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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 the intake of different food groups and physical frailty in a cohort of
community-dwelling older adults in Cork, Ireland.

METHODS: One hundred and forty-two (n=81 females, n=61 males, age 74.1 £6.80years) Irish community-dwelling volunteers aged
=65years participated in this cross-sectional study. Dietary intake was assessed using a validated food frequency questionnaire (FFQ).
Frailty was identified as having 3 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 score were determined using Spearman’s rank (and partial rank) correla-
tions 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<.05). After adjustment for confounders, partial rank correlations remained statistically significant (P<.05) for all of the above dietary vari-
ables, with the exception of nuts and seeds (P> .05). Following ordinal logistic regression, the odds ratios (ORs) (95%Cl) 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 (0.19-1.51) for potatoes, 0.58 (0.17-1.95) for fats and oils and 0.49 (0.16-
1.47) for sugars, preserves and snacks.

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 strategies.
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Introduction

Frailty is defined as a reduced ability to cope with everyday
stressors due to ageing-associated functional decline in multi-
ple physiological systems,! and has been described as one of the
most problematic expressions of population ageing.? Frailty is
closely related to the incidence of disability in older adults and
is linked to increased falls, fractures, hospitalisation and death.?
Studies suggest the prevalence of frailty in community-dwell-
ing elderly ranges between 5% and 27% worldwide, with sig-
nificant variation between countries.*> In Ireland, the
prevalence of frailty is estimated to be 5% to 24%, depending
on the classification used.® The weight of this condition has
substantial economic relevance, with frailty increasing health-
care expenditure by up to 101% and the average 3-month
healthcare cost estimated at €3659 per frail person in Europe.”8
This extensive burden highlights the need for effective frailty
prevention strategies, demanding clear understanding of con-
tributing factors and modifiable areas to be addressed.

Evidence suggests that a relationship exists between nutri-
tion and frailty.”13 Food intake often decreases with older age!*
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.”> However, diet is modifi-
able, 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.16 Research to date on the link between diet and
frailty is primarily based on investigation of overall dietary
quality®? and protein intake,’33 due to the well-established
contribution of dietary protein to muscle health in this age
group.!” 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,'® identifying which food
groups might protect against frailty could arguably be of greater
value than identifying associations with nutrients. Additionally,
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promoting intake of particular food groups in education inter-
ventions, rather than highlighting nutrient intake recommen-
dations, may be a more comprehendible approach for the older
adult, as cognitive decline and literacy issues are prevalent in
this cohort.??

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.

Methods
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
elderly groups in the city and county of Cork, Republic of
Ireland, from February to June 2019 inclusive. Study partici-
pants were invited to attend screening sessions in small groups
at local community centres and health clinics, where their die-
tary intake and physical function were assessed by trained
researchers. Exclusion criteria included those that received a
mini-cog score?® of <3 (n=9), were unable to walk 15 ft (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 inclu-
sive. All participants were informed about the research meth-
ods 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.

Frailty measurement

Frailty was assessed using the validated methodology and phe-
notypic definition described by Fried et al,>* which is com-
posed of the following 5 criteria; self-reported weight loss,
exhaustion, low physical activity, weakness and slowness. A
minor modification was made to physical activity measure-
ment, which was assessed using the previously validated
Physical Activity Scale for the Elderly (PASE); a 5-minute
self-reported questionnaire based on leisure time, household
and occupational activity.?? 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 slow-
ness (Table 1). Participants were considered pre-frail and frail

if they received a positive score for 1 to 2 and =3 of the 5 cri-
teria, respectively.?! Those with a score of 0 were considered
non-frail.

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.?® 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 partici-
pants 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.?*
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.?* Intake data on the follow-
ing 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.

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 previously recommended,? 1.2 and 0.8kg were
subtracted for clothes weight for males and females, respec-
tively. A SECA portable stadiometer (model 213, SECA
North America, Hanover, MD) was used for height (cm)

measurement.

Statistical analysis

Statistical analyses were performed using RStudio 1.2.1335 for
Windows. Descriptive statistics were used to describe the char-
acteristics of the study group and Shapiro-Wilk 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 cor-
relation coefficients were calculated to initially establish corre-
lations between food intake and frailty score, followed by
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Table 1. Definitions used for frailty phenotype.

CHARACTERISTIC DEFINITION

Weight loss Self-reported weight loss.

Exhaustion ‘How often in the last week did you
feel that (a) everything you did was
effort or (b) you could not get going?’

Low Physical Measured using the PASE

Activity Questionnaire.22

Weakness Measurement of handgrip strength
using a Jamar Plus digital hand-held
dynamometer. The average of 3
readings from the hand with the
highest handgrip value was recorded.

Slowness Measurement of time to walk 15ft.

Average time from 2 trials with 1.5 and
1m allowed for acceleration and
deceleration, respectively, was used.

Classification:

0 positive criteria=non-frail
1-2 positive criteria=pre-frail
=3 positive criteria=frail

Abbreviations: BMI: body mass index; PASE: physical activity scale for the elderly.

partial rank correlation coefficients adjusted for the following
covariates; energy intake (kcal/day), age (years), gender (male/
female) and BMI (kg/m?). To visualise the relationship, scat-
terplots (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

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

Those who reported 3 or more days in the last week for
either or both.

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

Male PASE score <96.32
Female PASE score <75.00

Those in the lowest quintile of grip strength stratified by sex
and BMI:

Male

<22.14 kg for BMI <25.7 kg/m?
<29.40kg for BMI 25.8-28.2 kg/m?
=<23.54 kg for BMI 28.3-30.2kg/m?
<22.0kg for BMI >30.2kg/m?
Female

<16.60kg for BMI <25.3kg/m?
<15.38kg for BMI 25.4-28.6 kg/m?
<16.08kg for BMI 28.7-31.6 kg/m?

<13.14kg for BMI of >31.6 kg/m?

Those in the slowest quintile of walking speed stratified by
sex and height:

Male

Walking time =4.57 s for height <173.0cm

Walking time =3.90s for height >173.0cm

Female
Walking time =5.02s for height <158.0cm
Walking time =3.94 s for height >158.0cm

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 relation-
ship between food group intakes and frailty, with frailty cate-
gory entered as the dependant variable. A cut-point of P<<.1
for correlation with univariate analyses (Table 3) was used for
inclusion of dietary variables in the model.?¢ Variance inflation
factors (VIFs) were calculated to assess for multi-collinearity (a
VIF of <4 was used as a cut-point for inclusion)?” and the
Brant test was performed to test for the assumption of
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Table 2. Characteristics of study sample by frailty status (n=142).

CHARACTERISTICS

TOTAL (N=142)

NON-FRAIL (N=76)

PRE-FRAIL (N=49)

FRAIL (N=17)

Female sex, n (%)

Age (y, mean * SD)***
Living in urban area n (%)
Weight (kg, mean + SD)
Body Mass Index (kg/m?)

Energy intake, kcal/day,
median (IQR)

81 (57.0%)
741 + 6.80
93 (65.5%)
76.9 + 14.23

28.8 = 5.01

1758.0 (1386.73-2094.31)

Food group intakes, g/day, median (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

92.5 (68.67-124.83)

32.1 (16.10-53.73)
307.0 (181.24-448.81)
462.1 (334.81-665.57)
262.3 (189.53-332.03)

116.4 (71.39-136.97)
44.1 (22.48-102.33)
0 (0-4.20)
24.0 (13.51-34.60)

29.53 (17.78-62.47)

8.75 (0-56.96)

679.42 (505.67-946.90)

40 (52.6%)
71.7 + 5.23
51 (67.1%)
77.3 + 11.8

28.4 £ 3.71

1677.8 (1386.73- 2190.86)

88.0 (60.42-121.65)
32.1 (24.06-66.39)
296.6 (168.40-440.68)
521.3 (411.68-775.60)

253.2 (177.45-317.09)

106.3 (64.93-127.23)

52.3 (23.63-106.13)
0 (0-8.70)

20.3 (12.96- 31.80)

24.7 (14.11-58.99)

8.8 (0-57.39)

671.0 (514.66-902.38)

32 (65.3%)
75.2 £7.04
32 (65.3%)
751 = 16.09

28.6 = 6.25

1846.0 (1441.42-2097.10)

105.4 (73.43-124.79)
32.1 (16.10-49.02)

347.2 (225.02-449.56)

407.2 (284.17-543.70)

275.6 (202.55-349.65)

116.4 (71.39-142.64)

39.2 (20.30-103.43)
0 (0-2.10)

25.9 (12.52-36.76)

29.8 (18.00-63.75)

9.9 (0-56.07)

693.0 (491.80-965.00)

9 (52.9%)
82.1 + 5.71
10 (58.8%)
80.2 + 18.29

30.7 £ 5.90

1767.0 (1585.67-2215.73)

112.8 (91.78-150.05)
19.3 (12.34-27.23)
288.4 (180.62-490.66)
349.1 (212.45-443.35)
251.3 (194.03-299.46)

133.8 (125.00-144.35)
40.9 (20.30-66.40)
0 (0-0)
32.0 (24.22-39.19)

70.9 (31.00-83.52)

8.8 (0-23.00)

705.0 (556.70-855.00)

Abbreviations: IQR: inter quartile range; SD: standard deviation.

***P <.001 (for between-group difference); values in bold indicate statistical significance (P <.05).

proportional odds. The model was adjusted for energy intake
(kcal/day), age (years) gender (male/female), BMI (kg/m?) and
use of dietary supplements (yes/no). Odds ratios (ORs) com-
plemented by 95% confidence intervals (95%Cls) were calcu-
lated 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.

Results

The main characteristics of the study sample by frailty status
are presented in Table 2. 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 partici-
pants, 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<<.001). No significant differ-
ences 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>.05).
Spearman’s rank correlation and partial rank correlation
coefficients for all dietary variables are presented in Table 3,
with scatterplots for partial correlations of food groups with
frailty score shown in Figure 1. There were a number of outliers
in the dataset (Figure 1). Biological data is heterogeneous and
often contains unusual, but not impossible values.?® These out-
liers 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, 1 participant’s intake appears
to be outlying at 1296 g/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 to 3423.2 kcal/day was noted.?’
Prior to adjustment for confounders (using Spearman’s rho)
intakes of the following food groups showed significant nega-
tive correlations with frailty score; fish and fish products, fruit
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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<<.05). Following adjustment

Table 3. 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

tAdjusted for gender, age, energy intake and body mass index.
*P <.05; **P<.01; ***P <.001; values in bold indicate statistical significance (P <.05)

for gender, age, energy intake and BMI (using partial correla-
tion coefficients), all of the above correlations remained statis-
tically significant (P<<.05), with the exception of nuts and
seeds (P> .05).

No multi-collinearity was detected by the VIFs of each
dietary variable (all <4),%” therefore all variables with a
P-value of <.1 for univariate analyses?® were included in the
regression model (Table 4). The Brant test confirmed that the
assumption of proportional odds was met. The ORs and
95%ClIs for incident frailty by tertiles of food group intake
are presented in Table 4. 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.

Discussion

The current study investigated the association between intake
of individual food groups and frailty in a cohort of community-
dwelling adults aged =65years 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)® when the same method of classification was used,
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Table 4. Odds ratios (ORs) and 95% confidence intervals (Cls) for the association between food group intake and frailty incidence (n=142).

FOOD GROUP

TERTILE 2t

OR (95%Cl)

TERTILE 1 (LOWER)t

Fish and fish products
Fruit and vegetables
Nuts and seeds
Potatoes

Fats and oils

Sugars, preserves and snacks

2.31(0.84-6.67)
1.30 (0.44-3.85)
1.41 (0.32-6.04)
0.34 (0.12-0.90)
0.50 (0.19-1.34)
0.82 (0.30-2.23)

3.04 (1.09-8.85)"
4.34 (1.54-13.13)*
1.52 (0.58-4.15)
0.54 (0.19-1.51)
0.58 (0.17-1.95)
0.49 (0.16-1.47)

Model adjusted for gender, age, energy intake, body mass index and use of dietary supplements.
*P <.05; **P <.01; fcompared to tertile 3 (upper); values in bold indicate statistical significance (P <.05).

and are in line with the overall estimated prevalence of frailty
among European community-dwelling elderly.3

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=.016). This relationship may be
explained by the rich content of high quality protein and
branch chain amino acids (BCAAs) found in fish.3! Dietary
protein plays a well-recognised role in muscle health and
strength in older adults'” by stimulating muscle protein synthe-
sis through activation of the target of rapamycin (TOR) in
skeletal muscle.3? This is an important consideration for older
adults, as the muscle protein synthesis response to protein
ingestion becomes blunted with ageing.33 Fish may thus pro-
vide 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.>* This may be explained by the types of
meat habitually consumed by the Irish population. Ham and
bacon are the top sources of meat in Ireland, consumed by 73%
of the population.3* These products can be highly processed
and high in salt and fat, excessive intakes of which have several
health implications,® possibly counteracting any benefits of
the rich protein content on frailty status.

The current study indicates that fruit and vegetable con-
sumption is also associated with frailty status, with a low
intake translating to a 4.34 higher odds of being frail
(P=.002). This finding is consistent with prior research in
European older adults.3¢ Fruit and vegetables are rich in fibre
and micronutrients, each with a specific role in preventing the
onset of several diseases and health conditions,?” possibly
translating to a lower frailty risk. Additionally, fruit and veg-
etables are a rich source of phytochemicals, a number of
which function as antioxidants®” and some bearing strong

anti-inflammatory properties.3® Oxidative stress and inflam-
matory markers are both elevated in frail persons.3*4 Higher
oxidative stress can contribute to muscle atrophy,* while
similarly, inflammation is linked to measures of muscle mass,
strength and function in older subjects.*? It is likely, therefore,
that these properties contribute to the relationship observed.
Despite their potential, however, increasing fruit and vegeta-
ble 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 diet, high in fruit and
vegetables, whole grains, nuts and seeds and fish and low in
sugars, saturated fats and meat products.*>* 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.* It is also possible that those who
consume sugars, snacks and fats more often have a poorer over-
all diet quality, lacking in essential nutrients for overall health
maintenance,* 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*’ and cognitive decline,*® each shown to be linked
to the incidence of frailty.**° 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.?* The difference in

average energy intake between the 2 reports was trivial (11 kcal).
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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 elderly esti-
mated a range in between these 2 figures (328-378g).5! It
should be noted that the NANS report was completed 9 years
prior to the current study and dietary trends may have some-
what 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 pre-frail 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®> and has
been frequently used as a dietary assessment tool in older pop-
ulations.”’**% A mini-cog score?® of 3 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 general-
isability of the results of this study may also be somewhat lim-
ited 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
cross-sectional design of this study has certain limitations.
Dietary intake may be affected 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-sec-
tional observation was appropriate for the objectives of this
study, which will assist in providing a basis for future longitu-
dinal research.

Conclusion

A significant relationship was observed between frailty and
tood 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 war-
ranted 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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