multi-generational setting 7 (87.5%) 4 (100%)
Duration of diabetes (years), Mean 17.88 +8.20 15+

+SD 4.20

Self-monitoring of blood glucose, n (%)

Yes 7 (87.5%) 4 (100%)
No 1(12.5%) 0 0%)

Prior hypoglycaemia, n (%)

Yes 5 (62.5%) 4 (100%)
No 3(37.5%) 0 (0%)

SDstandard deviation

then adding one interview at a time [22]. Interviews
were continued until sufficient responses were collected
to achieve a comprehensive understanding of the study
objectives, the collected data represented the outlined
themes in the analytical framework, and no new insights
emerged from further data analysis [22, 23]. Median
interview duration was 17 (range 15—20) minutes.

Out of the 212 participants enrolled in the RCT, a total
of 12 participants were interviewed: nine on day 45 and
three on day 90. All participants who were approached to
take part in the interviews agreed to participate. Day 45
was chosen as the midpoint of the total duration of the
RCT to allow the reinforcement of the intervention while
permitting the intervention to be re-considered for mod-
ification, if needed. Of these, eight were from the inter-
vention arm and four from the control arm. On average,
participants were 66.63 years old (+ 2.2). Ten participants
were male and eleven were living in a multi-generational
setting. In one interview, a participant was accompanied
by his adult son, who occasionally contributed to the
conversation to clarify or elaborate on the participant’s
responses. While the son was not an independent inter-
viewee and is not counted among the 12 participants
interviewed, his input was retained where it added rel-
evant contextual insight. Participants’ characteristics are
presented in Table 1.
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Interview guides and procedures

The interview guide was created by the research team
(Supplementary Tables 1 and Table 2), matching the
objectives of the process evaluation. Interviews were
audiotaped, transcribed, then translated verbatim from

Table 2 Recommendations to improve the intervention
effectiveness
Domain

Challenges Recommendations

Medications-related « Changes in anti-
diabetic medications
type or regimen.

- Treatment-related
problems (inap-
propriate medica-
tion, doubling
therapy, drug-drug
interactions, medi-
cations causing

+ More frequent follow-
up through phone calls
to detect changes and
treatment-related prob-
lems and to amend the
intervention accordingly
« Collaboration with
physicians to amend
prescribed medications

hyperglycaemia)
Dietary-related - Limited appetite and + Encourage the use
food preferences of high carbohydrate-
containing food in these
patients®.

- Collaborate with physi-
cians to modify anti-dia-
betic medications based
on patients'appetite and
food preferences

Health status « Psychological
distress

- Limited cognitive
ability or functional-
ity to perform the

intervention.

- Consider more engage-
ment of family caregiv-
ers to motivate patients’
adherence, or to imple-
ment the intervention.

- More frequent
follow-ups to motivate
adherence.

Financial support - Expensive test strips - Consider educating
patients on prioritising
BG testing during critical
times such asin the
morning, before meals,
or at bedtime rather
than regular monitoring
Social life - Patients’engage-
ment in social occa-
sions and activities

- Consider educating
patients on nutrition
management, by focus-
ing on carbohydrate
counting, portion con-
trol, and meal planning
strategies.

- Offer suggestions for
diabetic-friendly menu
options before the social
events

« Consider reminders
for time of medications’
administration

- More motivation
techniques to adhere to
dietary instructions

2[48]; DDI drug-drug interaction
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Arabic to English by one researcher (HYA) fluent in both
languages. Transcripts were translated back from English
into Arabic by an independent professional translator
to ensure their accuracy, with anomalies between both
versions resolved through discussion. Transcripts were
not returned to participants. Before data collection, the
interview guide underwent both content and face valida-
tion. It was piloted with two experienced researchers in
qualitative studies at Al-Balqa Applied University, Jordan,
as well as two elderly people with T2DM who took part
in the trial, to confirm the relevance and clarity of the
interview questions.

Data analysis

Qualitative analysis

Interview transcripts were analysed using a deductive
approach. A working analytical framework [‘codebook’]
was developed before starting the analysis process,
guided by the MRC framework for complex interven-
tions (Supplementary Table 3). The analytical framework
consisted of four domains with respect to the process
evaluation objectives and the theoretical frameworks
used to design the SUGAR handshake. The analysis was
conducted using a six-phase ‘codebook’ thematic analysis
process [21] to apply and identify codes, categories and
themes, using NVivo 12 software [24]. HYA conducted
analysis and coding of all transcripts. Peer debriefing was
undertaken by HA, leading to the refinement of the final
themes through discussion and mutual consensus.

Quantitative analysis

Adherence to the intervention and study activities was
measured by referring to hypoglycaemia diaries and FBG
readings (Supplementary Table 4). Reach was evaluated
by measuring the level of contact between the partici-
pants with the modes of delivery of the intervention and
with study activities (Supplementary Table 4). Quantita-
tive analysis of routine monitoring data was conducted
using RStudio version 3.4.2 (28-9-2017). Comparisons
between study groups were performed using Fisher’s
Exact test and unpaired t-test. The conducted analyses
were two-tailed, with a p-value of <0.05 and a 95% confi-
dence level.

Trial registration
The trial was registered at Clinicaltrials.gov
(NCT04081766), registration date: 4-9-20219.

Results

Findings suggest multiple factors influenced participants’
engagement with the intervention and study activities.
Categories and themes were identified, as illustrated in
Fig. 2, and presented in four primary thematic domains:
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Domain: Contextual factors
Category 1: Patient-related factors
- Theme 1: health status

- Theme 2: Personal beliefs
Domain: Implementation
Category 1: Adherence to
the intervention
- Theme 1: Discontinuation
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Category 2: Socioeconomic and environmental factors
- Theme 1: working status

- Theme 2: Social and financial support

- Theme 3: Social activities

b 7 Domain:Impact Domain: Feedback Outcomes:
ohelnforvention mechan'ism’; Category 1: Adaptations The SUGAR
) Thgme : A(?Iherence e et e Motivatoraer to the current study intervention
The SUGAR LR im lgmr:nt'ation - Theme 1: Adaptations to canreduce the
intervention: COMPONEALS -Tr?eme1~Comfort Saserand study activities rate and
educational Category & S atibi.li ’ ’ - Theme 2: Adaptations to incidence of
session and Receptwc.an.e.ss wie P v o the intervention hypoglycaemia
Z study activities -Theme 2: Positive outcomes
pictogram Th 1: H 0 . Category 2: Sources of Category 2: and decrease
Bkt ypogycaemia i Recommendations for hypoglycaemia
diaries enablement % 5
. e Kaomicarennd future scaling up -free survival
-Theme 2: FBG : 8 - Theme 1: Future scaling probability
measurements awareness A
- Theme 3: Hypoglycaemia -Theme 2: Engaging caregivers
treatment

—

Reach of the intervention

and study activities

Fig. 2 Conceptual framework of participants' engagement with the SUGAR intervention, mapped to the MRC framework for process evaluation. The
diagram illustrates four primary domains (contextual factors, implementation, impact mechanisms, and feedback), their categories and themes, and how

they influence the intervention’s reach, adherence, and outcomes.

contextual factors; impact mechanisms; feedback, and
implementation.

Domain 1: Contextual factors

This domain involved personal or external circumstances
influencing participants’ commitment during the RCT
and consisted of two categories: patient-related factors,
and socioeconomic and environmental factors.

Category 1: Patient-related factors

Patient factors were personal determinants influencing
the RCT’s implementation and intervention and were
identified as two themes: health status and personal
beliefs.

Theme 1: Health status

Health problems arising from ageing and comorbidities
negatively affected the implementation of study activities
and the intervention. Being ill or in pain acted as a bar-
rier to frequent measuring of blood glucose (BG) levels.

“«

n some days, my father is tired or in pain, so we
don’t measure his blood glucose level” (son of 65-69/
M, intervention group)

Additionally, ageing-related conditions (e.g., trembling
hands) interfered with the use of test strips.

“I have a shortage in the test strips because some-
times my hand shakes when I insert the test strip
into the glucose meter. So, it doesn’t display a read-
ing on the glucose meter screen’. (65-69/M, interven-
tion group).

Psychological health seemed to impact adherence to the
intervention. One participant discontinued the interven-
tion due to depressive feelings after a relative’s death.
Also, eating preferences and appetite may interfere with
adherence to the intervention’s dietary component.

Theme 2: Personal beliefs

Altruism prompted participants to continue their
engagement in the study and intervention. Some felt a
connection to scientific research, which influenced their
adherence, hoping their contribution would bring ben-
efits through the knowledge produced.

“I have felt it is necessary to follow the instructions

for your sake as a researcher, so you can get the find-
ings you are looking for” (65-69/M, intervention
group)

Category 2: Socioeconomic and environmental factors
Socioeconomic and environmental factors also influ-
enced participants’ adherence and were grouped into
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three themes: working status, social and financial sup-
port, and social activities.

Theme 1: Working status
Working status was noted to potentially impact adher-
ence to study activities.

“I remember that the study duration is three months,
right? I believe it is a little bit long. No doubt it could
be fine with many patients who have plenty of time,
but for some, it may be considered long, especially if
they work’. (65-69/M, control group)

Theme 2: Social and financial support

The presence or absence of a family caregiver influenced
participants’ adherence to measuring BG and to using
hypoglycaemia diaries.

“Sometimes we miss measuring his blood glucose
level because no one of us (adult children) is there
with him to do so and my mother does not know how
to use the glucose meter”. (Son of 65-69/M, interven-
tion group)

Some participants expressed their financial inability to
buy test strips, which they considered expensive and pre-
vented them from frequent BG monitoring.

Theme 3: Social activities

Social activities are common among elderly Jordanians
(including visits, occasions, and gatherings) at which
sweets are served, influencing participants’ adherence to
the intervention’s dietary component.

“Following the instructions is completely OK with
me because I am always at home. Especially nowa-
days, with this coronavirus outbreak, there is no fast
food, restaurants, parties, or occasions. You know
such things are common among peasants” (65-69/
M, intervention group)

Domain 2: Impact mechanisms

This domain encompassed effective processes underpin-
ning adherence to the RCT and intervention and con-
sisted of two categories: motivators for implementation
and sources of enablement.

Category 1: Motivators for implementation

Factors reinforcing participants’ performance in the
study were classified in three themes: comfort, ease, and
compatibility; positive outcomes; and the desire to avoid
negative outcomes.
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Theme 1: Comfort, ease, and compatibility

Some participants found the study or intervention com-
forting, convenient, and compatible with their lifestyles,
leading to positive emotions.

“I feel measuring my blood glucose is psychologically
comforting” (65—-69/M, intervention group)

“.. I was comforted with the time of medications’
administration you have proposed to me” (70-74/
M, intervention group)

Theme 2: Positive outcomes

Some participants reported regular measurements
helped them control their BG levels and consequently
improved their glycaemic status and health. Achieving
tangible pleasant outcomes and feeling better seemed to
reinforce participants’ adherence.

“I feel my health has improved not got worse... I am
motivated to continue with the measurements” (65—
69/M, control group)

Theme 3: Desire to avoid negative outcomes

Some participants in the control group were concerned
about deterioration in glycaemic status, either by experi-
encing hyper- or hypoglycaemia, which motivated them
to keep self-monitoring their BG and confirm symptom-
atic hypoglycaemia.

“When I was experiencing fatigue, sweat, and trem-
ors, 1 didn’t pay attention to measuring my blood
glucose level. However, I have become compliant to
measuring my blood glucose level on daily basis now
and I have become able to detect low blood glucose
levels” (70-74/F control group)

Category 2: Sources of enablement

Mediators influencing participants’ psychological and
physical abilities to perform study-related activities were
grouped into two themes: knowledge and awareness;
engaging caregivers.

Theme 1: Knowledge and awareness

Some participants reported improvement in their ability
to recognise and confirm hypoglycaemia through low BG
levels or symptoms after taking part in the study:

“I have become compliant to measuring my blood
glucose level on a daily basis now and I have become
able to detect low blood glucose levels...” (70-74/F,
control group).
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Theme 2: Engaging caregivers

Some family caregivers took responsibility for admin-
istering the intervention and study-related activities by
helping participating family members.

“We have started measuring his blood glucose in the
morning and at night and things have been ok...”
(son of 65—-69/M, intervention group).

Domain 3: Feedback

This domain related to participants’ suggested changes to
increase the intervention’s effectiveness and acceptability
of the study activities. This domain consisted of two cat-
egories: adaptations to the current study and recommen-
dations for future scaling-up.

Category 1: Adaptations to the current study

Adaptations undertaken in the study were identified in
two themes: adaptations to study activities and adapta-
tions to the intervention.

Theme 1: Adaptations to the study activities
One participant considered daily BG monitoring difficult
to follow:

“Frankly, I have found it hard to measure my blood
glucose every day. This is a high frequency for me,
so I have started to measure it two to three times a
week.” (70—74/M, intervention,).

Although participants were encouraged to monitor their
FBG level daily—particularly when hypoglycaemia was
suspected—the study protocol instructed them to do
so at least three times per week. This recommendation
aimed to balance the need for sufficient data collection
with participant burden and support adherence to BG
monitoring. During the enrolment visit, some partici-
pants expressed concerns about the feasibility of daily
monitoring. In response, the study approach was adapted
to emphasize flexibility, guiding participants to monitor
their FBG at a minimum of three times per week while
allowing more frequent monitoring based on individual
capacity or need.

Theme 2: Adaptations to the intervention

A treatment-related problem that involved taking two
medications from the same group of anti-diabetic medi-
cations was identified during a telephone call on day 45
for one participant, which was causing frequent hypo-
glycaemic attacks. An adaptation was made for this par-
ticipant’s intervention content and the participant was
contacted by telephone at day 90 to re-evaluate hypogly-
caemia and the amended intervention.
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Category 2: Recommendations for future scaling-up
Adaptations to scale up the intervention and the study
activities in the future were represented in one theme:
Future scaling-up.

Theme: Future scaling-up

Some participants wished to be contacted more fre-
quently (e.g., on a weekly or monthly basis). Participants
reported that frequent follow-up times are necessary for
better glycaemic monitoring and more enhanced inter-
vention recommendations.

“You also told me at the inclusion visit that you are
going to contact us after a month or more, so why
wouldn’t you amend the frequency to be every two
weeks?” (son of 65—-69/M, intervention group).
“There should be a follow-up for the patient. It is not
wrong if you call the patient every week.” (70-74/M,
intervention group).

Domain 4: Implementation

This domain involved participants’ adherence to the
intervention and the study activities. Participants’ adher-
ence was classified into two categories: adherence to the
SUGAR Handshake, and receptiveness to study activi-
ties. The implementation domain also involved quantita-
tive evaluation of the reach of the intervention and study
activities.

Category 1: Adherence to the SUGAR handshake
intervention

Adherence to the intervention was represented in two
themes: discontinuation of the intervention and adher-
ence to the intervention components.

Theme 1: Discontinuation of the intervention
Most participants in the intervention group (104/106,
98.11%) adhered to the intervention. One participant
discontinued the intervention as a result of experienc-
ing depressive feelings from the loss of a relative, while
another discontinued because she felt better.

Theme 2: Adherence to the intervention components
Participants expressed different levels of adherence to
recommendations concerning their anti-diabetic medi-
cations. Some participants reported compliance with the
time needed to take their medications during the day and
regarding meals.

“Before participating in your study, I was taking my
anti-diabetic medications irregularly. In sometimes
before meals and in other times after meals. But
after you educated me, I have become compliant
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to the times of taking my medications’ (70-74/M,
intervention group)

Category 2: Receptiveness to study activities

Participants’ engagement in the study activities was rep-
resented in three themes: hypoglycaemia diaries, FBG
measurements, and hypoglycaemia treatment.

Theme 1: Hypoglycaemia diaries

Routine monitoring data revealed the majority of partici-
pants (91.04%) returned their diaries, with comparable
numbers in the intervention and control groups (97 vs.
96).

Participants who returned their diaries (n=193) were
highly adherent to using their diaries (Supplemen-
tary Table 5). On average, participants documented
88.07+£9.33 days of their participation duration, with
no statistically significant difference between the study
groups (p=0.771).

Theme 2: FBG measurements

Participants presented high levels of adherence to mea-
suring FBG levels (Supplementary Tables 6 and Table 7).
One-third of participants (33.16%) fully adhered to FBG
measurements, while the majority (92.23%) adhered to
at least 40% of FBG measurements during the study. The
adherence measures to FBG levels did not significantly
differ between the intervention and control groups. Some
participants reported they developed a habitual routine
of monitoring their FBG levels, which reinforced their
adherence:

“During my whole life, I was not measuring my
blood glucose every day. However, now I am mea-
suring it every day. When I wake up, I directly insert
the test strip into the glucose meter and measure my
blood glucose."(65-69/M, intervention group).

Theme 3: Hypoglycaemia treatment

Some participants stated they adhered to the corrective
actions of hypoglycaemia whenever they experienced low
BG levels or hypoglycaemia symptoms.

“When I was feeling the blood glucose level is low
before I go to sleep, I was having a glass of juice or an
apple, then the blood glucose becomes normal in the
next morning... I didn’t experience dangerous symp-
toms or sweating but when my blood glucose level is
120 or 90. (70-74/M, intervention group)

Reach of intervention and study activities

The reach measure—referred to the proportion of par-
ticipants who received the educational session and the
pictogram from participants in the intervention group,
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and the proportion of participants who received the
glucose meters and hypoglycaemia diaries from partici-
pants in both groups—was 100% (Supplementary Table
8). The reach to participants through the telephone calls
was also high, with most participants answering the day
45 (95.28% intervention group, 96.04% control group)
and day 90 (96.23% intervention group, 95.96% in control
group) calls.

Discussion

This nested process evaluation within the ROSE-ADAM
RCT [7] aimed to explore participants’ engagement in
the SUGAR Handshake intervention and the scalability
of this PCT. While previous clinical trials evaluating the
effect of educational interventions on preventing hypo-
glycaemia in people with diabetes involved quantitative
evaluation of only one aspect (e.g., participants’ adher-
ence to the interventions’ components [14—17] or par-
ticipants’ satisfaction) [18, 19], this is the first process
evaluation systemically guided by the MRC framework
for evaluating educational intervention on hypoglycae-
mia prevention in elderly people with T2DM.

The process evaluation demonstrated that educational
sessions and pictograms were effectively delivered to the
intervention group, with a 100% reach, maximising the
effectiveness of the intervention [9]. Participants showed
high levels of adherence to the intervention components,
especially the recommendations regarding anti-diabetic
medications and diet.

The SUGAR Handshake intervention was integrated
into participants’ daily routines. Consistent with previ-
ous studies, the intervention helped participants develop
habitual behaviours through repetition, contributing
to sustained adherence [25, 26]. Participants found the
instructions of the intervention easy to follow. There
is strong evidence that health recommendations in an
accessible language improve participants’ engagement
in self-care and medication management [27, 28]. The
intervention also improved participants’ knowledge and
awareness of medication management, motivating adher-
ence to anti-diabetic medications’ recommendations.
The relationship between better diabetes knowledge and
enhanced performance of diabetes self-care activities is
also confirmed by previous studies [29, 30]. The desire
to avoid hypoglycaemia and improve insulin injection
skills also motivated adherence to the intervention simi-
lar to previous comparable studies [31, 32]. Participants
were highly adherent to FBG monitoring and document-
ing on the hypoglycaemia diaries, indicating the feasibil-
ity of using these methods in detecting and documenting
hypoglycaemic attacks. The instructions concerning
hypoglycaemia diagnosis and treatment, and FBG moni-
toring, improved participants’ knowledge and motivated
them to continue FBG monitoring. Participants in both
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groups had similar adherence levels to measuring FBG
and the hypoglycaemia diaries, which reduced the risk of
bias in reporting hypoglycaemia in the RCT [7].

This evaluation identified several contextual factors
that worked as facilitators or barriers to implementing
the intervention and the study activities. Altruism, con-
sistent with previous research in people with diabetes
[33, 34], served as a facilitator, promoting participants’
engagement. Participants’ trust in pharmacists promoted
adherence, consistent with studies highlighting patients’
confidence in healthcare professionals providing educa-
tion and medication management [35-37]. Social sup-
port from family caregivers facilitated practising of the
intervention and the study activities. This is supported
by two systematic reviews showing that engaging fam-
ily members in behavioural interventions improves
glycaemic control, medication adherence, and knowl-
edge among people with T2DM [38, 39]. Clinical and
healthcare interventions should consider the involve-
ment of family members in the education and training of
elderly patients to achieve diabetes control and minimise
complications.

The evaluation revealed that worsened health status
and age-related conditions were barriers to adherence.
This could be explained by the impact of such conditions
on limiting the physical or psychological capability to
perform diabetes self-care tasks, such as BG monitoring
[40, 41]. Furthermore, stressful life events and depressive
feelings impaired adherence to the intervention. Previous
research links these findings with disturbing the patients’
psychological health, appetite disruption, and causing
pain and fatigue, which reflect non-adherence to medi-
cations, diet, physical activity, and the self-monitoring of
BG [42-45].

Reduced appetite and food preferences limited some
participants’ adherence to the intervention’s dietary
recommendations. Decline in appetite amongst elderly
people could be age-related, including loss of hunger,
alteration in taste, difficulty in chewing, and malabsorp-
tion [46, 47]. Accordingly, more individualising of the
dietary and anti-diabetic medication recommendations is
necessary among patients with limited appetite to foster
the intervention’s effectiveness.

Considerations for scaling-up

The scale-up strategy of the intervention is developed
with attention to maintaining those elements contribut-
ing to the intervention’s effectiveness, including the core
components (anti-diabetic medications and dietary rec-
ommendations), intervention characteristics (individuali-
sation, ease, and compatibility), and methods of delivery
(educational session, pictograms, and follow-up phone
calls) while minimising barriers. Recommendations to
improve participants’ adherence to the intervention and
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Table 3 Recommendations for the stakeholders to scale up the

intervention

Challenges Stakeholders Recommendations
Hypoglycaemia-  Healthcare sectors Integrate the SUGAR Hand-
specific patient and settings shake intervention into rou-
education tine diabetes care protocols.
Effective Schools of Provide comprehensive train-

educational skills
and knowledge
to deliver the
intervention

Quality improve-
ment of the
intervention

Pharmacy, Jordan
Pharmacists Asso-
ciation, healthcare
sectors

Healthcare sectors

ing and education programs
for pharmacists to ensure
consistent delivery of the
intervention across different
healthcare settings.

Establish mechanisms for
ongoing evaluation and qual-
ity improvement to assess the

scalability, effectiveness, and
sustainability of the interven-
tion in different healthcare
settings.

- Provide information on avail-
able resources for individuals
facing financial constraints,
such as local organisations
that offer support for diabetes
management supplies

- Explore options for generic
or lower-cost alternatives to
branded test strips.

Financial Healthcare sectors

constraints

maximise its effectiveness as concluded from the pro-
cess evaluation, are detailed in Table 2. To scale up the
SUGAR Handshake intervention, stakeholders should
focus on creating an appropriate framework for the inter-
vention to be consistently and adequately delivered by
pharmacists across different healthcare settings (Table 3).
Before a nationwide roll-out of our findings can be
undertaken, further research is needed that is not pos-
sible with the current study. Specifically, first, a cost-
effectiveness study should compare the direct expenses
of pharmacists’ time, pictograms and glucose strips with
the savings expected from fewer hypoglycaemic events;
second, an equity analysis is necessary to stratify adher-
ence and outcomes by socioeconomic status, sex and
rural-versus-urban clinic to determine whether the inter-
vention reduces or exacerbates disparities in diabetes
care; third, external validation through a multi-site pilot
in routine primary-care settings—implemented by regu-
lar staff without researcher support—is necessary to test
whether the high fidelity observed in the trial is sustain-
able under real-world conditions. Addressing these three
areas would provide policymakers with rigorous evidence
on cost, equity and generalisability that can support
informed decision-making to scale-up the intervention.

Strengths and limitations

A main strength of this process evaluation was the adop-
tion of the MRC framework, which provided a solid foun-
dation for guiding the implementation and a systematic
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and comprehensive evaluation of the SUGAR Handshake
intervention. The evaluation offered insight into the
effectiveness of the intervention and provided valuable
insights for potential replication or scaling-up in future
research. Additionally, analysing the process evaluation
findings before analysing the RCT outcome helped mini-
mise bias in the interpretation of outcomes, ensuring a
more objective and robust evaluation.

This study has several limitations. First, the process
evaluation relied solely on qualitative data to assess par-
ticipants’ implementation of the intervention. While
this provided valuable in-depth insights, the absence
of a quantitative measure of adherence to intervention
components limits the ability to assess implementa-
tion fidelity objectively. Future research should consider
integrating quantitative methods alongside qualitative
approaches to evaluate adherence more comprehen-
sively. Second, there is the possibility of a social desir-
ability response bias, as participants might have provided
answers they perceived as more socially acceptable. How-
ever, efforts were made to minimise this bias by creating
a non-judgmental and accepting environment during the
interviews.

Third, the small sample size of interviewees may have
constrained the diversity of perspectives captured. How-
ever, the integration of qualitative insights with the
broader quantitative trial data provided useful context
for interpreting participants’ experiences and helped
contextualise the process evaluation findings. Lastly, the
qualitative sample was not fully representative of the trial
population in terms of gender and household type.

Conclusion

The findings of this process evaluation indicate that the
SUGAR Handshake intervention for elderly people with
diabetes was well delivered and received and could be
scaled up and implemented more widely. Ultimately, the
evaluation is a stepping stone for further research and
advancements in hypoglycaemia management interven-
tions. By addressing the identified barriers and leverag-
ing the strengths of this evaluation, future educational
interventions can be designed to promote adherence and
improve patient outcomes, ultimately contributing to the
enhancement of diabetes care and the overall well-being
of individuals with T2DM.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512877-025-06361-2.

[ Supplementary Material 1. ]

Page 11 of 13

Acknowledgements

The authors thank the patients who took part in the RCT and process
evaluation. Great thanks to Ayah Abandeh who assisted in conducting the
RCT.

Authors’ contributions

HYA and KA co-developed the intervention and co-designed the process
evaluation. HYA collected data, carried out data analysis and interpretation,
and wrote the first draft of the manuscript. HA and KA contributed to data
analysis. HA, KA and RAP contributed to subsequent manuscript drafts. All
authors read the final draft and gave permission for the submission of the
manuscript. HYA is the guarantor and, as such, had full access to the data
reported and takes responsibility for the integrity of the data and the accuracy
of the data analysis.

Funding

This RCT and process evaluation were funded by a grant from Isra University,
Jordan (grant number IU-10/2-110) and the School of Pharmacy at the
University of Lincoln, United Kingdom. Funding to pay the Open Access
publication charges for this article was provided by the Imperial College
London Open Access Fund. The funding bodies did not contribute to the
study. KA and RAP are in part supported by the National Institute for Health
and Care Research (NIHR) Applied Research Collaboration (ARC) Northwest
London. The views expressed are those of the authors and not necessarily
those of the NIHR or the Department of Health and Social Care.

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

Declarations

Ethics approval and consent to participate

The ethical approval for the process evaluation was obtained together

with the parent trial from The Institutional Review Board of King Abdullah
University Hospital, Jordan (approval number: 13/3/1376) and the Human
Research Ethics Committee of the University of Lincoln, United Kingdom
(approval number: 2019—-0170). All methods were performed based on this
approval and in accordance with the relevant guidelines and regulations.
Eligible patients were provided with a written participant information sheet
and an oral explanation outlining the purpose and details of both the RCT
and the process evaluation. They were informed of their right to withdraw
consent at any point during the study without any negative consequences.
Participants were also assured that their participation would remain
anonymous. Those who agreed to take part signed a written consent form.
For participants selected for interviews, verbal consent was obtained again by
phone at the time of contact. The study was carried out in compliance with
the Helsinki Declaration.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Corresponding author
Correspondence to Keivan Armani.

Author details

Usra University, Amman, Jordan
2University of Leeds, Leeds, UK

3\mperial College London, London, UK
“UCSI University, Kuala Lumpur, Malaysia

Received: 21 June 2024 / Accepted: 11 August 2025
Published online: 01 October 2025


https://doi.org/10.1186/s12877-025-06361-2
https://doi.org/10.1186/s12877-025-06361-2

Almomani et al. BMC Geriatrics

(2025) 25:753

References

1.

20.

Ong KL, Stafford LK, McLaughlin SA, Boyko EJ, Vollset SE, Smith AE, et al.
Global, regional, and national burden of diabetes from 1990 to 2021, with
projections of prevalence to 2050: a systematic analysis for the global burden
of disease study 2021. Lancet. 2023;402(10397):203-34.

Hsu PF, Sung SH, Cheng HM, Yeh JS, Liu WL, Chan WL, et al. Association of
Clinical Symptomatic Hypoglycemia With Cardiovascular Events and Total
Mortality in Type 2 Diabetes: A nationwide population-based study. Diabetes
Care. 2013;36(4):894-900. Available from: Cited 2023 Sep 20. https://doi.org/1
0.2337/dc12-0916

Naser A, Qadus S, AlOsaimi HW, AlFayez A, Huwayshil Hbin, La AH, et al. EE415
cost of hypoglycemia among hospitalized patients with diabetes mellitus.
Value Health. 2024;27(6):5133.

Freeman J. Management of hypoglycemia in older adults with type 2 diabe-
tes. Postgrad Med. 2019;131(4):241-50.

Igbal A, Heller SR. The role of structured education in the management of
hypoglycaemia. Diabetologia. 2018,61(4):751-60.

Nguyen D, Mika G, Ninh A. Age-based exclusions in clinical trials: A review
and new perspectives. Contemp Clin Trials. 2022;114:106683 Available from:
https://www.sciencedirect.com/science/article/pii/S155171442200009X.
Cited 2023 Sep 20..

Almomani HY, Pascual CR, Grassby P, Ahmadi K. Effectiveness of the SUGAR
intervention on hypoglycaemia in elderly patients with type 2 diabetes: A
pragmatic randomised controlled trial. Res Soc Adm Pharm. 2023;19(2):322-
31 Available from: https.//www.sciencedirect.com/science/article/pii/S15517
41122003345. Cited 2023 Jun 4.

Loudon K, Treweek S, Sullivan F, Donnan P, Thorpe KE, Zwarenstein M. The
PRECIS-2 tool: designing trials that are fit for purpose. BMJ. 2015;350:h2147
Available from: http://www.bmj.com/content/350/bmj.h2147. Cited 2021
Mar 4.

Moore GF, Audrey S, Barker M, Bond L, Bonell C, Hardeman W, et al. Process
evaluation of complex interventions: medical research council guidance.
BMJ. 2015;350:h1258.

NIHR. NIHR publishes new framework on complex interventions to improve
health. 2021 . Available from: https://www.nihrac.uk/news/nihr-publishes-n
ew-framework-on-complex-interventions-to-improve-health/28803. Cited
2023 Sep 20.

Aguiar EJ, Morgan PJ, Collins CE, Plotnikoff RC, Young MD, Callister R. Process
evaluation of the type 2 diabetes mellitus PULSE program randomized
controlled trial: recruitment, engagement, and overall satisfaction. Am J Mens
Health. 2017;11(4):1055-68.

Sanchez A, Silvestre C, Campo N, Grandes G, on behalf of the PreDE research
group. Type-2 diabetes primary prevention program implemented in routine
primary care: a process evaluation study. Trials. 2016;17(1):254.

Ramadas A, Chan CKY, Oldenburg B, Hussien Z, Quek KF. A web-based dietary
intervention for people with type 2 diabetes: development, implementation,
and evaluation. Int J Behav Med. 2015;22(3):365-73.

Lorig K, Ritter PL, Villa FJ, Armas J. Community-based peer-led diabetes self-
management. Diabetes Educ. 2009;35(4):641-51.

Yong YM, Shin KM, Lee KM, Cho JY, Ko SH, Yoon MH, et al. Intensive individual-
ized reinforcement education is important for the prevention of hypoglyce-
mia in patients with type 2 diabetes. Diabetes Metab J. 2015;39(2):154-63.
Deakin TA, Cade JE, Williams R, Greenwood DC. Structured patient educa-
tion: the diabetes X-PERT programme makes a difference. Diabet Med.
2006;23(9):944-54.

Hermanns N, Ehrmann D, Schall S, Maier B, Haak T, Kulzer B. The effect of an
education programme (MEDIAS 2 BSC) of non-intensive insulin treatment
regimens for people with type 2 diabetes: a randomized, multi-centre trial.
Diabet Med. 2017;34(8):1084-91.

Braun AK, Kubiak T, Kuntsche J, Meier-Hofig M, Miller UA, Feucht |, et al. SGS:
a structured treatment and teaching programme for older patients with
diabetes mellitus—a prospective randomised controlled multi-centre trial.
Age Ageing. 2009;38(4):390-6 Available from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC2699189/. Cited 2021 Nov 1].

Reaney M, Zorzo EG, Golay A, Hermanns N, Cleall S, Petzinger U, et al. Impact
of Conversation Map™ Education Tools Versus Regular Care on Diabetes-
Related Knowledge of People With Type 2 Diabetes: A Randomized. Con-
trolled Study Diabetes Spectr. 2013;26(4):236-45 Available from: https://spect
rum.diabetesjournals.org/content/26/4/236. Cited 2021 Nov 2 .

Almomani HY, Pascual CR, Al-Azzam SI, Ahmadi K. Randomised controlled
trial of pharmacist-led patient counselling in controlling hypoglycaemic
attacks in older adults with type 2 diabetes mellitus (ROSE-ADAM): A study

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 12 of 13

protocol of the SUGAR intervention. Res Soc Adm Pharm. 2021;17(5):885-93
Available from: https://www.sciencedirect.com/science/article/pii/S1551741
120308354. Cited 2021 Dec 29.

Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative
research (COREQ): a 32-item checklist for interviews and focus groups. Int J
Qual Health Care. 2007;19(6):349-57. https://doi.org/10.1093/intghc/mzm04
2.

Francis JJ, Johnston M, Robertson C, Glidewell L, Entwistle V, Eccles MP. et

al. What is an adequate sample size? Operationalising data saturation for
theory-based interview studies. Psychol Health. 2010;25(10):1229-45. Avail-
able from: https://doi.org/10.1080/08870440903194015. Cited 2024 Jan 29.
Saunders B, Sim J, Kingstone T, Baker S, Waterfield J, Bartlam B, et al. Satura-
tion in qualitative research: exploring its conceptualization and operational-
ization. Qual Quant. 2018;52(4):1893-907.

QSR International Pty Ltd. Qualitative Data Analysis Software | NVivo. 2020.
Available from: https://www.qgsrinternational.com/nvivo-qualitative-data-anal
ysis-software/home. Cited 2020 Apr 17.

Reach G. Role of habit in adherence to medical treatment. Diabet Med.
2005;22(4):415-20.

Potthoff S, Presseau J, Sniehotta FF, Breckons M, Rylance A, Avery L. Exploring
the role of competing demands and routines during the implementation
of a self-management tool for type 2 diabetes: a theory-based qualitative
interview study. BMC Med Inform Decis Mak. 2019;19(1):23.

Wishah RA, Al-Khawaldeh OA, Albsoul AM. Impact of pharmaceutical care
interventions on glycemic control and other health-related clinical outcomes
in patients with type 2 diabetes: randomized controlled trial. Diabetes &
Metabolic Syndrome: Clinical Research & Reviews. 2015;9(4):271-6.

Korcegez El, Sancar M, Demirkan K. Effect of a pharmacist-led program

on improving outcomes in patients with type 2 diabetes mellitus from
Northern Cyprus: a randomized controlled trial. ] Manag Care Spec Pharm.
2017;23(5):573-82.

Kueh YC, Morris T, Ismail AAS. The effect of diabetes knowledge and attitudes
on self-management and quality of life among people with type 2 diabetes.
Psychol Health Med. 2017;22(2):138-44. https://doi.org/10.1080/13548506.20
16.1147055.

Luo X, LiuT,Yuan X, Ge S, Yang J, Li C, et al. Factors Influencing Self-Man-
agement in Chinese Adults with Type 2 Diabetes: A Systematic Review and
Meta-Analysis. Int J Environ Res Public Health. 2015;12(9):11304-27 Available
from: https://www.mdpi.com/1660-4601/12/9/11304. Cited 2021 Dec 3.
Sebire SJ, Toumpakari Z, Turner KM, Cooper AR, Page AS, Malpass A, et al. I've
made this my lifestyle now: a prospective qualitative study of motivation for
lifestyle change among people with newly diagnosed type two diabetes
mellitus. BMC Public Health. 2018;18(1):204.

Jarab AS, Mukattash TL, Al-Azayzih A, Khdour M. A focus group study of
patient’s perspective and experiences of type 2 diabetes and its manage-
ment in Jordan. Saudi Pharm J. 2018;26(3):301-5.

Estcourt S, Epton J, Epton T, Vaidya B, Daly M. Exploring the motivations of
patients with type 2 diabetes to participate in clinical trials: a qualitative
analysis. Res Involv Engagem. 2016;2(1):34. https://doi.org/10.1186/540900-01
6-0050-y.

Geppert C, Candilis P, Baker S, Lidz C, Appelbaum P, Fletcher K. Motivations
of patients with diabetes to participate in research. AJOB Empir Bioeth.
2014;5(4):14-21. https://doi.org/10.1080/23294515.2014.910282.

Mann C, Anderson C, Boyd M, Karsan Y, Emerson T. Perspectives of pharma-
cists in general practice from qualitative focus groups with patients during a
pilot study. BJGP Open. ;6(2):BJGP0.2021.0112. Available from: https://www.n
cbi.nlm.nih.gov/pmc/articles/PMC9447328/. Cited 2023 Sep 24.

Gogazeh E. Dispensing errors and self-medication practice observed by
community pharmacists in Jordan. Saudi Pharm J. 2020;28(3):233-7 Available
from: http://www.sciencedirect.com/science/article/pii/S131901642030002
5. Cited 2020 Dec 9.

Amara N, Naser AY, Taybeh EO. Patient satisfaction with pharmaceutical ser-
vices in Jordan: a cross-sectional study. Jordan J Pharm Sci. 2023;16(1):1-10.
Lovely G, PrDK, Y L. Factors determining the success of therapeutic lifestyle
interventions in Diabetes - Role of partner and family support. Eur Endocri-
nol.2019;15(1):18-24.

Pamungkas RA, Chamroonsawasdi K, Vatanasomboon PA. Systematic review.
Family support integrated with diabetes self-management among uncon-
trolled type Il diabetes mellitus patients. Behav Sci. 2017;7(3):62.

Leung E, Wongrakpanich S, Munshi MN. Diabetes management in the elderly.
Diabetes Spectr. 2018;31(3):245-53.


https://doi.org/10.2337/dc12-0916
https://doi.org/10.2337/dc12-0916
https://www.sciencedirect.com/science/article/pii/S155171442200009X
https://www.sciencedirect.com/science/article/pii/S155171442200009X
https://www.sciencedirect.com/science/article/pii/S1551741122003345
https://www.sciencedirect.com/science/article/pii/S1551741122003345
http://www.bmj.com/content/350/bmj.h2147
https://www.nihr.ac.uk/news/nihr-publishes-new-framework-on-complex-interventions-to-improve-health/28803
https://www.nihr.ac.uk/news/nihr-publishes-new-framework-on-complex-interventions-to-improve-health/28803
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2699189/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2699189/
https://spectrum.diabetesjournals.org/content/26/4/236
https://spectrum.diabetesjournals.org/content/26/4/236
https://www.sciencedirect.com/science/article/pii/S1551741120308354
https://www.sciencedirect.com/science/article/pii/S1551741120308354
https://doi.org/10.1093/intqhc/mzm042
https://doi.org/10.1093/intqhc/mzm042
https://doi.org/10.1080/08870440903194015
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home
https://doi.org/10.1080/13548506.2016.1147055
https://doi.org/10.1080/13548506.2016.1147055
https://www.mdpi.com/1660-4601/12/9/11304
https://doi.org/10.1186/s40900-016-0050-y
https://doi.org/10.1186/s40900-016-0050-y
https://doi.org/10.1080/23294515.2014.910282
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9447328/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9447328/
http://www.sciencedirect.com/science/article/pii/S1319016420300025
http://www.sciencedirect.com/science/article/pii/S1319016420300025

Almomani et al. BMC Geriatrics

42.

43.

44,

45.

(2025) 25:753

American Diabetes Association. 12. Older Adults: Standards of Medical Care
in Diabetes—2021. Diabetes Care. 2021;44(1):5168-79. Available from: https:/
/care.diabetesjournals.org/content/44/Supplement_1/5168. Cited 2021 Apr 9
Kalra S, Jena BN, Yeravdekar R. Emotional and psychological needs of people
with diabetes. Indian J Endocrinol Metab. 2018;22(5):696-704.

Gonzalez JS, Tanenbaum ML, Commissariat PV. Psychosocial Factors in Medi-
cation Adherence and Diabetes Self-Management: Implications for Research
and Practice. Am Psychol. 2016;71(7):539-51 Available from: https.//www.ncb
i.nIm.nih.gov/pmc/articles/PMC5792162/.Cited 2020 Dec 8.

Rezaei M, Valiee S, Tahan M, Ebtekar F, Ghanei Gheshlagh R. Barriers of medi-
cation adherence in patients with type-2 diabetes: a pilot qualitative study.
Diabetes Metab Syndr Obes Targets Ther. 2019;12:589-99 Available from: http
s://www.ncbi.nlm.nih.gov/pmc/articles/PMC6507070/. Cited 2020 Dec 8.
Cahn A, Raz |, Mosenzon O, Leibowitz G, Yanuv |, Rozenberg A, et al. Predis-
posing Factors for Any and Major Hypoglycemia With Saxagliptin Versus
Placebo and Overall: Analysis From the SAVOR-TIMI 53 Trial. Diabetes Care.

46.

47.

48.

Page 13 of 13

2016;39(8):1329-37 Available from: https://care.diabetesjournals.org/content
/39/8/1329. Cited 2021 Apr 17..

Sircar M, et al. Review of hypoglycaemia in the older adult: clinical implica-
tions and management. Can J Diabetes. 2016;40(1):66-72.

Kalra S, Sharma SK. Diabetes in the elderly. Diabetes Ther. 2018;9(2):493-500.
https://doi.org/10.1007/513300-018-0380-x.

Stanley K. Nutrition Considerations for the Growing Population of

Older Adults With Diabetes. Diabetes Spectr Publ Am Diabetes Assoc.
2014;27(1):29-36 Available from: https.//www.ncbi.nlm.nih.gov/pmc/articles/
PM(C4522893/. Cited 2021 Jan 2.

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


https://care.diabetesjournals.org/content/44/Supplement_1/S168
https://care.diabetesjournals.org/content/44/Supplement_1/S168
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5792162/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5792162/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6507070/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6507070/
https://care.diabetesjournals.org/content/39/8/1329
https://care.diabetesjournals.org/content/39/8/1329
https://doi.org/10.1007/s13300-018-0380-x
https://doi.org/10.1007/s13300-018-0380-x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4522893/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4522893/

	﻿The SUGAR handshake intervention to prevent hypoglycaemia in elderly people with type 2 diabetes: process evaluation within a pragmatic randomised controlled trial
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Description of the ROSE-ADAM trial and SUGAR handshake intervention
	﻿Study setting and design
	﻿Interview guides and procedures
	﻿Data analysis
	﻿Qualitative analysis
	﻿Quantitative analysis


	﻿Trial registration
	﻿Results
	﻿Domain 1: Contextual factors
	﻿Category 1: Patient-related factors
	﻿Theme 1: Health status
	﻿Theme 2: Personal beliefs
	﻿Category 2: Socioeconomic and environmental factors
	﻿Theme 1: Working status
	﻿Theme 2: Social and financial support
	﻿Theme 3: Social activities
	﻿Domain 2: Impact mechanisms
	﻿Category 1: Motivators for implementation
	﻿Theme 1: Comfort, ease, and compatibility
	﻿Theme 2: Positive outcomes
	﻿Theme 3: Desire to avoid negative outcomes
	﻿Category 2: Sources of enablement
	﻿Theme 1: Knowledge and awareness
	﻿Theme 2: Engaging caregivers
	﻿Domain 3: Feedback
	﻿Category 1: Adaptations to the current study
	﻿Theme 1: Adaptations to the study activities
	﻿Theme 2: Adaptations to the intervention
	﻿Category 2: Recommendations for future scaling-up
	﻿Theme: Future scaling-up
	﻿Domain 4: Implementation
	﻿Category 1: Adherence to the SUGAR handshake intervention
	﻿Theme 1: Discontinuation of the intervention
	﻿Theme 2: Adherence to the intervention components
	﻿Category 2: Receptiveness to study activities
	﻿Theme 1: Hypoglycaemia diaries
	﻿Theme 2: FBG measurements
	﻿Theme 3: Hypoglycaemia treatment
	﻿Reach of intervention and study activities

	﻿Discussion
	﻿Considerations for scaling-up
	﻿Strengths and limitations

	﻿Conclusion
	﻿References


