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Abstract
Background: Older adults suffering partial tooth loss may need additional intervention strategies other than natural
tooth replacement alone to improve their nutritional status. This study aimed to design and develop a habit-based
tailored dietary intervention and to assess the feasibility and acceptability of the intervention, in conjunction with
natural tooth replacement, amongst partially dentate older adults.
Methods: The design and development of the dietary intervention (phase 1) consisted of analysis of the target
population’s dietary intake and qualitative research through focus groups with community-dwelling older adults (aged
65 years and over). The dietary intervention consisted of forming three healthy dietary habits around fruits and
vegetables, wholegrains and healthy proteins. Feasibility of the intervention was then tested amongst older adults who
had recently completed dental treatment for natural tooth replacement in a small non-randomised single arm study
(phase 2). The principal feasibility outcome was the usability and acceptability of the intervention which was measured
using evaluation questionnaires and by conducting post-intervention semi-structured interviews. Supporting outcomes
consisted of feasibility of screening procedures, recruitment strategies and retention/attrition rates as well as the
participant’s compliance to the intervention assessed through self-monitoring tracking sheets.
(Continued on next page)
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Results: Twenty-one older adults (mean [SD] age 72.1 [10.4].) took part in one of four focus group discussions (phase 1).
Twelve themes related to barriers (e.g. oral health, appetite) and facilitators (e.g. nutritional knowledge, retirement) of healthy
eating guided intervention development, as did a further five themes when asked for direct intervention feedback. Nine
older adult participants (mean [SD] age 72.5[9.7]) were recruited into the feasibility study (phase 2) where eight themes were
identified from feedback interview discussions. The principal outcome measures identified intervention feasibility as
participants considered the intervention acceptable and useable as both the evaluation questionnaire and qualitative
interview results were overwhelmingly positive. As a supporting outcome measure, strong intervention compliance was also
achieved. Screening procedures were accepted but additional recruitment strategies (e.g. incorporation of home study visits
or recruitment via posters advertisement) may benefit future study enrolment and retention.
Conclusion: Phase 1 and phase 2 findings have allowed for an iterative, user-driven intervention to be developed and
refined for a randomised control study to evaluate the intervention’s effectiveness.
Trial registration: ISRCTN66118345
Keywords: Older adults, Natural tooth replacement, Dietary intervention, Habit-formation, Medical Research Council,
Feasibility

Key messages regarding feasibility
 Feasibility uncertainties primarily around

intervention usability and acceptability with a novel
population of older adults were investigated.
Uncertainties around how feasible it would be to
recruit and retain this population alongside their
compliance to this type of intervention were also
investigated.
 The key findings were that overall, the intervention
was highly accepted and deemed usable for older
adults. It demonstrated also that this population can
have a strong compliance to this form of
intervention. However, future enrolment and
retention rates could benefit from adjustments to
the strategies deployed for recruiting this cohort.
Additional and/or modification to some of the data
collection methods could better capture the overall
impact of the intervention on older adults.
 Feasibility findings demonstrated that minor
adjustments were required to optimise the uptake
and effectiveness of the intervention in a fully
powered trial including the screening and
recruitment strategies, study materials and data
collection methods.

Background
There is an established association between poor oral
health, natural tooth loss and reduced nutritional status in older age [1, 2]. As the mouth is essentially the
entry way for food and fluid intake, if impaired, functional ability to consume an adequate diet may be adversely impacted [3]. Although natural tooth
replacement significantly increases oral health-related
quality of life, it appears that natural tooth replacement alone does not necessarily lead to altered food

choice behaviours and better diet amongst older
adults [4]. Previous research demonstrates no significant change in nutrient intake after natural tooth replacement, even though improvements in masticatory
function were reported [5–7]. Consequently, dietary
advice in addition to mastication restoration may be
required to facilitate a change in nutritional status.
To date, a number of studies exist that support and
recommend the provision of dietary advice and education alongside prosthodontic tooth replacement for
older adults, although this advice is largely limited to
fully edentate individuals rather than those that are
partially dentate [8]. However, this systematic review
evidence also demonstrated that few of these interventions were theory-based, despite greater levels of
effectiveness and successful implementation of an
intervention based on theory [9–11].
An approach grounded in theory includes the concept
of habit-formation. Habits are considered a phenomenon
whereby a learnt sequence of acts due to frequent performance in a similar situation are automatically triggered by particular environment cues [12]. As eating is a
daily occurrence and, in the majority of cases, food and
meals are consumed at the same place and time, it may
be assumed that eating behaviours are actually largely
habitual [13]. Despite the promising potential of the
habit-formation process for sustainable behaviour
change, the concept has received relatively little attention in dietary intervention research to date. Existing
dietary intervention research demonstrates significant
promise for the acceptability and effectiveness of a
habits-based intervention for improving healthy behaviours [14–16]. However, to date, the habit approach has
not yet been applied to the diet of older adults. Investigation of whether this theoretical framework is a suitable
dietary behaviour change intervention for older adults
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who have received natural tooth replacement is
required.
There is a promising basis for the potential uptake of a
habit-based intervention in older adults [17–19]. Yet
given the multi-factorial influences on an older person’s
diet, it is also apparent that a number of probable barriers amongst this population may exist. The design and
development stage is therefore key in order to construct
a habits-based dietary intervention most pertinent to
older age. As intervention design is considered to be one
of the most challenging stages and a frequent weakness
in trial research, sufficient ground work is required in
order to maximise the chances of intervention success
[20, 21]. This is a key recommendation of the UK Medical Research Council (MRC) framework for developing
and evaluating complex interventions [21]. These guidelines also highlight the importance of evaluating the
feasibility of complex interventions alongside adequate
development work to help to resolve any practical issues
around implementation or else it ‘will result in weaker
interventions, that are harder to evaluate, less likely to
be implemented and less likely to be worth implementing’ [22].
Consequently, a systematic approach was followed
based on the MRC framework for developing and evaluating complex interventions through a multiphase mixed
methods research study. This consisted of three phases:
(1) design and development of a habit-based dietary
intervention, (2) identifying the feasibility of a habitbased dietary intervention, and (3) determining the effectiveness of a habit-based dietary intervention through
a randomised control trial (RCT). This study maps the
pathway of phase 1 and phase 2 in order to inform for a
definitive RCT.
Aims and objectives

The aims of this study were to design and develop a
novel habit-based tailored dietary intervention and to assess the feasibility of the intervention, in conjunction
with natural tooth replacement amongst partially dentate
older adults (phase 1 and phase 2). In order to facilitate
this, the following objectives were:
1. To identify dietary areas of concern amongst
older adults for the basis of appropriate food
groups to target in a habit-based dietary intervention (phase 1)
2. To conduct qualitative (focus group) research
amongst older adults to provide feedback that
would refine a habit-based dietary intervention
(phase 1)
3. To evaluate the feasibility of a habit-based dietary
intervention in combination with natural tooth replacement on a partially dentate older adult
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population in a small non-randomised single arm
study (phase 2) for a definitive RCT refinement
including:

(a) Acceptability and usability of the intervention to
participants (delivery, data collection procedures,
study materials, executing new healthy habit)
(b) Testing of screening and recruitment strategies and
retention/attrition rates
(c) Intervention compliance

Methods
Regulatory approval

This study obtained ethical approval from the Office for
Research Ethics Committees Northern Ireland
(ORECNI) (16/NI/0224) and was registered with the
(International Standard Randomised Controlled Trials
Number) ISRCTN registry (ISRCTN66118345).
Design and development of the intervention (phase 1)

A systematic approach was followed consisting of the
analysis of dietary intake to design and develop intervention materials followed by qualitative research with the
target population.
Analysis of the target population’s dietary intake

An analysis of the dietary intake of older adults (65+
years) was conducted using the National Data and Nutrition Survey (NDNS) years 1 to 6 combined, a publically available cross-sectional survey undertaken of a
representative sample of people living in the UK [23,
24]. Survey results indicated that the majority of older
adults were not meeting the 5-a-day recommendation
for fruit and vegetables, the 18 g/day of dietary fibre
(non-starch polysaccharides) and the one portion (140 g)
of oily fish per week recommendation.
Intervention content

The analysis of older adult’s dietary behaviours identified
three healthy eating domains for intervention content:
fruit and vegetables, wholegrains and healthy proteins
(e.g. switching red or processed meat to leaner protein
sources such as fish, chicken, beans or lentils, etc.). This
guided the design of the habits-based intervention materials which was based on a similar structure to a previous randomised controlled trial on healthy feeding
habits for parents (known as the Healthy Feeding Habits
study) [25]. The intervention was delivered using an
intervention booklet, where a researcher would talk
through the content with the participant to establish
three self-chosen habit-formation goals (based on the
three targeted healthy eating domains). It was designed
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that each study visit focused upon one of these three domains separately where each time participants would
identify a desired goal around the chosen domain to target (e.g. ‘to eat a portion of fruit with breakfast everyday’). In order to facilitate this, the researcher and
participant would record potential barriers to accomplishing the habit goal, identify any preparations required and assign behaviour change start dates.
Information on recommended daily servings, health benefits, food sources and portion guides around each of
the three healthy eating domains were also included
along with tips and strategies to achieving habit goals
and self-monitoring sheets for goal tracking purposes
[26–28]. At subsequent visits, it was structured that
healthy habit goals were reviewed as older adults continue in previous goals and set a new healthy eating goal
in another domain.

healthy diet? Participants were also given copies of the
dietary intervention booklet as researchers explained the
overall delivery process, followed by designated time administered to read through the booklet themselves for
feedback. Groups were conducted until saturation of
ideas and opinions were reached. Focus group discussions were tape recorded and transcribed verbatim,
anonymising participants. Audio recordings of focus
groups were destroyed as soon as verbatim transcripts
were prepared.

Qualitative research with the target population

Phase 2 participants and recruitment

Following the design of the intervention, qualitative research with the target population using focus groups was
used to investigate; the barriers and facilitators to healthy
eating; the impact of factors that influence food choice;
and the strategies to support older adults eating a healthy
diet. Focus group discussions were also conducted for
feedback on the proposed dietary intervention.

A non-randomised study was conducted at the Centre
for Dentistry at Queens University Belfast between July
2017 and September 2017 on patients who has recently
received dental treatment for their partial tooth loss. Patients had either been provided with removable partial
dentures or restored to a functional dentition according
to the principles of the shortened dental arch. All patients were now part of a 6-monthly recall programme
to review their natural tooth replacement treatment and
manage chronic dental disease. Dental notes of patients
were screened using a screening questionnaire for eligibility. To be eligible, patients had to be free-living, older
adults (65+ years) who had a minimum of six natural
teeth in at least one jaw with missing teeth replaced with
removable partial dentures or restored to a functional
dentition using fixed prosthodontics within the last 6
months at the Centre for Dentistry. Patients were excluded based on the following criteria that might have
impacted their ability to fully engage or participate in
the dietary intervention: clinically diagnosed dementia,
diabetes mellitus, history of alcoholism, an active treatment for psychiatric disorders, medical complication
which contraindicate routine dental treatment or were
following a strict diet regime recommended by a physician in the prevention or treatment of disease.
A sample size of 8–10 participants was considered a
feasible recruitment target and was estimated to be sufficient to meet the aims of this single-arm feasibility study
by the research team and dental clinicians. Patients were
informed about the study and invited to participate either by letter or at their dental review appointment. If
interest was expressed, further exclusion criteria were
then assessed by one of two researchers (LAM or LM).
Patients were excluded if they did not have a sufficient
level of English literacy to read study materials and to

Phase 1 focus group recruitment

Community dwelling, independent adults over the age of
65 years who were able to give informed consent were
invited to participate in the focus group discussions. Participants were recruited by poster advertisement and also
through snowball sampling from community, retirement
and church groups across Northern Ireland. When required, a member of the research team conducting the
focus group interviews also attended groups and provided a short presentation about the qualitative study
(aim of the study, what it involved and what it hoped to
achieve). Participants were asked to take part in a focus
group discussion lasting approximately 1–1.5 h at the
Centre for Public Health, Queen’s University Belfast or
the researcher (LAM or SW) visited them if they were
an existing community group.
Phase 1 data collection

Participants were required to complete a general demographics questionnaire before the focus group session.
The focus groups were conducted in accordance with a
standardised protocol consisting of semi-structured
open-ended questions in order to ensure a consistent
approach between groups. Examples of questions in the
topic guide included: What are the main factors that influence your food choice, What do you think is a healthy
diet and What do you think prevents you eating a

Feasibility of the intervention (phase 2)

Phase 2 consisted of a non-randomised (single-arm)
feasibility study to test the dietary intervention developed during phase 1. This allowed for appropriate adjustments and refinement of the dietary intervention to
be carried out before a definitive RCT.
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keep a food diary; were not able to recite their understanding of the study back to the researcher; felt that
they could not take any responsibility for diet changes
discussed during the course of the study, for example,
they should have been able to influence the type of foods
bought and eaten in their household; did not feel that
making changes to their diet was important to them;
and did not feel they were ready to make changes to
their diet. Patients gave informed consent at their baseline study visit.
Phase 2 data collection

Eligible participants who received the tailored habitbased dietary intervention met with one of two researchers four times at fortnightly intervals (at the
Centre for Dentistry at the Royal Victoria Hospital). Researchers (LAM and LM) were trained in habits and behaviour change methods prior to intervention delivery.
The researcher delivered the dietary intervention using a
standardised protocol (roughly 30-min sessions) to discuss a new healthy habit to incorporate into the participant’s diet each time as identified from phase 1
development (fruits and vegetables, wholegrains and
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healthy proteins). Participants were asked to attend assessments at baseline and at the end of the intervention
(8 weeks later) as laid out in Fig. 1. However, during the
course of the intervention, it became apparent that the
8-week visit was not necessary and could be easily combined with the 6-week visit. Therefore, to reduce participant burden, it was decided that length of follow-up
would be changed from 8 weeks to 6 weeks, thus reducing the number of study visits by combining the last
two.
Study visits lasted approximately 2 h (baseline and 6week visits) to allow sufficient time for the researcher to
carry out the study visits in accordance with the intervention protocol. Although this paper does not report
on these measures directly, the study visits consisted of
obtaining informed consent (baseline only), habit automaticity questionnaire and the completion of various
lifestyle and dietary behaviour change questionnaires,
anthropometry measures (height, weight, BMI), discussion of food diaries (4-day), sufficient breaks if required
and a qualitative interview (end of intervention only). In
between fortnightly study visits lasted approximately 30
min as they were only to deliver the intervention.

Fig. 1 Timeline of habit-based dietary intervention—phase 2 feasibility study
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Outcome measures

The first line feasibility outcomes were the usability and
acceptability of the intervention to study participants
with regards to intervention delivery, data collection
procedures, study materials and executing the new
healthy habit. This was assessed through feedback from
the participants using a study-specific evaluation questionnaire after intervention delivery (6-week time point)
to gather information on the participant’s opinions,
thoughts and experiences. This was also assessed
through one-to-one interviews using semi-structured
open-ended questions from an interview topic guide (6week time point). Interviews were conducted by the
same researcher who delivered the habits-based intervention to the participant. The interview covered topics
such as personalised dietary changes, intervention delivery, engagement of study materials, preferred intervention delivery settings and improvements for a definitive
RCT. Interviews were tape-recorded and transcribed in
order to inform on intervention refinement [29].
Supporting feasibility outcomes consisted of further
dimensions of the study that would inform the structure
of a RCT. This specifically included the feasibility of
screening procedures, recruitment strategies and retention/ attrition rates. Another supporting feasibility outcome was the participant’s compliance to the
intervention. Daily compliance to each of their new
healthy habits was assessed at each study visit when the
researcher asked the participant how many times they
completed their healthy habit out of the last 14 days.
Compliance to the use of study materials was measured
using tracking sheets which were sent home with participants and collected at subsequent study visits. Tracking
sheets monitored new healthy habits by getting the participant to tick whether they did or did not do the new
behaviour each day.
Phase 1 and 2 data analysis

Questionnaire data were summarised as appropriate
using SPSS Statistics for Windows Version 22 (SPSS Inc,
Chicago, IL). Descriptive analyses included means,
standard deviation, median, frequencies and/or percentages where appropriate. After focus groups and interviews were tape-recorded and transcribed, a thematic
analysis, as outlined by Braun and Clarke, was conducted
to code and identify key themes [30]. Due to the exploratory nature of this study, a single suggestion analysis over a general theoretical framework was provided.
This process involved the repeated reading of the transcripts followed by generating a list of key codes (by
LAM) which led to the development of a coding scheme.
Codes were then grouped into categories leading to key
themes being constructed. In order to minimise the potential for bias of the coding process with respect to the
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themes identified, a second researcher (either SW or
LM) from the team also performed the procedure outlined above independently. Anonymised transcripts were
discussed in team meetings in a process of triangulation
to decide on emerging key themes. Researcher notes
were also taken throughout the course of the intervention in order to inform for an RCT.

Results
Phase 1 findings
Study characteristics

A total of 21 older adults (male 38%, female 62%) took
part in one of four focus group discussions with a mean
[SD] age of 72.1 [10.4]. Participants lived in non-urban
areas (67%), and spent a mean of 14.3 [3.8] years in fulltime education. Approximately 95% of the samples were
retired and 52% reported living alone.
Barriers to and facilitators of healthy eating

During focus group interviews, there were twelve themes
related to barriers and facilitators of healthy eating
guided intervention development. Themes were both a
priori and emerging, and often overlapped. Facilitators
of healthy eating consisted of nutritional knowledge, nutritional supplements, retirement, convenience foods,
physical health and the food industry. Themes of barriers to healthy eating consisted of contradictory/confusing information, attitudes towards healthy eating, oral
health, appetite, family and living circumstances and
food labelling. Example quotations of themes that directly led to iterative changes for phase 2 are outlined
within Table 1.
Intervention feedback

When researchers discussed the structure of the dietary
intervention programme and asked for participant’s
opinions on the intervention booklet, five areas of feedback emerged that further guided intervention development. These five areas consisted of habit suggestions,
habit variety, intervention booklet acceptability, intervention booklet suggestions and food clarity. Example
quotations of the five areas of feedback that directly led
to iterative changes prior to phase 2 are outlined within
Table 2.
Phase 2 findings
Study characteristics

A total of nine participants were recruited into the feasibility study. However, two females aged 77 and 85 years
withdrew, one before baseline and the other after baseline, leaving seven active participants. This sample consisted of three males and four females with a mean [SD]
age of 72.5 [9.7] years. Participants had a mean [SD] full
time education of 14.1 [1.7] years with 43% still in
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Table 1 Summary of facilitators/barriers to healthy eating themes from focus group interviews (phase 1) that led to Iterative
changes in phase 2
Theme

Quotation

Changes made

Contradictory/confusing information

‘I think nutrition has become so complicated. It
used to be, you need more vitamins so you drink
more orange juice but then there’s a ‘but’ now
and I think that is the problem’ FG3 P05
‘I just wonder how susceptible we are to
advertising and again the media’ FG1 P01

Introduction section
▪ Sentence added to explain that healthy eating does
not have to be complicated
▪ Sentence added to follow evidence-based dietary advice
as media often give conflicting dietary messages

Attitudes towards healthy eating

‘I don’t know if there’s any benefit now for the
likes of us. Like at our age. I just eat whatever
I want’ FG2 P03

Introduction section
▪ Sentence added to clarify that it is never too late to
benefit from making positive dietary changes in later life

Oral health

‘I love nuts but they can be a bit of a problem.
It’s not the same as having your own natural
teeth’ FG4 P02

Oral health section
▪ Nuts removed as suggestive healthy protein habit due
to common oral health problems

‘You could stew your fruit’ FG1 P02

Oral health section
▪ Suggestion of cooking or stewing fruit to soften added

‘You need to be a scientist to read some of
the labels to understand what the impact is’
FG3 P03
‘No we’re going to have to start reading
labels and that’s the problem, I don’t read
labels’ FG4 P02

Wholegrain habit section
▪ Wholegrain food labelling section added

Food labelling

Table 2 Summary of intervention development feedback from focus group interviews (phase 1) that led to iterative changes for
phase 2
Theme

Quotation

Changes made

Habit suggestions

‘I switched to 1% [milk] with the red top and I
haven’t noticed any difference’ FG3 P05

Healthy protein habit section
▪ Milk habit suggestion changed to semi-skimmed or
skimmed milk only to avoid full fat versions being used

‘A switch to a healthier protein source, I’d say
I would change to chicken or turkey because
you can introduce it into so many things.. it’s
so adaptable’ FG1 P04

Healthy protein habit section
▪ Added into fish/chicken suggested habit that they
should be non-battered/ non-breaded

‘How about adding a hard-boiled egg into a
salad sandwich?’ FG4 P02

Healthy protein habit section
▪ Fried egg removed from list of suggested habits

Habit variety

‘Well you could have it 3 times a week maybe
[soup]. If you have it every day, I know if you
live alone you think ‘oh, this again’ FG1 P04
‘I wouldn’t want to eat fish every day. Nor
would you want to eat chicken repeatedly.
You know the way you can have the fruit
everyday’ FG4 P04

Language updated throughout healthy habit
suggestions to allow for more variability
Healthy protein habit section
▪ Other healthier dairy alternatives added into suggested
habits such as quark and fromage frais

Intervention booklet
suggestions

‘What about ‘purpose’ at the very beginning of
the document, a section, just a very short section
introducing the purpose of the document’
FG1 P06

Introduction section
▪ A short section added introducing the purpose of the
research

‘Can I just say if it’s for folk who are older that
you would need to put in not just grams’ FG1 P05

Measurements updated to ounces and grams throughout
document

‘Not enough adults are computer competent
[to have an online component to intervention]
at 70 beyond’ FG P05

An online component to the intervention was not pursued

‘Maybe sweeten isn’t the right word but
flavour’ FG3 P02

Healthy protein habit section
▪ Language terminology changed to flavour yoghurt rather
than sweeten yoghurt

‘I’m not too sure that adults know what they
[wholegrains] are or not’ FG1 P01
‘What are wholemeal breakfasts cereals?’ FG2 P02

Wholegrain habit section
▪ Examples of breads that are brown in colour but not
wholegrain were added to avoid confusion
▪ Examples of wholemeal cereals added

Food clarity
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employment and 57% retired. They also had a mean
[SD] body mass index (BMI) of 28.5 [3.1] (kg/m2).
Principal outcome

Quantitative evaluation An evaluation questionnaire
revealed that all participants either agreed or strongly
agreed with the following statements: main food groups
targeted (in the intervention) were appropriate; sessions
with the researcher were very useful; structure and timings of sessions were appropriate; and newly formed
habits became easier to adopt over time. All participants
said they would recommend the intervention to others
and they would continue with the dietary changes they
had made. Six participants rated the intervention overall
as very good and one rated it as good.
On a scale of 1 (not helpful) to 10 (very helpful), median scores ranged from 8 to 10 for the following statements observed in Table 3 on helping to improve diet
and overcome barriers to healthy eating.
Qualitative interviews Qualitative semi-structured
interview methods allowed exploration of individual experiences of the intervention and the habit-formation
process [10, 31]. Eight themes were identified from
qualitative interview discussions across two key domains.
Themes fell under either the domain related specifically
to intervention development or the domain related to
experience of behaviour change via participating in the
intervention. Intervention development themes were
high acceptability/usability, nutritional education, wider
benefits, RCT considerations and intervention barriers.
Experience of behaviour change themes were habitual
language, process of habit-formation, use of prompts to
aid habit formation and habit intentions. Example quotations of themes for iterative changes or considerations
for a RCT are outlined within Table 4.
After analysis of the interview feedback, it was clear
that all participants found the overall intervention highly
acceptable and usable with regards to intervention
Table 3 Phase 2 evaluation questionnaire
Median (Interquartile ranges) scores 1 (not helpful) to 10 (very helpful)
How helpful did you find keeping a log of your new healthy
eating habits for tracking your progress?

delivery, data collection procedures, study materials and
executing the new healthy habit:
Intervention delivery
‘The training was delivered very well by yourself’
‘I found it very interesting, simply because I was learning all the time’
Data collection procedures
‘The questionnaires were okay’
Study materials
‘The content of the booklet was good with lots of
ideas’
‘I found following it [intervention booklet] was easy…’
Executing new healthy habit
‘Once I got in to a routine it wasn’t any bother doing
it… It has just become a way of life you know’
‘They were easy to adapt to because I know they were
good for me’
However, a number of emerging interview themes outside of high acceptability/usability led to direct changes
or highlighted key considerations for a definitive RCT
which are summarised in Table 4.
Supporting Outcomes

Feasibility considerations related to screening and
recruitment As outlined in Fig. 2, after following the
screening and recruitment , twenty individuals were
approached but 11 declined for reasons including no
scope for change (n = 1), ate healthily already (n = 1),
medical issues (n = 1), unable to travel to dental hospital
(n = 3), other commitments (n = 3), no interest (n = 1)
or no response (n = 1). As nine participants consented
to the study, there was a 45% recruitment rate. However,
as only seven of these participants completed the study,
there was an attrition rate of 22%. Reasons for dropping
out included medical issues and too far to travel for
study visits.
Intervention compliance Daily compliance to carrying
out new healthy habits revealed a strong adherence
amongst participants as outlined in Table 5.
Collected tracking sheets after each intervention session revealed that participants used and engaged with
the administered tracking sheets 95% of the time.

9 (8, 10)

How helpful did you find setting goals and targets?

9 (8, 10)

How helpful did you find sticking to a routine (specific meal
times)?

8 (8, 10)

How helpful did you find the feedback on your progress at
each of the sessions?

10 (8,
10)

How helpful did you find the practical advice from the
researcher on how to overcome barriers to eating a healthy
diet?

10 (8,
10)

Discussion
In line with the MRC Guidelines, the aim of phase 1
of this study was to develop a tailored habit-based
dietary intervention and to adapt the resource for an
older population [21]. The aim of phase 2 was to
evaluate the feasibility of a habit-based dietary intervention in combination with natural tooth replacement on an older adult. These phases were
fundamental for allowing for a greater understanding
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Table 4 Summary of feasibility study themes from participant interviews (phase 2) that led to iterative changes or highlighted
considerations for a definitive RCT
Theme

Quotation

Changes made/considerations for an RCT

Wider benefits

• ‘It is not just me. It is my husband as well. I make
what he eats. He has noticed a change. He has
lost weight as well you know’ P005
• ‘When I’ve been listening to you, I’ve been
saying to my wife and she has been doing a few
of the habits as well’ P001

• A consideration to inquire about the impact of
the intervention of others in the household when
writing researcher notes

RCT considerations

• ‘There would be no problem coming to my
house [for study visits]’ P002
• ‘Well I am a private person and I think this is
[study visits] ideal in this situation and environment
[Centre for Dentistry]’ P005

• Conducting study appointments at participant’s
homes to be incorporated into an RCT in order
to maximise engagement by overcoming
accessibility barriers to Centre for Dentistry

• ‘I think if you had a longer list of the variety of
food [of healthy habit examples to choose
from]’ P009

• Greater flexibility to list of healthy habits
was added

Intervention development

• ‘Some of the questionnaires were a bit repetitive.
• Highlighted the need for more in depth
I still don’t know what the difference was between
explanation from the researcher to explain
I plan to do something and I intend to do something concepts of the questionnaires
so I answered the same for those as I really didn’t
know what the difference was’ P007
Intervention barriers

• ‘My biggest problem is I’m getting no exercise and
it’s not helping my weight problem. I can only do
a limited walk with [wife] you know’ P002

• International Physical Activity Questionnaire
(IPAQ) added to provide further insight into
weight status [32]

• ‘The wholegrains one is still work in progress’ P003

• A longer follow up time was added to
investigate how long it takes to form a
healthy habit

Experience of behaviour change
Process of habit-formation

Use of prompts to aid habit formation • ‘I don’t need such a formal approach [referring to
tracking sheets]… probably these meetings have
been useful to prompt me to do that instead’ P003
• ‘I did yes [found tracking sheet useful] because
I require prompts… my memory its bad and
occasionally I need a wee prompt to remember
to do things…That’s the nature of me at my
age’ P001
• ‘I liked the illustration of the vegetables,
proteins and the whole-wheat. I thought right
what am I going to do today and had a look
at it’ P009

of the requirements involved in optimising this dietary intervention amongst older adults [20].
Phase 1

Following identifying the target population’s greatest
areas of dietary concern, focus group discussions identified barriers that can be reduced and facilitators promoted to give way to healthier food choices. Although
some of these commonly observed factors in later life
are outside of the intervention’s ability to influence (e.g.
appetite or family and living circumstances), this greater
awareness informed the wider health outcomes and
questionnaires required to capture the factors that influence food choice personal to the participant that may
rival habit-formation (see Table 6 for additional data collection procedures for a definitive RCT) [37, 38]. It also

• As tracking sheets provoked a mixed
response habits were only to be tracked
for the first 6 weeks (intervention delivery phase)

• Further photos added to intervention booklet
for healthy habit ideas

informed on potential modifiable factors to incorporate
into the intervention such as attitudes towards healthy
eating (see Table 1). This is because some participants
felt reluctant to make changes to their diet because they
believed they were too old to avail of any health benefits.
Previous research has also found that this is a belief
expressed by some older adults, and that enjoyment of
food is a higher priority and somewhat an earned entitlement at this stage in life [38, 39]. Future research should
therefore focus on supportive methods to modify the
misconception that this population are past the point of
benefiting from eating healthily. Quite a few of the participants felt that nutritional advice is often conflicting,
which creates confusion regarding what foods should be
included as part of a healthy balanced diet. The confusion and frustration older adults feel in relation to mixed
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Fig. 2 Phase 2 feasibility study CONSORT diagram

and changing nutritional advice has been previously reported [37]. Research shows that exposure to conflicting
health information has the potential to lead to less trust
in nutrition recommendations and reduced engagement
in health behaviours [40]. This accentuates the importance that nutritional advice provided to the public, especially older adults, should be evidence-based, clear and
consistent.
Undertaking qualitative focus group research allowed
for an exploration of issues of design of the intervention
booklet and structure of the dietary intervention
programme [21]. Information generated from the five

key themes were used to further develop the intervention (see Table 2). For example, as the MRC guidelines
point out that complex interventions may work best
when tailored to local circumstances rather than being
completely standardised, the older adult participants
were asked to come up with examples of daily habits
that they currently did or felt that they could implement
into their daily routine [21]. This helped to further generate a user-driven list of simple healthy habits to choose
from that focus group participants felt were achievable
to the wider older adult population. Although participants overall found the majority of predefined habits

Table 5 Daily compliance of number of days that new healthy habits were carried out after 6-week visit
Mean number of days [SD] (%)
Data presented as mean [SD]
a
Based on 42 days
b
Based on 28 days
c
Based on 14 days

Fruit and Vegetables Habita

Wholegrain Habitb

Healthy Protein Habitc

38.7[2.8]a
(92%)

24.8[3.5]b
(89%)

12.2[2.2]c
(87%)
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Table 6 Summary of intervention refinements for a definitive RCT with rationale based on feasibility study (phase 2)
Feasibility domain

Phase 2 refinements

Rationale for refinements

Screening and recruitment
strategies

1. The following exclusion criteria question was
changed to:
Has the participant received natural tooth
replacement (removable dentures or fixed
prosthodontics) for partial tooth loss within the
previous 5 years?
2. The screening questionnaire was modified to
incorporate additional patient information including
GP details, type of natural tooth replacement, current
oral health issues, method of recruitment, and note
sections. A protocol giving a step by step guide for
the researcher was also included within the
questionnaire.
3. Addition of a poster advert to recruitment strategies.
4. Incorporation of offering home visits for study
appointments.

1. Tooth replacement criteria were widened to increase
the pool of eligible patients in order to meet the
proposed RCT sample size.
2. The screening questionnaire was modified to
allow for a more robust and systematic screening
process and to incorporate added requirements from the
RCT. A step by step guide was integrated to ensure
adherence to the research protocol and to facilitate a
standardised screening process between researchers.
3. Poster adverts were put up around the Centre for
Dentistry as a means of expanding recruitment.
4. Conducting study appointments at participant’s
homes were offered in order to maximise engagement
by overcoming accessibility barriers to the Centre
for Dentistry.

Data collection procedures

Additional questionnaires, anthropometric
measurements and health outcomes from phase 2
were suggested for an RCT including:
Questionnaires
1. An oral health section using the NDNS ‘Oral Health
module’ [33].
2. International Physical Activity Questionnaire (IPAQ) [32].
3. Oral Health-related Quality of Life using the Oral
Health Impact Profile (OHIP-14) [34].
4. General Nutrition Knowledge Questionnaire [35].
5. EuroQol Five Dimensions–5 level Questionnaire
(EQ-5D-5L) [36].
Anthropometric measurements
1. Waist and hip circumference
2. Body composition measurements
Health outcomes
1. Muscle strength
2. Blood pressure
3. Blood and saliva samples

Phase 2 was primarily to test the feasibility of the
intervention itself. However, in order to capture a
wider overview of overall health outcomes, data
collection measures were incorporated into a
definitive RCT.

Intervention delivery

1. Collapsing the 6-week intervention session
with the 2-month follow-up assessment.
2. The delivery protocol was amended to incorporate
additional study measures and RCT follow up
time points.

1. It was apparent that a two month follow-up
assessment was not required as study measures
could be collected at the 6-week intervention
session. A reduction in the number of study
visits also reduced the burden of participant
involvement in the study.
2. Amendment of the delivery protocol facilitated
a better flow to study appointments and ensured
adherence to the research protocol and appropriate
documentation of participant data.

Study materials

1. Minor changes to the dietary intervention booklet.
2. Further development of a study equipment list,
participant information sheet, invitation letter and
letter of acceptance.

1. Minor changes to the intervention booklet to amend
noticed spelling mistakes/grammatical errors and to
incorporate wholegrain serving suggestions [26].
2. Further development of the study equipment list,
participant information sheet, invitation letter and letter
of acceptance allowed incorporation of RCT requirements.

achievable, it was important to have variety within their
healthy habits to avoid monotony as this may lead to reduced diet quality [41–43]. There was a need for food
clarity when delivering the intervention as with an increasingly diverse food environment in comparison to
the limited food resources that this population had
growing up, some older adults were unfamiliar with a
number of food examples given in the booklet (e.g. avocado, bulgur, quinoa and humus). Although removing
these foods from the booklet was contemplated, the decision was made to keep them as some participants

reported that they would be willing to introduce new
foods into their diet. However overall, participants
largely accepted and were extremely positive regarding
the ease of reading the dietary intervention booklet and
its layout, format and colour but a number of small suggestions were considered to enable participants to fully
engage with the resource (Table 2). Phase 1 also
highlighted the need for a number of considerations for
the researchers during intervention delivery including
clarification of unfamiliar food groups but also for further clarification depending on the participant’s self-
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chosen habit. For example if an individual were to
choose eggs for a healthy habit, the research around egg
and cholesterol consumption may need to be discussed.
Phase 2

A robust developmental methodology supported the
testing of the intervention for feasibility in phase 2. The
principal outcome evaluating the acceptability and usability of the intervention was deemed feasible as the
intervention for the most part was well received by participants (demonstrated by the evaluation questionnaire
and qualitative interviews). However, this phase
highlighted a number of key considerations to adapt the
proposed intervention to an older audience and shed
light on how to best capture and portray findings in
order to inform an RCT (see Table 4). For example,
interview feedback confirmed that all participants reported characteristics of habit-formation as habitual terminology (e.g. ‘routine’, ‘automatic’, ‘do without
thinking’) was observed spontaneously. This was in line
with the growth curve of habit formation that shows
habits take time to form [44]. In accordance with habit
research, interviews revealed a variation in speed at
which habits strengthened and peaked under the theme
of ‘process of habit-formation’ (see Table 4) [44, 45]. It
therefore became apparent to expand on follow-up duration to allow for the various timings of automaticity
progress and add to the limited evidence base for longterm habit data. With regards to the use of tracking
sheets to self-monitor newly formed healthy habits, although adherence was strong, when discussed in qualitative interviews, there was a mixed response to their use
as prompts to aid habit formation (see Table 4). Previous
findings advise that prompts or reminders may only be
effective in the short-term and can actually impede habit
formation in the long run [45, 46]. It was therefore
deemed necessary to only track habits amongst participants through the delivery of the intervention up to 6
weeks for a future RCT.
Outside of qualitative interviews although overall feasibility was identified, after phase 2 it became apparent to
the researchers that there were both a number of considerations and changes required to tailor to the needs
of an older population (outside of examples given in
Table 4) to maximise successful implementation and investigate a number of other factors requiring further exploration. These changes (see Table 6) consisted of
refinement to screening and recruitment strategies, data
collection procedures, intervention delivery and study
materials. In line with the work of Mody et al. (2008), a
number of strategies were identified during the course of
this feasibility study that may help to overcome the challenges to successful recruitment and retention in older
adults research [47]. For example, testing the screening
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process highlighted the need to develop a more in depth
screening checklist for the researchers to follow and to
collect additional information such as general practitioner (GP) details, type of natural tooth replacement,
current oral health issues and method of recruitment. It
suggested that screening strategies should be adjusted to
include participants who had received natural tooth replacement within the last 5 years (rather than original 6
months) to increase the pool of eligible recruits. In order
to encourage further recruits, it was also felt that poster
advertising around the Centre for Dentistry would benefit a definitive RCT study. This is because Forster and
colleagues emphasises the application of multiple recruitment methods to successfully recruit older adults
into a trial [48]. Although retention rates were good, the
screening process demonstrated the complexities associated with recruiting an older adult group and the need
to expand recruitment strategies. It was thought that offering study visits within the home setting may significantly increase enrolment as it would cater for those
who refrained from participation because they were unable to travel. It would also minimise participant burden
for those who also declined due to other commitments
or medical issues. Opinions of home study visits were
assessed during qualitative interviews, which, although
provoking a mixed response, did appear to be more
suited and preferred amongst some participants (see
Table 4). Whilst participant burden was a concern for
the researchers, as nutritional interventions on older
adults do not necessarily result in meaningful weight
change, it highlighted the need for a more diverse range
of supporting outcome measures to communicate the
true effectiveness of the trial to measure using longer
follow-up (e.g. body composition, muscle mass, muscle
strength, micronutrient status) [49]. Also upon reflection
with the research team, measuring newly formed habits
alongside more standard questionnaire measures of explicit attitudes, beliefs, knowledge, quality of life, physical activity and oral health were required to paint a
fuller picture of intervention impact. Another learning
curve was the need for detailed note taking in future research to communicate the fuller picture that can still be
missed even when both quantitative and qualitative research are included. For example, only in researcher
notes did it portray a shortcoming to intervention adherence in a small number of instances, e.g. memory loss/
forgetfulness to carry out new healthy habit.

Strengths and limitations
To our knowledge, this research is the first development
and feasibility study of a habits-based dietary intervention amongst older adults. A key strength of this multiphase study was the intervention was developed systematically using MRC guidelines [21].
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A number of limitations were acknowledged, including
certain groups may have been underrepresented in both
the focus groups and pilot study, particularly the very
old, individuals suffering from complex health issues and
those from deprived backgrounds or different ethnicities.
It was clear that a number of participants were already
very knowledgeable on their diet and nutrition which
may have introduced a level of volunteer bias into the
study. With regards to the feasibility study, having 2 separate researchers deliver the intervention may have incorporated a level of performance bias and responder
bias may also have been introduced amongst the participants, particularly as part of the feedback given during
qualitative interviews.

Conclusion
A habit-based dietary intervention combined with natural tooth replacement for older adults has now undergone development and feasibility testing according to
the MRC guidelines. Adhering to this framework
allowed the unique opportunity to identify and prepare
for the challenges that may limit the successful delivery
of a full-scale trial [50]. Key uncertainties around intervention feasibility were tested which showed that the
intervention was both acceptable and usable to older
adults but required further tailoring to the population.
Upon intervention refinement, an adequately powered
RCT will be designed to investigate the effectiveness of
the intervention for improving the nutritional status of
partially dentate older adults by comparison to standardised written dietary advice (i.e. the EatWell Guide).
Abbreviations
BMI: Basal metabolic rate; FG: Focus group; GP: General practitioner;
IPAQ: International Physical Activity Questionnaire; ISRCTN: International
Standard Randomised Controlled Trials Number; MRC: Medical Research
Council; NDNS: National Data and Nutrition Survey; RCT: Randomised control
trial; ORECNI: Office for Research Ethics Committees Northern Ireland;
P: Participant; SPSS: Statistical Package for Social Sciences
Acknowledgements
This work was supported by the Public Health Agency Research and
Development Office Enabling Award (grant number STL/5187/15) and the
HSE Research Awards on Ageing (grant number HaPAI/2015/GM). The
authors would like to acknowledge all participants who agreed to take part
in this study. The authors are also grateful to the staff at the Centre for
Dentistry, Queen’s University Belfast for their help in the recruitment and
data collection process.
Authors’ contributions
LAM contributed to intervention design and development, participant
recruitment, data collection/analysis and led the writing of the paper. SW codeveloped the intervention, contributed to the study design, focus group recruitment, focus group data collection/analysis and critiqued the draft manuscripts of the paper. LM contributed to the study design and feasibility study
recruitment and data collection, as well as providing habit-formation expertise. JW contributed to study design and critiqued the draft manuscripts of
the paper. BM and CC reviewed and critiqued the draft manuscripts of the
paper. GM (principal investigator) led the development of the research
programme, contributed to the study design and critiqued the draft manuscripts of the paper. All authors read and approved the final manuscript.

Page 13 of 15

Funding
This work was supported by the Public Health Agency Research and
Development Office Enabling Award (grant number STL/5187/15) and the
HSE Research Awards on Ageing (grant number HaPAI/2015/GM).
Availability of data and materials
The data that support the findings of this study are available on reasonable
request from the corresponding author (LAM). The data are not publicly
available due to them containing information that could compromise
research participant privacy/consent.
Ethics approval and consent to participate
Ethical approval was granted by the Office of Research Ethics Committees
Northern Ireland (REC reference 16/NI/0224). All the participants received
information about the study when invited to participate and provided
written informed consent for either the focus group or pilot study.
Consent for publication
The consent to publish the data collected as part of this study was given by
all the participants (using informed consent form).
Competing interests
The authors declare that they have no competing interests.
Author details
Centre for Public Health, School of Medicine, Dentistry and Biomedical
Sciences, Queen’s University Belfast, Institute of Clinical Science Block B,
Belfast BT12 6BJ, UK. 2Institute for Global Food Security, Queen’s University
Belfast, Belfast BT9 5BN, UK. 3Centre for Dentistry, Queen’s University Belfast,
Belfast BT12 6BP, UK.
1

Received: 8 May 2020 Accepted: 30 July 2020

References
1. Marcenes W, Steele JG, Sheiham A, Walls A.W.G. The relationship
between dental status, food selection, nutrient intake, nutritional status,
and body mass index in older people. Cad Saude Publica. 2003 [cited
2019 Mar 1];19(3):809–16. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/12806483.
2. Toniazzo MP, Amorim P de S, Muniz FWMG, Weidlich P. Relationship of
nutritional status and oral health in elderly: systematic review with metaanalysis. Clin Nutr. 2018 [cited 2019 Jun 2];37(3):824–30. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S026156141730105X.
3. Zelig R, Singer SR, Hoskin ER, Marcus AF, Verdino G, Radler DR. Dentition
and malnutrition risk in community-dwelling older adults. 2018;7(4):107–14.
4. Ali Z, Baker SR, Shahrbaf S, Martin N, Vettore M V. Oral health-related quality
of life after prosthodontic treatment for patients with partial edentulism: a
systematic review and meta-analysis. J Prosthet Dent. 2019 [cited 2019 May
13];121(1):59-68.e3. Available from: http://www.ncbi.nlm.nih.gov/pubmed/3
0006220.
5. McKenna G, Allen PF, O’Mahony D, Flynn A, Cronin M, DaMata C, et al.
Comparison of functionally orientated tooth replacement and removable
partial dentures on the nutritional status of partially dentate older patients:
a randomised controlled clinical trial. J Dent. 2014 [cited 2019 Mar 6];42(6):
653–9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24657555.
6. Wallace S, Samietz S, Abbas M, McKenna G, Woodside J V, Schimmel M.
Impact of prosthodontic rehabilitation on the masticatory performance of
partially dentate older patients: can it predict nutritional state? Results from
a RCT. J Dent. 2018 [cited 2019 Aug 19];68:66–71. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/29129784.
7. McKenna G, Allen PF, O’Mahony D, Cronin M, DaMata C, Woods N. Impact
of tooth replacement on the nutritional status of partially dentate elders.
Clin Oral Investig. 2015 [cited 2020 Feb 27];19(8):1991–8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/25644134.
8. Mcgowan L, Mccrum L-A, Watson S, Cardwell C, McGuinness B, Rutherford
H, et al. The impact of oral rehabilation coupled with healthy dietary advice
on the nutritional status of adults: a systematic review and meta-analysis.
Crit Rev Food Sci Nutr. 2019:1–21.
9. Spahn JM, Reeves RS, Keim KS, Laquatra I, Kellogg M, Jortberg B, et al. State
of the evidence regarding behavior change theories and strategies in

McCrum et al. Pilot and Feasibility Studies

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.
27.

(2020) 6:120

nutrition counseling to facilitate health and food behavior change. J Am
Diet Assoc. 2010 [cited 2019 Mar 9];110(6):879–91. Available from: https://
www-sciencedirect-com.queens.ezp1.qub.ac.uk/science/article/pii/S0002
822310002415?via%3Dihub#bib1.
Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M, et al.
Developing and evaluating complex interventions: the new Medical
Research Council guidance. BMJ. 2008 [cited 2019 Mar 14];337:a1655.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/18824488.
Conner M, Norman P. Health behaviour: current issues and challenges.
Psychol Health. 2017 [cited 2019 Apr 11];32(8):895–906. Available from:
https://www.tandfonline.com/doi/full/10.1080/08870446.2017.1336240.
Wood W, Neal DT. A new look at habits and the habit-goal interface.
Psychol Rev. 2007 [cited 2019 Mar 16];114(4):843–63. Available from: http://
doi.apa.org/getdoi.cfm?doi=10.1037/0033-295X.114.4.843.
Conner M, Norman P, Bell R. The theory of planned behavior and healthy
eating. Health Psychol. 2002 [cited 2019 Mar 16];21(2):194–201. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/11950110.
Carels RA, Burmeister JM, Koball AM, Oehlhof MW, Hinman N, LeRoy M, et al. A
randomized trial comparing two approaches to weight loss: differences in
weight loss maintenance. J Health Psychol. 2014 [cited 2019 Apr 11];19(2):296.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/23349402.
Beeken RJ, Leurent B, Vickerstaff V, Wilson R, Croker H, Morris S, et al. A brief
intervention for weight control based on habit-formation theory delivered
through primary care: results from a randomised controlled trial. Int J Obes.
2017 [cited 2019 Mar 16];41(2):246–54. Available from: http://www.nature.
com/articles/ijo2016206.
Cleo G, Glasziou P, Beller E, Isenring E, Thomas R. Habit-based interventions
for weight loss maintenance in adults with overweight and obesity: a
randomized controlled trial. Int J Obes. 2019;43(2):374–83.
Riet J van’t, Sijtsema SJ, Dagevos H, De Bruijn G-J. The importance of habits
in eating behaviour. An overview and recommendations for future research.
Appetite. 2011 [cited 2019 Mar 13];57(3):585–96. Available from: https://
www-sciencedirect-com.queens.ezp1.qub.ac.uk/science/article/pii/S01
95666311005265?via%3Dihub.
Sahyoun NR, Pratt CA, Anderson A. Evaluation of nutrition education
interventions for older adults: a proposed framework. J Am Diet Assoc. 2004
[cited 2019 Mar 9];104(1):58–69. Available from: https://www-sciencedirectcom.queens.ezp1.qub.ac.uk/science/article/pii/S0002822303014445?via%3
Dihub#FIG1.
Gardner B, Phillips LA, Judah G. Habitual instigation and habitual execution:
definition, measurement, and effects on behaviour frequency. Br J Health
Psychol. 2016 [cited 2019 May 22];21(3):613–30. Available from: http://doi.
wiley.com/10.1111/bjhp.12189.
Campbell NC, Murray E, Darbyshire J, Emery J, Farmer A, Griffiths F, et al.
Designing and evaluating complex interventions to improve health care.
BMJ. 2007 [cited 2019 Apr 23];334(7591):455–9. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/17332585.
Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M.
Developing and evaluating complex interventions: the new Medical
Research Council guidance. Int J Nurs Stud. 2013 [cited 2019 Mar 20];50(5):
587–92. Available from: https://www-sciencedirect-com.queens.ezp1.qub.ac.
uk/science/article/pii/S0020748912003069?via%3Dihub.
Craig P. Developing and evaluating complex interventions. 2006 [cited 2019
Mar 21]. Available from: www.mrc.ac.uk/complexinterventionsguidance.
Public Health England. National diet and nutrition survey results from years
5 and 6 (combined) of the rolling programme (2012/2013 – 2013/2014).
2016 [cited 2019 May 28]. Available from: https://assets.publishing.service.
gov.uk/government/uploads/system/uploads/attachment_data/file/551352/
NDNS_Y5_6_UK_Main_Text.pdf.
Public Health England. National diet and nutrition survey results from years
1 , 2 , 3 and 4 ( combined ) of the rolling programme about public health
England. 2012;4:1–158.
Mc Gowan L, Cooke LJ, Gardner B, Beeken RJ, Croker H, Wardle J. Healthy
feeding habits: efficacy results from a cluster-randomized, controlled
exploratory trial of a novel, habit-based intervention with parents. Am J Clin
Nutr. 2013 [cited 2019 Mar 13];98(3):769–77. Available from: https://
academic.oup.com/ajcn/article/98/3/769/4577185.
Porter S. Food Fact Sheet What are wholegrains?. 2016 [cited 2019 Apr 1].
Available from: www.bda.uk.com/.
NHS. Why 5 A Day? - NHS. 2018 [cited 2019 Apr 29]. Available from: https://
www.nhs.uk/live-well/eat-well/why-5-a-day/.

Page 14 of 15

28. British Nutrition Foundation. Exploring nutrients—British nutrition
foundation - Page #1. 2018 [cited 2019 Mar 18]. Available from: https://
www.nutrition.org.uk/healthyliving/basics/exploring-nutrients.html?start=1.
29. Gardner B, Sheals K, Wardle J, Mc Gowan L. Putting habit into practice, and
practice into habit: a process evaluation and exploration of the acceptability
of a habit-based dietary behaviour change intervention. Int J Behav Nutr
Phys Act. 2014 [cited 2019 Mar 13];11(1):135. Available from: http://ijbnpa.
biomedcentral.com/articles/10.1186/s12966-014-0135-7.
30. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol.
2006 [cited 2019 Mar 20];3(2):77–101. Available from: https://www.
tandfonline.com/action/journalInformation?journalCode=uqrp20.
31. Lally P, Wardle J, Gardner B. Psychology, Health &amp; Medicine
experiences of habit formation: a qualitative study experiences of habit
formation: a qualitative study. 2011 [cited 2019 Mar 13]; Available from:
https://www.tandfonline.com/action/journalInformation?journalCode=
cphm20.
32. Craig CL, Marshall M, Bauman AE, Booth ML, Ainsworth BE, Pratt M, et al.
International physical activity questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc. 2003 [cited 2019 Apr 1];35(8):1381–95.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/12900694.
33. NDNS. ‘Oral Health module’ (P2753 Year 4) CAPI Interviewer schedule and
items. 2012. Available from: https://www.food.gov.uk/sites/default/files/
ndns-appendix-d.pdf.
34. Slade G. Derivation and validation of a short-form oral health impact profile.
Community Dent Oral Epidemiol. 1997 [cited 2019 Apr 1];25(4):284–90.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/9332805.
35. Kliemann, Wardle J, Johnson F, Croker H. Reliability and validity of a revised
version of the General Nutrition Knowledge Questionnaire. Eur J Clin Nutr.
2016 [cited 2019 Apr 1];70(10):1174–80. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/27245211.
36. Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al.
Development and preliminary testing of the new five-level version of EQ-5D
(EQ-5D-5L). Qual Life Res. 2011 [cited 2019 Apr 1];20(10):1727–36. Available
from: http://link.springer.com/10.1007/s11136-011-9903-x.
37. Host A, McMahon A-T, Walton K, Charlton K. Factors influencing food choice
for independently living older people—a systematic literature review. J Nutr
Gerontol Geriatr. 2016 [cited 2019 Mar 13];35(2):67–94. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/27153249.
38. Whitelock E, Ensaff H, Whitelock E, Ensaff H. On your own: older adults’ food
choice and dietary habits. Nutrients. 2018 [cited 2019 May 7];10(4):413.
Available from: http://www.mdpi.com/2072-6643/10/4/413.
39. Bloom I, Lawrence W, Barker M, Baird J, Dennison E, Sayer AA, et al. What
influences diet quality in older people? A qualitative study among
community-dwelling older adults from the Hertfordshire Cohort Study, UK.
Public Health Nutr. 2017 [cited 2019 May 7];20(15):2685–93. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/28724471.
40. Nagler RH. Adverse outcomes associated with media exposure to
contradictory nutrition messages. J Health Commun. 2014 [cited 2019 May
7];19(1):24–40. Available from: http://www.tandfonline.com/doi/abs/10.1
080/10810730.2013.798384.
41. Robinson SM. Improving nutrition to support healthy ageing: what are the
opportunities for intervention? Proc Nutr Soc. 2018 [cited 2019 Mar 13];77(3):
257–64. Available from: http://www.ncbi.nlm.nih.gov/pubmed/29173227.
42. Bartali B, Salvini S, Turrini A, Lauretani F, Russo CR, Corsi AM, et al. Age and
disability affect dietary intake. J Nutr. 2003 [cited 2020 Mar 4];133(9):2868–
73. Available from: http://www.ncbi.nlm.nih.gov/pubmed/12949379.
43. Irz X, Fratiglioni L, Kuosmanen N, Mazzocchi M, Modugno L, Nocella G,
et al. Sociodemographic determinants of diet quality of the EU elderly:
a comparative analysis in four countries. Public Health Nutr. 2014;17(5):
1177–89.
44. Lally P, Van Jaarsveld C.H.M, Potts H.W.W, Wardle J. How are habits formed:
Modelling habit formation in the real world. Eur J Soc Psychol. 2010 [cited
2019 Mar 13];40(6):998–1009. Available from: http://doi.wiley.com/10.1002/
ejsp.674.
45. Carden L, Wood W. Habit formation and change. Curr Opin Behav Sci. 2018
[cited 2019 Apr 11];20:117–22. Available from: https://www.sciencedirect.
com/science/article/pii/S2352154617301602?via%3Dihub.
46. Stawarz K, Cox AL, Blandford A. Beyond self-tracking and reminders. Proc
33rd Annu ACM Conf Hum Factors Comput Syst - CHI ’15. 2015 [cited 2019
Apr 15];2653–62. Available from: http://dl.acm.org/citation.cfm?doid=
2702123.2702230.

McCrum et al. Pilot and Feasibility Studies

(2020) 6:120

47. Mody L, Miller DK, McGloin JM, Freeman M, Marcantonio ER, Magaziner J,
et al. Recruitment and retention of older adults in aging research. J Am
Geriatr Soc. 2008;56(12):2340–8.
48. Forster SE, Jones L, Saxton JM, Flower DJ, Foulds G, Powers HJ, et al.
Recruiting older people to a randomised controlled dietary intervention
trial—how hard can it be? BMC Med Res Methodol. 2010 [cited 2019 Aug
7];10(1):17. Available from: https://bmcmedresmethodol.biomedcentral.com/
articles/10.1186/1471-2288-10-17.
49. Reinders I, Volkert D, de Groot L.C.P.G.M, Beck AM, Feldblum I, Jobse I, et al.
Effectiveness of nutritional interventions in older adults at risk of
malnutrition across different health care settings: pooled analyses of
individual participant data from nine randomized controlled trials. Clin Nutr.
2018[cited 2019 Apr 11]; Available from: http://www.ncbi.nlm.nih.gov/
pubmed/30115460.
50. Feeley N, Cossette S, Côté J, Héon M, Stremler R, Martorella G, et al. The
importance of piloting an RCT intervention. Can J Nurs Res. 2009 [cited
2019 Mar 21];41(2):85–99. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/19650515.

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

Page 15 of 15

