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Abstract
Aim: The primary aim of this thesis was to investigate the relationship between
nutrition and frailty in Irish older adults. The nutritional status, dietary quality and
perceived barriers/motivators to nutrition were also examined, and a frailty
intervention protocol was designed.
Methods: Cross-sectional study in Irish community-dwelling adults aged ≥65 years.
Nutritional status, dietary intake, functional mobility and food choice
motivators/healthy eating barriers were assessed using the Mini Nutritional
Assessment – Short Form (MNA-SF), a food frequency questionnaire (FFQ), the
Timed Up and Go (TUG) test and a custom designed 2-item questionnaire,
respectively. Frailty was defined as three or more of the following features; weight
loss, weakness, slowness, exhaustion and low physical activity. A pilot study was
designed for a nutrition education intervention arm to complement an existing
physical activity programme to prevent frailty in Irish older adults.
Results: The prevalence of malnutrition and frailty were 1.2% and 12.0%,
respectively. Several micronutrient insufficiencies were observed. Dairy intake was
inadequate and intake of sugars, fats and snacks were excessive. Intakes of fish/fish
products and fruit and vegetables were significantly associated with a lower frailty
score; while intake of potatoes, sugars, preserves and snacks and fats/oils were
associated with higher frailty score (p < 0.05). A significant relationship was observed
between physical activity and TUG time in both genders (p < 0.001), and between
nutritional status and TUG time in female subjects, only (p < 0.05). The most
prevalent healthy eating barriers were ‘lack of cooking skills’ (32.7%) and ‘lack of
motivation/willpower’ (31.2%), which were significantly associated with
unfavourable dietary habits (p < 0.05). The primary food choice motivator was ‘taste’
(84%), followed by ‘healthiness’ (68.8%). Being motivated by ‘healthiness’ was
significantly associated with healthier dietary trends (p < 0.05).
Conclusions: Dietary quality of this cohort was relatively poor, and public health
interventions are warranted to improve dietary habits in this group. The findings
suggest that nutritional considerations should feature in frailty prevention
programmes, in addition to physical activity. Focussing on specific food groups may
be key, as a significant relationship was observed between intake of specific food
groups and frailty in Irish older adults, for the first time. Evaluation of the designed
research-informed frailty intervention for feasibility and effectiveness would be
valuable in guiding future practice.
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Chapter 1: Introduction
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1.1. Background and Research Context
The global older adult population is increasing. By the year 2050, it is expected that
one in six people will be aged 65 years or over, compared to one in eleven in 2019
(United Nations, 2020). More people are now reaching the oldest aged categories in
Europe, with the share of persons aged 80 years and over expected to undergo a
dramatic 3-fold increase between 2019 and 2100 (United Nations, 2020). Life
expectancy peaked in Europe in 2019 at 81.3 years of age, which is recently suspected
to have stagnated or marginally declined due to the Covid-19 pandemic (Eurostat,
2021), although expected to recover (Harper, 2021). Ageing can negatively affect
people’s health, and in response to population ageing, there is a pressing need to
develop strategies to prevent capacity decline and promote independence and good
health in this population group (World Health Organization, 2017). This argument is
strengthened by the recent pandemic, which has had a profound effect on older
people’s health, and, consequentially, healthcare systems (Harper, 2021). Protecting
the health of older adults should be a major priority in the trail of this health crisis.
Current national initiatives to protect the interests of older adults include The National
Positive Ageing Strategy (Department of Health, 2013) and The Healthy and Positive
Ageing Initiative (Health Service Executive, 2015), which aim to promote the use of
research to inform Irish policy and practice in ageing. The current research study
aligns with this objective, aiming to highlight areas for concern among our older
population and guide the development of evidence-based solutions to these issues.
Older, vulnerable individuals are often referred to as being ‘frail’, a multifaceted term,
which healthcare professionals and researchers have long been aware of (Walston et
al., 2018). The word ‘frailty’ is now universally used to describe a clinically
recognisable state of increased vulnerability to adverse health outcomes, caused by a
14

deterioration in physiological function (Xue, 2011). Frail people are considered
vulnerable, prone to dependency and less robust to environmental stresses (Lally &
Crome, 2007). Similarly described elsewhere as “a multidimensional syndrome of
loss of reserves (energy, physical activity, cognition, health)” (Rockwood et al.,
2005), frailty is a clinically significant issue, and is recognised as a cornerstone of
geriatric medicine (Walston et al., 2018). It is widely accepted that frailty is
predisposed by ageing and overall physiological decline (Pel-Littel et al., 2009).
When this deterioration reaches a point where it affects normal health, frailty is the
ultimate consequence, manifesting as a syndrome of weakness, slowness, weight loss
and reduced activity and energy (Fried et al., 2001). Frailty is present in up to 24% of
community-dwelling older adults worldwide (O’Caoimh et al., 2021), and is
associated with several negative health outcomes; increased risk for falls, fractures,
mortality and institutionalisation (Kojima et al., 2019). In order to confront the
expansive burden of frailty, an important primary step is to investigate the
contributing factors which can be addressed, and to understand how these can be
modified through intervention.
Furthermore, malnutrition is a significant concern for older adults, with up to 28% of
older Europeans estimated to be at high nutritional risk (Leij-Halfwerk et al., 2019).
Older adults are susceptible to poor nutrition due to several social and medical factors;
early satiety, taste alterations, oral health deficits and reduced food access (Hickson,
2006), resulting in an elevated risk for ill health, poor recovery, dependency and
longer hospitalisation (Roberts et al., 2019). Malnutrition and frailty are thought to
have mutual underlying pathways and mechanisms; predominantly related to a loss of
body tissues and wasting (Jeejeebhoy, 2012). Thus, recently, researchers have been
considering the potential role of nutrition in frailty interventions (Haider et al., 2017;
15

Rydwik et al., 2010), particularly when combined with exercise, due to the wellestablished positive impact of exercise on physical function (Manini & Pahor, 2009).
However, many questions regarding this relationship remain to be answered. The
existing evidence on the role of nutrition and physical activity in frailty is discussed
in detail in Chapter 2. The central focus of this thesis is to progress our understanding
of this relationship, and to gather information on the incidence of frailty and
nutritional risk in our older population. Adding to our knowledge in this area is
anticipated to guide us towards a real-life solution to the frailty syndrome, with a dual
role in also reducing nutritional risk in older adults.

1.2. Overall Objectives and Thesis Outline

1.2.1. Objectives
The primary objective of this thesis was to investigate the dietary intakes, nutritional
status and prevalence of frailty in a cohort of older community-dwelling Irish adults,
in addition to the relationships between them. Secondary objectives were to (i)
investigate the relationship between nutritional status, physical activity and functional
mobility in Irish older adults (ii) identify the main motivators of food choice and
barriers to healthy eating in this cohort and their relationship with dietary intake, and
(iii) use the evidence gathered to design a pilot study for a nutrition education
intervention to frailty to complement an existing physical activity programme in Irish
older adults. Specifically, the following research questions will be addressed;
1. What is the prevalence of frailty and malnutrition in the Action against
Infirmity and Malnutrition (AIMS) cohort?
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2. What are the estimated intakes of nutrients and food groups and prevalence of
nutrient insufficiencies in this cohort?
3. Are intakes of specific food groups related to frailty risk in Irish older adults?
4. What is the relationship between nutritional status, physical activity and
physical function in Irish older adults?
5. What are the main motivators of food choice and modifiable barriers to healthy
eating in this group, and how do these affect intakes of specific food groups?

1.2.2. Thesis Outline
This thesis encompasses a collection of six manuscripts, which address the
aforementioned objectives. The manuscripts are organised into chapters as follows;
Chapter 2 is a published literature review, which involves extensive research on the
benefits of physical activity and nutrition to functional preservation in older adults.
Potential mechanisms of action are discussed, in addition to a critical review of
previously implemented frailty prevention interventions.
Chapters 3, 4, 5 and 6 are original research manuscripts, all of which have been
published (Chapters 3-5) or submitted for publication (Chapter 6). In Chapter 3, the
current nutritional status and dietary intakes of Cork older adults is reported, in
addition to the effect of age and gender on dietary intake and the prevalence of dietary
supplement use. In Chapter 4, the relationship between individual food group intakes
and frailty status in the AIMS cohort is investigated and discussed. In Chapter 5, the
gender-specific relationship between physical activity level, nutritional status and
functional mobility is examined. Chapter 6 investigates the motivators of food choice
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and modifiable barriers to healthy eating in this population, in addition to their
relationship with intakes of specific food groups.
In Chapter 7, the findings from chapters 3-6 are used to develop a pilot study protocol
for an evidence-based nutrition education intervention to frailty to complement an
existing physical activity programme.
Chapter 8 encompasses an overall discussion of the results of the entire project. The
implications of the research findings are discussed, along with strengths and
weaknesses of the study and recommendations for future work.

1.3.Author’s Contributions
The PhD candidate was the lead author for the literature review (Chapter 2) and the
manuscripts presented in Chapters 3-7. This involved formulation of research
questions, performing the literature search, data collection and analysis and drafting
each

manuscript.

Data

collection

selection/development/adaptation

of

for

Chapters

screening

tools,

3-6

involved

recruitment

of

the
study

participants, organisation of group screening sessions with participants and
measurement of several health variables, all of which were the responsibility of the
PhD candidate with supervision from the research team. Chapter 7 involved design of
intervention materials, content and structure by the PhD candidate. Data analysis was
performed by the candidate with the guidance of Dr Seán Lacey. The final thesis was
written by the candidate with the supervision and support of Dr Tara Coppinger, Dr
Aoife McCarthy and Dr Janette Walton.
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Abstract
Frailty is a clinical syndrome with a worldwide prevalence of 5-27% among those
aged over 65 years. Frailty is characterised by loss of muscle strength and impaired
physical function, and is associated with increased falls, hospitalisation and death.
Nutritional deficiencies and low physical activity are common in this age group due
to ill health, disability and reductions in enthusiasm, food intake and therefore, energy
availability. Both low physical activity and inadequate dietary intake have a
significant role to play in the onset and progression of frailty, primarily through bone
and muscle health implications. Frailty is, however, preventable and reversible, and
several interventions have been carried out to offset and reverse the condition. This
article reports the recent evidence on the role of nutrition and physical activity in the
pathogenesis of frailty and provides a critical review of previously implemented
interventions focussed on physical activity and nutrition to prevent and reduce frailty
among older adults.
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2.1. Introduction
Frailty is a prevalent clinical syndrome among older adults (Choi et al., 2015) and has
been described as the most problematic expression of population ageing (Clegg et al.,
2013). Frailty is a significant predictor of utilisation of most medical and social care
services (Roe et al., 2017) and has a number of consequences for older adults,
including an increased risk of falls, fractures, overnight hospitalisation and death (Li
et al., 2014).
Frailty has been theoretically defined as a compromised ability to cope with everyday
stressors due to aging-associated functional decline in multiple physiological systems
(Xue, 2011). In the absence of a gold standard, several methods of defining and
diagnosing frailty have been developed; the two most frequently used being the Frailty
Index (Rockwood et al., 2005) and the Frailty Phenotype (Fried et al., 2001). The
Frailty Index can be used only after a comprehensive geriatric assessment has been
performed and comprises a 70-item checklist of health deficits and conditions (Cesari
et al., 2014), while the Frailty Phenotype is based on a pre-defined set of five criteria;
involuntary weight loss, exhaustion, slow gait speed, weakness and sedentary
behaviour (Fried et al., 2001). It is suggested that these two methods should
complement each other in geriatric evaluation rather than be treated as alternatives
(Cesari et al., 2014).
The prevalence of frailty in community-dwelling older adults, defined as those aged
over 65 years (WHO, 2002a), ranges between 4.9% and 27.3% worldwide, with prefrailty ranging from 34.6% to 50.9% (Choi et al., 2015). In Ireland, the weighted
prevalence of frailty amongst older adults is ~24%, according to the Irish Longitudinal
Study of Ageing (TILDA) (Roe et al., 2017). Two important contributors to frailty
include low nutrient intake (Bartali et al., 2006) and sedentary behaviour (Blodgett et
24

al., 2015) as outlined in Figure 1. Several nutrients have demonstrated their role in
maintaining physical function in older adults through the optimisation of bone and
muscle health, and nutrient deficiencies have consistently been linked to physical
decline (Bulut et al., 2017; Verlaan et al., 2017; Tieland et al., 2013; Chailurkit et al.,
2011; Scott et al., 2010). Further, physical activity is closely related to the incidence
of frailty, and those with a sedentary lifestyle are exposed to a significantly greater
risk of developing the syndrome (Blodgett et al., 2015).
Frailty is, however, a reversible condition (Ng et al., 2015), and numerous strategies
have been implemented in an attempt to reverse it or delay its onset and progression.
The majority of successful interventions focus on physical activity (Cadore et al.,
2013; Giné-Garriga et al., 2010), while some strategies feature a nutrition component,
either solely (Schilp et al., 2013), or in combination with physical activity (Abizanda
et al., 2015; Ng et al., 2015), yet the value of the contribution of nutrition is not fully
understood. The role of nutrition and physical activity in the pathogenesis of frailty
are discussed in detail in this review, together with the effectiveness of strategies that
have been previously implemented to improve physical function in older individuals.

Figure 1. The pathogenesis and consequences of frailty. QOL: Quality of Life
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2.2. Malnutrition as a Contributor to Frailty
2.2.1. Inadequate Protein and Energy Intakes
Energy and protein adequacy are crucial for bone protection, muscle health and
functionality (Okamura et al. 2018; Martinez-Ramirez et al., 2012; Önal et al., 2012;
Houston et al., 2008; Bartali et al., 2006), which bears particular importance for older
adults due to the susceptibility of these tissues to age-associated deterioration (Curtis
et al., 2015). Despite the importance of these dietary components, deficiency and
associated health consequences are often reported in this age group (Table 1).
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Table 1. Nutrition and Physical Activity Contributors to Frailty
Contributor

Estimated prevalence

Criteria for increased risk of

in community-

frailty

Proposed mechanism

References

Loss of muscle mass(5)

Engelheart & Akner, 2015(1);

dwelling older adults
Energy deficiency

16(1)-89%(2)

Dietary intake
≤21kcal/kg/day(3)

Increased risk of osteoporosis

(4,6)

OR

Protein deficiency

10(8)-24.9%(9)

Abraham et al., 2018(2); Bartali et
al., 2006(3); Coin et al., 2007(4);

Low energy availability for exercise

Ferreira et al., 2013(5); Önal et al.,

BMI <22kg/m2(4)

participation(7)

2012(6); Schrager et al., 2014(7)

Dietary intake:

Bone pathways:

Tieland et al., 2013(8); Moriya et

<66g (males)

Growth hormone imbalance reduces

al., 2010(9); Bartali et al., 2006(10);

<55g (females)(10)

osteoblast activity(12)

Visser et al., 2005(11); Morel et
al., 1993(12); Schalk et al.,
2005(13); Miki et al., 2017(14);

OR

Muscle pathways:

Serum albumin <40g/dL(11)

Low protein available to stimulate MPS(13)

Sinha-Hikam et al., 2013(15);
Schaap et al., 2006(16)

Anti-oxidant effects of plant protein improve
muscle repair and muscle cell apoptosis(14,15)
Anti-inflammatory effects of plant protein
reduce risk of muscle loss(14,16)
Vitamin D deficiency

77-87%(18)

Dietary intake:
<1.4μg (males)

Bone pathways:

IUNA, 2011(18); Bartali et al.,
2006(19); Willhelm-Leen et al.,
2010(20); Khundmiri et al.,
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<1.1μg (females)(19)

Increased PTH release causing increased bone

2016(21); Laird et al., 2010(22);

resorption(21,22)

Gunton & Girgis, 2018(23);

OR
Serum 25OHD <15ng/ml(20)

Muscle pathways:
Hindered regulation of muscle cell genes(23)
Calcium and phosphate imbalance(23)

Vitamin B12 deficiency

~64.2%(25)

Serum B12 <221 pM(26)

Bone pathways:

Yildirim et al., 2015(25); Aktas &
Ucak, 2018(26); Herrmann et al.,

Accumulation of HCY in bone tissue causing
bone loss

(27)

2009(27); Veeranki et al. 2015(28)

Muscle pathways:
Increased HCY alters muscle tissue ATP
levels and muscle fibre size(28)
Sedentary behaviour

67%(29)

9.5 hours per day sedentary(30)

Bone pathways:

Harvey et al., 2013(29); Blodgett
et al., 2015(30); Michaëlsson et al.,

Decreased BMD and increased risk of
fractures (mechanism unclear)(31)

2007(31); Henson et al., 2013(32);
Schaap et al., 2006(33)

Muscle pathways:
Increased inflammation (due to interactions
with CRP & IL-6) causing increased muscle
loss(32,33)
BMD Bone Mineral Density; CRP C Reactive Protein; HCY Homocysteine; Il-6 Interleukin-6; MPS Muscle Protein Synthesis; PTH Parathyroid Hormone
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2.2.1.1. Energy Deficiency
To promote healthy weight maintenance in older adults, the World Health
Organisation (WHO) Nutritional Guidelines for Healthy Ageing recommend a daily
calorie intake of 1.4 to 1.8 times the basal metabolic rate (BMR), depending on an
individual’s level of physical activity (WHO, 2002b). Based on this, the European
Food Safety Authority (EFSA) recommend that the average energy intake of those
aged over 60 years should fall within the range of 1982-2890kcal/day for men, and
1625-2316kcal/day for women (EFSA, 2017). However, a number of age-associated
factors can reduce appetite, food intake and, consequentially, energy intake in older
individuals (Morley, 2001), and evidence suggests that energy deficiency is a concern
in this cohort (Abraham et al., 2017). It has been reported, following an international
meta-analysis, that energy intakes of older adults are 18% lower than younger adults
(Giezenaar et al., 2015) and energy intakes were found to be short of
recommendations in as much as 89% of adults aged over 60 years in one study
(Abraham et al., 2017). Low energy intakes are associated with physical decline, both
directly (Bartali et al., 2006), and indirectly due to the resulting prevalence of
underweight in this age group (Ferreira et al., 2013). Additionally, with lower energy
intakes and reduced energy availability, there is a reduced participation in physical
activity among older people (Schrager et al., 2014), further increasing the risk of
frailty due to increased sedentary behaviour (Blodgett et al., 2015).
Energy intakes in Irish older adults are declining (Hurson et al., 1997; IUNA, 2011).
The 1990 Irish National Nutrition Survey (INNS) found that although energy intakes
decreased with age, they were generally adequate, with average energy intakes for
older males and females at 2281 and 1689 kcal/day, respectively (Hurson et al., 1997).
However, the 2011 National Adult Nutrition Survey (NANS) showed that the energy
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intake of Irish older adults declined to an average of 1984kcal/day for men and
1554kcal/day for women (IUNA, 2011); both of which fall short of EFSA
recommendations (EFSA, 2017). This may be a result of the increasing age of the
population (WHO, 2018a), with more people reaching the oldest-old age category;
assuming that this is the age category with the lowest energy intakes, as energy intakes
have shown to decline progressively with age (Giezenaar et al., 2015; IUNA, 2011).
Energy intake is directly linked to physical function in older people, with the
prevalence of frailty being higher in those with lower intakes (Bartali et al., 2006). It
has been suggested that an energy intake of ≤21kcal/kg/day is significantly associated
with frailty, with an odds ratio (OR) of 1.24 (adjusted for confounders), compared to
those with intakes >21kcal/kg/day (Bartali et al., 2006). More recently, it has been
found that with every 100kcal increase in energy intake, the odds of being frail fell
5% lower (Schoufour et al., 2018). Suboptimal energy intake has also been linked to
the prevalence of sarcopenia (Okamura et al., 2018), a syndrome characterised by ageassociated muscle wasting, which has been considered one of the main physical
drivers of frailty and a pre-cursor syndrome of the condition (Wilson et al., 2017).
Inadequate energy intake often results in underweight; the prevalence of which in
community-dwelling older adults varies significantly between countries, ranging from
8.7% in Germany (Lahmann et al., 2016) to 38% in India (Selvamani & Singh, 2018).
Table 1 shows how energy deficiency resulting in underweight and low body mass
index (BMI) has been linked to a number of health outcomes in older adults.
Osteoporosis, a condition of weakened and porous bone is closely related to the
incidence of frailty (Liu et al., 2015) and rates of these conditions are significantly
higher in underweight individuals compared to those in normal weight and/or
overweight classifications (Önal et al., 2012). The risk of a low bone mineral density
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(BMD) increases 12-fold and 26-fold in males and females, respectively, when BMI
falls below 22kg/m2 (Coin et al., 2007).
Underweight is also suspected to be a significant predictor of poor physical function
in older people, with the worst overall physical performance observed in those who
are underweight compared to both normal weight and overweight individuals
(Ferreira et al., 2013). This is particularly significant in lower limb strength/endurance
tests, as underweight participants have lower volumes of muscle mass (Ferreira et al.,
2013); a notable consideration as low muscle strength has been considered among the
most prevalent components of frailty (Papiol et al., 2016). Additionally, being
underweight can result in further reduced food intake due to oral health deficits,
impairment of swallowing, non-functional tongue movement and aspiration
pneumonia (Naruishi et al., 2018), creating a detrimental cycle as outlined in Figure
2.

Figure 2. The cyclical relationship between dietary intake and muscle strength (Information
sourced from Nairushi et al., 2018; Ferreira et al., 2013; Houston et al., 2008).
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2.2.1.2. Protein Inadequacy
Protein is a macronutrient that demands particular consideration for older adults due
to its potential to prevent the progressive muscle wasting and bone loss that often
accompanies ageing (Houston et al., 2008). EFSA recommends 0.83g protein/kg body
weight/day for all adults, including those who are older (EFSA, 2017). This
recommendation is generally being met, with only 10% of European older adults
having inadequate intakes (Tieland et al., 2011). However, dispute is ongoing as to
whether this prescription is actually adequate to meet the needs of the older population
(Nowson & O’Connell, 2015). The European Society for Parenteral and Enteral
(ESPEN) expert group state that for healthy older people, the diet should provide at
least 1.0-1.2g protein/kg body weight/day and for those at risk of malnutrition or
suffering from acute or chronic illness, 1.2-1.5g protein/kg body weight/day is a more
appropriate recommendation (Deutz et al., 2014). Moreover, it has been suggested
that distribution and timing of protein consumption should also be carefully
considered for this age group and that each meal should include at least 25-30g of
high-quality protein (Paddon-Jones & Rasmussen, 2009). The above recommendation
accounts for the potential of older adults to develop resistance to the positive effects
of dietary protein on protein synthesis (Paddon-Jones & Rasmussen, 2009), a process
which allegedly occurs due to a defect in the S6K1 signalling pathway activation,
ultimately resulting in a hindered ability of insulin and amino acids to initiate protein
translation in older age (Guillet et al., 2004). Considering this hypothesis, measuring
protein status may represent a superior predictor of protein deficiency rates than
analysing dietary intake data. Hypoalbuminemia, or low protein status, is diagnosed
at a serum albumin level of <40g/dL and has been detected in as much as 24.9% of
community-dwelling older adults (Moriya et al., 2010).
32

Dietary protein is directly associated with the incidence of frailty (Beasley et al.,
2010). A cohort study of 24,000 older females showed that a 20% increase in protein
intake was associated with a 32% lower risk of developing frailty (Beasley et al.,
2010), while a protein intake of <66g for males and <55g for women significantly
increased the risk for the condition (OR 1.98) (Bartali et al., 2006). Furthermore, it
has been reported that older female subjects in third, fourth and fifth highest quintiles
for total protein intake (>69.8g/day) had significantly (all p < 0.03) lower odds for
frailty than those in the first quintile (Kobayashi et al., 2013). The role of protein in
offsetting frailty may be attributed to its contribution to muscle and bone health (Table
1).
The relationship between dietary protein and muscle health is well established
(Houston et al., 2008; Shalk et al., 2005). The Health, Aging and Body Composition
Study (Health ABC Study) showed that older participants in the highest quintile of
protein intake involuntarily lost 40% less lean mass and appendicular lean mass than
those in the lowest quintile of protein intake over a 3-year period (Houston et al.,
2008). Accordingly, hypoalbuminemia has also been linked to a 30% higher loss of
appendicular skeletal muscle mass amongst older adults (Visser et al., 2005), likely
due to the central role of dietary protein in stimulating muscle protein synthesis (MPS)
(Schalk et al., 2005).
Protein intake has also been linked to BMD and fracture prevention, with animal
protein suspected to be of particular importance (Martinez-Ramirez et al., 2012; Ilich
et al., 2003). In one study, protein intake, along with energy and calcium intake,
showed the most significant correlations with BMD of all nutrients at almost all of the
investigated skeletal sites (Ilich et al., 2003). Additionally, a diet with a total protein
intake of <15% of total energy intake significantly increases risk of osteoporotic
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fracture (Table 1), the exact mechanism of which remains unclear (Martinez-Ramirez
et al., 2012).

2.2.2. Micronutrient Deficiencies
Micronutrient deficiencies are common among older adults due to a number of factors
such as decreased food intake, the cost of micronutrient rich foods and a lack of variety
in the diet (WHO, 2018b). Common micronutrient deficiencies reported in this age
group include vitamin D and vitamin B12 both of which can contribute to functional
decline and components of frailty (Table 1).

2.2.2.1. Vitamin D Deficiency
Vitamin D intake is of particular importance to older individuals due to its wellrecognised link with bone health (Lowe et al., 2011) and its emerging relationship
with strength and function (Ju et al., 2018). EFSA recommend a daily intake of 15μg
of vitamin D from dietary sources, and a target serum 25-hydroxyvitamin D
(25(OH)D) concentration of least 50nmol/L (20ng/mL) for optimal health in adults
(EFSA, 2017), with no additional guidelines for older adults. However, evidence
suggests that these recommendations are not being achieved by this cohort (Table 1).
Vitamin D inadequacy has been consistently described as highly prevalent amongst
community-dwelling older adults (IUNA, 2011; Fabian & Elmadfa, 2008). Data from
the European Nutrition and Health Report showed that amongst older adults, the
average intake of vitamin D was well below recommendations in all 13 participating
countries (Fabian & Elmadfa, 2008), Among those aged 65 years and over in Ireland,
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over half have mean daily intakes of vitamin D less than 5g, with 87% of men and
77% of women having daily intakes of less than 10g (IUNA, 2011).
There has been very limited research to date on the association between dietary
vitamin D intake and frailty, despite the abundance of evidence on the relationship
between serum 25(OH)D, a marker of hypovitaminosis D, and frailty components
(Table 1). One study suggested that a low daily intake of vitamin D (defined as <1.4μg
for men and <1.1μg for women) was significantly and independently related to frailty
incidence in older adults (OR 2.35) (Bartali et al., 2006). Accordingly, a systemic
review and meta-analysis showed that vitamin D supplementation at a daily dose of
20 - 25μg, is linked to improved gait speed and muscle strength in older populations
(Muir & Montero-Odasso, 2011), two measurements used for frailty diagnosis (Fried
et al., 2001).
Low serum 25(OH)D has also been directly linked to frailty (Ju et al., 2018; WilhelmLeen et al., 2010). From the National Health and Nutrition Survey (NHANES), it was
found that serum 25(OH)D of <15ng/ml was associated with a 4-fold increase in the
odds of frailty (Wilhelm-Leen et al., 2010). Similarly, a systemic review of
observational studies showed that a 10ng/ml increase in 25(OH)D levels was
associated with an 11-12% decreased risk of frailty scores (Ju et al., 2018). Although
the underlying mechanism was unclear, it is likely that the relationship between
vitamin D and frailty is a result of the essential role of vitamin D in optimising bone
and muscle health (Table 1).
Low serum 25(05)D levels have been linked to compromised bone health and a
positive relationship has been reported between serum 25(OH)D level and BMD in
healthy older women (Chailurkit et al., 2011). Similarly, it has been found that among
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older men, the hazard ratio for hip fracture was 2.36 for men in the lowest quartile of
total 25(OH)D (<20ng/mL) compared to those in the top quartile (>28ng/mL) (Cauley
et al., 2010, Table 1), possibly explained by the tightly controlled feedback cycle
between vitamin D and parathyroid hormone (PTH) (Khundmiri et al., 2016). It has
been suggested, following a meta-analysis of supplementation trials, that treatment
with vitamin D and calcium supplementation is associated with a 12% reduction in
fractures in older adults (Tang et al., 2008). A reduced rate of bone loss of 0.54% and
1.19% has also been found at the hip and spine, when a minimum dose of 800IU
(20μg) of vitamin D has been consumed (Tang et al., 2008).
Further to playing a role in bone health, studies have also suggested an association
between vitamin D, muscle mass and physical strength in older adults (Scott et al.,
2010). Low 25-hydroxyvitamin D status has shown a significant association with
impaired physical performance and lower appendicular lean mass in frail subjects
(Tieland et al., 2013), and poorer leg strength and leg muscle quality in older adults
(Scott et al., 2010). It has also been suggested that low levels of physical activity may
have a further diminishing effect on vitamin D status (Scott et al., 2010), suggesting
a cyclical relationship as highlighted in Figure 3.

36

Figure 3. The relationship between vitamin D, muscle mass and physical activity
(Information sourced from Gunton & Girgis, 2018; Scott et al., 2010).

2.2.2.2. Vitamin B12 Deficiency
Vitamin B12 (cobalamin) is crucial for older adults due to its well-recognised
functions in cognition and brain ageing (Baik & Rusell, 1999), while more recently,
a link has been found between cobalamin and muscle and bone health (Aktaş & Ucak,
2018; Verlaan et al., 2017), intensifying its importance for this age group. The dietary
reference value (DRV) for cobalamin is set at 4μg/day for all adults to prevent
symptoms of deficiency (EFSA, 2017), with no additional guidelines set for older
adults.
Dietary intake of vitamin B12 among Irish older adults is within recommendations;
6.4μg and 6.5μg average intake for older men and women, respectively (IUNA, 2011).
However, Table 1 shows that B12 deficiency is generally quite prevalent among older
populations, possibly explained by food-cobalamin malabsorption, a condition
characterised by the inability to release cobalamin from food (Carmel, 1995).
Evidence suggests the condition to be the primary cause of vitamin B12 deficiency in
adults, accounting for more than 60% of deficiencies in one study (Andres et al.,
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2003), followed by pernicious anaemia, an autoimmune atrophic gastritis with a
prevalence of 1.9% in the population aged over 60 years (Andres & Serraj, 2012).
Treatment with oral cobalamin supplementation of 500-1000μg/day has proven
effective at treating deficiency where cobalamin malabsorption is evident, and is
equally as effective as intramuscular treatment (Andres et al., 2003).
Vitamin B12 deficiency has been suspected to contribute to the onset of sarcopenia
and dynapenia, with the frequency of these conditions significantly higher in subjects
who are B12 deficient (Verlaan et al., 2017). Serum concentration of vitamin B12 was
found to be 15% lower in a group of older adults who had sarcopenia, compared to
those without the condition (Verlaan et al., 2017). In addition, lean body mass and
skeletal muscle mass index are lower in subjects with lower vitamin B12 status (Bulut
et al., 2017). This is possibly a result of the effects of hyperhomocysteinemia, a
consequence of low vitamin B12 status, on muscle, as outlined in Table 1 (Bulut at
al., 2017).
Evidence suggests a relationship between vitamin B12 status, hyperhomocysteinemia
and bone health among older adults (Table 1). In a cross-sectional study of 118 older
subjects, a vitamin B12 status of <221 pM was linked to a significantly lower femur
neck BMD compared with a concentration of >221 pM (Aktaş & Ucak, 2018).
Elsewhere, data from the Longitudinal Study of Amsterdam showed that a low
vitamin B12 status (<200 pM), high homocysteine (HCY) concentration (>15 μM),
or having both conditions, was associated with a three times greater risk of fractures,
while low vitamin B12 levels were also significantly linked to higher concentrations
of bone turnover markers in older females (Dhonukshe‐Rutten et al., 2005), with
possible mechanisms highlighted in Table 1.
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2.3. Physical Activity Patterns and Frailty
Physical activity has numerous benefits for the ageing population, one of which being
its ability to offset frailty (Blodgett et al., 2015). To maintain and optimise fitness and
functionality in older adults, The National Guidelines on Physical Activity for Ireland
recommends at least 30 minutes a day of moderate activity on five days a week (or
150 minutes per week) in addition to endurance and muscle-strengthening activities
on at least two days per week (Department of Health and Children & Health Service
Executive, 2009).

2.3.1. Physical Activity Patterns in Community-Dwelling Older Adults
Older adults are failing to meet the guidelines of 150 minutes of moderate physical
activity per week (Hallal et al., 2012), potentially as a result of the changing attitudes
of ageing individuals to the importance of exercise (Päivi et al., 2010) and the higher
incidence of disability in older age groups (Berlau, 2009). Worldwide, the proportion
of adults aged over 60 years who are physically inactive, defined as not achieving 600
metabolic equivalent (MET)-min per week, ranges from 40% in Africa to 60% in
America (Hallal et al., 2012). The TILDA study of Irish adults aged over 50 years
found two-thirds reported moderate or high physical activity levels, while one-third
reported having low levels (Donoghue et al., 2016). However, this data (Donoghue et
al., 2016) is self-reported through the use of questionnaires, rendering it susceptible
to recall and social desirability bias, and objectively assessed data is warranted to give
a more accurate representation of physical activity levels in Irish older adults.
In addition to having low physical activity levels, the majority of older adults are
sedentary (Harvey et al., 2013). Sedentary behaviour is defined by the Sedentary
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Behaviour Research Network as “any waking behaviour characterized by an energy
expenditure ≤1.5 metabolic equivalents (METs), while in a sitting, reclining or lying
posture” (Tremblay et al., 2017). A recent systemic review concluded that, based on
objectively assessed data, 67% of those aged over 60 years are sedentary for more
than 8.5 hours per day, while 65% reported sitting in front of a screen for more than
3 hours per day (Harvey et al., 2013). These figures are concerning, as sedentary
behaviour is closely associated with impaired physical function in this age group
(Table 1).

2.3.2. Sedentary Behaviours and Frailty
Evidence suggests a significant association between sedentary behaviour and physical
frailty (Song et al., 2015). In a study of subjects aged over 55 years with, or at high
risk of, knee osteoarthritis, the risk of physical frailty was found to increase 36% for
each additional hour of sedentary behaviour, independent of time spent in moderate
intensity physical activity (Song et al., 2015). Similarly, data from the Survey
NHANES showed that 55% of older individuals completing 10,000 steps per day were
in the ‘non-frail’ category, while only 5% of these were in the ‘most frail’ category
(Blodgett et al., 2015), implying a significantly lower risk of frailty with more
movement and vice versa. Those classified as ‘most frail’ were found to spend a
significantly higher average of 9.5 hours per day sedentary, compared to only 8.2
hours per day among those in the ‘non-frail’ category (Blodgett et al., 2015).
Although these studies show an association between sedentary behaviour and frailty,
they do not investigate the underlying causes of this association and the individual
components of frailty. Two important consequences of sedentary behaviour which
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could explain this correlation include impaired bone health and muscle strength (Table
1)

2.3.2.1. Impact on Bone Health
Time spent sedentary is linked to bone health and risk of fractures in older subjects
(Braun et al., 2015; Michaëlsson et al., 2007). Among women aged 65 years and over,
greater amounts of time spent in sedentary behaviour is associated with lower femoral
bone mineral content (BMC) and BMD (Braun et al., 2015). Based on these findings,
it was estimated that reducing sedentary time by one hour per day would translate to
an increase of 0.8% in femoral BMD (Braun et al., 2015). Similarly, sedentary
behaviour has been linked to an increased risk of fractures in men (Michaëlsson et al.,
2007). In a 35-year follow up study, 20.5% of older males who were considered to be
sedentary (self-reported) had suffered from a hip fracture, compared to only 13.3%
and 8.4% of those with medium and high physical activity levels (Michaëlsson et al.,
2007).

2.3.2.2. Impact on Muscle Strength
High levels of sedentary behaviour are linked to reduced muscle strength in older
subjects (Mijnarends et al., 2016; Hamer & Stamatakis, 2013). The English
Longitudinal Study of Ageing (ELSA) revealed a strong relationship between screenbased sedentary behaviour and reduced upper body strength in older subjects (Hamer
& Stamatakis, 2013). TV viewing time was inversely associated with physical activity
and those that viewed TV for more than 6 hours/day had a lower grip strength of 0.75-
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1.20kg in comparison to those viewing TV for less than 2 hours/day (Hamer &
Stamatakis, 2013). Low physical activity levels and sedentary behaviour are also
linked to the prevalence of sarcopenia in older adults (Mijnerands et al., 2016). A 5year follow up study revealed sarcopenia in 14.8% of participants who never engaged
in moderate to vigorous physical activity (MVPA), compared with 10.4% and 9% in
individuals who reported rare to high engagement in MVPA (Mijnarends et al., 2016).

2.4. Strategies to Improve Functional and Nutritional Status in Older Adults
Numerous interventions have been implemented worldwide in an attempt to improve
physical function in older adults, with most research based around increasing physical
activity, with nutrition featuring or supplementing some (Tables 2 and 3). For the
purpose of this review, interventions targeting physical activity and nutrition,
individually, will be reviewed, in addition to interventions incorporating a
combination of both. All studies discussed are summarised in Tables 2 and 3.
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Table 2. Overview of Physical Activity Interventions to Improve Physical Function in Older Adults
Study

Sample

reference

Size

Gine-Garriga

51

et al. (2010)

Subjects

Frail

Description of Intervention overview

Significant Benefits of

Duration

Frequency

Components

Intervention

12 weeks

Twice-weekly

Group sessions of functional circuit training

BI score 5.91 units

for functional balance and lower body strength

Rapid gait test↓2.53 sec

Age: 83.9 ± 2.8 years

Stand up test↓4 sec

Sustained after training
cessation
Cadore et al.

18

(2013)

Frail

8 weeks

Twice-weekly

Mild dementia

Group sessions of walking, balance and

TUG ↓12.2 sec

cognitive exercises (4weeks)

Isometric hand grip 1.9kg
Hip flexion strength  2.8kg

After long-term
physical restraint

Above + Resistance training (4 weeks)

Age: 88.1 ± 5.1 years

Knee extension
strength3.0kg
Incidence of falls 0.94

Not sustained after training
cessation
Losa-Reyna
et al. (2019)

20

Pre-frail & frail
Age: 84.2 ± 4.5 years

6 weeks

Twice-weekly

Group sessions of power training and HIIT

Frailty status ↓in 64% of

aerobic training

subjects
SPPB score  48%
Muscle strength  34%
Muscle power  47%
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Lustosa et al.

32

(2011)

Pre-frail

10 weeks

Three times per week

Females only

Small group sessions of strengthening

TUG ↓0.68 sec

exercises targeting the lower limbs

10MWT ↓0.49 sec
Work/weight at 180° 

Age: 72 ± 4 years

5.35%
Power at 180°/s  5.49 watt
Sakamoto &

41

Miura (2016)

In need of medical care

12 months

Age: 72.5± 10.1 years

Once- or twice-

Individual self-exercise programme including

IADL  1.3 pt

weekly

balance and muscle training followed by 30

OLS-T  8.7 sec

minute group cool-down session

FRT  3.3cm
5m NWT ↓1.8 sec
5m MWT ↓1.2 sec
TUG ↓4.3 sec

Benefits sustained after
training cessation
Matsuda et

72

al. (2010)

Mair et al.
(2019)

11

Individual home-based exercise programme

Gait velocity  0.17m/s

Age: 71 ± 9 years

comprising progressive strength training,

TUG ↓5.7 sec

>94% type 2 diabetic

balance and gait activities, flexibility and

Biceps curl  35%

and obese

aerobic exercises

Chair stand 59%

Three times daily on

Home-based unsupervised exercise

Lower limb power output 

three days per week

programme composed of progressively

10-11%

Females only

increasing step exercises while wearing

Stair climb time ↓9%

Age: 67.4 ± 3.53 years

weighted vest

Normalised stair climbing

Frail

Healthy
Inactive

6 weeks

6 weeks

Once-weekly

power  10%
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Nagai et al.

41

(2018)

Frail

24 weeks

Twice-weekly

Two interventions;

RPA group:
Daily steps  129

Age: 81.8 ± 7 years
1. RT – Resistance training

Knee extension  1.0kg/m

2. RPA – RT with instruction to increase

Leg press  18.9kg

physical activity and daily steps and reduce
sedentary time by 10% every 2weeks

No significant results in RT
group

Cao et al.

20

(2007)

Healthy

12 weeks

Twice-weekly

Group sessions containing activities of

Obstacle walk↓4.5%

Females only

balance, co-ordination, strength training and

Whole body reaction

Age: 65-79 years

walking training

time↓6.4%
CS-30 test  13.5%

No significant improvement
observed for balance and
flexibility
BI Barthel Index; CS-30 Test 30-second Chair Test; FRT Functional Reach Test; HIIT High Intensity Interval Training; IADL Instrumental Activities of Daily Living; OLS-T One
Leg Stand Test; SPPB Short Physical Performance Battery; TUG Timed Up and Go; 5m MWT 5 metre Maximal Walking Time; 5m NWT 5 metre Normal Walking Time; 10MWT
10 Metre Walking Time
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Table 3. Overview of Nutrition/Nutrition and Physical Activity Interventions to Improve Physical Function among Older Adults
Study

Sample

Reference

Size

Abizanda et al.

91

(2015)

Ng et al. (2015)

246

Subjects

Description of Intervention Overview

Effects of Intervention

Duration

Frequency

Components

12 weeks

5 days per week

Intake of 200ml supplement (300kcal, 20g

48.4% of participants  SPPB

Frail

protein, 3g fibre, vitamin D and calcium)

by at least 1 pt

Age: 85.6 ± 5.6 years

twice daily plus a standard physical

50.5% of participants  SF-

training program consisting of flexibility,

LLFDI by at least 2 pts

balance and strengthening exercises

MNA-SF  0.8 pt

Five groups;

At 12 month follow-up;

1. NUT - Nutritional supplementation

NUT group:

PA group: twice-

(vitamin and mineral supplements and

Frailty ↓16%

weekly

protein and fibre rich Fortisip formula

Institutionalised

Pre-frail & frail
Age: 70 ± 4.7 years

6 months

Nutritional group:
once daily

taken once daily)

COG group:

2. COG - Cognitive training (activities to

Frailty ↓16%

stimulate and enhance information

Knee strength  1.98kg

processing, attention and reasoning and
problem-solving skills)

PT group:

3.PT - Physical training (group sessions of

Frailty ↓19%

moderate intensity for 90 minutes on 2

Knee strength  1.41kg

days per week for 12 weeks followed by

Time to walk 6m ↓ 1.14 sec

12 weeks of home exercises)
COMB group:
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4. COMB - Combination (nutrition,

Frailty ↓22%

cognitive training and physical training)

Knee strength  2.35kg

5. Control (care as usual)

Energy score  1.32

All other results insignificant
Rydwik

et

al.

96

(2010)

Frail

12 weeks

Age: 83.2 ± 4.2 years

Nutritional group: 1

Four groups;

PAL 1 level for both the T

individual session + 5

1. T - Physical training (1 hour twice a

and T+N groups

group sessions

week including aerobic exercise, strength
training and balance training, followed by

No significant difference in

PA group: twice

6 months of home exercises unsupervised)

ADLs between groups at follow

weekly

2. N - Nutritional treatment (individual

up

counselling based on food record data and
group sessions covering nutrient needs,

No additional benefits from

cooking methods and tastings, supplements

nutrition component

prescribed where necessary)
3. T+N - A combination of the above
4. C - Control (general advice on nutrition
and exercise)
Schilp
(2013)

et

al.

146

Undernourished
Age: 80.5 ± 7.5 years

6 months

Dependant on

Dietary counselling over the phone and

No significant impact on body

individual needs

face-to-face by trained dieticians focussed

weight, physical performance,

on goal setting and overcoming risk factors

handgrip strength or protein

for malnutrition

and energy intake
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Haider
(2015)

et

al.

80

Pre-frail & frail

12 weeks

Twice-weekly

Two interventions;

PTN group:

Malnourished or at risk

1. PTN - Trained buddies visit subjects at

Handgrip strength  2.4kg

of malnutrition

home, perform circuit strength training and

SPPB  1.2 pt

Age: 83 ± 8 years

discuss fluid, protein and energy intake and

Balance  0.4 pt

nutritional issues with subjects. Healthy

Lower limb muscle strength 

eating handbooks also provided.

0.6 pt

2. SoSu - Buddies visit subjects at home to

SoSu group:

provide social support and perform

SPPB  0.5pt

cognitive exercises with the help of

Balance  0.5pt

guidebook.
All other results insignificant
ADL Activities of Daily Living; MNA-SF Mini Nutritional Assessment – Short-form; PAL Physical Activity Level; SPPB Short Physical Performance Battery; SF-LLFDI Shortform Late Life Function and Disability Instrument
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2.4.1.1. Physical Activity Interventions to Reduce Frailty
Evidence suggests that participation in physical activity has the potential to reduce
frailty (Table 2). Physical activity interventions that include a combination of exercise
types, have been successful in improving physical function in frail individuals
(Cadore et al., 2013; Giné-Garriga et al., 2010). Frail older subjects attending group
exercise sessions focussing on lower body strength and functional balance
experienced significant improvements in Barthel Index score (measures performance
in activities of daily living) and the rapid-gait and stand-up tests (measures of lower
limb function) (p < 0.001) after 12 weeks (Giné-Garriga et al., 2010). These
improvements were also sustained 24 weeks after training cessation (Giné-Garriga et
al., 2010). Similarly, in frail older subjects with dementia, an 8-week multicomponent group exercise intervention enhanced the physical performance of
subjects, notably improving time taken to complete the timed up and go (TUG) test
and handgrip strength (p < 0.05) (Cadore et al., 2013). However, the effects of the
intervention were not sustained after 24 weeks of training cessation, suggesting that
encouragement should be given to subjects who are suffering from mental decline to
continue training post-intervention in order to preserve these benefits.
The beneficial effects of physical training are not limited to frail subjects, as suggested
by a 6-week exercise intervention in both pre-frail and frail older subjects (LosaReyna et al., 2019). The twice-weekly exercise sessions focused on resistance
exercises and high intensity interval training (HIIT) style cardiovascular exercises.
Induced improvements (p < 0.05) were found in short physical performance battery
(SPPB), chair stand test and handgrip strength, in both frail and pre-frail subjects
(Losa-Reyna et al., 2019). The intervention improved frailty status in 64% of the
subjects and significantly improved frailty score by 1.6 points according to the frailty
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phenotype, a 5-point measure (Losa-Reyna et al., 2019). Similarly, a 10-week
resistance exercise programme was also effective in enhancing the strength and
functional capacity of pre-frail subjects (Lustosa et al., 2010). The intervention
consisted of strengthening exercises, focussing on the lower extremities, three times
per week for 10 weeks and caused significant improvements in TUG time, gait speed
and lower limb muscle power (p < 0.05) (Lustosa et al., 2010).
Although group exercise sessions are more frequently implemented, Table 2 shows
how individual training and home sessions can also be effective in enhancing physical
performance in older adults. Frail subjects attending a half-day exercise programme
of individualised training including balance and strength training for six months
experienced significant improvements in functionality, endurance, activities of daily
living and balance function (p < 0.05), with the effects were sustained six months
post-intervention (Sakamoto & Miura, 2016). Comparably, a home-based
individualised exercise programme carried out among frail older adults for a much
shorter six-week duration proved effective in enhancing physical performance
(Matsuda et al., 2010). The supervised sessions were focused on strength, flexibility,
gait, balance and cardiovascular fitness and translated to an improvement in biceps
curl, chair stand, gait velocity and time to complete the TUG test (p < 0.001) (Matsuda
et al., 2010). Additionally, a six-week home-based weighted step programme was
effective in improving lower limb strength and functional ability in healthy older
women (Mair et al., 2019). Subjects were instructed to wear a weighted vest while
performing step exercises three times a day on three days per week, unsupervised.
After six weeks, subjects experienced an improvement in lower limb power output (p
< 0.05) and improvement in stair climb time (p < 0.01) (Mair et al., 2019).
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The beneficial effects of resistance training on muscle strength are evident (Lustosa
et al., 2011). However, interestingly, incorporating increased daily movement with
resistance training is more effective in reducing symptoms of frailty when compared
with resistance training alone (Nagai et al., 2018). A 6-month randomised controlled
trial on older adults consisting of two interventions; resistance training alone (RT) or
resistance training combined with physical education and instruction to increase daily
steps (RPA) showed that the RPA intervention had a more significant impact on
physical function (Nagai et al., 2018). Those in the RPA group experienced a
significant improvement in lower limb strength, with maximum leg press increasing
by 18.9kg compared to a much slighter increase of 1.4kg in the RT group. The number
of daily steps and participation in light intensity physical activity also increased
significantly in the RPA group (p < 0.05) post-intervention compared to the RT group
(Nagai et al., 2018). This further supports the feasibility of increased daily movement
as an adjunct to resistance training, as reduced sedentary time is linked to a lower
incidence of frailty (Blodgett et al., 2015; Song et al., 2015).

2.4.1.2. Physical Activity and Nutrition Interventions to Reduce Frailty
As highlighted in earlier discussion, nutrition has a notable role to play in the onset
and progression of frailty. Despite this, the incorporation of nutrition in communitybased frailty interventions is relatively uncommon and the evidence on the
effectiveness of incorporating nutrition on physical function does not always concur
(Table 3).
Table 3 highlights how the provision of nutrition supplements as an adjunct to
physical activity may present a promising means of reducing frailty. An intervention
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study incorporating an oral nutritional supplement rich in energy, protein, fibre,
vitamin D and calcium taken twice daily, combined with a multi-component exercise
programme, was effective in enhancing physical performance in institutionalised
older adults (Abizanda et al., 2015). Specifically, almost half of the subjects improved
by at least one point in the SPPB after 12 weeks and significantly improved their
overall nutritional status (p < 0.05). These improvements were most pronounced in
participants with a higher baseline frailty score (Abizanda et al., 2015). However, this
study excluded the measurement of physical activity alone for comparison, and the
exact contribution of nutrition in the intervention is therefore uncertain. Another
RCT, incorporating nutrition and physical activity, more effectively illustrated the
benefits of supplements on physical function in frail and pre-frail older subjects (Ng
et al., 2015). Five different study arms were investigated; nutritional supplementation,
cognitive

training,

physical

training,

combination

treatment

(nutritional

supplementation and physical and cognitive training) and usual care (control). The
nutritional supplements included a nutritionally balanced drink rich in fibre and
energy and vitamin and mineral supplements (iron, folate, vitamin B6, vitamin B12,
vitamin D and calcium). Both the nutrition supplementation and cognition
interventions resulted in an average frailty score reduction of 16% and the physical
activity intervention reduced frailty score by 19%, while the combination intervention
caused an average reduction of 22% in the frailty score of subjects (all p < 0.01
compared to baseline) (Ng et al., 2015). These results imply that although the
combination of nutritional support, cognitive training and physical activity has the
most considerable impact, nutrition alone can also significantly improve frailty status
in both frail and pre-frail elderly.
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The use of nutritional supplements has proven success in frailty interventions
(Abizanda et al., 2015; Ng et al., 2015), but the role of nutrition education in reducing
frailty is uncertain (Schilp et al., 2013; Rydwik et al., 2010). One pilot study in
community-dwelling frail older adults investigated three different interventions;
physical training alone (T group), nutrition alone (N group) and nutrition combined
with physical training (T+N group) (Rydwik et al., 2010). The nutrition component
involved individual nutrition counselling and group education sessions, while the
physical training component included aerobic, balance and resistance training. It was
found that the T+N did not experience any additional benefits when compared with
the T group, and no significant changes were observed in the N group. Any benefits
were therefore attributed to the physical activity intervention (Rydwik et al., 2010).
Similarly, an RCT involving undernourished older subjects showed that nutrition
counselling was unsuccessful in improving functionality (Schilp et al., 2013). The
personalised nutrition consultations were performed by trained dieticians, both over
the phone and face-to-face, and focussed on setting nutritional goals and overcoming
risk factors for undernutrition. No significant impact was reported on physical
performance, handgrip strength or body weight after 6 months of intervention (Schilp
et al., 2013). Interestingly, however, another RCT performed on pre-frail and frail
individuals involving nutrition support and physical training did prove effective in
increasing strength and function (Haider et al., 2017). Trained volunteers visited older
subjects in their home twice a week for 12 weeks to either; 1) provide nutritional
advice and complete strength exercises (PTN group) or 2) provide social support only
(SoSu group). The PTN group experienced increased handgrip strength (p = 0.001)
and improvements in the SPPB (p = 0.009), while the SoSu group only experienced
an improvement in balance (Haider et al., 2017). Similar to Abizanda et al. (2015),
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the most significant effects were observed in the most frail individuals (Haider et al.,
2017), implying that those with the highest level of frailty have the greatest scope for
improvement.
There are limitations to these studies, however, that restrict their applicability. In that
of Rydwik et al. (2010), only physical activity level and performance in activities of
daily living were recorded and components of frailty were not included as an outcome
measure, which would have been useful in determining the effect of nutrition
counselling on frailty status. In the study of Schilp et al. (2013), physical activity was
excluded from the intervention and only nutrition counselling was used, while the
combination of these may have been more effective in enhancing functionality. Haider
et al. (2017) on the other hand, did not measure the effect of physical training alone
for comparison, therefore it is unclear whether the nutrition education component
actually contributed to the improvement in physical performance or if the same effects
could be obtained with physical activity alone. In light of this evidence, further
exploration is needed to elucidate the role of nutrition education in frailty
interventions.
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2.5. Conclusion
Frailty is a prevalent, yet reversible condition among older adults. Dietary deficiencies
and sedentary behaviour are common in this age group and have a significant role to
play in the pathogenesis of frailty, primarily through bone and muscle health
implications. Improving the diet and increasing physical activity levels presents a
promising solution to reducing frailty. Numerous physical activity-based
interventions have been implemented in an attempt to prevent and reverse the
condition. Nutrition has been included in some, but its exact contribution is not fully
understood. Further research is warranted to elucidate the role of nutrition in strategies
to reduce frailty.
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Abstract
Background: Older adults are a population group at risk of inadequate nutrition due
to reduced appetite, malabsorption, taste alterations and social factors. Yet, dietary
investigations in Irish older adults are scarce. The aim of this study was to analyse the
nutritional status and dietary intake of a sample of community-dwelling Irish older
adults, in addition to the effect of age and gender on dietary intake in this age group.
Methods: A cross-sectional study was performed in 162 (n = 91 female, n = 71 male,
age 73.8 ± 6.8 years) adults aged 65 years and over in a region of Southern Ireland.
Nutritional status was measured using the Mini Nutritional Assessment – Short Form
(MNA-SF). Dietary intake was assessed using a semi-quantitative food frequency
questionnaire (FFQ).
Results: 21.0% and 1.2% of the study population were at risk of malnutrition and
malnourished, respectively. A high prevalence of dietary insufficiencies was
observed. The most common insufficiencies reported were fibre (82.7%), calcium
(58.6%), magnesium (62.3%), iron (54.9%), folate (66.0%), vitamin D (93.2%) and
vitamin E (61.1%). Increasing age did not significantly influence nutrient intakes in
males, while vitamin C and vitamin D intakes decreased with age in females, and the
incidence of dietary folate insufficiency was higher in the oldest females. Gender
differences in dietary intake were evident, with a higher prevalence of dietary
inadequacy in male subjects. Excessive intake of sugars, snacks and fats was
observed, particularly in males, while dairy recommendations were not being met.
Dietary supplement use was uncommon (27.2%).
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Conclusions: The poor dietary quality of this cohort may have significant health
implications. Public health strategies to improve the diets of older adults are
warranted, with a particular focus on increasing micronutrient intakes.
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3.1. Introduction
The older adult population is increasing globally. By 2050, it is projected that one in
six people worldwide will be aged over 65 years (16%), compared to one in 11 in
2019 (9%) (United Nations, 2020). Average life expectancy for Europeans reached
82 years for women and 75 years for men in 2019, with further improvements
projected (Statista, 2019). Recent data also suggests that older people are now more
likely to live independently, with co-residence with children becoming less common
(United Nations, 2017). This demographic transition, driven by reductions in fertility
rates and improvements in survival (United Nations, 2020), brings a number of
challenges to society, and the needs and interests of this cohort need to be understood
and prioritised.
The physiological changes that accompany ageing increase vulnerability to disease
and disability (World Health Organization, 2019), placing substantial pressure on
healthcare systems. It was previously estimated that, by 2030, the annual cost of falls
and fractures to the Health Service Executive (HSE) will be €1.59- €2.04 billion, with
this figure progressively increasing with population ageing (HSE, 2008). Evidently,
there is an increased need for health promoting measures to minimise this burden. One
such measure involves targeting nutrition in ageing, as several nutrients and dietary
compounds have demonstrated ability to offset a number of chronic diseases and
geriatric conditions (Parsons et al., 2019; Schwingschakl et al., 2015; Lowe et al.,
2011).
Malnutrition remains a widespread concern, particularly for older adults, and has been
estimated to account for 11% of the total annual healthcare budget in Ireland (Rice &
Normand, 2012). Reduced food intake is often reported with ageing due to several
factors including early satiety, taste alterations, social factors and reduced food access
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(Whitelock & Ensaff, 2018; Morley, 2001); increasing overall nutritional risk. While
energy requirements decrease for older adults (Leslie & Hankey, 2015), micronutrient
demands remain mostly unchanged. Achieving optimal nutritional intake is therefore
critical for this vulnerable group in order to meet macronutrient and micronutrient
requirements and maximise prospects of good health.
In light of the above, examination of dietary intakes and the nutritional status of this
population is necessary. While evidence suggests that dietary inadequacy is prevalent
among older adults (Fernandes et al., 2018; ter Borg et al., 2018; Power et al., 2014)
individual nutrient deficiency rates reported in Ireland are not always in agreement
(Power et al., 2014; IUNA, 2011). Additionally, besides body mass index (BMI)
measurement, a broader nutritional status assessment of free-living Irish older adults
is seldom considered. There is also a paucity of up to date information available on
the nutrient intakes of Irish older adults, with the most recent analysis completed in
2013 (Power et al., 2014). Given that new dietary recommendations were established
in 2017 (EFSA, 2017), an updated reported is warranted.
The aim of this study is to identify the nutritional status and dietary adequacy of a
sample of Irish community-dwelling older adults, in addition to examining
supplement use and the effect of age and gender on dietary intake in this cohort.

3.2. Methods
3.2.1. Study Population
A sample of 204 participants were recruited to participate in this cross-sectional study.
Advertisements for study recruits were placed in local newsletters, community
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centres, sports centres, health clinics and churches, and information sessions
promoting the research were delivered to older adult groups in Cork City and County,
a region in southern Ireland, from February to June 2019 inclusive. Inclusion criteria
included age (≥65 years), community-dwelling and informed consent. No upper age
limit was included. Those who received a mini-cog (Steenland et al., 2008) score of
<3 (n = 9), were using tube feeds or parenteral nutrition (n = 0), and/or had incomplete
dietary intake data (n = 33) were excluded from the study, resulting in a study sample
size of 162 participants (n= 71 male, n= 91 female, age 73.8 ± 6.8 years) with complete
sets of data for analysis. Study participants attended screening sessions at local
community settings, sports halls and health centres where their nutritional status and
dietary intake were assessed using validated tools and questionnaires, from March to
July 2019 inclusive. Written informed consent was obtained from all subjects prior to
commencement of the research. Ethical approval for this study was granted by Cork
Institute of Technology Research Ethics Committee (Cork, Ireland).

3.2.2. Dietary Intake Assessment
Dietary intake was assessed using the original version of the semi-quantitative food
frequency questionnaire (FFQ) used in the European Prospective Investigation into
Cancer and Nutrition (EPIC) – Norfolk Study (Loh et al., 2011), due to its frequent
employment as a dietary assessment method among older adults (Power et al., 2014;
Bollwein et al., 2013; Cesari et al., 2004). The self-reported FFQ lists 130 food items,
with additional questions on dietary supplement use and types of fats used, and
assesses the average consumption of foods during the last year using household
measures. The serving size for each food/beverage item is clearly detailed in the
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questionnaire in terms of usual portions (e.g. one 125g carton of yoghurt, one banana,
one medium serving of rice, one slice of bread) or household measures for other
categories (e.g. one cup of tea, one tablespoon of cream, one teaspoon of butter). The
portion sizes were designed by the creators of the FFQ to represent those of an adult
population which follow a traditional UK diet (Loh et al., 2011), where serving sizes
are similar to those in Ireland (British Dietetics Association, 2016; Department of
Health 2016). The questionnaires were self-administered by participants, with the
guidance of researchers. Questionnaires were analysed and transformed into nutrient
intake and food group data using the corresponding EPIC-FFQ specific FETA
software (Mulligan et al., 2014). Any FFQ that was missing 10 or more responses was
excluded from the analysis to prevent under-reporting (Mulligan et al., 2014).
The output file generated from the FETA software gives the output for food group
intake in total grams, while the number of servings is not indicated. Average food
group intake was therefore converted from grams to estimated number of servings
using the national recommended serving sizes (Healthy Ireland, 2016; HSE, 2016),
where possible. However, this was not achievable for most food groups. For example
with dairy intake, the FFQ output file does not distinguish between the different types
of dairy when indicating the number of grams of dairy consumed daily. As the serving
sizes outlined in the food pyramid vary significantly for the individual dairy foods
(e.g. one serving of yoghurt = 125g, one serving of cheese = 25g), it was not possible
to determine the average number of dairy servings form the total number of grams.
Thus, for intake of dairy, cereals and potatoes and sugars, preserves and snacks, the
average number of servings reported by participants in their crude FFQ responses was
directly used, instead of converting from grams to number of servings (Table 9).
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Implausible energy intakes were defined as values outside of the range of 5003500kcal/day for women and 800-4200kcal/day for men (Banna et al., 2017).
However, no participants had intakes outside of these ranges. Each individual’s
nutrient intake was compared with the European Food Safety Authority (EFSA)
dietary recommendations (EFSA, 2017), as outlined in Tables 5 and 6. The
recommended range (% total energy, TE) was used to identify insufficiency and overconsumption, while the recommended amount (g/mcg) was used for ease of
comparison with mean intakes for each dietary component at a group level. For energy
intake requirements, a physical activity level (PAL) value of 1.6 for those aged 65-69
years and 1.4 for those aged 70+ years was used, based on national habitual physical
activity data (Murtagh et al., 2015).

3.2.3. Nutritional Status Measurement
Nutritional status was measured using the validated (Kaiser et al., 2009) Mini
Nutritional Assessment – Short Form (MNA-SF), a five-minute researcheradministered tool which identifies individuals as malnourished (score of 0-7), at risk
of malnutrition (score of 8-11) or of normal nutritional status (12-14) (Rubenstein et
al., 2001). The screening tool consists of measurement of BMI and five geriatricspecific questions on appetite, weight loss, mobility, stress/disease and
neuropsychological issues. BMI was calculated as weight (kg)/height (m)2. Weight
was measured using a calibrated Tanita body composition analyser (model DC-360s)
with an allowance of 0.8kg and 1.2kg for clothes weight of females and males,
respectively, as previously recommended (Whigham et al., 2011). Height was
measured using a SECA portable height measure (model 213). The World Health
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Organisation BMI classifications (kg/m2), were used as follows; <18.5 underweight,
18.5-24.9 normal weight, 25.0-29.9 overweight, ≥30 obese.

3.2.4. Statistical Analysis
Statistical analyses were performed using RStudio Version 1.2.1335. Descriptive
statistics and Pearson’s Chi-squared test were used to determine the association
between sociodemographic variables and supplement use with nutritional status, and
the influence of age and gender on nutrient insufficiencies. Dietary intake was
compared between genders and participants aged 65-74 years and those aged 75 years
and over. All food group and nutrient intake data were found to be not normally
distributed. Hence, the Mann-Whitney-U test was used to determine whether the
differences in intakes between gender and age groups were statistically significant.
The one sample t-test (two-tailed) was used to compare mean dietary intakes with the
recommended amounts (EFSA, 2017). All statistical testing was performed using a
5% level of significance.

3.3. Results
3.3.1. Study Population and Nutritional Status
Of the 162 study participants, 91 (56.2%) were female, 98 (60.5%) were aged between
65-74 years, and 109 (67.3%) were living in an urban area. One participant (0.6%)
was underweight, 34 participants (21.0%) were of normal weight, 73 participants
(45.1%) were overweight and 54 participants (33.3%) were obese. The distribution of
participants according to their nutritional status, as determined by the MNA-SF, is
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represented in Table 4. In total, 2 participants (1.2%) were malnourished, 34 (21.0%)
were at risk of malnutrition and 126 (77.8%) had normal nutritional status. Age group,
gender or area of residence did not significantly influence nutritional status. Those
who took dietary supplements were more likely to have normal nutritional status than
those who did not (p = 0.046).

Table 4. Subject Characteristics according to Nutritional Status
Normal
nutritional
status - n (%)
126 (77.8%)

At risk of
malnutrition
- n (%)
34 (21.0%)

Malnourished
– n (%)

Total - n (%)

2 (1.2%)

162 (100.0%)

78 (79.6%)

18 (18.4%)

2 (2.0%)

98 (60.5%)

48 (75%)

16 (25.0%)

0 (0%)

64 (39.5%)

Female

68 (74.7%)

21 (23.1%)

2 (2.2%)

91 (56.2%)

Male

58 (81.7%)

13 (18.3%)

0 (0%)

71 (43.8%)

Rural

38 (71.7%)

14 (26.4%)

1 (1.9%)

53 (32.7%)

Urban

88 (80.7%)

20 (18.3%)

1 (0.9%)

109 (67.3%)

Total
Age group
65-74 yrs
75+ yrs
Gender

Residence

Dietary Supplement Use*
Yes

40 (90.9%)*

4 (9.1%)

0 (0%)

44 (27.2%)

No

86 (72.9%)*

30 (25.4%)

2 (1.7%)

118 (72.8%)

* p < 0.05 between dietary supplement users/non-users (Pearson’s Chi-squared test)

3.3.2. Nutritional Intake
The average daily intakes of energy, macronutrients, fibre and fatty acids according
to gender and age group are reported in Table 5, along with recommended intakes
(EFSA, 2017). Micronutrient recommendations and average daily micronutrient
intakes, with and without supplements, are detailed in Table 6. Although statistically
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insignificant, average intake of fat exceeded the recommended 70g for all males
(78.7g) and the oldest females (73.1g). Compared to the recommended limit of 20g of
saturated fat, intake was significantly higher for all investigated groups (28.8g
average, p < 0.01), while the overall average fibre intake of 18.7g was lower than the
recommended 25.0g (p < 0.01). Males consumed significantly more energy (2025.4
kcal vs. 1731.5 kcal, p = 0.016) and carbohydrates (248.6g vs. 210.5g p = 0.038) than
females. Age group did not influence macronutrient or energy intake (p > 0.05).
With the inclusion of supplements, average intake of magnesium was lower than the
recommended 350.0mg for males, at 330.0mg, although not statistically significant.
Furthermore, the average folate intake was below the population reference intake
(PRI) of 330.0mcg for the oldest males (293.3mcg, p = 0.027). Vitamin D intake was
significantly below the recommended 15.0mcg for all groups, with an overall average
of 5.5mcg (p < 0.01). Females had significantly higher thiamine intakes than males,
both with the inclusion and exclusion of supplements (1.9mg vs. 1.5mg including
supplements, p = 0.039). Females aged 75+ years consumed more polyunsaturated
fats than females aged under 75 years (12.7g vs. 10.6g, p = 0.012). Vitamin C intakes
were significantly lower in the older age group, compared to the younger age group
in females, when supplements were included (234.3mg vs. 117.1mg, p = 0.029). This
trend was also observed in females for vitamin D (7.2mcg vs. 4.3 mcg, p = 0.031).
Age group did not significantly influence any micronutrient intake in males (p > 0.05).
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Table 5. Average Daily Energy, Macronutrient, Fatty Acid and Fibre Intakes of Irish Adults
aged ≥65 years
Dietary
Gender Recommended
Average Intake
Compon
Amount1
Total
65-74 yrs
75+ yrs
ent
Mean

SD

Mean

SD

Mean

SD

2025.4*

768.48

900.31

570.77

1860.3

678.43

Male

86.9

36.11

43.10

1675.
1
1826.
1
1897.
7
79.8

612.73

1731.5*

2059.
4
1978.
9
1835.
9
90.0

Female

79.7

25.22

82.6

23.52

79.5

23.22

82.9

30.59

84.1

34.62

81.0

23.23

78.7

33.87

79.9

38.27

77.2

27.27

67.6

25.79

64.3

27.27

73.1

22.42

72.4

30.02

70.8

33.06

75.0

24.69

Male

86.9

36.11

90.0

43.10

82.6

23.52

Female

79.7

25.22

79.8

26.55

79.5

23.22

82.9

30.59

84.1

34.62

81.0

23.23

Male

11.4

4.88

14.1

7.00

11.5

5.05

Female

13.0

6.34

10.6*

4.91

12.7*

4.58

12.1

5.61

12.1

6.10

12.2

4.80

Male

31.0

15.14

30.0

16.33

32.5

13.49

Female

27.0

12.19

25.7

12.64

29.2

11.26

28.8

13.67

27.5

14.37

30.7

12.37

248.6*

107.22

251.4

122.61

244.7

83.59

210.5*

79.83

204.5

85.87

220.6

68.56

227.2

94.45

224.1

104.87

231.9

76.33

Male

18.8

8.81

19.9

10.15

17.4

6.46

Female

18.6

10.17

20.0

11.82

16.2

6.00

18.7

9.57

19.9

11.10

16.8

6.20

Male
Energy
(kcal)

Female
Both

Protein
(g)

Both

1983.75 –
2294.46a
1625.24 –
1864.24a
-

0.83 x kg body
weighta

Male
Fat (g)

Female

551.00
766.36

486.50
519.26
26.55

b

Both

MUFA
(g)

PUFA
(g)

SFA (g)

Both

Both

Both

20-35% TE (or
70.0g2)

No set
recommendation

No set
recommendation

ALAP (or
<20.0g2)

Male
Carb (g)

Female
b

Both

Fibre (g)

Both

45-60% TE (or
260.0g2)

25.0gc

ALAP: as low as possible; MUFA: monounsaturated fatty acids; PRI: population reference intake; PUFA:
polyunsaturated fatty acids; SFA: saturated fatty acids; TE: total energy; 1 EFSA Dietary Reference Values for
Nutrients (2017); 2 EFSA Review of Labelling Reference Intake Values (2009); a population reference intake; b
reference intake range; c adequate intake; * p < 0.05 between gender (Mann-Whitney-U test); values in bold represent
mean intake outside recommendations
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Table 6. Average Daily Micronutrient Intakes of Irish Adults aged ≥65 years
Nutrient

Calcium
(mg)
Zinc (mg)

Magnesiu
m (mg)
Iron (mg)

Vitamin
A (mcg)
Thiamine
(mg)
Riboflavi
n (mg)
Niacin
(mg)
Vitamin
B6 (mg)
Folate
(mcg)

Gender

Male
Female
Both
Male
Female
Both
Male
Female
Both
Male
Female
Both
Male
Female
Both
Male
Female
Both
Male
Female
Both
Male
Female
Both
Male
Female
Both
Male
Female
Both
Male

Recomm
ended
Amount1

950.0a
9.4a
7.5a
350.0b
300.0b
-

11.0a
750.0a
650.0a
0.4 per
1000
kcala

1.6a
6.6 per
1000
kcala
1.7a
1.6a
-

330.0a

Average Intake Including Supplements
Total
65-74 yrs
75+ yrs
Mean
SD
Mean
SD
Mean
983.6
503.60
1009.1
577.45
948.7
980.2
506.62
984.9
554.49
982.8
983.9
504.20
995.0
561.38
966.8
10.5
4.93
11.2
6.03
9.7
9.5
3.44
9.8
3.94
9.0
10.0
4.17
10.4
4.94
9.3
330.0
117.23
341.3
137.41
314.6
319.1
134.24
327.5
152.77
305.1
323.9
126.80
333.3
145.97
309.5
12.0
4.73
12.6
5.56
11.1
11.1
4.61
11.1
5.16
11.0
11.4
4.67
11.7
5.35
11.0
1413.2
1202.16
1626.6
1499.87
1121.6
1515.7
1084.28
1628.7
1247.73
1326.4
1470.8
1134.97
1627.8
1351.47
1230.4
1.9*
1.36
2.1
1.72
1.6
1.5*
0.55
1.5
0.57
1.5
1.7
1.00
1.8
1.22
1.6
2.1
1.85
2.3
2.38
1.8
1.9
0.68
1.8
0.73
1.9
2.0
1.33
2.0
1.64
1.8
22.9
10.91
25.2
13.21
19.9
21.4
16.59
22.9
20.49
18.9
22.1
14.36
23.9
17.76
19.4
2.6
1.55
2.9
1.96
2.3
2.3
0.80
2.3
0.88
2.2
2.4
1.20
2.6
1.45
2.2
333.4
167.64
362.8
204.18
293.3
310.2
162.10
320.0
188.82
276.9
320.3
164.44
343.7
195.04
284.6
7.0
5.11
8.2
6.20
5.6

SD
387.39
424.92
404.91
2.66
2.36
2.50
81.87
96.00
89.08
3.15
3.59
3.36
482.85
711.00
618.65
0.49
0.51
0.50
0.56
0.61
0.58
5.50
5.32
5.39
0.55
0.65
0.60
86.31
96.65
91.60
2.53

Total
Mean
925.0
891.7
906.3
10.4
9.3
9.7
320.3
309.5
314.2
11.9
10.7
11.2
1384.6
1382.8
1383.6
1.7*
1.5*
1.6
1.9
1.8
1.8
21.5
19.8
20.5
2.4
2.2
2.3
317.5
303.6
309.7
6.6

Average Intake Excluding Supplements
65-74 yrs
SD
Mean
SD
362.14
928.60
386.63
380.68
882.97
418.09
371.89
902.06
403.82
4.70
10.9
5.74
2.91
9.4
3.19
3.82
10.0
4.47
108.76
331.1
128.34
118.2
316.7
135.62
113.94
322.7
132.14
4.66
12.5
5.48
4.36
10.9
5.06
4.52
11.6
5.27
1193.38
1581.1
1496.70
999.19
1450.6
1146.03
1085.04
1505.2
1298.54
0.63
1.8
0.73
0.52
1.5
0.55
0.57
1.6
0.64
0.64
1.9
0.70
0.68
1.8
0.73
0.67
1.9
0.72
8.92
22.9
10.63
6.77
20.3
7.50
7.81
21.4
8.99
0.96
2.6
1.16
0.76
2.3
0.84
0.86
2.4
0.99
147.71
337.3
179.37
154.96
321.2
179.64
151.52
327.9
178.78
4.59
7.3
5.57

75+ yrs
Mean
920.17
906.34
912.83
9.7
9.0
9.3
305.4
297.4
301.2
11.1
10.3
10.7
1115.9
1269.1
1197.3
1.6
1.5
1.5
1.8
1.8
1.8
19.7
18.9
19.3
2.2
2.1
2.2
290.4
274.0
281.7
5.6
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SD
332.16
313.45
319.84
2.66
2.38
2.51
73.72
81.57
77.48
3.15
2.84
2.99
467.43
687.62
595.13
0.44
0.45
0.45
0.56
0.61
0.58
5.48
5.32
5.36
0.53
0.58
0.56
83.50
96.36
90.23
2.51

Vitamin
B12 (mcg)
Vitamin
C (mg)
Vitamin
D (mcg)
Vitamin
E (mcg)
1

Female
Both
Male
Female
Both
Male
Female
Both
Male
Female
Both

4.0b
110.0a
95.0a
-

15.0b
13.0b
11.0b
-

28.8
19.3
188.4
190.5
182.0
4.5
6.1
5.5
17.2
13.9
15.4

147.43
110.81
228.01
399.61
330.04
4.60
6.34
5.68
44.44
29.50
36.71

42.0
27.8
184.9
234.3
215.1
4.9
7.2
6.3
21.9
10.7
15.4

185.60
142.08
222.85
496.18
405.08
4.48
7.09
6.21
58.13
6.13
38.02

6.6
6.1
147.5
117.1
131.3
4.1
4.3
4.2
10.8
19.3
15.3

3.43
3.06
189.52
94.10
146.30
4.80
4.35
4.53
5.68
47.56
34.90

6.5
6.5
124.6
132.6
129.1
3.4
3.0
3.2
12.0
10.6
11.2

3.36
3.93
104.58
100.74
102.20
2.80
1.95
2.36
6.47
5.36
5.89

6.5
6.8
138.3
151.7
146.1
3.8
3.1
3.4
12.9
10.4
11.5

3.34
4.40
124.37
117.33
119.88
3.40
1.94
2.66
6.92
5.80
6.38

6.6
6.1
105.8
100.7
103.1
2.7
2.9
2.8
10.7
11.0
10.8

3.44
3.06
66.61
51.31
58.55
1.46
1.99
1.75
5.66
4.58
5.08

EFSA Dietary Reference Values for Nutrients (2017); a population reference intake; b adequate intake * p < 0.05 between gender;  p < 0.05 between age groups (Mann-Whitney-U test); values
in bold represent mean intake below recommendations
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3.3.3. Nutritional Sufficiency
The prevalence of nutrient insufficiency and over-consumption, according to gender
and age group, are shown in Tables 7 and 8. The majority of the study population
had intakes below recommendations for energy (54.9%), fibre (82.7%), calcium
(58.6%), magnesium (62.3%), iron (54.9%), folate (66.0%), vitamin D (93.2%) and
vitamin E (61.1%), when supplements were included. The prevalence of energy
insufficiency was higher in younger females (63.2%) than older females (38.2%, p =
0.037). More males than females were not meeting protein recommendations (33.8%
vs. 18.7%, p = 0.044). Zinc insufficiency was more than twice as prevalent in males
compared to females (49.3% vs. 23.1%, p < 0.001), while the prevalence of vitamin
A insufficiency in males was more than triple the female rate (16.9% vs. 5.5%, p =
0.036). Folate insufficiency was more common in the older age group in females
(85.3%), compared to younger females (61.4%, p = 0.030). To identify overconsumption, micronutrient intakes were compared to the tolerable upper intake levels
(ULs) (EFSA, 2017), but no participants were meeting this limit for any of the
investigated nutrients (data not shown).

3.3.4. Dietary Supplement Use
Figure 4 outlines the prevalence of supplement use among participants. In total,
27.2% of the participants used dietary supplements. The most frequently used
supplement was vitamin D, used by 21.6% of subjects. Other supplements used
include vitamin C (9.9%), calcium (9.3%), B vitamins (5.6%) and multivitamins
(5.6%). Overall supplement use was more common among females compared to males
(32.0% vs. 21.0%), although this finding was statistically insignificant.
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Table 7. Prevalence of Energy, Macronutrient and Fibre Insufficiencies in Irish Adults aged ≥65
years
Nutrient
Gender
Prevalence of Insufficiency1
Prevalence of Overconsumption2
Total n (%) 65 – 74 yrs
75 + yrs n Total n
65-74 75+ yrs
n (%)
(%)
(%)
yrs n
n (%)
(%)
Male
40 (56.3%) 25 (61.0%)
15 (50.0%)
31
16
15
Energy (kcal)
(43.7%) (39.0%) (50.0%)
Female
49 (53.8%) 36 (63.2%)
13 (38.2%)
42
21
21
(46.2%) (36.8%) (61.8%)
Both
89 (54.9%) 61 (62.2%)
28 (43.8%)
73
37
36
(45.1%) (37.8%) (56.2%)
Male 24 (33.8%)*
9 (30.0%)
15 (36.6%)
Protein (g)
Female 17 (18.7%)* 10 (17.5%)
7 (20.6%)
No upper limit identified
Both

41 (25.3%)

25 (25.5%)

16 (25.0%)

Male

6 (8.5%)

4 (9.8%)

2 (6.7%)

Female

7 (7.7%)

6 (10.5%)

1 (2.9%)

Both

13 (8.0%)

10 (10.2%)

3 (4.7%)

Male

20 (28.2%)

12 (29.3%)

8 (26.7%)

Female

26 (28.6%)

16 (28.1%)

10 (29.4%)

Both

46 (28.4%)

28 (28.6%)

18 (28.1%)

Male

59 (83.1%)

32 (78.0%)

27 (90.0%)

Female

75 (82.4%)

45 (78.9%)

30 (88.2%)

Both

134 (82.7%)

77 (78.6%)

57 (89.1%)

Fat (g)

Carbohydrate
(g)

Fibre (g)

4
(5.6%)
4
(4.4%)
8
(4.9%)
3
(4.2%)
5
(5.5%)
8
(4.94%)

3 (7.3%)

1 (3.3%)

3 (5.3%)

1 (2.9%)

6 (6.1%)

2 (3.1%)

1 (2.4%)

2 (6.7%)

4 (7.0%)

1 (2.9%)

5 (5.1%)

3 (4.7%)

No upper limit identified

1

Insufficiency defined as having intakes less than EFSA recommended intake range outlined in Table 5; 2 overconsumption defined as having intakes greater than EFSA recommended intake range outlined in Table 2; * p < 0.05
between gender;  p < 0.05 between age group (Pearson’s Chi-squared test)
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Figure 4. Dietary Supplementation Rates (%) of Irish Adults aged ≥65 years (n = 162). Other: vitamin
A, vitamin E, vitamin K, iron, magnesium, zinc, omega 3 fatty acid or glucosamine supplements.

3.3.5. Food Group Intake
The consumption of food groups stratified by gender, and national recommendations
according to the Irish Food Pyramid (Healthy Ireland, 2016) are shown in Table 9.
Males consumed more sugars, preserves and snacks (p = 0.003), fats and oils (p =
0.047) and cereals and potatoes (p = 0.001) than females. All other food groups were
not significantly influenced by gender. Intakes of cereal and potatoes and fruit and
vegetables were within recommendations, while intake of meat, fish, eggs and nuts
was slightly above the recommended intake. Milk and dairy intake was below
recommendations, and intake of sugars and snacks and fats and oils were above
recommended limits.
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Table 8. Prevalence of Micronutrient Insufficiencies in Irish Adults aged ≥65 years
Nutrient
Gender
Prevalence of Insufficiency1
Total n (%)
65-74 years n (%) 75+ years n (%)
Calcium (mg)
Male
41 (57.7%)
22 (53.7%)
19 (63.3%)
Female
54 (59.3%)
34 (59.6%)
20 (58.8%)
Both
95 (58.6%)
56 (57.1%)
39 (60.9%)
Zinc (mg)
Male
35 (49.3%)**
20 (48.8%)
15 (50.0%)
Female
21 (23.1%)**
12 (21.1%)
9 (26.5%)
Both
56 (34.6%)
32 (32.7%)
24 (37.5%)
Magnesium (mg)
Male
50 (70.4%)
27 (65.9%)
23 (76.7%)
Female
51 (56.0%)
33 (57.9%)
18 (52.9%)
Both
101 (62.3%)
60 (61.2%)
41 (64.1%)
Iron (mg)
Male
37 (52.1%)
20 (48.8%)
17 (56.7%)
Female
52 (57.1%)
33 (57.9%)
19 (55.9%)
Both
89 (54.9%)
53 (54.1%)
36 (56.2%)
Vitamin A (mcg)
Male
12 (16.9%)*
8 (19.5%)
4 (13.3%)
Female
5 (5.5%)*
2 (3.5%)
3 (8.8%)
Both
17 (10.5%)
10 (10.2%)
7 (10.9%)
Thiamin (mg)
Male
1 (1.4%)
1 (2.4%)
0 (0.0%)
Female
4 (4.4%)
2 (3.5%)
2 (5.9%)
Both
5 (3.1%)
3 (3.1%)
2 (3.1%)
Riboflavin (mg)
Male
27 (38.0%)
17 (41.5%)
10 (33.3%)
Female
36 (39.6%)
25 (43.9%)
11 (32.4%)
Both
63 (38.9%)
42 (42.9%)
21 (32.8%)
Niacin (mg)
Male
9 (12.7%)
5 (12.2%)
4 (13.3%)
Female
7 (7.7%)
5 (8.8%)
2 (5.9%)
Both
16 (9.9%)
10 (10.2%)
6 (9.4%)
Vitamin B6 (mg)
Male
10 (14.1%)
7 (17.1%)
3 (10.0%)
Female
11 (12.1%)
8 (14.0%)
3 (8.8%)
Both
21 (13.0%)
15 (15.3%)
6 (9.4%)
Folate (mcg)
Male
43 (60.6%)
22 (53.7%)
21 (70.0%)
Female
64 (70.3%)
35 (61.4%)
29 (85.3%)
Both
107 (66.0%)
57 (58.2%)
50 (78.1%)
Vitamin B12 (mcg)
Male
20 (28.2%)
12 (29.3%)
8 (26.7%)
Female
19 (20.9%)
12 (21.1%)
7 (20.6%)
Both
39 (24.1%)
24 (24.5%)
15 (23.4%)
Vitamin C (mg)
Male
35 (49.3%)
19 (46.3%)
16 (53.3%)
Female
33 (36.3%)
17 (29.8%)
16 (47.1%)
Both
68 (42.0%)
36 (36.7%)
32 (50.0%)
Vitamin D (mcg)
Male
68 (95.8%)
39 (95.1%)
29 (96.7%)
Female
83 (91.2%)
50 (87.7%)
33 (97.1%)
Both
151 (93.2%)
89 (90.8%)
62 (96.9%)
Vitamin E (mcg)
Male
45 (63.4%)
24 (58.5%)
21 (70.0%)
Female
54 (59.3%)
36 (63.2%)
18 (52.9%)
Both
99 (61.1%)
60 (61.2%)
39 (60.9%)
1

Insufficiency defined as having intake less than EFSA recommendations outlined in Table 6; * p < 0.05 between
gender; ** p < 0.001 between gender;  p < 0.05 between age group (Pearson’s Chi-squared test)
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Table 9. Average Daily Amounts of Foods Consumed by Irish Adults aged ≥ 65 years
Food group

Mean intake, grams (no. of servings)
Total

Male

Recommended
no. of servings

Females

Meat, poultry, fish,
eggs, nuts
Fruit and vegetables

170.0 (2.4)

176.2 (2.5)

165.1 (2.3) 2

574.3 (7.2)

517.6 (6.5)

618.5 (7.7) 5-7

Cereal products and
potatoes
Milk and dairy
products
Fats and oils

376.1 (3.7)

426.0** (4.4)

337.2** (3.2) 3-5

350.6 (1.9)

334.5 (1.8)

26.8 (3.9)

31.5* (4.5)

41.5 (1.8)

51.8** (2.2)

62.7 (0.5)

103.1 (0.7)

Sugars, preserves and
snacks
Alcoholic beverages

363.2 (2.0) 3
23.1* (3.3) In very small
amounts
33.4** (1.3) Not every day
31.1 (0.3) No set
recommendation

* p < 0.05 between gender, ** p < 0.01 between gender (Mann-Whitney-U test);
according to Irish food pyramid (Healthy Ireland, 2016)



recommended servings
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3.4. Discussion
The current study analysed the nutritional status and dietary intakes of a sample of
Irish community-dwelling adults aged ≥65 years. The prevalence of malnutrition was
low (1.2%), which is consistent with previous research in Cork (Power et al., 2014),
but is lower than the recently estimated national level of 10.7% reported by The Irish
Longitudinal Study of Ageing (TILDA) (Bardon et al., 2018). TILDA used a BMI
cut-off value of <20kg/m2 to define malnutrition, and 3.1% of our study cohort are
considered malnourished by this definition. It should be highlighted that recruitment
methods for this study were conducted at public settings such as community centres
and churches, rather than through invitations sent to homes, as was done by TILDA.
This recruitment procedure introduces a certain level of bias to the results which must
be considered, as those who are most likely to be malnourished are less inclined to
frequently attend community settings, and were thus less likely to have been recruited.
Therefore, the generalisation of these findings to the entire Irish older adult population
is constrained and this may explain the notable difference between studies. A total of
21.0% of participants were classified as being at risk of malnutrition, which is almost
double the rate previously reported in Cork (Power et al., 2014), the reasons for which
are unclear and warrant further investigation. There was also a high prevalence of
overweight (45.1%) and obesity (33.3%) in the study sample. These figures are in line
with previous Irish studies (Power et al., 2014; Leahy et al., 2014), and have
approximately doubled in the last 17 years (Corish et al., 2003). Interestingly, a high
prevalence of energy insufficiency was also reported. It is therefore probable that the
low physical activity level of our older adult population (Murtagh et al., 2015) is
partially accountable for this prevalence.
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Dietary insufficiencies were common in this cohort, with more than 50% of the study
sample having an intake below recommendations for six micronutrients (vitamin D,
vitamin E, folate, iron, calcium and magnesium), energy and fibre. The level of
insufficiencies is higher for almost all micronutrients when compared to the most
recent report (Power et al., 2014). However, it must be considered that the references
used for defining nutrient insufficiencies are not consistent between studies. The
current study used the dietary reference values published by EFSA in 2017, with the
previous report (Power et al., 2014) using the estimated average requirements (EARs)
and adequate intakes (AIs) from the Institute of Medicine and Food Safety Authority
of Ireland (both from 2011). The more recent EFSA recommended intakes used for
this study are higher for almost all micronutrients, partly explaining the higher
prevalence of insufficiencies observed in this study. Additionally, it should be
highlighted that dietary assessment was self-administered for this study, and the
results may have been influenced by factors such as social desirability bias and
memory issues. Thus, the nutrient intakes in this report are somewhat susceptible to
imprecision, and should not be viewed as exact.
Micronutrients have fundamental functions for older adults. Calcium and vitamin D
play an important role in bone health and the prevention of fractures (Tang et al.,
2007; Lowe et al., 2011), an essential consideration for seniors due to their elevated
risk for osteoporosis (Tian et al., 2017). Yet, 93.2% of the study population had
insufficient vitamin D intakes and 58.6% failed to meet calcium recommendations.
While calcium intakes in both genders and vitamin D intakes in males are similar, the
average vitamin D intake is lower for females in this study compared to the 2011
National Adult Nutrition Survey (NANS) (IUNA, 2011) (8.5 vs. 6.1mcg). Vitamins
C and E can help reduce oxidative stress, involved in numerous age-related conditions
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such as cancer and neurodegenerative disorders (Liguoiri et al., 2018). Vitamin C was,
however, deficient in as much as 42.0% of subjects, while 61.1% failed to meet
vitamin E requirements. While the average vitamin C intakes were comparable
between studies, a much lower vitamin E intake was estimated in this study (15.4mcg)
compared to the last report (Power et al., 2014) (28.4-29.7mcg). Further, 66.0% of
participants had inadequate folate intakes, and supplementation rates were negligible.
The average folate intake was also notably lower in this study compared to NANS
(IUNA, 2011), particularly for males (427 vs. 333mcg), which could have significant
implications due to the role of folate in cognitive health (Ramos et al., 2005). A
number of factors contribute to low micronutrient intakes in older individuals; some
of them modifiable, such as lack of variety in the diet (Tsuji et al., 2019) and a poor
level of nutritional knowledge, recently identified in this age group (Jeruszka-Bielak
et al., 2018).
The average intake of vitamin C and vitamin D decreased significantly in the older
age group in females. Furthermore, the prevalence of folate deficiency increased with
age for females, but not in males, implying that age increases the risk of vitamin
deficiency in females only. Despite this, older females were more energy sufficient
compared to younger females. Evidently, despite meeting energy requirements,
micronutrient intakes of the oldest aged females remain inadequate. The results also
identify significant gender differences in the dietary quality of Irish older adults, a
finding that is common to this age group (O’Connor et al., 2017; Power et al., 2014).
Males had a higher prevalence of insufficiency of all investigated nutrients, with the
exception of carbohydrates, and this gender difference was statistically significant for
protein, zinc and vitamin A deficiencies. Additionally, males had a significantly
higher intake of fats and sugars, preserves and snacks, implying a poorer overall
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dietary quality among older males. In light of these findings, there is a clear need to
prioritise the dietary needs of males and the oldest aged females, when it comes to
public health efforts.
Consistent with prior research (O’Connor et al., 2017; Power et al., 2014)
consumption of fats and oils and sugars and snacks was excessive in this age group.
Additionally, average saturated fat and total fat intake were above the recommended
limit. High sugar and fat intake contribute to a number of adverse health outcomes,
including increased risk of cardiovascular disease, obesity, diabetes, as well as
cognitive decline (Duffy et al., 2019; Rippe & Angelopoulos., 2016), and their intake
should be kept within recommended limits. Dairy intake, on the other hand, was below
the 3 daily servings recommended in the Irish food pyramid (Healthy Ireland, 2016).
This finding coincides with TILDA’s previous report, which implies that 70% of those
aged 54 years or over are consuming less than the recommended number of servings
of dairy products per day (O’Connor et al., 2017). Dairy food intake is positively
associated bone mineralisation and muscle mass (Radavelli-Bagatini et al., 2014), an
important consideration for the risk of falls, fractures and sarcopenia. Similarly, dairy
intake has displayed an inverse relationship with hypertension risk in older subjects
(Wang et al., 2008). Thus, improving dairy intake may offer a viable strategy to reduce
the incidence of these conditions.
Other food group intakes were generally within recommendations (Healthy Ireland,
2016), including fruit and vegetable intake. This finding is in contrast with a previous
report by TILDA (O’Connor et al., 2017), which suggests that three quarters of Irish
older adults were failing to meet the recommended 5 servings of fruit and vegetables.
It is possible, however, that the higher age cut-off (≥65 years) used in this study
compared to that used by TILDA (≥54 years) may, in part, contribute to this conflict
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of evidence, as data from the NANS survey (IUNA, 2011) shows that people in the
≥65 year age group consume more fruit and vegetables, compared to those aged under
65 years. In addition, the national food pyramid was recently revised (Healthy Ireland,
2016), with the number of recommended daily servings of fruit and vegetables
updated from 5 to 5-7. It is possible that the higher intake of fruit and vegetables in
this more recent study is a reflection of response to the new recommendation.
Only a small proportion (27%) of our study sample took dietary supplements,
compared to 37% and 51% reported in 2011 and 2013, respectively (Power et al.,
2014; IUNA, 2011). Yet, those who took supplements had a significantly lower risk
of being malnourished. Consistent with prior findings (Power et al., 2014),
supplementation was more common in females than males. 93% of the study
population were failing to meet their vitamin D requirements, and all of the 7% who
achieved the recommendation reported taking vitamin D supplements daily.
Therefore, daily supplementation may be a suitable strategy to achieve the
recommended 15mcg of vitamin D (EFSA, 2017). Additionally, vitamin D was the
most popular supplement used among the study group (22% at least once a week, 8%
daily). There are a number of campaigns highlighting the importance of vitamin D,
such as the Vitamin D Nutritional Policy in Europe (PA International, 2010) and more
locally, the ODIN (Optimal Vitamin D Nutrition and Health through the Life Cycle)
project in Cork (Kiely & Cashman, 2015). These public health education strategies
could explain why vitamin D was the most frequently used supplement, as knowledge
of vitamin D has been identified as a significant predictor of supplement use
(O’Connor et al., 2018). Education is therefore important for improving intakes, and
efforts to promote awareness should be heightened for other key micronutrients to
assist in confronting the suboptimal dietary trends of seniors.
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The limitations of this study must be considered. Firstly, FFQs are not the optimal
method of dietary assessment for older adults due to their reliance on memory. Great
consideration was given, however, when selecting a dietary assessment method for
this study, to ensure both feasibility and validity. Previous evidence suggests that the
EPIC-FFQ produces results that are comparable with the more labour-intensive 7-day
food diary in senior populations (Bartali et al., 2004), and it is frequently employed
for dietary assessment in this age group (Power et al., 2014; Bollwein et al., 2013;
Cesari et al., 2004). Additionally, the study participants were volunteers who chose to
take part in the assessment, and those with significant cognitive impairment were
excluded to facilitate accurate dietary recall. Thus, it is possible that the participants
were particularly healthy individuals with a superior diet and cognitive level not
representative of the general Irish older adult population.

3.5. Conclusion
To conclude, our research suggests a suboptimal nutritional situation in Irish older
community-dwellers. The majority of participants were overweight, with a diet that
was inadequate and distinctly lacking in micronutrient-dense foods. Public health
strategies and dietary intervention, with an emphasis on improving the diet of older
males and females, particularly over 75 years, are crucial. Increasing nutrition
knowledge and improving awareness of dietary supplementation may offer promising
solutions.
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Abstract
Background: Certain nutrients have shown protective effects against frailty, but less
is known about the influence of individual food groups. Thus, this study aimed to
investigate the relationship between intake of different food groups and physical
frailty in a cohort of community-dwelling older adults in Cork, Ireland.
Methods: 142 (n = 81 females, n = 61 males, age 74.1 ± 6.80 years) Irish communitydwelling volunteers aged ≥65 years participated in this study. Dietary intake was
assessed using a validated food frequency questionnaire (FFQ). Frailty was identified
as having three or more of the following criteria: weight loss, exhaustion, weakness,
slow walking speed and low physical activity. Relationships between intakes of food
groups and frailty were determined using Spearman’s rank (and partial rank)
correlations and ordinal logistic regression analysis.
Results: Negative Spearman’s rank correlations were observed between frailty score
and fish and fish products, fruit and vegetables and nuts and seeds, while positive
correlations were found between frailty score and potatoes, fats and oils, and sugars,
preserves and snacks (p < 0.05). After adjustment for confounders, correlations
remained significant (p < 0.05) for all of the above dietary variables, with the
exception of nuts and seeds (p > 0.05). Following ordinal logistic regression, the odds
ratios (ORs) (95% CI) for frailty incidence for those in the lowest tertile of food group
intake compared to the highest were; 3.04 (1.09-8.85) for fish and fish products, 4.34
(1.54-13.13) for fruit and vegetables, 1.52 (0.58-4.15) for nuts and seeds, 0.54 (0.191.51) for potatoes, 0.58 (0.17-1.95) for fats and oils and 0.49 (0.16-1.47) for sugars,
preserves and snacks.
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Conclusion: This study suggests that intakes of selected food groups are
independently associated with frailty. These findings may hold significant relevance
for the development of future frailty prevention programmes.
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4.1. Introduction
Frailty is defined as a reduced ability to cope with everyday stressors due to ageingassociated functional decline in multiple physiological systems (Xue, 2011) and has
been described as one of the most problematic expressions of population ageing
(Clegg et al., 2013). Frailty is closely related to the incidence of disability in older
adults and is linked to increased falls, fractures, hospitalisation and death (Kojima et
al., 2019). Studies suggest the prevalence of frailty in community-dwelling older
adults is up to 24%, with significant variation between countries (O’Caoimh et al.,
2020). In Ireland, the prevalence of frailty is estimated to be 5-24%, depending on the
classification used (Roe et al., 2017). The weight of this condition has substantial
economic relevance, with frailty increasing healthcare expenditure by up to 101% and
the average 3-month healthcare cost estimated at €3659 per frail person in Europe
(Hajek et al., 2017; Bock et al., 2016) This extensive burden highlights the need for
effective frailty prevention strategies, demanding clear understanding of contributing
factors and modifiable areas to be addressed.
Evidence suggests that a relationship exists between nutrition and frailty (Parsons et
al., 2019; Isanejad et al., 2019; Coelho-Junior et al., 2018; Shikany et al., 2013;
Beasley et al., 2010). Food intake often decreases with older age (Giezenaar et al.,
2016) and malnutrition can be more prevalent in older adults due to factors such as
reduced appetite, disease, disability and social factors such as isolation and poverty
(Hickson, 2006). However, diet is modifiable, and nutrition is fast becoming an active
target in health promoting efforts for this age group due to emerging evidence on the
relationship between diet and several health outcomes in older adults (Nowson et al.,
2017). Research to date on the link between diet and frailty is primarily based on
investigation of overall dietary patterns and quality (Parsons et al., 2019; Shikany et
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al., 2013) and protein intake (Isanejad et al., 2019; Coelho-junior et al., 2018; Beasley
et al., 2010), due to the well-established contribution of dietary protein to muscle
health in this age group (Paddon-Jones & Leidy, 2014). Yet, there has been inadequate
investigation on the relationship with individual food group intake. As food group
recommendations, rather than nutrient goals, are used as a national guide for healthy
eating (Healthy Ireland, 2016), identifying which food groups might protect against
frailty could arguably be of greater value than identifying associations with nutrients.
Additionally, promoting intake of particular food groups in education interventions,
rather than highlighting nutrient intake recommendations, may be a more
comprehendible approach for the older adult, as cognitive decline and literacy issues
are prevalent in this cohort (Federman et al., 2009).
The aim of this study was to analyse the relationship between intake of specific food
groups and frailty in a cohort of Irish older adults, identifying dietary areas to target
for future frailty prevention strategies.

4.2. Methods
4.2.1. Study Population
A total of 204 participants aged ≥65 years were recruited on a voluntary basis to
participate in this cross-sectional study. Advertisement for study recruits took place
in health clinics, community centres, sports centres, churches, parish newsletters and
through communication with local radio stations and older adult groups in the city and
county of Cork, Republic of Ireland, from February to June 2019 inclusive. Study
participants were invited to attend screening sessions in small groups at local
community centres and health clinics, where their dietary intake and physical function
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were assessed by trained researchers. Exclusion criteria included those that received
a mini-cog (Steenland et al., 2008) score of <3 (n = 9), were unable to walk 15ft (n =
1), had invalid dietary intake data (n = 33) and/or had incomplete baseline frailty data
(n = 19), leaving 142 (n = 61 male, n = 81 female) participants with complete sets of
data for analysis. Data collection took place between March and July 2019 inclusive.
All participants were informed about the research methods and gave written consent
before completing the physical tests and questionnaires. The methods of the study
were approved by the Cork Institute of Technology Research Ethics Committee
(Cork, Ireland) in December 2018.

4.2.2. Frailty Measurement
Frailty was assessed using the validated methodology and phenotypic definition
described by Fried et al. (2001) which is composed of the following five criteria; selfreported weight loss, exhaustion, low physical activity, weakness and slowness. A
minor modification was made to physical activity measurement, which was assessed
using the previously validated Physical Activity Scale for the Elderly (PASE); a fiveminute self-reported questionnaire based on leisure time, household and occupational
activity (Washburn et al., 1993). Certain activity examples provided in the
questionnaire were revised to ensure suitability for an Irish population. For example,
moderate intensity activities such as ballroom dancing, ice-skating and softball were
replaced with brisk walking, cycling with light effort and dancing for leisure.
Population-specific cut off points were adapted based on the study sample for low
physical activity, weakness and slowness (Table 10). Participants were considered
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pre-frail and frail if they received a positive score for 1-2 and ≥3 of the five criteria,
respectively (Fried et al., 2001). Those with a score of 0 were considered non-frail.
Table 10. Definitions used for Frailty Phenotype
Characteristic

Definition

Inclusion criteria

Weight loss

Self-reported weight loss.

Those who lost more than 10lbs (or 4.5kg) in
the last year.

Exhaustion

“How often in the last week did you

Those who reported 3 or more days in the last

feel that (a) everything you did was

week for either or both.

effort or (b) you could not get going?”
Low Physical

Measured

Activity

Questionnaire.

Weakness

using

the

PASE

Those in the lowest quintile of physical activity
stratified by sex:
Male

PASE Score ≤ 96.32

Female

PASE Score ≤ 75.00

Measurement of handgrip strength

Those in the lowest quintile of grip strength

using a Jamar Plus digital hand-held

stratified by sex and BMI:

dynamometer. The average of three

Male

readings from the hand with the

≤ 22.14kg for BMI ≤ 25.7kg/m2

highest handgrip value was recorded.

≤ 29.40kg for BMI 25.8 -28.2kg/m2
≤ 23.54kg for BMI 28.3 - 30.2kg/m2
≤ 22.0kg for BMI > 30.2kg/m2
Female
≤ 16.60kg for BMI ≤ 25.3kg/m2
≤ 15.38kg for BMI 25.4 – 28.6kg/m2
≤ 16.08kg for BMI 28.7 – 31.6kg/m2
≤ 13.14kg for BMI of > 31.6kg/m2

Slowness

Measurement of time to walk 15ft.

Those in the slowest quintile of walking speed

Average time from two trials with

stratified by sex and height:

1.5m and 1m allowed for acceleration

Male

and deceleration, respectively, was

Walking time ≥ 4.57s for height ≤ 173.0cm

used.

Walking time ≥ 3.90s for height > 173.0cm
Female
Walking time ≥ 5.02s for height ≤ 158.0cm
Walking time ≥ 3.94s for height > 158.0cm

Classification:
➢

0 positive criteria = non-frail

➢

1-2 positive criteria = pre-frail

➢

≥ 3 positive criteria = frail

BMI body mass index; PASE Physical Activity Scale for the Elderly
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4.2.3. Dietary Intake Assessment
Dietary intake was assessed using the validated Food Frequency Questionnaire (FFQ)
used in the European Prospective Investigation into Cancer and Nutrition (EPIC) –
Norfolk Study (Loh et al., 2011). The semi-quantitative FFQ estimates the average
consumption of foods during the last 12 months with participants asked to tick
responses ranging from never or less than once a month to 6+ per day. Additional
questions are given on types of fat used and dietary supplement use. The FFQs were
self-completed by participants, with the guidance of trained researchers. An
introduction was given to participants prior to completion, where they were given
detailed instructions on how to complete the FFQ. Those FFQs that were missing 10
or more responses were excluded from the analysis to improve reliability and prevent
under-reporting (Mulligan et al., 2014). Dietary intake data were analysed and
transformed into food group intake data using the specific FETA software (version
2.53) created for the EPIC study (Mulligan et al., 2014). Intake data on the following
food and beverage groups were attained; meat and meat products, fish and fish
products, milk and milk products, fruit and vegetables, cereals, potatoes, soups and
sauces, nuts and seeds, fats and oils, sugars, preserves and snacks and alcoholic and
non-alcoholic beverages.

4.2.4. Other Measures
Body mass index (BMI) was calculated as weight (kg)/height (m)2. A calibrated
Tanita Scales (model DC-360s, Tanita, Tokyo, Japan) was used for weight (kg)
measurement. Participants were asked to remove any outdoor clothing and shoes. As
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previously recommended (Whigham et al., 2012), 1.2kg and 0.8kg were subtracted
for clothes weight for males and females, respectively. A SECA portable stadiometer
(model 213, SECA North America, Hanover, MD) was used for height (cm)
measurement.

4.2.5. Statistical Analysis
Statistical analyses were performed using RStudio 1.2.1335 for Windows. Descriptive
statistics were used to describe the characteristics of the study group and ShapiroWilk test was used to test for normality of the data. Differences in characteristics
between sexes were analysed using Pearson’s Chi-squared test for categorical
variables and analysis of variance (ANOVA) for numerical data with normal
distribution. As food group intake data was non-normal, the Kruskal-Wallis test was
used for between-group comparisons. Unadjusted Spearman’s rank correlation
coefficients were calculated to initially establish correlations between food intake and
frailty score, followed by partial rank correlation coefficients adjusted for the
following covariates; energy intake (kcal/day), age (years), gender (male/female) and
BMI (kg/m2). To visualise the relationship, scatterplots (with regression lines and
standard errors) were created for the partial correlation of each food group against
frailty score, adjusted for the covariates mentioned above. Dietary data was
normalised prior to multiple regression analyses by organising each food group into
gender-specific tertiles of intake. The cut-off values for each tertile were determined
by using the PERCENTILE function in Microsoft Excel, and participants were then
categorised into their corresponding tertile for intake of each food group (lower,
middle, upper). Ordinal logistic regression was applied to model the relationship
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between food group intakes and frailty, with frailty category entered as the dependant
variable. A cut-point of p < 0.1 for correlation with univariate analyses (Table 12)
was used for inclusion of dietary variables in the model (Ranganthan et al., 2017).
Variance inflation factors (VIFs) were calculated to assess for multi-collinearity (a
VIF of < 4 was used as a cut-point for inclusion) (Hair et al., 2009), and the Brant test
was performed to test for the assumption of proportional odds. The model was
adjusted for energy intake (kcal/day), age (years) gender (male/female), BMI (kg/m2)
and use of dietary supplements (yes/no). Odds ratios (ORs) complemented by 95%
confidence intervals (95% CIs) were calculated for each dietary variable in the model,
with the upper tertile of intake used as reference. A significance level of 5% was used
for interpretation of all statistical analyses.

4.3. Results
The main characteristics of the study sample by frailty status are presented in Table
11. A total of 81 (57.0%) participants were female, 93 (65.5%) participants lived in
an urban area and 111 (78.2%) participants were overweight. Of the 142 participants,
17 (12.0%) participants were classified as frail, 49 (34.5%) participants were pre-frail
and 76 (53.5%) participants were non-frail. The prevalence of pre-frailty and frailty
increased with increasing age (p < 0.001). No significant differences in gender, BMI,
area of residence or weight between frailty classes were observed. Compared to those
who were non-frail, frail participants had a diet that was higher in meat, milk products,
potatoes, fats, sugars, snacks and alcohol, and lower in fish, fruit and vegetables,
cereal products and nuts and seeds. However, the Kruskal-Wallis test found these
between-group differences to be statistically insignificant (p > 0.05).
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Table 11. Characteristics of study sample by frailty status (n = 142)
Characteristics Total (n = 142) Non-frail (n =
Pre-frail (n =
76)
49)
Female sex, n
81 (57.0%)
40 (52.6%)
32 (65.3%)
(%)
Age (y, mean ± 74.1 ± 6.80
71.7 ± 5.23
75.2 ±7.04
SD)***
Living in urban 93 (65.5%)
51 (67.1%)
32 (65.3%)
area n (%)
Weight (kg,
76.9 ± 14.23
77.3 ± 11.8
75.1 ± 16.09
mean ± SD)
Body Mass
28.8 ± 5.01
28.4 ± 3.71
28.6 ± 6.25
Index (kg/m2)
Energy intake,
1758.0
1677.8
1846.0
kcal/day,
(1386.73(1386.73(1441.42median (IQR)
2094.31)
2190.86)
2097.10)
Food group intakes, median g/day (IQR)
Meat and meat
products
Fish and fish
products
Milk and milk
products
Fruit and
vegetables
Cereals and
cereal products
Potatoes
Soups and
sauces
Nuts and seeds
Fats and oils
Sugars,
preserves and
snacks
Alcoholic
beverages
Non-alcoholic
beverages

Frail (n = 17)
9 (52.9%)
82.1 ± 5.71
10 (58.8%)
80.2 ± 18.29
30.7 ± 5.90
1767.0
(1585.672215.73)

92.5 (68.67124.83)
32.1 (16.1053.73)
307.0 (181.24448.81)
462.1 (334.81665.57)
262.3 (189.53332.03)
116.4 (71.39136.97)
44.1 (22.48102.33)
0 (0-4.20)
24.0 (13.5134.60)
29.53 (17.7862.47)

88.0 (60.42121.65)
32.1 (24.0666.39)
296.6 (168.40440.68)
521.3 (411.68775.60)
253.2 (177.45317.09)
106.3 (64.93127.23)
52.3 (23.63106.13)
0 (0-8.70)
20.3 (12.9631.80)
24.7 (14.1158.99)

105.4 (73.43124.79)
32.1 (16.1049.02)
347.2 (225.02449.56)
407.2 (284.17543.70)
275.6 (202.55349.65)
116.4 (71.39142.64)
39.2 (20.30103.43)
0 (0-2.10)
25.9 (12.5236.76)
29.8 (18.0063.75)

112.8 (91.78150.05)
19.3 (12.3427.23)
288.4 (180.62490.66)
349.1 (212.45443.35)
251.3 (194.03299.46)
133.8 (125.00144.35)
40.9 (20.3066.40)
0 (0-0)
32.0 (24.2239.19)
70.9 (31.0083.52)

8.75 (0-56.96)

8.8 (0-57.39)

9.9 (0-56.07)

8.8 (0-23.00)

679.42
(505.67946.90)

671.0 (514.66902.38)

693.0 (491.80965.00)

705.0 (556.70855.00)

IQR inter quartile range; SD standard deviation; *** p < 0.001 (for between-group difference); values in bold
indicate statistical significance (p < 0.05)
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Spearman’s rank correlation and partial rank correlation coefficients for all dietary
variables are presented in Table 12, with scatterplots for partial correlations of food
groups with frailty score shown in Figure 5. There were a number of outliers in the
dataset (Figure 5). Biological data is heterogeneous and often contains unusual, but
not impossible values (Wooley et al., 2020). These outliers were not excluded from
the analysis, as on assessment of the FFQ responses, they were not found to be
unrealistic. For example for alcoholic beverages, one participant’s intake appears to
be outlying at 1296g/day. However, the corresponding FFQ showed a plausible
response (5-6 half pints of beer per day). All energy intakes were also examined to
verify plausibility and a reasonable range of 893.6-3423.2kcal/day was noted (Banna
et al., 2017).
Prior to adjustment for confounders (using Spearman’s rho) intakes of the following
food groups showed significant negative correlations with frailty score; fish and fish
products, fruit and vegetables and nuts and seeds; while intakes of potatoes, sugars,
preserves and snacks and fats and oils were positively correlated with frailty score (p
< 0.05). Following adjustment for gender, age, energy intake and BMI (using partial
correlation coefficients), all of the above correlations remained statistically significant
(p < 0.05), with the exception of nuts and seeds (p > 0.05).
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Table 12. Spearman’s rank (rho) and partial rank† (partial r)
correlation coefficients of dietary variables with frailty score
Variable
Rho
partial r
Meat and meat products
0.147
0.164
Fish and fish products
-0.257**
-0.297***
Milk and milk products
0.077
0.056
Fruit and vegetables
-0.363***
-0.346***
Cereals and cereal products
-0.007
-0.070
Potatoes
0.199*
0.179*
Soups and sauces
-0.103
-0.124
Nuts and seeds
-0.242**
-0.148
Fats and oils
0.179*
0.199*
Sugars, preserves and snacks
0.217**
0.299**
Alcoholic beverages
0.041
0.120
Non-alcoholic beverages
0.019
-0.015
† Adjusted for gender, age, energy intake and body mass index; * p < 0.05; ** p < 0.01; *** p
< 0.001

No multi-collinearity was detected by the VIFs of each dietary variable (all < 4) (Hair
et al., 2009), therefore all variables with a p-value of < 0.1 for univariate analyses
were included in the regression model (Table 13). The Brant test confirmed that the
assumption of proportional odds was met. The ORs and 95% CIs for incident frailty
by tertiles of food group intake are presented in Table 13. In adjusted analyses, the
ORs (95% CI) for those in the lowest tertile of food group intake compared to the
highest were; 3.04 (1.09-8.85) for fish and fish products, 4.34 (1.54-13.13) for fruit
and vegetables, 1.52 (0.58-4.15) for nuts and seeds, 0.54 (0.19-1.51) for potatoes, 0.58
(0.17-1.95) for fats and oils and 0.49 (0.16-1.47) for sugars, preserves and snacks.
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Figure 5. Partial regression plots (± standard error) for intakes of food groups with frailty score in Irish older adults (n = 142) adjusted for
gender, age, energy intake and body mass index
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Table 13. Odds ratios (ORs) and 95% confidence intervals (CIs) for the
association between food group intake and frailty incidence (n = 142)
Food group
OR (95% CI)
Tertile 2†

Tertile 1 (lower)†

Fish and fish products

2.31 (0.84-6.67)

3.04(1.09-8.85)*

Fruit and vegetables

1.30 (0.44-3.85)

4.34 (1.54-13.13)**

Nuts and seeds

1.41 (0.32-6.04)

1.52 (0.58-4.15)

Potatoes

0.34 (0.12-0.90)

0.54 (0.19-1.51)

Fats and oils

0.50 (0.19-1.34)

0.58 (0.17-1.95)

Sugars, preserves and snacks

0.82 (0.30-2.23)

0.49 (0.16-1.47)

Model adjusted for gender, age, energy intake, body mass index and use of dietary supplements; * p
< 0.05; ** p < 0.01; † compared to tertile 3 (upper); values in bold indicate statistical significance (p
< 0.05)
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4.4. Discussion
The current study investigated the association between intake of individual food
groups and frailty in a cohort of community-dwelling adults aged ≥65 years in Ireland.
The prevalence of pre-frailty and frailty in the study sample was 34.5% and 12.0%,
respectively. These findings are similar to those reported on a national level by The
Irish Longitudinal Study of Ageing (TILDA) (Roe et al., 2017) when the same method
of classification was used, and are in line with the overall estimated prevalence of
frailty among European community-dwelling older adults (O’Caoimh et al., 2018).
This study revealed a significant association between frailty and dietary intake;
specifically with intakes of fish, fruit and vegetables, potatoes, fats and oils and sugars
and snacks. One of the strongest relationships observed was between fish and fish
products and frailty, with those in the lowest tertile of intake being 3.04 times more
likely to be frail, compared to those with the highest intakes (p = 0.016). This
relationship has been observed previously (Minamino et al., 2021), and may be
explained by the rich content of high quality protein and branch chain amino acids
(BCAAs) found in fish (Khalili Talimi & Sampels, 2017). Dietary protein plays a
well-recognised role in muscle health and strength in older adults (Paddon-Jones &
Leidy, 2014) by stimulating muscle protein synthesis through activation of the target
of rapamycin (TOR) in skeletal muscle (Drummond & Rasmussen, 2008). This is an
important consideration for older adults, as the muscle protein synthesis response to
protein ingestion becomes blunted with aging (Wall et al., 2015). Fish may thus
provide a valuable protein source to those at risk of functional decline and promoting
fish intake is worthy of investigation for frailty prevention. Interestingly, however, no
association was observed between frailty and meat intake, the primary protein source
in the Irish diet (IUNA, 2011). This may be explained by the types of meat habitually
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consumed by the Irish population. Ham and bacon are the top sources of meat in
Ireland, consumed by 73% of the population (IUNA, 2011). These products can be
highly processed and high in salt and fat, excessive intakes of which have several
health implications (Safe Food, 2019), possibly counteracting any benefits of the rich
protein content on frailty status.
The current study indicates that fruit and vegetable consumption is also associated
with frailty status, with a low intake translating to a 4.34 higher odds of being frail (p
= 0.002). This finding is consistent with prior research in European older adults
(García-Esquinas et al., 2016). Fruit and vegetables are rich in fibre and
micronutrients, each with a specific role in preventing the onset of several diseases
and health conditions (Van Duyn & Pivonka, 2000), possibly translating to a lower
frailty risk. Additionally, fruit and vegetables are a rich source of phytochemicals, a
number of which function as antioxidants (Van Duyn & Pivonka, 2000), and some
bearing strong anti-inflammatory properties (Zhu et al., 2017). Oxidative stress and
inflammatory markers are both elevated in frail persons (Soysal et al., 2017; Soysal
et al., 2016). Higher oxidative stress can contribute to muscle atrophy (Powers et al.,
2012), while similarly, inflammation is linked to measures of muscle mass, strength
and function in older subjects (Westbury et al., 2017). It is likely, therefore, that these
properties contribute to the relationship observed. Despite their potential, however,
increasing fruit and vegetable intake is yet to feature in frailty interventions, and
clinical trials are warranted to explore this prospect.
This study revealed positive, yet weaker, associations between frailty and intake of
potatoes, sugars, preserves and snacks and fats and oils. To the best of our knowledge,
this relationship has not been reported elsewhere. Research has, however, drawn a
recurrent link between reduced frailty risk and adherence to a Mediterranean style
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diet, high in fruit and vegetables, whole grains, nuts and seeds and fish and low in
sugars, saturated fats and meat products (Ntanasi et al., 2018; León-Muñoz et al.,
2014). The findings of this research support this hypothesis. There are a number of
factors which may explain the correlations observed. Those with a higher intake of
sugars, potatoes, snacks and fats may be inclined to have a higher level of adiposity
and fat mass, recently found to be characteristics of frail persons due to factors such
as inflammation, oxidative stress, insulin resistance and increased risk of disease (Xu
et al., 2020). It is also possible that those who consume sugars, snacks and fats more
often have a poorer overall diet quality, lacking in essential nutrients for overall health
maintenance (Louie & Tapsell, 2015) and, thus, increasing frailty risk. Excessive
intake of sugars has also been linked to a number of adverse health outcomes in older
adults, which may, in turn, increase the risk for frailty. Such outcomes include
weakened bones, osteoporosis (DiNicolantonio et al., 2014) and cognitive decline
(Beilharz et al., 2015), each shown to be linked to the incidence of frailty (Bartosch
et al., 2018; Raji et al., 2010). Nonetheless, more detailed investigation with larger
study samples is essential to explicate this relationship.
The estimated dietary intake of this cohort was similar to that reported by older adults
in the most recent National Adult Nutrition Survey (NANS) for most foods (IUNA,
2011). The difference in average energy intake between the two reports was trivial
(11kcal). The average intake of meat and meat products was, however, slightly higher
in this study (92.5g vs 67.0g), while intake of fish and fish products was lower (32.1g
vs 50.0g). There was a notably higher intake of fruit and vegetables in this study
(462.0g vs 285.0g), while a smaller survey in Cork older adults estimated a range in
between these two figures (328-378g) (Power et al., 2014). It should be noted that the
NANS report was completed 9 years prior to the current study and dietary trends may
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have somewhat diverged in this period. Additionally, participants of the current study
were living in a local region of Ireland, only, and not nationwide. Thus, parallel
estimates were not anticipated. Another interesting finding was that those who were
frail had a slightly, although non-significantly higher BMI than those who were prefrail and non-frail. Those who were frailer also tended to be older and since ageing is
generally accompanied by decline in physical stature, this may have resulted in the
higher BMI scores in this group.
It is important to consider the limitations of this study when interpreting the results.
Firstly, as dietary intake was self-reported, it is possible that some social desirability
and recall bias may have impacted the results. Consequentially, the diet-disease
relationship may have been attenuated and some weaker associations may not have
been detected by this study. Much consideration was given, however, when choosing
an appropriate assessment tool that has been well-validated and is suitable for an older
population. The EPIC FFQ has been shown to be capable of producing results similar
to the more labour intensive 7-day food diary in older adults (Bartali et al., 2004) and
has been frequently used as a dietary assessment tool in older populations (Power et
al., 2014; Cesari et al., 2004). A mini-cog score (Steenland et al., 2008) of three or
more was also included as inclusion criteria to minimise dietary recall error, and a
researcher was available at all times to provide guidance to participants where
necessary when completing the FFQs to avoid any reporting errors and optimise
accuracy. The generalisability of the results of this study may also be somewhat
limited by the small sample size of 142. Due to the short time period allocated for the
study, a large study group was not attainable in this instance. Further research with an
increased sample size is desirable to confirm these findings. Finally, the crosssectional design of this study has certain limitations. Dietary intake may be affected
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by the presence of frailty as well as vice versa, and causal relationships are difficult
to establish from cross-sectional analysis. A prospective cohort design would be more
advantageous in clarifying the exact contribution of diet to frailty incidence. However,
cross-sectional observation was appropriate for the objectives of this study, which will
assist in providing a basis for future longitudinal research.

4.5. Conclusion
A significant relationship was observed between frailty and food group intake in this
cohort. Higher consumption of fish and fish products, fruit and vegetables and nuts
and seeds were linked to a lower frailty risk. Contrastingly, higher intake of sugars,
preserves and snacks, potatoes and fats and oils were positively associated with frailty
risk, a finding which has not been reported elsewhere. Further research with larger
study samples and longitudinal design is needed to fully elucidate this relationship.
Additionally, intervention studies are warranted to establish if replacing sugars, fats,
snacks and potatoes with more fish, fruit and vegetables and nuts and seeds can reduce
and/or prevent the prevalence of the condition.
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Abstract
Background: Research suggests that both nutrition and physical activity can protect
mobility in older adults, but it is yet to be determined whether these relationships are
affected by gender. Thus, we investigated the gender-specific relationship between
nutritional status, physical activity level and functional mobility in Irish older adults.
Methods: A cross-sectional study was undertaken in 176 community-dwelling older
adults (73.6 ± 6.61 years) living in Cork, Ireland. Nutritional status was measured
using the Mini Nutritional Assessment-Short Form (MNA-SF) and physical activity
was assessed via the Physical Activity Scale for the Elderly (PASE). Functional
mobility was measured using the Timed Up and Go (TUG) test. The gender-stratified
relationship between variables was assessed using Pearson’s correlations and multiple
linear regression.
Results: The prevalence of impaired mobility was 30.9%. Partial correlations (p <
0.05) were observed for TUG with PASE score in both genders, and with MNA-SF
score in females, only. Multiple regression showed that physical activity was a
predictor of TUG in both genders (β = 0.257 for males, β = 0.209 for females, p <
0.05), while nutritional status was a predictor of TUG in females, only (β = −0.168, p
= 0.030).
Conclusions: Our results suggest that physical activity is associated with functional
mobility in both genders, while the relationship between nutritional status and
mobility may be specific to older females. These findings may be of interest for the
design of future functional preservation strategies.
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5.1 Introduction
Declining fertility rates and increased length of life have resulted in significant growth
in the global older adult population (United Nations, 2020). Currently, there are an
estimated 727 million persons aged 65 years living worldwide, with this figure
expected to more than double by the year 2050 (United Nations, 2020). In response
to this transition, healthy ageing is considered a high priority area on global policy
agendas (World Health Organization, 2018); and initiatives to promote health, ensure
good quality of life and prevent the burden of illness in older age are encouraged.
Ageing often induces a chain of adverse physiological events, with the ultimate consequence being functional deterioration and mobility disability (Navaratnarajah &
Jackson, 2013). As mobility dictates the ability to perform daily life activities and live
independently, strategies to delay functional decline and preserve mobility are
imperative, and the implementation of such strategies is an active research topic (Di
Lorito et al., 2018). Understanding factors associated with mobility decline is an
important primary step in guiding intervention development.
Our understanding of risk factors for mobility impairment has progressed significantly
in recent years, with evidence implicating factors such as chronic diseases, reduced
cognition, and psychological factors as significant contributors (Freiberger et al.,
2020). Only modifiable risk factors can be targeted through intervention, however,
two of which include: (i) physical activity (Tsai et al., 2015), and (ii) nutrition
(Milaneschi et al., 2010), which may protect mobility through various physiological
mechanisms. It is yet to be determined, however, if these relationships are affected by
gender. Gender differences have been observed in the relationship between lifestyle
factors and several ageing-associated disorders, such as cognitive decline (Azad et al.,
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2007) and sarcopenia (Rivera et al., 2016). Further, it was recently reported that,
potentially due to physiological differences, the relationship between diet and frailty
is stronger in female subjects, compared to males (Xu et al., 2021). Considering the
need to tailor functional preservation strategies, modifiable risk factors for mobility
decline should be explored for older men and women, separately.
The Timed Up and Go (TUG) test is a simple tool for measuring functional mobility,
lower extremity strength and balance (Podsiaadlo & Richardson, 1991). Individuals
are instructed to rise from a chair, walk a 10ft distance, turn, walk back to the chair
and return to the sitting position. TUG has been employed as a reliable indicator of
several health deficits in this age group, including frailty (Savva et al., 2013),
sarcopenia (Martinez et al., 2015) and falls risk (Shumway-Cook et al., 2000).
Understanding factors associated with TUG performance is therefore valuable in
informing intervention design, and in helping us to gauge who is at risk for a range of
impairments.
This study aimed to investigate whether the relationship between nutritional status,
physical activity, and functional mobility (measured by TUG) in older adults is gender-specific, in addition to estimating the prevalence of impaired mobility in a cohort
of community-dwelling Cork older adults.

5.2. Methods
5.2.1. Study Population
A total of 204 participants were recruited to participate in this cross-sectional study.
Participants were volunteers aged ≥65 years who responded to advertisements in local
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newsletters, radio stations, community centres, health clinics, churches and
promotional sessions delivered to older adult community groups in Cork city and
county, a region in southern Ireland. Participant recruitment took place from February
to June 2019 inclusive. Inclusion criteria included age (≥65 years), communitydwelling, ability to walk 15ft (with the use of a walking aid, if necessary) and
informed consent. Those who received a mini-cog (Steenland et al., 2008) score of <3
(n = 9), were unable to walk (n = 1) or did not complete the TUG test (n = 18) were
excluded from the study, resulting in a study sample size of 176 participants (n = 96
female, n = 80 male, 73.6 ± 6.61 years) with complete sets of data for analysis. Study
participants attended health screening sessions at community settings across Cork
where their nutritional status, physical activity level and physical performance by
TUG was measured, from March to July 2019 inclusive. Written informed consent
was obtained from all participants prior to the commencement of the research. Ethical
approval for this study was granted by the Cork Institute of Technology Research
Ethics Committee (Cork, Ireland) in December 2018. Written informed consent was
obtained from all participants prior to the commencement of the study.

5.2.2. Nutritional Status
Nutritional status was assessed using the Mini Nutritional Assessment—Short Form
(MNA-SF) (Rubenstein et al., 2001). The MNA-SF is a 6-item nutrition screening
tool specifically developed for older subjects and classifies individuals as
malnourished (score of ≤7), at risk of malnutrition (score of 8–11) or of normal
nutritional status (score of 12–14). It comprises measurement of body mass index
(BMI) and questions on food intake, weight loss, mobility, and stress/disease. BMI
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was measured as weight (kg)/height (m)2. Weight (kg) was measured using a
calibrated Tanita body composition analyser (model DC-360s, Tanita, Tokyo).
Participants were asked to remove footwear and outer clothing prior to stepping on
the scales. To allow for clothing weight, 1.2 kg and 0.8 kg were subtracted from the
weight readings for males and females, respectively, as recommended by Whigham
et al. (2012). Height (cm) was measured using a SECA portable stadiometer (model
213, SECA, Hanover, MD) with participants instructed to look straight ahead during
measurement.

5.2.3. Physical Activity Level
Physical activity was measured using the Physical Activity Scale for the Elderly
(PASE), a five-minute self-reported questionnaire based on household, leisure and
occupational activity (Washburn et al., 1993). PASE derives an overall score based
on activity intensity, frequency and duration during the prior 7 days. The PASE
questionnaire was the selected tool for this study as it is quick and inexpensive to use,
has a strong record of validity in older populations (Dinger et al., 2004; Washburn et
al., 1999) and has shown suitability for use in research studies investigating the
association between physical activity, health, and physical function in older
individuals, even where the sample size is small (Dinger et al., 2004). Further, a recent
systematic review of physical activity questionnaires for older adults recommended
PASE as the optimum self-assessment tool for total physical activity level
measurement in this age group (Sattler et al., 2020). Minor adaptations were made to
the questionnaire to improve the relevance of listed examples for an Irish audience.
For example, moderate-intensity activities such as ballroom dancing, ice-skating and
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softball were replaced with brisk walking, cycling with light effort and dancing for
leisure in the adapted version.

5.2.4. Timed Up and Go (TUG) Performance
The TUG was performed using the protocol outlined by the Center for Disease Control
and Prevention (CDC, 2017). Participants wore their regular footwear and used a
walking aid if required. A chair with a straight back and fixed arms, and with the seat
positioned 46 cm above the ground was used. A 10ft distance was marked from the
front of the chair and participants were instructed to, on the word “Go”; rise from the
chair, walk to the mark placed 10 ft away (at normal walking pace), turn, walk back
to the chair and return to the sitting position. Participants undertook one practice round
before the assessment. A stopwatch commenced on the word “Go” and stopped when
the participant’s back was against the back of the chair after returning to the sitting
position. A cut-off time of >10 s was used to define impaired mobility (Lee et al.,
2020).

5.2.5. Statistical Analyses
Statistical analyses were performed using RStudio 1.2.1335 (RStudio, PBC, Boston,
MA, USA) for Windows. Descriptive statistics were used to describe the
characteristics of the study group. Continuous variables are presented as means and
standard deviations (SDs) and categorical variables are presented as numbers (n) and
percentages (%). Independent t-tests and Mann–Whitney-U tests (depending on
whether the data fitted a normal distribution or not) were used to describe differences
in numerical variables between genders, while Pearson’s chi-squared test was used
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for categorical data. Correlations between TUG and MNA-SF score and PASE score
were established by calculating unadjusted Pearson’s correlation coefficients,
followed by partial correlation coefficients adjusted for age (years), BMI (kg/m2) and
area of residence (urban/rural). To visualise the relationships, partial regression plots
were created (with regression line and standard errors) for MNA-SF score and PASE
score against TUG time in males and females, separately. Multiple linear regression
was then used to investigate the relationship between nutritional status, physical
activity level, demographic variables, and TUG performance for each gender. Due to
the considerably larger sample size required for the detection of interaction effects
(Leon & Heo, 2009), a separate regression model was built for each gender, as
opposed to including gender interaction effects in one model (Xiao & Xu., 2020; Zhao
et al., 2020). Variance inflation factors (VIF) were calculated to assess for multicollinearity (a VIF of < 4 was used as a cut-point for inclusion in the model) (Hair et
al., 2009) and Durbin–Watson and Shapiro–Wilk tests were applied to the residuals
to ensure assumptions of homoscedasticity and normally distributed were met,
respectively. Due to the small number of participants classified as malnourished (n =
2), those who were malnourished and at risk of malnutrition (n = 36) were grouped
together for multiple regression analysis. Independent variables entered were age
(years), area of residence (urban/rural), BMI (kg/m2) PASE score and nutritional
status (normal/malnourished or at risk). Unstandardised regression coefficients, B
(with 95% confidence intervals), and standardised regression coefficients, β, were
calculated for each predictor in the models. A significance level of 5% was used for
the interpretation of all inferential statistics.
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5.3. Results
The main characteristics of the study sample are shown in Table 14. A total of 96
(56.8%) participants were female and 117 (66.5%) were living in an urban area. The
average TUG time was 9.5 ± 2.38s, and this was significantly (p = 0.026) longer for
females (9.9 ± 2.65s) than males (9.0 ± 1.92s). Overall, 30.1% (n = 53) of the study
group had impaired mobility (TUG >10s) (Lee et al., 2020), and although more
prevalent in females than males (36.5% vs. 22.5%), this difference was not
statistically significant (p = 0.065). A total of 1.1% (n = 2) and 19.3% (n = 34) of the
study population were malnourished and at risk of malnutrition, respectively. Males
were significantly more physically active than females (p = 0.008). No other
statistically significant differences were found.

Table 14. Characteristics of study sample

Age; y, mean ± SD
Living in urban area; n (%)
BMI; kg/m2, mean ± SD
TUG; s, mean ± SD
Impaired mobility: TUG ≥10s;
n (%)
PASE Score; mean ± SD
Nutritional status; n (%)
Normal status (score 12-14)
At risk of malnutrition (score 811)
Malnourished (score 0-7)

Males (n =
80)
73.8 ± 6.3
58 (72.5)
28.5 ± 3.4
9.0 ± 1.9
18 (22.5)

Females (n =
96)
73.5 ± 6.9
59 (61.5)
28.3 ± 5.6
9.9 ± 2.7
35 (36.5)

Total (n =
176)
73.6 ± 6.6
117 (66.5)
28.4 ± 4.7
9.5 ± 2.4
53 (30.1)

150.9 ± 65.7

131.5 ± 66.2

140.3 ± 66.5

68 (85.0)
12 (15.0)

72 (75.0)
22 (22.9)

140 (79.5)
34 (19.3)

0 (0)

2 (2.1)

2 (1.1)

BMI body mass index; PASE physical activity scale for the elderly; TUG timed up and go; SD standard
deviation; values in bold indicate statistical significance between genders (p < 0.05 calculated by MannWhitney-U test).
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Table 15 shows unadjusted and adjusted correlation coefficients for PASE score and
MNA-SF score with TUG time, by gender, with partial correlation plots presented in
Figure 6. Both prior to and after adjustment, PASE score was significantly correlated
with TUG time in both genders (adjusted p = 0.006 for males, p = 0.011 for females),
while MNA-SF score was significantly correlated with TUG score in females (p =
0.002), but not in males (p = 0.196).

Table 15. Pearson’s (r) and partial r† correlation coefficients of PASE score
and MNA-SF score with TUG time for males and females (n = 176)
Variable

PASE Score

Males (n = 80)

Females (n = 96)

r

partial r

R

partial r

-0.349**

-0.308**

-0.454***

-0.262*

-0.149

-0.313**

-0.316**

MNA-SF score -0.121

PASE physical activity scale for the elderly; MNA-SF mini nutritional assessment – short form; †
adjusted for age, body mass index and area of residence; * p < 0.05; ** p < 0.01; *** p < 0.001

No multi-collinearity was detected for any of the variables (all VIFs < 4) (Hair et al.,
2009). The predictors included in the multiple linear regression models (age, area of
residence, PASE score, nutritional status, and BMI) explained a greater amount of the
variation in TUG time for females, compared to males (Table 16, R2 = 37.4% for
males, R2 = 49.9% for females). In both genders, increasing age was significantly
associated with a longer TUG time (β = 0.499 for males, β = 0.533 for females; both p
< 0.001), while higher PASE score was significantly associated with a shorter TUG
time (β = −0.257 for males, β = −0.209 for females; p < 0.05). In females, a normal
nutritional status (compared to malnourished or at risk) was significantly associated
with a shorter TUG time (β = −0.168, p = 0.030). This relationship was not observed
in males.
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(a) Males

(b) Females

Figure 6. Partial correlation plots (adjusted for age, area of residence and body mass index) with
standard error for PASE score and MNA-SF score with TUG time (s) in (a) Males and (b) Females.
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Table 16. Regression coefficients (B) and standardised regression coefficients (β)
with 95% confidence intervals (95% CIs) for independent variables with TUG
time in males (R2 = 37.4%) and females (R2 = 49.9%)
Independent variables
B
95% CI (for B) Β
p – value VIF
Males (n = 80)
Intercept

-3.909

-

-

-

-

Age

0.151

[0.096 – 0.207]

0.499

< 0.001

1.06

BMI

0.104

[-0.001 – 0.209]

0.186

0.051

1.11

Residence (rural)

0.472

[-0.327 – 1.271]

0.113

0.243

1.15

Nutritional status
(normal)
PASE score

-0.409

[-1.369 – 0.551]

-0.077

0.398

1.03

-0.007

[-0.013 – 0.002]

-0.257

0.008

1.11

Intercept

-4.962

-

-

-

-

Age

0.205

[0.142 – 0.269]

0.533

< 0.001

1.29

BMI

0.067

[-0.002 - 0.137]

0.141

0.058

1.03

Residence (rural)

0.509

[-0.317 - 1.334]

0.094

0.224

1.12

Nutritional status
(normal)
PASE score

-1.020

[-1.936 - -0.104]

-0.168

0.030

1.09

-0.009

[-0.015 – 0.002]

-0.209

0.014

1.31

Females (n = 96)

BMI body mass index; MNA-SF mini nutritional assessment-short form; PASE physical activity scale
for the elderly; VIF variance inflation factor; values in bold indicate statistical significance for regression
coefficients (p < 0.05)
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5.4. Discussion
The current study investigated the gender-specific relationship between nutritional
status, physical activity and functional mobility as measured by the TUG in a cohort
of Irish community-dwelling older adults. The prevalence of impaired mobility in
this cohort was 30.1%, and was slightly, although not statistically significant, higher
in females compared to males (36.5% vs. 22.5%). Although comparable data are
limited, this figure is similar to the prevalence of slow gait speed (29.8%) reported
from a recent analysis of older adults from six countries, including Ireland (Greene
et al., 2019), and is slightly lower than the estimated prevalence of mobility
limitations in US older subjects (39.8%) (Musich et al., 2018). No other data were
found on the national prevalence of mobility impairment. However, the average TUG
time in this cohort (9.5 ± 2.38s) is in line with that previously reported for Irish older
adults (9.0 ± 2.46s) by The Irish Longitudinal Study of Ageing (TILDA) (Donoghue
et al., 2013) and is almost identical to that estimated from a worldwide meta-analysis
of twenty-one studies in older adults (9.4s) (Bohannon, 2006). Consistent with prior
research in Irish older adults using the MNA (Power et al., 2014), the prevalence of
malnutrition in this group was low (1.1%).

Increasing age was associated with a longer TUG time in both genders, and the
average TUG time was significantly longer for females, compared to males in this
cohort (9.9s vs. 9.0s, p = 0.026), a finding that has also been reported elsewhere
(Ibrahim et al., 2017). Males are taller than females, and stature is associated with
gait speed (Bohannon, 1997). However, it was recently suggested that gait speed may
be affected by height in early ageing only and that this effect is attenuated as age
increases beyond 65 years (Elbaz et al., 2018). Another, perhaps more likely reason,
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may be the higher muscle mass and strength of males, compared to females (Miller
et al., 1993). This increased strength may translate to better TUG performance, as
improved lower extremity strength is associated with better gait function (Wu et al.,
2020). Males also had significantly higher physical activity scores in this study (p =
0.008), a recurrent finding in this age group, as proposed by a systematic review of
53 studies (Sun et al., 2013).

Higher levels of physical activity are known to protect muscle mass by inducing
alterations in skeletal muscle (Cartee et al., 2016). This can have a knock-on effect
of also helping to protect bone mass (Kim et al., 2018), both important factors for
mobility preservation in the ageing population. In the current study, self-reported
physical activity level was significantly associated with TUG performance,
irrespective of gender (β = -0.257 for males, β = -0.209 for females; p < 0.05).
Research on the relationship between physical activity and physical function is
generally indicative of a positive effect, and numerous interventions incorporating
exercise programmes have led to improved functional outcomes in older adults (Di
Lorito et al., 2021). Thus, a beneficial effect of physical activity on mobility was
anticipated. However, it has been suggested elsewhere that physical activity level
does not affect functional fitness when age is controlled for (Donat Tuna et al., 2009),
while more recently, it was suggested that a relationship exists between physical
activity and functional parameters in older males, but not females (Rivera et al.,
2016). The reason for this conflict of evidence is unclear, but it may be due to the
different outcome measures used in these studies, as opposed to TUG. For example,
Rivera et al. (2016) measured functional performance based on the 4-metre speed
test, chair tests and handgrip strength, while Donat Tuna et al. (2009) included the
30-s chair-stand test, the 8-feet up and go test, and the 6-min walk test. The absence
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of a gold standard method for assessing performance is likely to introduce
heterogeneity to results between studies.

Inadequate nutrition may contribute to impaired mobility due to factors such as
feelings of exhaustion, weight loss and reduced activity and strength, and, indeed,
research has shown that lower overall nutritional status is linked to an increased risk
for disability (Ge et al., 2020). In the current study, MNA-SF score was significantly
correlated with TUG (partial r = -0.316, p = 0.002) and nutritional status was a
significant predictor of functional mobility in older females (β = -0.168, p = 0.030).
Interestingly, no such relationship was observed in older males, a finding that has not
been reported elsewhere. However, gender differences have been reported in the
association between nutrition and several health outcomes in adults, including frailty
(Xu et al., 2021), obesity (Zhao et al., 2020) and risk for hypertension (Song et al.,
2018), with stronger effects consistently reported in female subjects. Although exact
mechanisms remain unclear, there are several physiological gender differences that
may explain a more pronounced response to nutrition in females. Older females are
at higher risk for chronic inflammation due to postmenopausal decreases in sex
hormones (Abildgaard et al., 2020), which may subsequently increase the risk for
mobility decline through adverse effects on muscle (Wang et al., 2017). In addition,
this elevated risk may cause females to be more susceptible to chronic pain and
depression and, consequentially, polypharmacy tends to be higher in females than
males (Bijani et al., 2014). This could subsequently contribute to a stronger response
to nutrition in females, as medication use is associated with a reduced level of
physical activity (Bertoldi et al., 2006), and central nervous system drugs such as
opioids and anti-depressants increase the risk for mobility limitations (Boudreau et
al., 2009). Additionally, older females may be more sensitive to inadequate intakes
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of certain nutrients such as vitamin D and calcium, due to their elevated risk for bone
loss (Alswat, 2017), or inadequate protein intake due to the lower lean mass of older
females, compared to males (Schorr et al., 2018). This may explain a greater impact
of poor nutrition on mobility in females, as bone mass, muscle mass and functional
parameters are strongly related (Shin et al., 2011). It is also possible, however, that
the relationship between nutritional status and functional mobility in males may have
been attenuated by the relatively small (n = 176) sample size of the current study, and
the fact that there were more female (n = 96) than male (n = 80) participants. Further
research is needed to confirm these findings and to explore the underlying
mechanisms which may explain gender differences in the relationship between
nutritional status and mobility.

The limitations of this study must be considered when interpreting the findings.
Firstly, the participants of this research were self-selected volunteers who responded
to advertisements for the study in community settings. Therefore, those who are most
likely to suffer from mobility impairment and malnutrition may not have been
included, potentially resulting in a biased study sample that may not accurately
represent the population. However, the average TUG time reported in this study is
reassuringly comparable with that reported from a nationally representative study
(Donoghue et al., 2013), indicating that such bias may have been marginal.
Additionally, medication use by participants was not recorded in this study and was
thus not controlled for in the analysis. This may somewhat limit the accuracy of the
results observed as medication use can have an impact on both physical activity and
functional mobility level (Boudreau et al., 2009; Bertoldi et al., 2006). Finally, crosssectional analyses are unable to identify cause-effect relationships, and further
investigation with a longitudinal study design would be useful in confirming the
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direction of the associations observed. However, the cross-sectional study design was
suitable for the objectives of this study, which was exploratory in nature.

5.5. Conclusion
The results of this study suggest that a higher level of physical activity is associated
with improved functional mobility in older adults, irrespective of gender. However,
better nutritional status was associated with better functional mobility in female
subjects, only, implying that the relationship between nutritional status and mobility
may be gender-specific. Reasons for this gender difference warrant a more detailed,
longitudinal investigation, in order to further define critical components for tailored
functional preservation strategies for both genders.
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Abstract
Background: To design nutrition interventions that are tailored to meet the needs of
the target group, it is important to consider the population-specific factors which affect
behaviour. Therefore, this study aimed to identify the most prevalent perceived
motivators of food choice and modifiable barriers to healthy eating in Irish older
adults, and to investigate their relationship with intakes of specific food groups.
Methods: 144 (n = 79 females, n = 65 males) adults aged ≥65 years took part in this
cross-sectional study. Food group intakes were assessed using a food frequency
questionnaire (FFQ) and perceived motivators of food choice/modifiable barriers to
healthy eating were examined using a custom-designed questionnaire. Spearman’s
rank correlations and logistic regression analysis were performed to investigate the
relationship between motivators/barriers and intakes of specific food groups.
Results: The primary food choice motivator was ‘taste’ (n = 121, 84.0%), followed
by ‘healthiness’ (n = 99, 68.8%). While the motivator ‘taste’ was not associated with
any food group intakes (p > 0.05), being motivated by ‘healthiness’ was significantly
associated with a higher intake of fruit and vegetables and a lower intake of fats/oils
and sugars, preserves and snacks (p < 0.05). The most prevalent identified barriers
were ‘lack of cooking skills’ (n = 47, 32.7%) and ‘lack of motivation/willpower’ (n =
45, 31.2%). ‘Lack of cooking skills’ was significantly associated with a lower intake
of fish products, only, while ‘lack of motivation/willpower’ was significantly
associated with a lower intake of fruit and vegetables and a higher intake of sugars
and fats (p < 0.05). Logistic regression showed that those who considered ‘lack of
motivation/willpower’ to be a healthy eating barrier and ‘convenience’ to be a food
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choice motivator had a significantly higher intake of fats and oils (OR = 4.57 [1.5214.96] and 6.07 [1.91-20.63], respectively, p < 0.05)
Conclusions: This study identified the primary food choice motivators and
modifiable barriers to healthy eating in a cohort of Irish older adults, and revealed a
number of associations between motivators/barriers and food group intakes. These
findings may be of significant interest for the design of future nutrition interventions
in older adults by highlighting the key areas to consider in order to effectively modify
dietary behaviours in this cohort.
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6.1. Introduction
Healthy dietary patterns play a vital role in population health and wellbeing, and they
become increasingly important as we age (Robinson, 2018). The physiological
process of ageing increases the risk for numerous diseases and conditions, some of
which can be delayed with good nutrition; including sarcopenia and frailty (CruzJentoft et al., 2017), osteoporosis (Higgs et al., 2017) and dementia (Canevelli et al.,
2016). Ageing also increases the risk for inadequate nutrition due to a number of social
and medical factors (Hickson, 2006), and meeting age-specific dietary requirements
can often be a challenge for this age group (ter Borg et al., 2015).
It is well-recognised that dietary patterns are often suboptimal in older populations
(Yannakoulia et al., 2018). The prevalence of nutrient insufficiencies and malnutrition
are a significant concern for those aged over 65 years, with up to 28% of older
Europeans estimated to be at high risk of undernutrition (Leij-Halfwerk et al., 2019).
Further, micronutrient inadequacies are frequently reported in this cohort, with several
health implications (ter Borg et al., 2015). Evidently, there is a need to promote
healthy dietary habits in older adults, and public health strategies are warranted to
reduce nutritional risk and promote healthy ageing in this vulnerable group.
Healthy ageing is an active research topic (Rudnicka et al., 2020), and initiatives
which incorporate nutrition education have shown promising evidence of protection
against several health consequences in this age group (Kim et al., 2012; Young et al.,
2011). In order to design interventions that are tailored to meet their needs, it is
important to consider the population-specific factors which affect behaviour;
particularly those which can be targeted and modified. This concept is highlighted by
The Health Belief Model (HBM) (Maiman & Becker, 1974)); a behaviour change

159

theory for disease prevention that is frequently used for nutrition interventions in older
populations (Amirzadeh Iranagh et al., 2018; Amirzadeh Iranagh et al., 2016). A
fundamental component of the HBM is identifying perceived barriers to the desired
behaviour in the target audience, and designing strategies to address them.
Information on factors affecting food choices in older adults is continuing to emerge,
with social factors, knowledge, health awareness and resistance to change playing a
role (Miller & Steinle, 2020; Mohd Shahrin et al., 2019). Yet, to date, this has not
been well studied in the Irish population. Moreover, few studies have investigated
how healthy eating barriers and motivators affect dietary intake; information which is
useful in identifying the most influential factors on behaviour.
The aim of this study was to identify the primary motivators of food choice and
modifiable perceived barriers to healthy eating in a cohort of Irish communitydwelling older adults, in addition to investigating whether there is a relationship
between these perceived barriers/motivators and the intakes of individual food groups.

6.2. Methods
6.2.1. Study population
A total of 204 self-selected participants were recruited for this study. Advertisements
were placed in community centres, churches, newsletters and radio stations and
promotional talks were given to older adult community groups to recruit volunteers
around Cork City and County, Southern Ireland. Inclusion criteria included age ≥65
years, community-dwelling and a mini-cog (Steenland et al., 2008) score of ≥3. Those
receiving parenteral nutrition (n = 0), with a mini-cog score of <3 (n = 9), who did not
complete the nutritional barrier/motivator questionnaire in full (n = 18) and/or who
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were missing 10 or more food frequency questionnaire (FFQ) responses (n = 33) were
excluded, resulting in a sample of 144 (n = 79 females, n = 65 males, 73.9 ± 6.59
years) older adults with complete sets of data for analysis. Data collection took place
in community centres and health clinics around Cork from March to July 2019,
inclusive, in small groups of 3-4 participants, where questionnaires were completed
on dietary intake and nutritional barriers/motivators. Ethical approval for the research
was granted by Cork Institute of Technology Research Ethics Committee in December
2018. Informed consent was obtained from all participants prior to commencement
of the study.

6.2.2. Food group intake
Food group intake was assessed using the original version of the semi-quantitative
FFQ used in the European Prospective Investigation into Cancer and Nutrition (EPIC)
– Norfolk Study (Loh et al., 2011). The FFQ assesses the average consumption of
foods during the last year using household measures and contains a 130-item
food/beverage list, with responses ranging from ‘never/less than once a month’ to ‘6+
per day’. The serving size for each food/beverage item is outlined in the questionnaire
in terms of usual portions (e.g., one medium serving of rice, one 125g carton of
yoghurt, one slice of bread) or household measures (e.g., one cup of tea, one
tablespoon of cream, one teaspoon of butter). The questionnaires were self-completed,
with researcher assistance where necessary. The FFQ responses were transferred to
the corresponding MS Excel template sheet and transformed into food group data (in
grams) using the EPIC-FFQ specific FETA software (Mulligan et al., 2014). Any
questionnaire that was missing 10 or more responses was excluded to prevent under-
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reporting (Mulligan et al., 2014). Further, any participant with implausible energy
intakes (defined as values outside of the range of 500-3500kcal/day for women and
800-4200kcal/day for men (Banna et al., 2017) were excluded from the analysis.
The output file generated from the FETA software indicates food group intake in total
grams, rather than number of servings. Food group intakes were therefore converted
from grams to estimated number of servings using national recommended serving
sizes (Healthy Ireland, 2016; HSE, 2016), where possible. However, for certain food
groups this was not possible. For example with dairy intake, the FFQ output
information does not give a breakdown of the different types of dairy when indicating
the number of grams consumed daily, and the national food pyramid recommends
varying serving sizes for different types dairy foods (Healthy Ireland, 2016). Thus,
for intake of dairy, cereals and potatoes and sugars, preserves and snacks, the average
number of servings reported in the crude FFQ responses was directly used, instead of
converting from grams to number of servings.

6.2.3. Perceived motivators of food choice and modifiable barriers to health
eating
A customised two-section questionnaire was developed by the research team to
examine the perceived motivators of food choice and modifiable barriers to healthy
eating and in this group, and was included at the end of the FFQ. Participants were
asked to respond to the following statements;
‘I sometimes struggle to eat healthily because….’
and

162

‘My food choice is influenced by…..’
The listed options for motivators/barriers were based on existing literature on
nutritional motivators and barriers in this age group, with listed barriers specifically
focussed on modifiable factors. Items listed related to cost, motivation/willpower,
cooking skills, convenience, health awareness, sensory appeal, and familiarity (Miller
et al., 2020; Locher et al., 2009) (Table 17). If participants believed that they did not
struggle to eat healthily, they were instructed to state this in the questionnaire under
‘other’. The questionnaire was trialled in a pilot group of older adults (n = 5 females,
n = 3 males) to check for understanding and gather feedback via group interview
before administering on a wider scale. The questionnaire was administered to the pilot
group in two different formats: (i) 5-item Likert scale and (ii) ranking response (1-5).
Each participant was asked to indicate which format they preferred. The Likert scale
design was the preferred format by the majority of the group and was chosen for the
final version of the questionnaire. During the feedback interview, it was also
suggested by the pilot group that a space be provided for participants to add any
additional perceived barriers/motivators which were not listed in the questionnaire.
No other amendments were suggested by participants. The five levels of agreement
for both motivator and barrier responses were listed in the following order; strongly
disagree, disagree, neither disagree nor agree, agree and strongly agree, with
additional space provided under ‘other’ for participants to provide details of any
additional barriers. Summary terms for perceived barriers are used throughout the
article for ease of writing and are outlined in Table 17.

163

Table 17. Items listed on questionnaire
Statement

Responses

‘I sometimes struggle I find healthy foods
to
eat
healthily boring/unappetising
because…’
I lack the
motivation/willpower
I don’t know how to decide if
foods are healthy or not
I am confused about what I
should be eating
I have limited cooking skills

Summary term
‘Boring/unappetising’
‘Lack of
motivation/willpower’
‘Lack of knowledge’
‘Confusion about healthy
choices’
‘Lack of cooking skills’

Other (please explain)
‘My food choice is
influenced by…’

Taste
Healthiness
Cost
Convenience
Familiarity
Other (please explain)

6.2.4. Anthropometric measurements
Body mass index (BMI) was calculated as weight (kg)/height (m2). Weight (kg) was
measured using a calibrated Tanita body composition analyser (Model DC-360s,
Tanita, Tokyo) with participants asked to remove footwear and outdoor clothing. To
allow for clothing weight, 1.2kg and 0.8kg were subtracted for males and females,
respectively (Whigham et al., 2012). Height (cm) was measured using a portable
SECA stadiometer (model 213, SECA, Hanover, MD), following the protocol
outlined by the European Health Examination Survey (HES) (HES, 2008).
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6.2.5. Statistical Analysis
Statistical analyses were performed using RStudio 1.2.1335 for Windows. Descriptive
statistics were used to describe the characteristics of the study group and ShapiroWilk test was used to test the quantitative data for being normally distributed.
Quantitative data that were found to be normally distributed were presented as the
mean and standard deviation (SD) while non-normal quantitative data were presented
as median and interquartile range (IQR). Pearon’s Chi-squared test was used to assess
differences in categorical variables between genders, while the Wilcoxon signed rank
test was used for food group data due to non-normal distribution. Due to the ordinal
nature of the barrier/motivator data, Spearman’s rank correlation coefficients were
calculated for the relationship between the level of agreement reported for each listed
motivator/barrier and intake of each food group, followed by partial rank correlation
coefficients adjusted for age (years), gender (male/female), total energy intake
(kcal/day) and BMI (kg/m2). As a number of significant correlations were observed
for the following food groups; fruit and vegetables, sugars, preserves and snacks and
fats/oils, their association with perceived motivators and barriers was further assessed
using multiple logistic regression analysis, adjusted for the covariates mentioned
above. Intakes of food groups were split by the median into higher or lower
consumption (Pinho et al., 2018) and entered as the dependant variables for the
logistic regression analysis. All motivators/barriers to healthy eating were included as
binary variables to indicate whether an individual did or did not perceive a certain
variable as a barrier to healthy eating. Variance inflation factors (VIF) were calculated
to assess for multi-collinearity of continuous variables (a VIF of < 4 was used as a
cut-point for inclusion) (Hair et al., 2009). Odds ratios (ORs) with 95% confidence
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intervals were calculated for each variable in the model. A significance level of 5%
was used for interpretation of all statistical analyses.

6.3. Results
6.3.1. Food group intakes
Intakes of most food groups was within recommendations (Table 18, Healthy Ireland,
2016). However, dairy food intake was below the recommended 3 portions a day at
an average of 1.6 servings, and intakes of sugars, preserves and snacks (1.5 servings)
and fats/oils (3.4 servings) exceeded the recommended limits of not every day and in
very small amounts, respectively (Healthy Ireland, 2016).
Table 18. Characteristics of study sample (n = 144)
Mean age (years) ± SD
73.9 ± 6.59
Female gender, n (%)
79 (54.9)
Urban residence, n (%)
98 (68.1)
Mean BMI (kg/m2) ± SD
28.8 ± 4.92
Median energy intake, kcal/day
1725.0 [1388.6–2182.9]
[IQR]
Median daily food group intake g/day [IQR] (no. of servings) Recommended daily
servings1
Meat/meat products
93.6 [64.6-125.2] (1.5) 2 (for meat, fish, eggs,
beans and nuts)
Fish/fish products
32.1 [16.1-52.3] (0.4)
Fruit & vegetables
452.8 [330.1-630.5]
5-7
(5.7)
Milk & dairy products
307.7 [178.2-447.3]
3
(1.6)
Cereals/cereal products &
356.0 [285.6-421.2]
3-5
potatoes
(3.5)
Fats/oils
24.0 [13.1-34.8] (3.4)
In very small amounts
Sugars, preserves & snacks
29.7 [17.1-63.0] (1.5)
Not every day
BMI body mass index; SD standard deviation; IQR interquartile range; values in bold indicate an intake
that is outside recommendations; `1 recommendations according to national food pyramid (Healthy Ireland,
2016)
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6.3.2. Perceived motivators of food choice and modifiable barriers to healthy
eating
The prevalence of each perceived food choice motivator and healthy eating barrier are
presented in Figures 7 and 8. Questionnaire items were perceived as healthy eating
motivators/barriers if participants responded that they agreed or strongly agreed with
the statements given (Locher et al., 2009). The strongest motivator of food choice was
‘taste’ (n = 121, 84%), followed by ‘healthiness’ (n = 99, 68.8%). ‘Cost’ was the least
prevalent motivator of food choice reported (n = 53, 36.8%). The most prevalent
identified barriers were ‘lack of cooking skills’ (n = 47, 32.7%) and ‘lack of
motivation/willpower’ (n = 45, 31.2%).

Figure 7. Perceived motivators of food choice in Irish older adults (n = 144)
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Figure 8. Perceived modifiable barriers to healthy eating in Irish older adults (n = 144)

6.3.3. Correlation between food group intake and motivators/barriers
Spearman’s rank and partial rank (adjusted for age, gender, BMI and energy intake)
correlation coefficients for the associations between individual food group intake and
the degree of agreement reported for each perceived motivator/barrier are presented
in Tables 19 and 20. In adjusted analyses, being motivated by ‘healthiness’ was
associated with a higher intake of fruit and vegetables (p = 0.005) and a lower intake
of fats/oils (p = 0.018) and sugars, preserves and snacks (p = 0.002). Considering
‘cost’ to be a motivator was associated with a lower intake of meat/meat products (p
= 0.013) and fish/fish products (p = 0.036) and a higher intake of dairy foods (p =
0.014). Being motivated by ‘convenience’ was associated with a lower intake of fruit
and vegetables (p = 0.033) and fish/fish products (p = 0.002), and a higher intake of
fats/oils (p = 0.002) and sugars, preserves and snacks (p = 0.002)
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Significant inverse correlations were observed between fruit and vegetable intake and
the

following

barriers;

‘boring/unappetising’

(p

=

0.001),

‘lack

of

motivation/willpower’ (p < 0.001) and ‘confusion about healthy choices’ (p = 0.036).
Intake of fats and oils was positively correlated with the barriers ‘boring/unappetising’
and ‘lack of motivation/willpower’ (both p < 0.001). Intake of sugars, preserves and
snacks was positively associated (p < 0.05) with all barriers, with the exception of
‘confusion about healthy choices’, while considering ‘lack of cooking skills’ to be a
barrier was associated with a lower intake of fish/fish products (p = 0.018).
No multi-collinearity was detected by the VIFs of each healthy eating barrier (all
<4) (Hair et al., 2009), therefore, all variables were included in the multiple logistic
regression

model

to

further

assess

the

relationship

between

perceived

motivators/barriers and intakes of fruit and vegetables, fats/oils and sugars, preserves
and snacks. The model output is displayed in Table 21. In adjusted analyses,
perceiving ‘lack of willpower/motivation’ (OR [CI] = 4.57 [1.52-14.96], p = 0.009)
as a healthy eating barrier and ‘convenience’ as a food choice motivator (OR = 6.07
[1.91-20.63], p = 0.003) were significantly associated with a higher intake of fats/oils.
All other results were statistically insignificant (p > 0.05).
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Table 19. Spearman’s correlation (rho) and partial correlation† (pcor) coefficients for the relationship between food group intake and
motivators of food choice in Irish older adults (n = 144)
Motivators (ranked strongly
disagree – strongly agree)

Food groups (g)
Meat/meat Fish/fish
products
products

Fruit &
vegetables

Milk &
dairy

Cereals/cere
al products

Fats/oils

Taste

rho

-0.099

-0.058

-0.030

0

-0.095

-0.021

Sugars,
preserves
& snacks
-0.057

Healthiness

pcor
rho

-0.049
-0.048

-0.066
0.147

-0.024
0.241**

0.011
0.036

-0.023
-0.016

0.070
-0.216**

0.030
-0.283***

Cost

pcor
rho

-0.009
-0.121

0.150
-0.111

0.235**
-0.029

0.050
0.241**

0.062
0.127

-0.199*
0.105

-0.260**
0.138

pcor

-0.210*

-0178*

-0.056

0.208*

0.043

0.014

0.064

Convenience

rho
pcor

-0.014
-0.099

-0.198*
-0.262**

-0.159
-0.181*

0.049
0.007

0.211*
0.127

0.319***
0.263**

0.314***
0.256**

Familiarity

rho
pcor

0.040
0.005

0.096
0.030

0.043
-0.011

-0.037
-0.077

0.116
0.097

0.111
0.060

0.099
0.096

† adjusted for age, body mass index, gender, total energy intake; * p < 0.05; ** p < 0.01; *** p < 0.001; values in bold indicate statistical significance
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Table 20. Spearman’s correlation (rho) and partial correlation† (pcor) coefficients for the relationship between food group intake and
perceived barriers to healthy eating in Irish older adults (n = 144)
Barriers (ranked strongly disagree
– strongly agree)

Food groups (g)
Meat/meat Fish/fish
products
products

Fruit &
vegetables

Milk &
dairy

Boring/unappetising

rho

0.124

-0.089

-0.239**

pcor
rho

0.067
0.071

-0.134
-0.098

pcor
rho

0.001
0.107

pcor

Lack of knowledge
Lack of cooking skills

Lack of motivation/
willpower
Confusion about healthy
choices

Fats/oils

-0.009

Cereals/
cereal
products
<0.001

0.327***

Sugars,
preserves
& snacks
0.382***

-0.275***
-0.265**

-0.042
-0.025

-0.106
0.099

0.294***
0.351***

0.355***
0.294***

-0.139
-0.105

-0.291***
-0.204*

-0.060
-0.031

-0.004
0.063

0.313***
0.118

0.233**
0.174**

0.110

-0.095

-0.178*

-0.037

0.046

0.099

0.111

rho
pcor

0.154
0.139

-0.036
-0.052

-0.169*
-0.163

-0.056
-0.085

0.055
0.008

0.168*
0.156

0.241**
0.236**

rho
pcor

0.052
-0.042

-0.155
-0.199*

-0.103
-0.109

-0.108
-0.152

0.158
0.043

0.198*
0.090

0.416***
0.353***

† adjusted for age, body mass index, gender, total energy intake; * p < 0.05; ** p < 0.01; *** p < 0.001; values in bold indicate statistical significance
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Table 21. Odds ratios (ORs) with 95% confidence intervals (95% CIs) for the association
between perceived food choice motivators and healthy eating barriers and food group intake
(n=144)
Independent variables†
OR [95% CI] for higher intake
Fruit & vegetables Sugars, preserves Fats/oils
& snacks
Motivators
Taste
Healthiness
Cost
Convenience
Familiarity
Barriers
Boring/unappetising
Lack of willpower/motivation
Confusion about healthy choices
Lack of knowledge
Lack of cooking skills

0.75 [0.25-2.16]
1.53 [0.62-3.86]
1.22 [0.51-3.02]
0.65 [0.24-1.68]
1.16 ]0.52-2.62]

0.60 [0.19-1.86]
0.61 [0/22-1.65]
0.99 [0.37-2.57]
1.60 [0.58-4.37]
1.88 [0.77-4.74]

1.60 [0.46-5.79]
1.22 [0.40-3.80]
0.31 [0.10-0.90]
6.07 [1.91-20.63]
1.10 [0.41-2.95]

0.70 [0.22-2.14]
0.47 [0.18-1.16]
0.61 [0.11-3.13]
1.24 [0.24-6.68]
1.94 [0.73-5.42]

1.23 [0.35-4.47]
1.19 [0.44-3.20]
0.48 [0.07-2.53]
1.26 [0.24-7.89]
2.36 ]0.87-6.58]

3.38 [0.87-15.04]
4.57 [1.52-14.96]
0.20 [0.02-1.56]
1.60 [0.20-20.76]
0.64 [0.20-1.92]

† adjusted for age, gender, body mass index and daily energy intake; values in bold indicate statistical significance (p <
0.05)
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6.4. Discussion
The current study investigated perceived food choice motivators and modifiable
barriers to healthy eating, and their relationship with food group intake in a sample of
Irish community-dwelling older adults. The primary motivators of food choice
reported by participants were taste (84%) and healthiness (68.8%), which were also
previously revealed as the main factors influencing meal decisions in a nationally
representative samples of Irish adults (IUNA, 2011), and in a cohort of Dutch older
adults (Kamphuis et al., 2015). Although taste was not significantly associated with
intakes of any food groups, being motivated by healthiness was associated with
healthier overall dietary trends; namely a significantly higher intake of fruit and
vegetables and a significantly lower intake of fats/oils and sugars, preserves and
snacks. Interestingly, cost was the least prevalent food choice motivator, reported by
only 36.8% of participants. Similarly, the most recent National Adult Nutrition Survey
(NANS) reported that only 9% of Irish adults considered cost to be their number one
food choice motive (IUNA, 2011). These findings are conflicting with a recent
qualitative study in Thai older subjects, where the price of food was found to have a
strong influence on food choice (Chalermsri et al., 2020), and in frail South Korean
older adults, where price was the most important factor affecting food choice reported
by participants (Kim, 2016). Perhaps these contradicting results may be explained by
the higher level of financial security in Ireland, with Ireland ranking among the top
three countries in terms of average disposable income in 2021 (World Population
Review, 2021). Those who were motivated by cost tended to have a higher intake of
dairy foods, an interesting finding as dairy food intakes were below national
recommendations (Healthy Ireland, 2016). Thus, outlining the low cost of dairy foods
may be a useful strategy in improving dairy intakes in this cohort.
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A total of 41% of participants were motivated by convenience, which appeared to have
a considerable impact on dietary choices, significantly reducing intakes of fish/fish
products and fruit and vegetables and significantly increasing intakes of sugars and
snacks and fats/oils. Although comparable data are limited, being motivated by
preparation time was contrastingly found to have no influence on food choices in Dutch
older adults (Kamphuis et al., 2015). It is unclear the reasons for this conflict of
evidence, but perhaps the younger average age of the Dutch participants (63.3 years)
compared to this study (73.9 years) and cultural differences between the two
populations may be somewhat liable. In order to address the most prevalent and
influential food choice motivators, strategies to improve nutrition in communitydwelling older adults should perhaps focus on activities which emphasise the health
benefits of eating well, and on techniques to keep healthy meals interesting and
appetising with simple and convenient methods.
The main perceived barriers to healthy eating reported in this cohort were a lack of
cooking skills (32.7%) and a lack of motivation/willpower (31.2%); both of which
were also associated with unfavourable dietary habits. Specifically, reporting a lack of
cooking skills and a lack of motivation/willpower were both significantly associated
with a higher intake of fats/oils and sugars, preserves and snacks. Lack of cooking
skills was also significantly associated with a lower intake of fish/fish products, while
lack of motivation/willpower was further associated with lower intake of fruit and
vegetables. Correspondingly, in a previous study of European adults, perceiving a lack
of willpower as a healthy eating barrier was found to be associated with a two-fold
increased likelihood to consume fast food at least twice a week, and a 52% and 4353% lower likelihood of having a higher intake of home cooked meals and fruit and
vegetables, respectively (Pinho et al., 2018). In addition, data from the Scottish Health
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Survey showed that perceiving willpower as a barrier to healthy eating was
significantly associated with a lower likelihood to meet fruit and vegetable intake
recommendations (Morrow et al., 2016). A low intake of fruit and vegetables may lead
to insufficient intakes of micronutrients and fibre (Slavin & Lloyd, 2012), which have
fundamental functions for older adults, and their intake should be kept within
recommendations in this age group. Further, a low intake of fish/fish products was
recently found to be linked to an increased frailty risk (O’Connell et al., 2021), while
excessive intakes of sugars and fats could have several health consequences for this
age group, including increased risk for cardiovascular disease, obesity, diabetes and
impaired cognition (Duffy et al., 2019; Rippe & Angelopoulos, 2016). Interestingly, a
study in older adults in Quebec previously showed that an 8-session cooking workshop
programme was effective in improving nutrition knowledge and compliance to dietary
recommendations (Moreau et al., 2015). Additionally, a review of nutrition
interventions in older participants identified goal-setting and motivation as some of the
most common features of successful nutrition education interventions in promoting
dietary change (Sahyoun et al., 2004). Considering these findings, activities targeted
at improving cooking skills and exercises to enhance willpower and motivation should
feature in nutrition interventions for older populations in order to overcome nutritional
barriers and improve dietary habits in this cohort.
The estimated food group intakes of this cohort were in line with national
recommendations for most food groups, with the exception of dairy foods, which was
below the recommended 3 daily servings, and intakes of sugars, snacks and fats/oils,
which were all in excess of the recommended limits (Healthy Ireland, 2016). Food
group intakes were comparable to those reported by a nationally representative sample
of older adults in the NANS for most foods (IUNA, 2011), with a difference of 44kcal
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in total daily energy intake. The average intake of meat products was, however, higher
in the current report (93.6g) compared to NANS (67.0g). There was also a considerably
higher intake of fruit and vegetables reported in this study (432.6g) compared to the
NANS (285.0g), while a smaller survey of Cork older adults reported an intake range
in between these two figures (328-378g) (Power et al., 2014). The different methods
of dietary assessment between the two studies may explain these differences, with the
current study using an FFQ and the NANS using a four-day semi-weighed food record.
The estimates captured by a food record may be more accurate as intakes are reported
prospectively, independent of the respondent’s memory (Ortega et al., 2015), as
opposed to the retrospective FFQ which is reliant on memory. However, an FFQ was
a more feasible method of assessment than the more labour-intensive food diary for
the current study, which involved once-off meetings with participants in community
settings. Moreover, the particular FFQ used for this study has previously been shown
to produce results that are similar to a 7-day food diary (Bartali et al., 2004). It should
also be considered that the NANS report was completed 9 years prior to the current
study, and dietary patterns may have fluctuated during this time, potentially
contributing to the differences observed.
It is important to consider the limitations of this study when interpreting the findings.
The dietary data and food choice motivator/healthy eating barriers data were selfreported by participants, subjecting them to reporting bias, and should be considered
with this in mind. In addition, the participants of this study were self-selected
volunteers, which limits the generalisability of the results to the entire population in
this demographic. However, voluntary response was a more feasible recruitment
method to administer than random sampling for this study. Finally, the questionnaire
used to assess healthy eating barriers and food choice motivators was specifically
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designed for this study and has thus not been validated in this population. However, a
small pilot study was conducted to trial the questionnaire prior to administration on a
wider scale, and the final version was modified considering the feedback given from
this pilot group to optimise its efficacy.

6.5. Conclusion
The main motivator of food choice in this cohort was taste (84%), followed by
healthiness (68.8%), with healthiness being related to higher intakes of fruit and
vegetables and lower intakes of sugars and snacks. The primary perceived barriers to
healthy eating were lack of cooking skills (32.7%) and lack of willpower/motivation
(31.2%), which were associated with unfavourable dietary habits such as higher intakes
of sugars and fats and lower intakes of fish, fruit and vegetables. To effectively induce
behaviour change in older populations, nutrition education interventions should focus
on activities to enhance motivation, improve cooking skills and keep healthy meals
interesting and appetising; while also emphasising the benefits of healthy eating to this
group.
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Chapter 7.
An evidence- and theory- based protocol for a nutrition
education and physical activity pilot study to address
frailty in Irish older adults.
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7.1. Introduction
Frailty is defined as a reduced resilience to external stressors due to a decline in
multiple physiological systems (Xue et al., 2011). Frail persons have an increased risk
for several health complications, including falls, fractures, disability and premature
death (Kojima et al., 2019), and consequently account for a significant proportion of
healthcare expenditure in Europe (Liotta et al., 2019). Frailty is a prevalent condition
among older populations, with over 50% of community-dwelling older adults in
Europe estimated to be either pre-frail or frail (Manfredi et al., 2019). In Ireland, the
prevalence of frailty is in the range of 5-24%, depending on the classification used
(Roe et al., 2017), or 12% according to estimates in Cork (O’Connell et al., 2021).
The burden of frailty is exacerbated with the rate of increase in the proportion of older
people and increased life expectancy, with Europeans now reaching an average age
of 81 years (Eurostat, 2021). With this demographic shift, there is an increased need
to develop initiatives which promote healthy ageing and independence in this
vulnerable group. The World Health Organisation (WHO) World Report on Ageing
and Health emphasises that the maintenance of functional ability is the highest priority
when it comes to healthy ageing, and recommends that an age-friendly world requires
a shift away from disease-driven curative models and towards the provision of
integrated care that is centred around older people’s needs (WHO, 2015).
Frailty is both a preventable and reversible condition, and several interventions have
been carried out in an attempt to reduce its prevalence (Racey et al., 2021; Kidd et al.,
2019; Marcucci et al., 2019; Theou et al., 2011). It is well-recognised that regular
exercise and physical training are effective strategies for managing and preventing
frailty (Kidd et al., 2019; Theou et al., 2011). Research suggests that malnutrition and
frailty share common underlying pathways (Jeejeebhoy, 2012), and recently, the
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potential effectiveness of targeting nutrition in reducing frailty is gaining recognition,
either solely or in combination with exercise (Racey et al., 2021; Hsieh et al., 2019;
Liao et al., 2018). However, the role of nutrition education in reducing frailty is not
entirely clear, with conflicting reports on its effectiveness at improving functional
outcomes (Haider et al., 2017; Schilp et al., 2013; Rydwik et al., 2010). Nutrition
education programmes may be more easily implemented than direct dietary
modification in community settings, as minimal resources are required.
Understanding the role of nutrition education combined with exercise in reducing
frailty therefore guides us towards a potential real-life solution to the condition that is
feasible in practice.
In light of the above, we aimed to develop an evidence- and theory-based protocol for
a nutrition education pilot study to complement a physical activity programme to
address frailty in Irish community-dwelling adults aged ≥65 years. This pilot trial will
provide valuable information to guide the implementation of such a programme on a
larger scale.

7.2. Objectives
7.2.1. Primary objective
•

To measure the feasibility (cost, satisfaction and adherence) of a nutrition
education intervention add on to an existing physical activity programme in
Irish community-dwelling older adults.
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7.2.2. Secondary objectives
•

To measure the effectiveness of physical activity and nutrition education,
compared to physical activity only, at reducing frailty and improving
functional outcomes in older Irish adults.

•

To assess the effect of the intervention on body composition.

•

To measure the impact of the intervention on the nutritional status and dietary
intakes of this cohort.

7.3. Methodology
7.3.1. Study population, site, recruitment and eligibility
Convenience sampling of attendees of an existing Health Service Executive (HSE)
exercise programme in place around Cork City and County (see 7.3.2.1.) will be
performed. Six exercise class groups (n = 3 urban, n = 3 rural), each of 12-14
participants, will be selected at random for the intervention and will be offered the
nutrition intervention as well as their usual exercise programme. Another six groups
(n = 3 urban, n = 3 rural) will form the control group, and will receive their usual
exercise programme only. A flowchart of the proposed study structure is shown in
Figure 9. Inclusion criteria includes registration on the HSE exercise programme,
aged ≥65 years at baseline, community-dwelling, minimum ability to walk 15ft (with
the use of a walking aid, if required), a mini-cog score of ≥3 (Steenland et al., 2008).
Exclusion criteria includes those receiving parenteral nutrition and enrolment in any
other exercise programme or intervention. The exercise class participants will be
informed of the opportunity to participate in the nutrition intervention upon
registration for the exercise programme. An introductory visit to interested
187

participants will then take place at the study site prior to commencement of the
exercise classes to outline the purpose of the research, what will be required of
participants, use of the results and voluntary participation. Each individual will be
given a copy of the information sheet and consent form, and those who wish to
participate in the study will be assessed for eligibility and required to sign the
informed consent form prior to registration for the nutrition intervention. Random ID
codes will be assigned to all participant documentation to protect anonymity. Ethical
approval for the study was granted by the Clinical Research Ethics Committee of Cork
Teaching Hospitals in March 2020.

Figure 9. Study flowchart for proposed physical activity and nutrition education intervention
to frailty in Irish older adults.
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7.3.2. Intervention
7.3.2.1. Physical activity component
The physical activity component of the intervention will be a once-weekly exercise
class facilitated by the HSE in community settings around Cork City and County,
Ireland. The classes have been developed specifically for older adults by HSE
physiotherapists to improve strength and fitness, and to reduce the risk of falls in this
cohort. The exercise programme includes an aerobic warm up and a series of exercises
to challenge and improve balance, range of movement, flexibility, bone and muscle
strength and power. The classes will be one hour in duration and will be implemented
for 8 weeks. The programme will be delivered to groups of 12-14 participants by
exercise professionals who have been trained by HSE physiotherapists.

7.3.2.2. Nutrition education component
The nutrition component of the intervention will comprise 8 once-weekly educational
sessions of 45-minute duration. The nutrition education sessions will take place
immediately prior to the exercise classes at the same site, and will be delivered by a
researcher with a minimum BSc (Hons) degree in the area of nutrition science. The
education sessions are designed based on the Health Belief Model (HBM), a
theoretical framework frequently used for nutrition interventions in older populations
(Amirzadeh Iranagh et al., 2018; Amirzadeh Iranagh et al., 2016). The HBM proposes
that messages will achieve the desired behaviour change if they successfully target
perceived threat, barriers, benefits and self-efficacy, referred to as the determinants of
change (Maiman & Becker, 1974). The content of the intervention is also informed
by the national food pyramid (Healthy Ireland, 2016) and our recent research findings
189

on dietary insufficiencies and perceived barriers/motivators to healthy eating in this
cohort (O’Connell et al., 2021), with each session focussed around a particular theme,
as detailed in Table 22. Participants will receive a portfolio at session 1 and will be
given summary sheets and at-home exercises to do at each session. The content of
each session along with the HBM determinants addressed by each, are outlined in
Table 22.

Table 22. Content of nutrition intervention
Week

Theme

1

Importance
of
good nutrition

Activities

•
•

2

The food pyramid
(1)

•
•
•

3

The food pyramid
(2)

•
•

•

4

Goal setting

•
•

Materials

HBM
determinants

Introduction
of
nutrition
programme
Outline conditions associated with
nutritional
deficiency,
consequences of malnutrition and
benefits of good nutrition

Portfolio
for
summary
sheets/take home
resources,
session
1
summary

Perceived
threat

Overview of food pyramid
Specific focus on benefits of fruit
and vegetables and fish
Interactive activity: 3 different
food diary examples, encourage
discussion on which is most likely
to meet recommendations
Serving sizes
Specific
focus
on
dairy
recommendations
and
consequences of excessive fat and
sugar intake
Interactive activity: Food diary
examples distributed, encourage
group discussion on changes to
improve
compliance
to
recommendations
Effective goal setting using
SMART framework
Interactive activity: Complete
nutrition goal setting worksheet

Food
pyramid
handout

Perceived
benefits

Serving
handout

size

Perceived
threat, selfefficacy

SMART
summary sheet,
goal
setting
worksheet,
reminder
cue
cards

Perceived
barriers, cues
to action
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5

Healthy meals

•
•
•

6

Meal planning

•
•
•

7

Nutrition labels

•

•

•

8

Snack hacks

•

•
•
•

Healthy cooking methods
Tastings and sampling of healthy
recipes
Simple recipes for micronutrient
rich meals
Effective weekly meal planning
Tips for grocery shopping
Interactive activity: Complete
menu planning template

“Create” cooking
guidelines,
steaming
guidelines

Perceived
barriers, selfefficacy

Menu planning
template, weekly
meal
planner,
grocery shopping
tip sheet

Self-efficacy,
cues to action

Understanding Irish nutrition
labels –traffic light system and %
RI
Interactive activity 1: Sample food
labels
distributed,
encourage
discussion on saturated fat, salt and
sugar contents and rank according
to “healthiness” in groups
Interactive activity 2: Calculations
of % nutrient recommendations
met by products
Using smart snacking to help meet
dietary recommendations

“Nutrition labels
sussed” handout

Perceived
barriers, selfefficacy

“Snack hacks” tip
sheet

Self-efficacy

Interactive activity 1: Suggest
healthier alternatives for the snack
items shown
Reflection on nutrition programme

Interactive activity 2: Reflective
quiz
HBM; Health Belief Model, % RI; % Recommended Intake

Session 1 is designed to address the HBM determinant ‘perceived threat’, which
predicts that if individuals perceive they are susceptible to a health problem, they are
more likely to engage in behaviours to reduce their risk of developing this problem
(Maiman & Becker, 1974).The goal of this session is to outline the health
consequences and conditions associated with poor nutrition and nutrient deficiencies
in older adults, while also highlighting that diet can be easily altered to reduce this
risk.
Session 2 will introduce the national food pyramid (Healthy Ireland, 2016), outlining
examples of foods in each food group and the number of servings of each
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recommended each day. The session will address the determinant ‘perceived benefits’
by more heavily emphasising the benefits of fish and fruit and vegetables, as these
foods were recently found to lower the risk for frailty in Irish older adults (O’Connell
et al., 2021). The third session will continue discussion on the food pyramid by giving
a detailed breakdown of serving sizes for different foods on each shelf of the pyramid.
It will also focus specifically on dairy recommendations, and the importance of
avoiding excessive intakes of fats and sugars, as intakes of these food groups were
recently found to be outside of the recommendations in this cohort (O’Connell et al.,
2021). An activity to enhance participants’ confidence in improving their diet will be
completed, where they are instructed to identify potential modifications to a food diary
to improve compliance to recommendations.
Sessions 4 and 5 are primarily themed around addressing the HBM determinant
‘perceived barriers’. Our research group recently found ‘lack of cooking skills’ and
‘lack of motivation/willpower’ to be the top modifiable perceived barriers to healthy
eating in Irish older adults (O’Connell et al., 2021). Thus, these sessions are designed
to help to overcome these barriers with a goal setting class to enhance motivation and
a cooking workshop to improve cooking skills. As ‘taste’ was found to be the top food
choice motivator (O’Connell et al., 2021), emphasis will be placed on how to keep
healthy meals appetising and interesting through the use of low-fat, low-sugar
condiments and seasoning during the cooking workshop in session 5. The
determinants ‘cues to action’ and ‘self-efficacy’ are also addressed by distributing cue
cards for goal reminders to place around each participant’s home and providing the
group with simple healthy cooking guidelines to take home.
Sessions 6 and 7 are mainly focussed around addressing the determinant ‘selfefficacy’, the level of a person’s confidence in their ability to successfully perform
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the desired behaviour (Maiman & Becker, 1974). Meal planning in session 6 will help
participants to plan for the week ahead by listing the meals and all of the ingredients
they will need in advance, while tip sheets for successful grocery trips will also be
provided to enhance their confidence while grocery shopping. Session 7 aims to
increase participant’s confidence in choosing healthy foods by helping them to better
understand nutrition labels and make informed choices about food products.
Finally, session 8 will focus on smart snacking and will also address the determinant
‘self-efficacy’ by demonstrating how to choose healthier snack options. As intakes of
sugars and fats were recently found to be excessive in this cohort (O’Connell et al.,
2021), the session will aim to highlight healthy snack alternatives to those high in
sugar and fat and to inspire participants to use snacking to help them meet their dietary
requirements. A reflective quiz based on the content of the entire programme will
conclude the session.

7. 3.3. Intervention cost, adherence and satisfaction
The total price of materials used, equipment needed and rental fees required for the
intervention will be calculated to guide a budget estimation for wider implementation.
Adherence to the intervention will be assessed by measuring the percentage uptake of
the intervention by the exercise class participants, the number of nutrition workshops
attended by each registered participant and the percentage of withdrawal from the
programme by participants. At 16-week follow up, participants will also be asked to
complete a recorded interview to provide anonymous feedback; indicating their
overall satisfaction with the intervention and to what degree they have made efforts
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to improve their dietary habits and follow the advice given since completing the
intervention.

7.3.4. Physical and nutritional assessment
Frailty, dietary intake, nutritional status, body composition and Timed Up and Go
(TUG, Podisadlo and Richardson, 1991) test time will be assessed; 1) at baseline, 2)
at 8 weeks and 3) at 16 weeks.

7.3.4.1. Frailty status
Frailty will be classified according to the phenotypic definition described by Fried
et al. (2001), which is composed of the following 5 criteria; unintentional weight
loss, exhaustion, low physical activity, weakness and slow walking speed (Table
23). A slight modification will be made to physical activity measurement, which will
be assessed using the validated Physical Activity Scale for the Elderly (PASE); a 5minute self-reported physical activity questionnaire, which is specifically designed
for older adults (Washburn et al., 1993). Certain activity examples provided in the
original questionnaire will be amended to ensure suitability for an Irish population.
For example, moderate intensity activities such as ballroom dancing and ice skating
will be replaced with ‘cycling with light effort’ and ‘dancing for leisure’. Populationspecific cut off points will be adapted based on the study sample for low physical
activity, weakness and slowness. Participants will be considered pre-frail or frail if
they meet 1-2 or ≥3 of the 5 criteria, respectively. Those who do not meet any of the
criteria will be considered non-frail.
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Table 23. Definitions used for Frailty Phenotype
Characteristic

Definition

Inclusion criteria

Weight loss

Self-reported weight loss.

Those who have lost more than
10lbs (or 4.5kg) in the last year.

Exhaustion

“How often in the last week did you feel

Those who report 3 or more days

that (a) everything you did was effort or

in the last week for either or both.

(b) you could not get going?”
Low Physical

Measured using the PASE Questionnaire.

Activity

Those in the lowest quintile of
physical activity stratified by sex.

Weakness

Measurement of handgrip strength using a

Those in the lowest quintile of

Jamar

grip strength stratified by sex and

Plus

digital

hand-held

dynamometer. The average of three

BMI.

readings from the hand with the highest
handgrip value will be recorded.
Slowness

Measurement of time to walk 15ft.

Those in the slowest quintile of

Average time from two trials with 1.5m

walking speed stratified by sex

and 1m allowed for acceleration and

and height.

deceleration, respectively.
Classification:
➢

0 positive criteria = non-frail

➢

1-2 positive criteria = pre-frail

➢

≥ 3 positive criteria = frail

BMI = body mass index, PASE = physical activity scale for the elderly

7.3.4.2. Dietary intake
Dietary intake will be assessed using a 24-hour dietary recall. This method of dietary
assessment will be used due to its ease of completion and better reflection of recent
dietary habits, as opposed to the food frequency questionnaire (FFQ), as it is based on
foods consumed in the 24 hours prior to completion. The 24-hour dietary recall has
been employed as dietary assessment tools in older adults elsewhere (Doumit &
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Nasser., 2017; Ongan & Rakıcıoğlu, 2015) and was previously suggested to be as
accurate as more labour-intensive dietary assessment tools in British older males
(Johanson, 2008). The recalls will be self-completed by participants using the
provided template, which allows space for time of day, type of food, brand, serving
size and any other relevant details. An example of a completed dietary recall and
examples of national serving size estimates (Healthy Ireland, 2016) will be provided,
and assistance from researchers will be available to participants, where necessary. The
recall data will be transferred to nutrient intake data using Nutritics Software
(Nutritics, Dublin, Ireland).

7.3.4.3. Nutritional status and body composition
Nutritional status will be measured using the Mini Nutritional Assessment - Short
Form (MNA-SF), a 5-minute tool which identifies individuals as malnourished
(score of 0-7), at risk of malnutrition (score of 8-11) or of normal nutritional status
(12-14). The 5-minute tool consists of measurement of body mass index (BMI) and
questions on appetite, weight loss, mobility, stress/disease and neuro-psychological
issues (Rubenstein et al., 2001). BMI will be calculated as weight (kg)/height(m)2.
Height will be measured using a SECA portable stadiometer (model 213, SECA,
North America, Hanover, MD, USA). Weight (kg), muscle mass (kg) and fat mass
(kg) will be measured using a Tanita body composition analyser (model DC-360s,
Tanita, Tokyo, Japan) with an allowance of 0.8 kg and 1.2 kg for clothes weight of
females and males, respectively, as previously recommended (Whigham et al., 2012).
The analyser will be placed on a flat surface and participants will be instructed to
remove footwear and outdoor clothing, and to wipe clean and sanitise the soles of
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their feet prior to measurement. Participants will then be asked to stand on the
weighing platform with their bare feet in contact with all four electrode rings, in a
stable position and without bending their knees until the measurement is complete.

7.3.4.4. Timed Up and Go (TUG) test
TUG, a simple test of mobility, strength and balance (Podsiadlo and Richardson,
1991), will be measured according to the Center for Disease Control (CDC) protocol
(CDC, 2017). Participants will wear their regular footwear and use a walking aid, if
necessary. A 10ft distance will be marked from the front of the chair and participants
will be instructed to, on the word “Go”; rise from the chair, walk to the mark placed
10ft away (at normal walking pace), turn, walk back to the chair and return to sitting
position. A chair with a straight back and fixed arms will be used. Participants will be
instructed to perform one practice round before the assessment. A stopwatch will be
used to measure the time (sec) taken to complete the TUG test. The stopwatch will
commence on the word “Go” and stop when the participant’s back is against the back
of the chair after returning to sitting position.

7.3.5. Data analysis
Statistical analysis will be performed using R Studio for Windows (version 1.2.1335).
Mean and standard deviation will be used to summarise the data for numerical data
with normal distribution, while median and interquartile range will be used for data
with non-normal distribution, as indicated by Shapiro-Wilk test. Categorical data will
be presented as frequencies and percentages. Intervention adherence will be assessed
by measuring the percentage uptake of the intervention by the exercise class
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participants, the number of nutrition workshops attended by each registered
participant and the percentage of withdrawal from the programme. The intervention
evaluation interviews completed by participants will be analysed using a qualitative
approach. The post-intervention changes in proportions in frailty categories between
the intervention and control group will be compared and and reported as odds ratios
(ORs, with 95% confidence intervals) and tested for significance using the chi-square
test. Additional analyses will compare the difference in food group intake, nutritional
status, TUG time and handgrip strength between the intervention and control group,
before and after the intervention period using linear regression models with baseline
scores entered into the model as covariates. Analyses will be adjusted for age, gender,
area of residence and BMI. A significance level of 5% will be used for all statistical
analyses.
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7.4. Discussion
This study protocol outlines our proposal for the first ever pilot study for a nutrition
and physical activity intervention to address frailty in Irish older adults. The proposed
trial will provide important information to guide the development of future frailty
prevention programmes. Specifically, it will establish the feasibility of delivering a
nutrition and physical activity frailty intervention to Irish community-dwelling older
adults. Measurement of intervention adherence, costs and participant satisfaction will
help to steer consideration of implementing such a programme on a more extensive
scale in the community. In addition, the effectiveness of nutrition education combined
with physical activity, compared to physical activity alone, at improving functional
outcomes and reducing frailty will be investigated for the first time in this cohort.
Frailty is associated with several health implications (Kojima et al., 2019), translating
to a significant economic burden which is expanding with population ageing (Liotta
et al., 2019). Therefore, it is now more important than ever to develop real-life
solutions to this multi-faceted condition. The proposed study will also investigate the
effect of the intervention on nutritional status and dietary habits of older adults,
important information as the dietary quality of this cohort was recently found to be
poor (O’Connell et al., 2021).
The intervention protocol has a number of strengths. The nutrition component of the
intervention is tailored to the study population as it is designed based on evidence
previously collected on key dietary issues and nutritional motivators and barriers in
this cohort. In addition, it is easily transferrable to clinical practice due to minimal
resource requirements and the generalisability of the programme to any older adult
healthcare settings. The effectiveness of the intervention on functional outcomes will
also be objectively assessed through measurement of frailty using the Frailty
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Phenotype (Fried et al., 2001) and measurement of functional mobility with TUG
(Podsiadlo and Richardson, 1991). Further, assessment of outcomes at 16-weeks will
provide valuable information on continued adherence to lifestyle changes postintervention. The convenience sampling method used may present limitations, as
participants are recruited from those voluntarily enrolled in the HSE exercise
programme. Therefore, their level of functional fitness may not accurately represent
that of the wider older adult population, which may somewhat restrict the
generalisability of the findings. In addition, it is not possible to blind the researcher
nor the participants to group allocation. Thus, the effect of knowledge of group
assignment on behaviour and response cannot be eliminated, which may increase the
risk of bias.
The aim of the study is to investigate the feasibility and effectiveness of a physical
activity and nutrition education intervention aimed at reducing frailty in Irish older
adults. If the intervention is found to be both feasible and effective at improving
functional outcomes, this could have significant implications for clinical practice, by
presenting a real-life solution to frailty that is ready to be implemented in the
community and older adult healthcare setting. If executed on a wider scale, this will
offer major benefits to our older population in terms of improving physical function,
mobility and thus independence in this age group. Additionally, the risk of frailtyassociated health consequences such as falls, fractures, disability and hospitalisation
(Kojima et al., 2019) will be reduced, further decreasing the burden on the healthcare
service. The findings generated from this study will be disseminated through
publication in peer-reviewed journals, presentation at scientific conferences and
through communication with the HSE and health care professionals.
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Chapter 8: General Discussion and
Recommendations.
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8.1. Introduction
The objectives of this thesis were to (i) investigate the dietary intakes, nutritional
status and prevalence of frailty in a cohort of older Irish adults, and any potential
relationship between these variables (ii) identify the relationship between nutritional
status, physical activity and functional mobility in Irish older adults, (iii) identify the
main motivators of food choice and modifiable barriers to healthy eating in this cohort
and their relationship with dietary intake, and (iv) use the evidence gathered to design
a pilot study protocol for a nutrition education intervention to complement an exercise
programme already in place in the community. While the results of each study have
been presented in detail in Chapters 3-7, this chapter serves to summarise the
overarching findings of the research. The practical implications of the findings,
recommendations for future research and overall conclusions are also provided.

8.2. Research Findings
8.2.1. Nutritional Status and Dietary Intakes
In Chapter 3, the dietary intake and nutritional status of a cohort of 162 Irish
community-dwelling older adults were investigated. The results of this study indicate
that the prevalence of malnutrition in this cohort was low (1.2%, n = 2), but 21.0% (n
= 34) of participants were at risk of malnutrition, which is almost double that
previously estimated in Cork (Power et al., 2014). The majority of participants were
overweight (45.1%, n = 73) or obese (33.3%, n = 54). Intakes were lower than
previous estimates in Irish community-dwelling older adults (Power et al., 2014;
IUNA, 2011) for several micronutrients; including vitamin D and folate, important
nutrients for bone and cognitive health (Laird et al., 2010; Ramos et al., 2005), and
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intakes of fibre and dairy foods were below recommendations. Intakes of sugars,
snacks and fats were above recommended limits, which could have a number of
implications such as increased risk for obesity and chronic disease (Wang et al., 2020;
Yang et al., 2014). Dietary quality was generally poorer in males, compared to
females. A total of 27.1% of the study group used dietary supplements, which is lower
than previously reported rates (Power et al., 2014; NANS, 2011). Overall, this study
suggests a suboptimal nutritional situation in Irish community-dwelling older adults.
The majority of participants were overweight and dietary insufficiencies were
prevalent. Public health strategies and nutrition education interventions are warranted
to address the dietary inadequacy observed in this group, particularly for male
subjects.

8.2.2. Associations between Food Group Intake and Frailty
In Chapter 4, associations between intakes of individual food groups and frailty in 142
Irish community-dwelling older adults were assessed, for the first time. The
prevalence of frailty in this cohort was 12.0% (n = 17), while 34.5% (n = 49) were
pre-frail which is similar to European estimates (O’Caoimh et al., 2018). The findings
suggest that individual food groups may in fact increase/decrease the risk for frailty
in Irish older adults. Consistent with previous research (Minamino et al., 2021;
Garcias-Esquinas et al., 2016), results showed that higher intakes of fruit and
vegetables and fish/fish products were significantly associated with a lower frailty
score. Intakes of potatoes, sugars, preserves and snacks and fats/oils were significantly
associated with a higher frailty score (p < 0.05); associations which have not been
previously been reported in the literature, to the best of our knowledge. The strongest
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relationships observed were with fish/fish products and fruit and vegetables, with
lower intake of these foods translating to an approximate 3 (OR = 3.04) and 4 (OR =
4.34) times higher odds of being frail, respectively. Longitudinal research and
intervention studies are warranted to further explore the impact of these specific food
groups on frailty, and to establish if increasing intakes of fish and fruit and vegetables
and reducing intakes of potatoes, sugars and fats can protect against frailty in older
adults.

8.2.3. The Relationship between Physical Activity Level, Nutritional Status and
Functional Mobility
In Chapter 5, the gender-specific relationship between physical activity level,
nutritional status and functional mobility (as measured by the TUG) was explored.
While evidence suggests that good nutrition and physical activity may protect against
functional mobility decline (Tsai et al., 2015; Milaneschi et al., 2010), it is unclear if
this relationship exists for both genders. A total of 30.1% of the study group were
found to be mobility impaired, which is similar to the estimate reported in an analysis
of several countries, including Ireland (Greene et al., 2019). The results suggest that
physical activity level was significantly associated with functional mobility in both
genders, while nutritional status was associated with mobility in female participants
only; a finding which has not been reported elsewhere. Reasons for this observation
remain unclear, but may relate to gender-related differences in inflammation risk
(Abildgaard et al., 2020), body composition (Schorr et al., 2018) and medication use
(Bijani et al., 2014). Overall, this study suggests that components of functional
preservation strategies may need to be tailored to older males and females, separately.
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Further longitudinal research is needed to confirm these findings and explore potential
underlying mechanisms for the gender differences observed.

8.2.4. Motivators of Food Choice and Barriers to Healthy Eating
In Chapter 6, the primary motivators of food choice and modifiable barriers to healthy
eating in older adults in Cork were investigated. In order to design interventions that
are tailored to meet the needs of the target group, the population-specific factors which
affect behaviour should be considered. Thus, barriers and motivators to the desired
action are worthy of investigation, as highlighted by the Health Belief Model (HBM),
a behaviour change theory for disease prevention which is often used for older
populations (Maiman & Becker, 1974).
The main motivator of food choice in this cohort was taste (84%), followed by
healthiness (68.8%); with healthiness being related to higher intakes of fruit and
vegetables and lower intakes of sugars and snacks. The primary perceived barriers to
healthy eating were lack of cooking skills (32.7%) and lack of willpower/motivation
(31.2%), which were associated with unfavourable dietary habits such as higher
intakes of sugars and fats and lower intakes of fish, fruit and vegetables. These
findings will be useful for the development of nutrition interventions for older adults.
Specifically, the study’s findings recommend that to effectively induce behaviour
change and improve dietary habits in older populations, intervention activities should
focus on increasing motivation, improving cooking skills and keeping healthy meals
interesting and appetising; while also emphasising the benefits of healthy eating to
this group.
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8.2.5. The Design of a Nutrition Education Intervention to Frailty
In Chapter 7, the findings gathered from Chapters 3-6 were used to develop an
evidence- and theory- based pilot study protocol for a nutrition education intervention
to frailty, to complement an exercise programme in place in Cork. The intervention is
based on the HBM, which proposes that messages will achieve the desired behaviours
if they specifically target the audience’s determinants of change (Becker & Maiman,
1974). The dietary issues identified in Chapter 3 (low dairy intakes and excessive
intakes of sugars, fats and snacks) and our findings on the relationship between food
groups and frailty in Chapter 4 (specifically fish and fruit and vegetables) have been
carefully considered. These are addressed by emphasising the benefits of fish, fruit
and vegetables and dairy foods and outlining ways to reduce intakes of sugars, fats
and unhealthy snacks through the intervention content. The nutrition programme has
also been tailored to address the most prevalent food choice motivators and modifiable
health eating barriers identified in Chapter 6, by focussing on enhancing motivation,
improving cooking skills, emphasising the benefits of good nutrition and keeping
healthy meals appetising. The intervention is designed not only to prevent frailty, but
also to improve dietary adequacy and nutritional status in this cohort. If the
intervention is found to be feasible and effective, this could have major implications
for our older population and health policy makers, by offering a research-informed
real-life solution to frailty that is easily transferrable to other older adult settings.

8.3. Strengths and Limitations
The relationship between nutrition and frailty in Irish community-dwelling older
adults was examined in this thesis, for the first time. This research is timely, given the
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current rate of growth of the proportion of older adults (United Nations, 2020) and the
profound impact of the COVID-19 pandemic on the health of our older population
(Harper, 2021), and the findings have identified key areas that require specific
attention in this cohort. The results of the study provide practical direction for the
development of public health programmes for older adults and important guidance for
future research. Further, the evidence gathered has been used to develop a frailty
intervention pilot study protocol that is specifically tailored to the needs of the Irish
older population and is ready to be trialled in practice. Study results have been
presented at national and international conferences, and four research papers have
been published in peer-reviewed scientific journals, to date.
The use of tools that have been specifically validated for older populations, adherence
to validated protocols and the objective measurement of physical function by trained
researchers give strength to the findings of this research. In addition, the effect of
multicollinearity, potential confounding variables and dietary misreporting were
investigated, and controlled for, when examining correlations and relationships,
enhancing the robustness of the results.
One of the main limitations of this study is its cross-sectional design. This research
study only represents a snapshot in time, and although associations were observed
between nutrition and physical functioning, it is difficult to determine cause-effect
relationships, as it is possible that the incidence of frailty could have influenced
dietary intake. Another limitation is the use of a self-completed FFQ for dietary
assessment. Self-reporting can introduce reporting bias to dietary intake data, both in
terms of social desirability and recall error, and this issue can be more significant in
older adults due to the high prevalence of impaired cognition in this age group
(Murman, 2015). However, when selecting the most appropriate tool, time and
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workload were important factors to consider, as participants completed the dietary
assessment on site, alongside other tests. The particular FFQ chosen for this study has
been shown to provide similar estimates to the 7-day food diary in older populations
(Bartali et al., 2004). Further, measures were taken to minimise the interference of
bias; under-reporting was investigated, researcher assistance was provided to
participants when completing the FFQs to prevent reporting error and a mini-cog
score of ≥3 was included as inclusion criteria to minimise the interference of cognitive
issues with dietary recall. Nonetheless, the dietary intakes reported in this study
should be received with caution. Lastly, the study findings are limited by the method
of recruitment used. Participants were self-selected volunteers who responded to
advertisement for the research and were likely particularly healthy individuals. Thus,
the estimates reported in this study for dietary intakes and frailty and malnutrition
prevalence may not provide an accurate representation of the national older population
and should be interpreted with this in mind. However, in an attempt to capture a good
variety of participants, several different channels of recruitment were used, such as
newspaper and radio advertisement, poster advertisements in churches, health clinics
and community centres and promotional events with local older community groups.

8.4. Practical Implications of Findings
The National Positive Ageing Strategy (Department of Health, 2013) and The Healthy
and Positive Ageing Initiative (Health Service Executive, 2015) are national strategies
which aim to promote the use of research to inform Irish practice in ageing. This
research has shed light on an area which warrants input and attention from national
health policy makers. The dietary quality in this cohort of Cork older adults was
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relatively poor, with inadequate intakes of a number of micronutrients and excessive
intakes of foods high in sugar and fat. In addition, the prevalence of malnutrition risk
is almost double that previously estimated in Cork older adults, while dietary
supplement use has decreased (Power et al., 2014). It was previously highlighted by
the Food Safety Authority of Ireland (FSAI) in their recommendations for a national
food and nutrition policy for older people (FSAI, 2010), nutrition education for
healthcare professionals and service providers of older people is unstructured and
inconsistent in its content and facilitation throughout the country. Public health nurses
and general practitioners in Ireland receive limited nutrition training during their
education, and are often the only source of nutrition information for older people, their
carers and home help workers (FSAI, 2010), which may be a contributing factor to
the poor dietary trends observed in this cohort. Nutrition should be a fundamental
component of the training given to these groups to enhance awareness of dietary
requirements of older adults and the importance of good nutrition in ageing. In
addition, the development of community-based strategies such as nutrition education
workshops and cooking programmes in group settings may be useful in reaching those
older adults not in regular contact with health service professionals.
Few hands-on initiatives exist to tackle the issue of dietary inadequacy in our older
community-dwelling population, and there is a need to develop practical strategies
and educational campaigns to assist older adults in meeting their dietary requirements
and reduce nutritional risk. One new noteworthy initiative is the Healthy Food Made
Easy (HFME) programme delivered in 2020 by WellComm Active, which comprised
a series of weekly online educational sessions aiming to improve Irish adults’
nutritional knowledge and eating habits. Although these sessions were not specifically
targeted at older adults, preliminary evaluation of the programme indicates that almost
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all participants (94%) did change their eating habits after the programme. Evidently,
strategies of this type have potential to be effective at promoting healthy dietary
behaviours and should continue to be developed and implemented.
A total of 12% of this study population were frail, while 35% were pre-frail. The
findings of this research suggest that intakes of specific food groups are associated
with frailty risk in Irish older adults. While there are a number of health promotion
programmes implemented around Cork to prevent falls and improve physical function
in older adults, such as ‘Age and Opportunity Active’ and ‘Better Balance Better
Bones’, these strategies are based on exercise programmes, while nutritional
considerations are yet to feature, and they have also not been objectively evaluated
for their effectiveness. Given the evidence found in this study of the role of nutrition
in frailty risk, these findings provide, for the first time, a research-informed need for
embedding nutrition education into existing and future frailty prevention initiatives in
the community setting. Furthermore, data on the main food choice motivators and
modifiable barriers to healthy eating were also gathered from this cohort, giving key
insight into the factors affecting dietary behaviours of our older population. Such
nutrition-related initiatives should be tailored to account for these factors to maximise
the possibility of improving dietary habits in this population and to improve adherence
to nutrition programmes.

8.5. Recommendations for Future Research
Cross-sectional associations were observed between dietary intake, physical activity
and physical functioning in this study. Further research studies with longitudinal
design would be useful in identifying prospective associations. Specifically, an
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interesting question for future investigation is whether intakes of fish, fruit and
vegetables and potatoes, sugars, snacks and fats at baseline are associated with future
risk of frailty development. Additionally, this study has provided valuable information
on frailty and nutrition in Irish older adults, which has facilitated the design of an
evidence-based intervention protocol to address frailty and optimise nutritional intake
in this cohort. Implementation of an intervention based on this protocol, and
evaluation of its cost feasibility, adherence and effectiveness would provide
indispensable information to national public health policy makers. Further, given the
gender differences observed in the relationship between nutritional status and physical
function in this study, it is important that future research investigates whether frailty
interventions which focus on improving nutrition, are more effective in older females,
compared to older males. Lastly, physical activity was measured subjectively in this
study with self-reported questionnaires, which derived an overall score relating to
physical activity level. Use of objective measures, such as accelerometry, to measure
physical activity are yet to be performed in Irish older adults. Objective data in future
research would provide accurate estimates of physical activity duration and intensity
in this population, in addition to measuring the average amount of time spent
sedentary.

8.6. Conclusions
The overall findings from this research suggest that the dietary trends of communitydwelling older adults in Cork are suboptimal, and that specific food group intakes are
associated with frailty risk in this age group. A significant relationship between
nutritional status and functional mobility was observed in older females, but not in
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older males, suggesting that intervention components may need to be specifically
tailored to the target group. In addition, the main motivators of food choice and
modifiable barriers to healthy eating in the study cohort were identified and all
findings were assembled to develop an evidence-based frailty intervention pilot study.
The implementation and evaluation of interventions of this type are needed to put
these findings into practice and broaden our understanding of the role of nutrition,
combined with physical activity, in reducing the burden of frailty.
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Appendix 1.
Consent form and assessment tools
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Appendix 2.
Intervention materials
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Project AIMS - Session 1 Summary!
“Why is good nutrition important for me as I age?”
• Older adults are at increased risk for inadequate nutrition due to aging
associated changes (both physical and social) and there is an increased
need to prioritise nutrition as we age to help maintain good health.
• Poor nutrition is associated with a number of conditions including
osteoporosis, obesity, sarcopenia, frailty, diabetes and heart disease.
• 80% of Cork Seniors have abnormal weight and nutrient deficiencies are
common.

“What can I do about this?”
• A nutritionally balanced diet can help!
• A balanced diet is one which provides adequate amounts of nutrients
needed for good health and follows national recommendations such as
“the food pyramid” (see in portfolio).
• A balanced diet can contribute to bone, muscle and heart health,
muscle strength, improved immunity, oral health and can reduce the
risk and progression of disease and disability.
• By participating in these sessions, I hope to help you improve your diet
and therefore help you to stay fit and healthy!

“What will be covered in these sessions?”
• Over the next 8 weeks, we will cover:
1. Following the food pyramid
2. Goal setting
3. Understanding nutrition labels
4. Healthy meal planning, snacks and cooking methods

**Please bring your portfolio & reading glasses with you every week!**
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Food diaries
Example 1 - John
Breakfast

•

Lunch

•
•
•

Dinner
Snacks/between
meals

•
•
•
•
•
•
•
•

Bowl of Crunchy Nut Cornflakes with low fat milk &
1 teaspoon of sugar
Cup of tea with one teaspoon of sugar
One glass of orange juice
Wholemeal sandwich with ham, cheese & coleslaw
with potato salad on the side
Cup of tea with one teaspoon of sugar
Beef lasagne with side salad, low fat salad dressing
One small glass of water
One bag of reduced fat crisps
One Muller corner fruit yoghurt
Three digestive biscuits
One large glass of water
One large glass of fruit cordial (with added sugar)

Example 2 - Sarah
Breakfast

•

Lunch

•
•
•
•

Dinner

•
•
•

Snacks/between
meals

•
•
•
•
•
•

Bowl of oatmeal with one teaspoon of honey & a
handful of flaked almonds
One boiled egg
One small glass of water
One cup of tea with whole milk
One wholemeal sandwich with chicken breast, salad,
light mayo, handful of full fat crisps on the side
One banana
One small glass of water
Fillet of salmon with handful of peas, 3 small boiled new
potatoes and steamed carrots
One small glass of milk
One cup of tea with whole milk
One carton of low-fat yoghurt
One mandarin
One small kit kat
One large glass of water
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Example 3 - Orla
Breakfast

•
•
•
•

One Nature Valley oats and honey bar
One slice of wholemeal toast with reduced fat spread
One bowl of Rice Krispies with low fat milk
One Nescafe cappuccino sachet with one teaspoon of sugar

Lunch

•
•
•

One toasted white bread sandwich with ham, cheddar & low
fat spread
One glass of apple juice
One handful of salted cashew nuts

Dinner

•
•

Pasta with Dolmio tomato sauce and two slices garlic bread
One 500ml bottle of 7 up free

Snacks/between
meals

•
•
•
•
•

Two chocolate coated rice cakes
Two medium sized crackers with cheddar
Two custard cream biscuits
One small glass of diet coke
Two small glasses of water

Which of the three diaries do you think represents the most “balanced”
diet? Discuss!
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
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Goal setting
Goal setting provides us with direction and focus on how we can better ourselves,
and helps to keep us motivated when we are trying to make improvements to
our lifestyle.

When setting a goal, follow the SMART guidelines. Goals should be:
Specific

For example instead of saying your goal is “to eat better”, it
might be more effective to set a more specific goal, such as “I
hope to eat at least 5 servings of fruit & veg per day” or “I will
cut my use of salt in half”. That way, you have more direction
and it is easier to plan actions to achieve this goal.
Measurable Set goals that you can track your progress with. For example, if
you chose to increase your fruit and vegetable intake, you can
keep track of how many portions of fruit and vegetables you are
eating daily to see if it is improving since you set this goal.
Evaluate your progress weekly.
Attainable
The goal you set should be realistic and achievable. For
example, if you eat chocolate every day, it may be very difficult
to cut this out completely. Instead, your goal might be to have
it only every second day. Start small, and then set more
challenging goals as you consistently achieve your first set goal.
Relevant
Ensure that the goal you set is actually something you want for
yourself, and that you believe will improve your health, not just
because you think it’s the right thing to do (or what you think I
would want to you to do!!). Understand the benefits for
yourself, if you were to achieve this goal.
TimeSet yourself a time frame to achieve this goal. Maybe it will be
framed
a permanent goal you have in mind.

Exercise!
Outline one personal goal that you hope to achieve over the course of this
nutrition programme.
_________________________________________________________________
_______________________________________________________________
You can do it!
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