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Abstract: Low-cost educational interventions to improve dietary pattern is a pragmatic solution to
prevent undernutrition in low- and middle-income countries. A prospective nutritional education
intervention was conducted among older adults aged 60 years or above with undernutrition with
60 people in each intervention and control group. The objective was to develop and evaluate the
efficacy of a community-based nutrition education intervention to improve the dietary pattern of
older adults with undernutrition in Sri Lanka. The intervention consisted of two modules to improve
the diversity, the variety of diet, and the serving sizes of food consumed. The primary outcome was
the improvement of the Dietary Diversity Score (DDS) and the secondary outcomes were the Food
Variety Score and Dietary Serving Score, which was assessed using the 24 h dietary recall. The mean
difference in scores between the two groups was compared using the independent sample t-test at
baseline, two weeks and three months post-intervention. Baseline characteristics were comparable.
After two weeks, only the difference in DDS between the two groups was statistically significant
(p = 0.002). However, this was not sustained at three months (p = 0.08). This study concludes that
nutrition education interventions have the potential for short-term improvement in dietary patterns
in older adults in a Sri Lanka setting.

Keywords: dietary pattern; older adults; nutrition education intervention; community-based

1. Introduction

While strong evidence is existing on the links between poor nutrition and disease, less
research is focused on nutrition strategies to support older adults. A lot of research evidence
is available from various parts of Sri Lanka showing a high prevalence of undernutrition
among the older population [1,2]. A higher prevalence of undernutrition is observed
among the community-dwelling older adults despite most of them living under the care of
their children.

Current research evidence shows that nearly 50% of the older population is having an
unhealthy dietary pattern. Considering the dietary intake of older adults in Sri Lanka, their
main energy source is carbohydrates and almost all older adults consume cereals (predom-
inantly rice). Nearly half of the older adults in Sri Lanka consume fruits, and vegetable
consumption is more than 80% [3]. About one-fifth of the people do not consume meat or
meat products and only one-fifth consume inadequate serving sizes as recommended [4].
Considering the micronutrients which are essential for metabolic processes among older
adults, more than a third of adults were consuming the lower-than-recommended dairy
products containing calcium, which is essential to improve bone density and prevent
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osteoporosis [5]. It has been suggested that inadequate access to nutritious food among
older adults may result from low financial status, mobility difficulties, and poor awareness
of nutritious food and dietary patterns. Addressing these factors may require different
intervention strategies for different geographical and/or cultural settings [6].

Nutritional interventions in older adults, which have been conducted in both the
hospital and community setting, include oral supplements, dietary advice, counseling,
and home visits [7–10]. Most often, these interventions are conducted among older adults
with malnutrition or at risk of developing malnutrition [11]. Giving oral supplements
has been shown to improve the nutritional status of adults, and the sustainability of such
programs in low- and middle-income countries is questionable due to the cost and resource
implications [11].

Longitudinal studies have shown that health education and health promotion activities
extend the number of years of health in older adults [12,13]. Current literature suggests that
nutritional education interventions improve the dietary pattern by increasing the knowl-
edge of diet among older adults and are effective to improve the risk of malnutrition [9].
Cost-effective models of intervention have been recommended for developing countries us-
ing the available evidence from other countries, based on the worldwide success to improve
the dietary pattern using health education and behavior change concepts [14,15]. Health
education and counseling about nutrition among older adults have been recommended
as strategies to reach the target population due to the high literacy among the population
of Sri Lanka [16]. However, very little evidence is available from studies conducted in
Sri Lanka.

Against this background, the objective of the study was to develop a community-based
nutrition education intervention to improve the dietary pattern among older adults and
evaluate its efficacy in the short term, (up to two weeks post-intervention) and at three months
post-intervention, to investigate whether it is sustainable in a Sri Lanka setting.

2. Materials and Methods

A prospective nutritional education intervention was designed to evaluate the outcome
of the intervention. We designed this study with separate intervention and control groups.
The prospective nutritional education intervention was registered with the WHO and the
clinical trial registry in Sri Lanka Medical Association. Ethical approval was obtained from
the Ethical Review Committee, Faculty of Medicine, University of Kelaniya (P 123/6/2018).

The population literacy in both areas was above 90% [16] and these two areas have
a similar variation in socio-economic level, health care delivery mechanism and access to
almost similar information sources, such as awareness programs conducted by the Medical
Officer of Health, Public Health Midwives and Non-Governmental Organizations.

2.1. Study Population

The community-dwelling older adults diagnosed with undernutrition in Moratuwa
and Kesbewa DS were identified as study participants. They were drawn from a previous
study conducted by Vijewardane and others [4]. This baseline study was conducted among
800 older adults in seven Divisional Secretariat (DS) divisions in the Colombo District using
a multi-stage cluster sampling technique probability proportionate to the size.

A composite criterion has been used to define an older person with undernutrition,
as described in Supplementary Material S1. The criterion included body composition
measurements (body skeletal muscle mass and fat mass) and anthropometric measurements
(BMI and mid-upper arm circumference) [4]. Two pre-intern doctors and the Principal
Investigator (PI) did this assessment to identify older adults with undernutrition in the
large baseline survey conducted three months prior to this intervention study.

In brief, the eligibility criteria for the selection of participants were as follows;

i. being an older person >60 years with a diagnosis of undernutrition
ii. not suffering from cancer or chronic renal failure
iii. able to provide informed consent (i.e., no cognitive impairment)
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iv. being able to communicate in Sinhala, as the proposed intervention was only con-
ducted in Sinhala, as communication itself can affect the outcome of the intervention

v. permanent resident in the selected areas, hence facilitating the subsequent follow-up
and minimizing loss to follow-up.

vi. currently not a participant in a dietary or lifestyle intervention.

Eligible subjects were provided with study information both verbally and in written
format and provided informed consent. Participants of the intervention group were given
an incentive of 500 LKR as the travel cost to visit the community clinic center, where the
intervention was delivered. Participants of the control group were assessed at their place
of residence, and they were not provided with the incentive.

2.2. Sample Size Calculation

The sample size calculation was based on the mean value of the primary outcome
(DDS score) of 4.4 (SD 0.9), reported in a previous study conducted among older adults
in Sri Lanka [17]. In the absence of data from published literature on post-intervention
differences in improving dietary scores between the intervention and control group, the
projected difference of 0.7 was considered. For community-based studies with a cluster
sampling technique considering a design effect of 1.9 and 20% non-response rate, the final
sample size reached was 60 in each group.

2.3. Sampling Technique

Two DS areas were selected conveniently out of the seven DS areas selected for the
larger descriptive study, where a multi-stage cluster sampling technique was used to
recruit participants [4]. Older adults diagnosed to be undernourished in Moratuwa and
Kesbewa DS divisions were selected as the study and control groups, respectively. The
two communities were homogenous when considering the possible socio-demographic
factors as indicators. Although the two DS divisions were closer, it was convenient for the
administration and follow-up of the participants.

2.4. Development of the Nutrition Education Intervention

To develop the nutrition education intervention, a few preliminary activities were
conducted. These were (1) identifying objectives for the intervention, (2) identifying suitable
methods for administering the intervention, and (3) the development of activities to fulfill
these objectives. These activities were carried out through five steps, detailed below. In step
one, a literature review and expert opinion in the field of nutrition, geriatrics and public
health were sought to identify the evidence-based nutrition facts to be applied as part of
the intervention. In addition, discussions with the experts in these fields helped to identify
the intervention design suitable for the available resources, such as funding and timeframe.
The intervention was designed according to the Health Belief Model (HBM) principles. It is
a recommended evidence-based model for improving older adults’ dietary behaviors and
is widely used in nutrition education literature [18,19].

In step two, an intervention was designed according to the Food-based Dietary Guide-
lines published by the Nutrition Division, Ministry of Health, Sri Lanka [20]. The objectives
and the content of the intervention package were based on the results of the descriptive
study conducted among older adults [4]. The content included nutritional requirements of
older adults, nutritional information about food items, myths and misconceptions related
to diet and dietary patterns, methods of preparing nutritious meals at low cost according
to their financial status, and home gardening as a method for nutritional security. The
intervention package delivery channels included interactive discussions, group work and
counseling sessions.

In step three, the intervention was drafted as two training modules. Each module was
developed to cover a set of learning objectives. Module one was developed to improve
the diversity of the diet and to improve variety of the diet. Module two was developed to
improve the serving sizes of food consumed by older adults.



Geriatrics 2023, 8, 56 4 of 14

In step four, for each training module, lessons were planned to cover each objective.
Then, teaching/discussion methods suitable for each step were defined. In planning
the lessons, several activities were used to cover one objective. Special emphasis was
given to selecting activities related to day-to-day food and nutrition which was familiar
to the majority of the older adults in the community. Discussion points were highlighted
under each activity. Teaching/learning methods were defined for each activity, ensuring
participatory approaches, such as group discussions and group activities.

In step five, a team of facilitators was selected to deliver the intervention package. In
selecting them, the following points were considered. Competency in the subject of nutri-
tion, the experience and expertise of the person in communicating nutritional information
to the general public and being conversant in Sinhala. The team of facilitators consisted of
a Medical Officer in Nutrition, Public Health Nursing Tutor, Public Health Nursing Sister
and a Public Health Midwife from the nearby Medical Office of Health area. The Medical
Officer in Nutrition, serving the nearby hospital, was invited to participate as a facilitator in
the intervention. The others are field officers serving in the Medical Officer of Health area
of Moratuwa. One from each category was invited to participate as the facilitator for the
intervention. PI has provided all the instructions and required training to the facilitators
prior to the intervention sessions.

These training modules were then discussed with experts in the field of nutrition,
health education, public health and geriatrics. The finalized module was evaluated by
using a validation tool (Supplementary Material S2). PI provided relevant training to the
team, which covered the content of the modules developed, the learning objectives of each
module, activities to be performed under each module, subject matter on nutrition related
to dietary patterns to be delivered through each activity, and the teaching/learning method
for each activity (Tables 1–3).

The intervention was delivered in two sessions over two weekends due to the limi-
tation of resources. All the group activities (Supplementary Material S3) were conducted
after rearranging the group into sub-groups of 10 persons. Each sub-group was allocated
the same period of time to finish group activities, as per the time allocation in Figure 1.
At the end of the first module, feedback from the participants was taken to assess their
satisfaction with the session and to improve the clarity of the next module (Supplementary
Material S4).

Summary of the intervention.

Table 1. Module one-Objective 1: To improve the diversity of the diet consumed by older adults.

Main Discussion Points Lesson/Activity Teaching/Learning
Method Facilitator Time

Allocation

Awareness of the importance of nutrition
among older adults.

Importance of
nutrition among
older adults

Interactive
Discussion

Medical Officer in
Nutrition 20 min

Identifying six main food groups.
Developing the ability to identify food items
in each food group.

Group activity 1 Interactive
Discussion

Public Health
Nursing
Sister

20 min

Aware of the importance of food groups in
a healthy plate

Functions of food
groups

Interactive
Discussion

Public Health
Nursing
Tutor

20 min

Developing the ability to identify low cost,
highly nutritious food items according to the
individual economic status.

Group activity 2 Interactive
Discussion

Public Health
Nursing
Tutor

20 min

Identifying myths and misconceptions related
to the diet.
Identifying the effect of myths and
misconceptions on nutrition.

Group activity 3
Interactive
Discussion and group
counseling session

Public Health
Nursing
Tutor

20 min
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Figure 1. Schematic presentation of the prospective nutritional education intervention.

Table 2. Module one-Objective 2: To improve the variety of the food items consumed by older adults.

Main Discussion Points Lesson/Activity Teaching/Learning
Method Facilitator Time

Allocation

Identifying physiological change with ageing
as a barrier to the dietary pattern.
Identifying ways of overcoming the problems
related to the physiological change
with ageing.

Physiological changes
with ageing and
nutrition

Interactive
Discussion

MO in
Nutrition 20 min

Developing awareness about the benefits of
having a home garden.
Identifying ways of home gardening within
the limited space.

Group activity 4
Home gardening as
a way to improve food
variety.

Interactive
Discussion

Public Health
Nursing
Sister

20 min
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Table 3. Module 2-Objective 3: To improve the serving sizes of the food groups consumed by
older adults.

Main Discussion Points Lesson/Activity Teaching/Learning
Method Facilitator Time

Allocation

Developing awareness about the concept of a
healthy plate.

Group activity 5
Concept of a healthy
plate.

Interactive
Discussion

MO in
Nutrition 20 min

Aware of the diet in Diabetes Mellitus and
Hypertension.

Nutrition in chronic
disease conditions

Interactive
Discussion

MO in
Nutrition 20 min

2.5. Implementation of the Prospective Nutritional Education Intervention

This study was implemented in three phases. Phase 1 was the pre-intervention
assessment; Phase 2 was the Implementation of the intervention and Phase 3 was the
post-intervention assessment using the 24-h dietary recall method. The overall aim of the
intervention was to improve the dietary pattern among older adults with undernutrition.
The schematic presentation of the prospective nutritional education intervention is shown
in Figure 1.

2.6. Data Collection Instruments to Assess the Dietary Patterns

An interviewer-administered the 24 h diet recall questionnaire and the multiple pass
recall method (Supplementary Material S5), which were used to assess dietary intake.
The dietary recall was administered by trained data collectors. The diet consumed on
the previous day was assessed. If a participant had consumed a special diet on that day
(i.e., party, special occasion), diet consumed one day prior to this was assessed. At every
possible time, the procedure was carried out in the presence of caregivers to improve
accuracy. The participants were shown visual aids (photographs of food servings/food
atlas) to assist and improve the accurate reporting of dietary intake. The dietary recall was
then analyzed to calculate nutrient scores.

Description of Assessment of the Dietary Scores

Three dietary scores used to assess the dietary pattern were (1) Dietary Diversity Score
(DDS), (2) Food Variety Score (FVS) and (3) Dietary Serving Score (DSS). DDS measures the
count of food groups consumed by summing the number of unique food groups out of the
six subgroups namely, 1. cereal, roots, or equivalents (starchy food), 2. Vegetables, 3. Fruits,
4. meat, fish, eggs or alteration, 5. legumes/lentils, 6. milk/dairy products as described in
Supplementary Material S6, over the specific period of time of dietary recall [17]. The range
of scores can typically be from 1–6. DDS was developed by FAO [21] and it was described as
a cost-effective tool in identifying older adults at risk of malnutrition by Oldewage–Theron
and Kruger in 2008 [22].

FVS measures a simple count of food items consumed over the last 24 h [17]. The
range for this score can typically be from 1–15. It was initially used by Krebs Smith and
others in 1987 [23].

DSS measures the portions of different food groups (Supplementary Materials S6 and
S7) consumed according to the Food-based dietary guidelines of the Ministry of Health
in Sri Lanka [20]. The recommended daily dietary servings (individual) are mentioned in
Supplementary Material S6. According to this calculation, a score of four was assigned
for a participant who is consuming the recommended four daily servings of starchy foods,
and the scores are calculated for all other food groups, and they were expressed out of
a maximum score of twenty. All three indicators were modified over time and proven
to be valid in assessing nutritional adequacy in all age groups. Rathnayaka and others
have validated and proven them to be effective in using among older populations in
lower-middle-income countries, such as Sri Lanka [17].
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2.7. Data Collection

Data were collected by two pre-intern medical officers and the PI. The baseline survey
was carried out in participants’ own homes to collect pre-intervention data on socio-
demographics, economic status, nutritional status and dietary pattern. Subsequently, they
were invited to participate and attend a community clinic within close reach of their homes
to deliver the intervention. During the implementation of the intervention, at the end of
each session, verbal/written feedback was obtained from all participants. The process of
evaluation of the intervention was conducted by applying the process indicators, such
as the number of older adults who participated, and the number of activities conducted
as planned. The post-intervention assessment was conducted after two weeks to assess
short-term efficacy and again after three months to assess sustainability in their own homes.
Participants were provided with financial incentives (500 LKR) to cover transport costs and
closely followed up via direct contact by phone calls to avoid a loss to follow-up.

2.8. Data Analysis

Data were analyzed using SPSS (version 22.0). The unit of analysis was at the indi-
vidual level. The normal distribution of the variables was checked visually by histograms.
The intervention and control groups were compared with regard to demographic and
socioeconomic variables, using the chi-squared test. The probability level of 0.05 was taken
as the significant level. The mean values of DDS, FVS and DSS, between the intervention
and control group, were compared, at baseline, two weeks, and three months after the
implementation of the intervention, using an independent sample t-test.

3. Results

A total of 120 older adults participated in the study, 60 each in the intervention and
control groups. Table 4 highlights that there was no significant difference with regard to
age, sex, level of education and monthly income of the older participants between the
intervention and control groups at the baseline (p < 0.05). The intervention and control
groups were comparable in relation to the DDS, FVS and DSS at baseline (Table 5). However,
the two groups were not comparable with regard to marital status (p = 0.02).

Table 4. Comparison of selected demographic and socioeconomic characteristics and the dietary
scores of the intervention and control groups at the baseline.

Characteristic Intervention
Group Control Group Chi-Square Value Significance

n = 120 n = 60
n (%)

n = 60
n (%) (df = 1)

Age 60–70 years 36 (60.0) 28 (46.7) 2.14 p = 0.14
Above 70 years 24 (40.0) 32 (53.3)

Female 51 (85.0) 50 (83.3) 0.06 p = 0.08
Male 09 (15.0) 10 (16.7)

Married 46 (76.7) 34 (56.7) 5.40 p = 0.02
Unmarried/divorced/widowed 14 (23.3) 26 (43.7)

School education Above grade 6 50 (83.3) 55 (91.7) 1.91 p = 0.17
Below or equal to grade 6 10 (16.7) 05 (08.3)

Retired or never employed 51 (85.0) 52 (86.7) 3.15 p = 0.08
Currently employed 09 (15.0) 08 (13.3)

No income 40 (66.7) 30 (50.0) 3.42 p = 0.06
With an income 20 (33.3) 30 (50)
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Table 5. Comparison of dietary scores of the intervention and control groups at the baseline.

Dietary Score
Intervention Group

n = 60
Mean (SD)

Control Group
n = 60

Mean (SD)

Mean Difference (95%
CI)

Significance
(df = 118)

DDS 3.91 (0.87) 4.16 (0.99) −0.25 (−0.58
0.08)

t = −1.46;
p = 0.14

FVS 6.63 (1.70) 7.23 (2.21) −0.60 (−1.30
0.11)

t = −1.66;
p = 0.09

DSS 8.99 (1.86) 9.61 (2.86) −0.62 (−1.4
0.24)

t = −1.42;
p = 0.16

DDS-count of food groups consumed out of the six subgroups; FVS-simple count of food items consumed;
DSS-portions of different food groups consumed according to the food-based dietary guidelines, assessed by 24 h
dietary recall.

In the assessment of efficacy, 58 older adults (out of 60) in the intervention group
and 55 (out of 60) in the control group participated. Table 6 shows that there was a
statistically significant difference between the two means of the DDS (primary outcome) in
the intervention and control groups (p < 0.05) and no statistically significant difference in
the secondary outcomes (FVS and DSS) between the two groups at two weeks.

Table 6. Comparison of dietary scores of the intervention and control groups at two weeks.

Dietary Score
n = 113

Intervention
Group
n = 58
Mean (SD)

Control
Group
n = 55
Mean (SD)

Mean Difference 95% Confidence
Interval

Significance
Df = 111

DDS 4.53 (0.84) 4.03 (0.79) 0.50 0.19
0.80

t = 3.23;
p = 0.002

FVS 7.13 (1.39) 6.98 (1.78) 0.16 −0.44
0.75

t = 0.52;
p = 0.61

DSS 9.59 (2.27) 9.40 (2.32) 0.20 −0.66
1.05

t = 0.45;
p = 0.65

DDS-count of food groups consumed out of the six subgroups; FVS-simple count of food items consumed;
DSS-portions of different food groups consumed according to the food-based dietary guidelines, assessed by 24 h
dietary recall.

In the assessment of the sustainability of the intervention, 56 older adults in the
intervention group and 52 in the control group participated. Table 7 shows there were
no statistically significant differences between means of the DDS, FVS and DSS in the
intervention and control groups (p > 0.05) after three months.

Table 7. Comparison of dietary scores of the intervention and control groups at three months.

Dietary Score
n = 108

Intervention
Group
n = 56
Mean (SD)

Control
Group
n = 52
Mean (SD)

Mean Difference 95% Confidence
Interval

Significance
df = 106

DDS 4.21 (0.75) 3.96 (0.73) 0.25 −0.03
0.53

t = 1.75;
p = 0.08

FVS 6.33 (1.21) 6.76 (1.76) −0.43 −1.00
0.14

t = −1.48;
p = 0.14

DSS 8.72 (1.87) 9.07 (2.30) −0.35 −1.10
0.45

t = −0.87;
p = 0.39

DDS-count of food groups consumed out of the six subgroups; FVS-simple count of food items consumed;
DSS-portions of different food groups consumed according to the food-based dietary guidelines, assessed by 24 h
dietary recall.
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Table 8 highlights the results of the process evaluation of the intervention, which con-
firmed there were no significant differences in participation rates between the intervention
and control groups (p > 0.05) for both sessions. All the participants rated both sessions of
the intervention as satisfactory.

Table 8. Process indicators of the two intervention sessions.

Indicator First Session
(n = 60)

Second Session
(n = 58)

Number participated 60/60 = 100% 58/60 = 96.7%

Number of activities conducted as planned. 4/4 = 100% 2/2 = 100%

Rating of the intervention by the feedback

Content included in the intervention a 59/60 = 98.3% 57/58 = 93.1%

Style of presentation b 57/60 = 95% 55/58 = 94.8%

Mode of delivery of the lessons c 55/60 = 91.6% 56/58 = 96.5%

Overall rating of the intervention d 60/60 = 100% 58/58 = 100%
a perceived satisfaction of the participant on the content of the intervention, b style of presentation clear/not as
perceived by the participant, c perceived satisfaction of the participant on the mode of delivery of the intervention,
i.e., interactive discussion, counseling session d perceived satisfaction of the participant considering all the above
aspects of a, b, c.

4. Discussion

There was no significant difference in the mean data between the intervention and
control groups, in relation to the DDS, FVS and DSS at baseline. However, there was
a statistically significant difference observed in the mean DDS (primary outcome) in the
intervention group, compared to the control group at two weeks, but not in the secondary
outcomes (FVS and DSS). No sustainable improvement of dietary scores was observed over
time (12 weeks follow-up).

The study showed an excellent response rate of 96.7% (58/60) in the intervention group
and 91.7% (55/60) in the control groups, during the two-week follow-up. The response
rate after three months was 93.3% (56/60) in the intervention group and 86.7% (52/60)
in the control groups, respectively. This supports the notion that attrition rates were not
a primary driver of these results.

Indeed, the process evaluation of the intervention indicated that the coverage (partici-
pation for the first and second sessions) was adequate as the number of sessions delivered
was 100%, as pre-planned. The analysis of the feedback of the participants at the end of
each intervention module showed that the participants rated the overall delivery of the
intervention as 100%.

As the dietary scores were compared at the post-intervention assessment, the difference
in DDS, FVS and DSS were not significantly different between the study and control
groups in the pre-intervention assessment. Although socioeconomic and demographic
characteristics (except marital status) were comparable between the two groups at baseline,
all three dietary scores were higher and even less significant in the control group, which
indicated an improved dietary pattern in comparison to the intervention group (Figure 2).
Since the control group had ‘better’ scores already at outset, they may also improve
their habits by trial participation, and this may cause a reduction of intervention for the
intervention group.

The results indicated a statistically significant improvement in the dietary diversity
score in the intervention group when compared to the control group, calculated from the
24 h recall. The participants in the intervention group added more food groups to their
diet after the intervention, compared to the control group. This suggests that there was
an improvement in dietary pattern in the intervention group, at least in the short term.
Evidence is available from all parts of the world about the wide usage of the 24 h dietary
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recall method to assess the improvement of dietary quality and/or dietary pattern among
older adults in the community setting [24–27].
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Considering the variety of food items consumed and the serving sizes of food items
in each food group, there was no statistically significant improvement in consumption
in the intervention group, compared to the control group. However, it was indicated
that the nutrition education interventions are effective in improving the dietary diversity
score among older adults in the Sri Lanka Colombo district. Although it was statistically
insignificant, a trend towards improvement in the variety of diets and serving sizes of
food groups were observed in the intervention group compared to the control group at
two weeks.

At the assessment of sustainability, no statistically significant difference was observed
between the intervention and control groups, regarding the diversity score of the diet, food
variety and dietary serving sizes, despite weekly reminders for the intervention group.
Higher food variety and serving size scores were reported in the control group compared
to the intervention group. The plausible reason may be due to a better baseline value of
dietary scores among participants in the control group.

A study conducted by Rathnayake and others in Sri Lanka revealed that the mean
food variety score, dietary diversity score and dietary serving score of the older population
were 8.7 (SD = 1.5), 7.3 (1.2) and 10.9 (2), respectively [17]. In contrast to these findings, in
the present study, in the intervention group, these scores were 6.63 (1.70), 3.91 (0.87), and
8.99 (1.86), and in the control group, the scores were 7.23 (2.21), 4.16 (0.99), and 9.61 (2.86),
respectively. Higher scores were reported in the former study as it was conducted among
institutionalized older adults, and they are offered preset menus according to the nutritional
recommendation and are under supervision. Moreover, it was conducted in a broader
geographical location (six provinces and twelve care homes) and may widely represent
their dietary habits. The present study was conducted among the community-dwelling
older adults in Colombo District.

There are many factors affecting the sustainability of these programs from the higher
policy level up to the lower implementation level [28]. A good infrastructure with coordina-
tion of all these factors is necessary for sustainable intervention programs conducted in the
community setting. The dietary pattern of an individual is influenced by their food choices,
and changing the dietary pattern of an individual requires a complex multicomponent
intervention; therefore, it may not be achievable with the nutrition education component
alone. The inclusion of behavior change intervention strategies may increase efficacy [29].
Such an intervention may require a longer period of intervention delivery to produce
a considerable improvement in the dietary pattern, and these factors should be considered
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for the long-term benefit of intervention that targets the change in dietary pattern. Interven-
tions incorporated with behavior change have shown to be more sustainable compared to
the interventions that did not incorporate this component. Even with the behavior change
component, the socioeconomic status of participants may affect the long-term sustainability
of the intervention [28]. Dietary interventions conducted among participants from low
socio-economic backgrounds tend to be less sustainable. Our study participants were
undernourished older adults and extra effort may be needed to improve their dietary
pattern in the long term. Relevant stakeholders must take the responsibility to set the
infrastructure, and thereby improve the dietary behaviors of these vulnerable categories
of people. According to a community-based study conducted in Sri Lanka, hypertension
and musculoskeletal disabilities were significantly associated with undernutrition among
women [4]. It is necessary to improve health infrastructure to address these common
issues associated with older age while planning interventions to promote improvement in
dietary patterns.

Comparison difficulties exist between this study and the other nutrition intervention
studies because of the difference in the type of intervention and tools used to assess the
outcome. In our study, the primary outcome was the improvement of dietary pattern, and
it was assessed using three dietary scores. The study tool applied was a 24 h dietary recall
questionnaire. Other studies have used food frequency questionnaires and health question-
naires to assess dietary intake and observation of behaviors. Interventions conducted for
a long period tend to be more effective in changing dietary pattern [28].

Considering the culture of Asian countries, most of the community-dwelling older
adults live with their children and they depend on their children/relatives for food [4].
Food choices and decisions regarding diet are therefore affected by the extended family
members who live with these older adults. The habitual preference in the dietary pattern of
each individual may not be reflected in our diet assessment. Our study was not affected by
economic status, as both groups had comparable incomes. Nearly half of the participants
in the study and control groups had no definite income. Poverty is a major influence on
food choice, and it would be relevant to explore the impact of diet inequalities on health in
future work.

4.1. Strengths

Serving sizes of different food groups were assessed according to the food-based
dietary guidelines in Sri Lanka, which were developed for the ageing adult population.
The measurements used to assess the serving sizes were familiar to older adults, such as
the size of a coconut spoonful, and the size of a box of matches. Visual aids were used in
assessing the serving sizes of food items to minimize recall bias.

In the process of the development of the intervention, several inputs from experts in
the field of nutrition and geriatric care were received. The descriptive study conducted
to explore the factors associated with undernutrition and dietary pattern provided the
sampling framework for purposeful sampling [4]. We used the DDS as the primary outcome
and FVS and DSS as secondary outcomes, which were validated to use in the Sri Lankan
setting. The intervention was designed to culture, appropriately, using the current evidence
base. The quasi-experimental design of the study enabled to deliver the intervention
feasibly for the older participants. The well-established public health infrastructure enabled
the delivery of the intervention effectively. The acceptability of the intervention was
also assessed in the present study, which was necessary to assess the acceptability of any
intervention which was proposed to be conducted within the healthcare system.

4.2. Limitations

The 24 h dietary recall method was used in assessing dietary intake and this method
may not represent the usual dietary intake of an individual. There is a possibility of
recall bias, although the interviews with the older adults were accompanied by a caregiver
most of the time. However, this method subjects to less recall bias, especially when using
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the multiple pass method compared with the other dietary assessment techniques, such
as the food frequency questionnaire, and seven-day food diary. We did not explore the
dietary scores extensively up to the food group level or at the individual level. If so, we
can analyze the improvement in the dietary pattern after the intervention by each food
group. Considering the three dietary scores, the dietary pattern of the control group was
better than the intervention group at the baseline, but only within a short time frame. Our
intervention was conducted for two consecutive weekends and according to a systematic
review, interventions that last for five months or more tend to be more effective and
sustainable [28]. Due to the limitation of the resources, we were unable to conduct our
intervention to that extent.

4.3. The Future Direction of Research

Poor dietary pattern is a multifaceted problem. Future research is needed to identify
other potential associated factors to improve the dietary pattern, thereby undernutrition
among older adults in order to fulfill the service demand with the rapidly increasing popu-
lation of old age. More cost-effective intervention studies based on behavior change models
should have experimented to improve the dietary pattern among the older population. Fac-
tors affecting the sustainability of health education interventions should also be explored in
a low- and middle-income country setting in order to promote the healthy dietary pattern
of older adults. More intervention studies should be conducted with the participation of
caregivers as their dietary behavior can influence older adults.

5. Conclusions

We have identified the potential short-term efficacy of nutrition education to improve
the dietary pattern among older adults with undernutrition in a lower middle-income
country setting. The present study triggers evidence to explore more efficacious, as well
as sustainable interventions, in the future. Other robust intervention techniques, such as
behavioral change models, should also be implemented along with educational programs
for a longer duration to make an intervention more efficacious and sustainable.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/geriatrics8030056/s1, Supplementary Material S1—Diagnosis criteria
of undernutrition; Supplementary Material S2—Tool to assess the validity of the intervention; Sup-
plementary Material S3—List of activities conducted in the intervention; Supplementary Material
S4—Feedback Form for the intervention; Supplementary Material S5—questionnaire; Supplementary
Material S6—different food groups, recommended daily servings and assigned scores; Supplementary
Material S7—serving sizes of different food groups.

Author Contributions: S.C.V. and A.B. conceived and designed the study. S.C.V. carried out the
literature review, acquisition of subjects/data and writing draft manuscript under the supervision of
A.B., P.K.M. and A.M.J. All authors contributed to the interpretation of the data/results and preparing
the manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and ethical approval was obtained from the Ethical Review Committee,
Faculty of Medicine, University of Kelaniya, Sri Lanka (P 123/6/2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to the privacy of participants and
ethical reasons.

Acknowledgments: We gratefully acknowledge Sanuthmi Thasara Ambepitiya for coordinating the
participants in the intervention and for the participants of the study.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/geriatrics8030056/s1
https://www.mdpi.com/article/10.3390/geriatrics8030056/s1


Geriatrics 2023, 8, 56 13 of 14

References
1. Perera, R.; Ekanayake, L. Distribution and correlates of Body Mass Index in elderly residents in Colombo District. J. Coll.

Community Physicians Sri Lanka 2012, 17, 9–14. [CrossRef]
2. Damayanthi, H.D.W.T.; Moy, F.M.; Katija, L.; Dharmaratne, S.D. Malnutrition and associated factors among community-dwelling

elderly in Kandy District. Ann. Glob. Health 2017, 83, 7–82.
3. Jayawardena, R.; Thennakoon, S.; Byrne, N.; Soares, M.; Katulanda, P.; Hills, A. Energy and nutrient intakes among Sri Lankan

adults. Int. Arch. Med. 2014, 73, 34. [CrossRef] [PubMed]
4. Vijewardane, S.C.; Balasuriya, A.; Myint, P.K.; Johnstone, A.M. Determinants of Undernutrition and Associated Factors of Low

Muscle Mass and High Fat Mass among Older Men and Women in the Colombo District of Sri Lanka. Geriatrics 2022, 7, 26.
[CrossRef]

5. Rathnayake, K.M.; Wimalathunga, M.P.P.M.; Weech, M.; Jackson, K.G.; Lovegrove, J.A. Undernutrition and dietary pattern in Sri
Lankan institutionalized elderly. Proc. Nutr. Soc. 2015, 74, E93. [CrossRef]

6. Nair, M.K.; Augustine, L.F.; Konapur, A. Food-Based Interventions to Modify Diet Quality and Diversity to Address Multiple
Micronutrient Deficiency. Front. Public Health 2016, 3, 277. [CrossRef]

7. Zhong, Y.; Cohen, J.T.; Goates, S.; Luo, M.; Nelson, J.; Neumann, P.J. The Cost-Effectiveness of Oral Nutrition Supplementation
for Malnourished Older Hospital Patients. Appl. Health Econ. Health Policy 2017, 15, 75–83. [CrossRef]

8. Elia, M.; Normand, C.; Laviano, A.; Norman, K. A systematic review of the cost and cost-effectiveness of using standard oral
nutritional supplements in community and care home settings. Clin. Nutr. 2016, 35, 125–137. [CrossRef]

9. Pucciarelli, D. Nutrition Education Intervention on Dietary Management of Chronic Diseases Among the Elderly in Delaware
County, Indiana. J. Nutr. Educ. Behav. 2019, 51, S55–S56. [CrossRef]

10. Al-Nimr, R.I.; Wright, K.; Aquila, C.L.; Petersen, C.L.; Gooding, T.L.; Batsis, J.A. Intensive nutrition counseling as part of
a multi-component weight loss intervention improves diet quality and anthropometrics in older adults with obesity. Clin. Nutr.
ESPEN 2020, 40, 293–299. [CrossRef]

11. Beck, A.M.; Kjær, S.; Hansen, B.S.; Storm, R.L.; Thal-Jantzen, K.; Bitz, C. Follow-up home visits with registered dietitians have
a positive effect on the functional and nutritional status of geriatric medical patients after discharge: A randomized controlled
trial. Clin. Rehabil. 2013, 27, 483–493. [CrossRef] [PubMed]

12. Saur, A.C.; Li, J.; Partridg, J.; Sulo, S. Assessing the impact of nutrition interventions on health and nutrition outcomes of
community-dwelling adults: A systematic review. Nutr. Diet. Suppl. 2018, 10, 45–57. [CrossRef]

13. Chernoff, R. Nutrition and health promotion in older adults. J. Gerontol. Biol. Sci. Med. Sci. 2001, 56, 47–53. [CrossRef] [PubMed]
14. Heidrich, S.M. Health promotion in old age. Annu. Rev. Nurs. Res. 1998, 16, 173–195. [CrossRef] [PubMed]
15. Gurman, T.A.; Rubin, S.E.; Roess, A.A. Effectiveness of Health Behavior Change Communication Interventions in Developing

Countries: A Systematic Review of the Literature. J. Health Commun. 2012, 17, 82–104. [CrossRef]
16. Department of Census and Statistics. Census of Population and Housing 2012; Department of Census and Statistics: Colombo,

Sri Lanka, 2015.
17. Rathnayake, K.; Madushani, P.; Silva, K. Use of dietary diversity score as a proxy indicator of nutrition adequacy of rural elderly

people in Sri Lanka. BMC Res. Notes 2012, 5, 469. [CrossRef] [PubMed]
18. Sasanfar, B.; Toorang, F.; Rostami, S.; Yeganeh, M.Z.; Ghazi, M.L.; Seyyedsalehi, M.S.; Zendehdel, K. The effect of nutrition

education for cancer prevention based on the health belief model on nutrition knowledge, attitude, and practice of Iranian women.
BMC Women’s Health 2022, 22, 213. [CrossRef]

19. Murimi, M.W.; Kanyi, M.; Mupfudze, T.; Amin, R.; Mbogori, T.; Aldubayan, K. Factors Influencing Efficacy of Nutrition Education
Interventions: A Systematic Review. J. Nutr. Educ. Behav. 2016, 49, 142–165.e1. [CrossRef]

20. Ministry of Health. Food Based Dietary Guidelines for Sri Lanka; Nutrition Division, Ministry of Healthcare and Nutrition: Colombo,
Sri Lanka, 2011.

21. Food and Agriculture Organization (FAO); Nutrition and Consumer Protection Division. Guidelines for Measuring Household
and Individual Dietary Diversity; FAO and the Food and Nutrition Technical Assistance (FANTA) Project; FAO: New York, NY,
USA, 2008.

22. Oldewage-Theron, W.H.; Kruger, R. Food variety and dietary diversity as indicators of the dietary adequacy and health status of
an elderly population in Sharpville, South Africa. J. Nutr. Elder. 2008, 27, 101–133. [CrossRef]

23. Krebs-Smith, S.; Smiciklas-Wright, H.; Guthrie, H.; Krebs-Smith, J. The effects of variety in food choices on dietary quality. J. Am.
Diet. Assoc. 1987, 87, 897–903. [CrossRef]

24. Hossain, S.; Beydoun, M.A.; Evans, M.K.; Zonderman, A.B.; Kuczmarski, M.F. Caregiver Status and Diet Quality in Community-
Dwelling Adults. Nutrients 2021, 13, 1803. [CrossRef] [PubMed]

25. Kim, J.; Lee, Y.; Kye, S.; Chung, Y.S.; Kim, J.H.; Chon, D.; Lee, K.E. Diet quality and osteosarcopenic obesity in community-dwelling
adults 50 years and older. Maturitas 2017, 104, 73–79. [CrossRef] [PubMed]

26. Goshen, A.; Goldbourt, U.; Shohat, T.; Shimony, T.; Keinan-Boker, L.; Gerber, Y. Diet quality in relation to healthy ageing:
The Israeli Longitudinal Study on Aging (ILSA)-a study protocol. BMJ Open 2019, 9, e024673. [CrossRef] [PubMed]

27. Madeira, T.; Severo, M.; Oliveira, A.; Gorjão Clara, J.; Lopes, C. The association between dietary patterns and nutritional status in
community-dwelling older adults-the PEN-3S study. Eur. J. Clin. Nutr. 2021, 75, 521–530. [CrossRef]

https://doi.org/10.4038/jccpsl.v17i1.4930
https://doi.org/10.1186/1755-7682-7-34
https://www.ncbi.nlm.nih.gov/pubmed/25067954
https://doi.org/10.3390/geriatrics7020026
https://doi.org/10.1017/S0029665115001081
https://doi.org/10.3389/fpubh.2015.00277
https://doi.org/10.1007/s40258-016-0269-7
https://doi.org/10.1016/j.clnu.2015.07.012
https://doi.org/10.1016/j.jneb.2019.05.428
https://doi.org/10.1016/j.clnesp.2020.09.002
https://doi.org/10.1177/0269215512469384
https://www.ncbi.nlm.nih.gov/pubmed/23258932
https://doi.org/10.2147/NDS.S177248
https://doi.org/10.1093/gerona/56.suppl_2.47
https://www.ncbi.nlm.nih.gov/pubmed/11730237
https://doi.org/10.1891/0739-6686.16.1.173
https://www.ncbi.nlm.nih.gov/pubmed/9695891
https://doi.org/10.1080/10810730.2011.649160
https://doi.org/10.1186/1756-0500-5-469
https://www.ncbi.nlm.nih.gov/pubmed/22931957
https://doi.org/10.1186/s12905-022-01802-1
https://doi.org/10.1016/j.jneb.2016.09.003
https://doi.org/10.1080/01639360802060140
https://doi.org/10.1016/S0002-8223(21)03212-0
https://doi.org/10.3390/nu13061803
https://www.ncbi.nlm.nih.gov/pubmed/34073304
https://doi.org/10.1016/j.maturitas.2017.08.007
https://www.ncbi.nlm.nih.gov/pubmed/28923178
https://doi.org/10.1136/bmjopen-2018-024673
https://www.ncbi.nlm.nih.gov/pubmed/31005912
https://doi.org/10.1038/s41430-020-00745-w


Geriatrics 2023, 8, 56 14 of 14

28. Sharma, I.K.; Essink, D.; Fumado, V.; Mridha, M.K.; Bhattacharjee, L.; Broerse, J.E. What Influences the Implementation and
Sustainability of Nutrition-Sensitive Agriculture Interventions? A Case Study from Southern Bangladesh. Sustainability 2021,
13, 12049. [CrossRef]

29. Zhou, X.; Perez-Cueto, F.J.A.; Santos, Q.D.; Monteleone, E.; Giboreau, A.; Appleton, K.M.; Bjørner, T.; Bredie, W.L.P.; Hartwell,
H. A Systematic Review of Behavioural Interventions Promoting Healthy Eating among Older adults. Nutrients 2018, 10, 128.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su132112049
https://doi.org/10.3390/nu10020128

	Introduction 
	Materials and Methods 
	Study Population 
	Sample Size Calculation 
	Sampling Technique 
	Development of the Nutrition Education Intervention 
	Implementation of the Prospective Nutritional Education Intervention 
	Data Collection Instruments to Assess the Dietary Patterns 
	Data Collection 
	Data Analysis 

	Results 
	Discussion 
	Strengths 
	Limitations 
	The Future Direction of Research 

	Conclusions 
	References

