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Abstract

Purpose Nutrition is a key determinant of chronic disease
in later life. A systematic review was conducted of stud-
ies examining dietary patterns and quality of life, physical
function, cognitive function and mental health among older
adults.

Methods Literature searches in MEDLINE complete,
Academic Search Complete, CINAHL Complete, Ageline,
Global health, PsycINFO, SCOPUS and EMBASE and
hand searching from 1980 up to December 2014 yielded
1236 results. Inclusion criteria included dietary pattern
assessment via dietary indices or statistical approaches, a
sample of community-dwelling adults aged 45 years and
over at baseline and a cross-sectional or longitudinal study
design. Exclusion criteria included a single 24-h recall of
diet, evaluation of single foods or nutrients, clinical or insti-
tutionalised samples and intervention studies. Risk of bias
was assessed using the six-item Effective Public Health
Practice Project’s Quality Assessment Tool for Quantitative
Studies.

Results  There were 34 articles (11 cross-sectional and 23
longitudinal) included with 23 studies examining dietary
indices and 13 studies using empirical analysis. Most stud-
ies examined mental health (n = 10) or cognitive function
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(n = 18), with fewer studies examining quality of life
(n = 6) and physical function (n = 8). Although dietary
pattern and outcome assessment methods varied, most
studies reported positive associations between a healthier
diet and better health outcomes.

Conclusion Overall, the number of studies using dietary
patterns to investigate diet and successful ageing is small,
and further investigation in longitudinal studies is needed,
particularly for quality-of-life outcomes. This review pro-
vides support for the importance of a healthy diet for the
ageing population globally.

Keywords Ageing - Diet - Epidemiology - Health -
Dietary patterns

Introduction

The world’s ageing population continues to increase with
the number of older persons expected to exceed the number
of children in the world for the first time by 2045 [1]. This
will have profound economic implications and influence
policies for labour, housing, health care and families. Rec-
ognition of the importance that quality of life (QoL) and
good overall function accompany this increased life expec-
tancy has led to increased interest in how to promote ‘suc-
cessful ageing’ [2]. Various definitions of successful ageing
exist across social, psychological and medical sciences, but
often include life satisfaction and well-being, maintenance
of physical and cognitive function and good physical and
mental health [2].

The disease burden attributable to chronic disease
increases substantially from mid-age; an estimated 80 % of
health problems in older age could be prevented or delayed
by lifestyle changes in the 55-65 years age group [3]. The
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most effective programs to support successful ageing would
therefore include people from middle age onwards, rather
than focussing only on the oldest old or clinical groups [2].
Healthy lifestyle behaviours and fruit and vegetable intake
are important factors in the maintenance of QoL in mid-age
and older age [4, 5]. Nutrition could therefore play a sig-
nificant role in health in older age.

Whilst much of the previous research in nutrition and
health has focussed on individual nutrients or single foods,
there is increasing interest in whole-of-diet analysis, or
dietary patterns, as a determinant of chronic disease [6].
Foods contain nutrients and bioactive constituents, which
may interact with each other in complex ways. The dietary
pattern approach acknowledges that foods are consumed in
complex combinations and that balance across the differ-
ent components of dietary intake may be important. Dietary
patterns can be defined by two approaches: multivariate
statistical techniques such as factor or cluster analysis (a
posteriori, data-driven or empirical approaches) and die-
tary scoring methods informed by a priori guidelines and
recommendations, often referred to as diet quality indices.
The a posteriori approaches such as principle component
analysis (PCA) or factor analysis create groups by intercor-
related dietary items, whereas cluster analysis groups indi-
viduals into patterns based on their reported mean intakes
of foods [6]. Diet quality indices can assess adherence to
dietary guidelines [7] or to a particular type of diet such as
the Mediterranean diet [8]. These measures allow charac-
terisation of diet at a population health level to investigate
the impact on health in older populations.

There is evidence that diet quality indices are associated
with cardiometabolic risk factors [9], all-cause mortality
[10] and lower body physical function [11] in older people.
The association between dietary patterns and cardiometa-
bolic outcomes has been investigated in several reviews
[12-14]. A recent meta-analysis of dietary patterns and risk
of coronary heart disease reported a decreased risk in the
highest categories of healthy/prudent dietary patterns and
increased risk in the highest categories of the unhealthy/
Western-type dietary patterns [15]. There is also growing
acceptance that diet may play an important role in brain
function and mental health in older age [16, 17]. Recent
cross-sectional evidence from Europe implicates diet qual-
ity in the incidence of depression, anxiety and cognitive
impairment in older adults [18, 19]. Although diet qual-
ity has been associated with mortality and increased life
expectancy [10], it is also important that older adults have
an extended period of stable QoL, free of disability and dis-
ease, to enjoy their extended longevity.

A recent umbrella review of food and dietary patterns
concluded that there was a limited pool of systematic
reviews that followed strict inclusion/exclusion and study
quality criteria so that studies are objectively selected and
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judged and called for more to be undertaken [20]. The pur-
pose of this article is the review literature regarding rela-
tionships between dietary patterns and measures of suc-
cessful ageing in older adults, focusing on QoL, physical
function, mental health and cognitive function.

Methods
Information sources and search strategy

The current review followed the meta-analysis of observa-
tional studies in epidemiology (MOOSE) guidelines [21].
The MEDLINE complete, Academic Search Complete,
CINAHL complete, Ageline, Global health, PsycINFO,
SCOPUS and EMBASE databases were searched for rel-
evant articles. Search terms were pilot tested to check that
appropriate papers were identified before the final search
was conducted. The final search included a keyword from
each of the following three keyword groups: dietary pat-
terns (diet quality/food patterns/dietary index), older adults
(older people/elderly/aged) and health (health status/QoL;
physical function/activities of daily living/frailty; mental
health/mood/depression; cognitive decline/cognitive per-
formance). The search was limited to publications in Eng-
lish and conducted in humans. As the first papers describ-
ing dietary patterns were published in early 1980s [22, 23],
the search was restricted to papers published from 1980
onwards. Reference lists of included studies were searched
for additional articles. The last search was performed in
December 2014.

Inclusion and exclusion criteria

To be included in this review, studies were required to meet
the following criteria: (1) be published as a peer-reviewed
original research article, with full-text availability in Eng-
lish; (2) the study participants’ were community-dwell-
ing older adults aged 45 years or older, or aged 45 years
or older at study baseline for longitudinal studies; (3) the
study reported an assessment of dietary intake includ-
ing diary records, multiple 24-h recall or Food Frequency
Questionnaire (FFQ); (4) the study reported an analysis of
the relationship between dietary patterns (including a priori
dietary indices or data-driven methods) and an appropri-
ate outcome measure; (5) the study included at least one
outcome measure from one of the three areas of interest:
health and QoL (self-reported health status), physical func-
tion (physical function, activities of daily living, frailty),
cognitive function (cognitive decline, cognitive perfor-
mance) and mental health (depressive symptoms, mood);
(6) the statistical analysis included adjustment for relevant
covariates.
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The exclusion criteria included: (1) the study included
only specific or institutionalised populations (e.g. older
adults with type 2 diabetes or in residential care); (2) the
study combined dietary patterns with other lifestyle/behav-
iour measures into a ‘lifestyle score’ (except where asso-
ciations with dietary patterns were reported separately); (3)
the study included a single 24-h recall as the dietary assess-
ment method (as this is not reflective of usual intake [24]);
(4) the study examined diet from the remote past retrospec-
tively (due to the increased risk of error in dietary recall,
which places a greater reliance on memory [24]); (5) the
study evaluated single foods or nutrients only; (6) the study
included medical records or a self-reported diagnosis for a
clinical condition and did not assess current health using an
assessment tool or questionnaire.

Study selection

Titles and abstracts collected from the search were screened
by the investigator (CM). Any articles that did not meet eli-
gibility criteria were excluded. For any articles which it
was not clear whether they met the eligibility criteria, full-
text articles were obtained, screened and resolved by dis-
cussion and consensus between the two authors (CM and
SM).

Data extraction and synthesis

Data extraction was assisted by an adapted Microsoft Excel
spreadsheet developed for a previous systematic review
[25]. Data extracted included: project title, country, study
design and aim; inclusion and exclusion criteria; recruit-
ment source; participant age, sex and ethnicity; setting and
target populations; time points data collected and reported;
measure assessed, measurement tool and unit, measurement
tool reliability and validity; total length of follow-up, num-
ber of follow-up measurements; total participants enrolled,
number of participants included in analyses; number of
and/or reasons for withdrawals, dropouts and exclusions,
and number lost to follow-up; summary outcome data, type
of analysis used, results of analysis; funding source; and
key conclusions of authors. Data from the included studies
were extracted using a standard form by one author (CM)
and verified by a research assistant. In cases of disagree-
ment, discussion was held until consensus was reached.
Studies were unable to be combined in a meta-analysis due
to the large disparities in methodological approaches, expo-
sures and outcomes.

Risk of bias assessment

Risk of bias assessment of included articles was con-
ducted using the six-item Effective Public Health Practice

Articles identified
n=1236
(Database search n = 1234)
(Hand searchingn = 2)

Duplicates removed

i n =636
Articles initially reviewed by
title and abstract
n =600
Excluded by title and
> abstract
A n =496
Articles eligible for review
by full articles
n =104
Excluded by full article
. g n=70
Articles eligible for full
review
n=34

Fig.1 Flow chart summary of articles identified in search and
included in review

Project’s Quality Assessment Tool for Quantitative Stud-
ies (see http://www.ephpp.ca/PDF/Quality%20Assess-
ment%20Tool_2010_2.pdf) [26]. This tool considers
selection bias, study design, confounders, blinding, data
collection methods and withdrawals and dropouts. One
author (CM) assessed each of the six risks of bias indica-
tors as ‘low’, ‘medium’ or ‘high’. Studies were then given
a global risk of bias rating of ‘low’ (four low ratings and no
high ratings), ‘medium’ (less than four low ratings and one
high rating) or ‘high’ (two or more high ratings).

Results

The search of databases yielded 1234 results, and hand
searching yielded an additional two studies (Fig. 1). A
total of 636 duplicates were removed, leaving a total of
600 articles to screen titles and abstracts, with 496 articles
excluded at this stage. Full-text articles were retrieved and
assessed for eligibility (n = 104), and 34 were included in
the review. Articles were divided into two groups by the
whole-diet assessment method used: either a priori dietary
indices (Table 1) or data-driven methods (Table 2). Follow-
ing this, articles were classified into groups according to
the outcome measure they assessed: QoL, physical func-
tion, mental health and cognitive function.

There were six studies that examined QoL or health
status [19, 27-31], which was assessed by either a self-
reported single item (with participants asked to rate their
present health status as very good, good, fair, bad or very
bad), a 5-item 100-mm visual analogue scale [32], or
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questionnaire-based measures of health-related QoL such
as the well-known 12- or 36-item Short-Form Health
Survey [33] or the Health and Activity Limitation Index
(HALex) [34]. There were eight included studies that
assessed physical function or frailty [11, 28-31, 35-37].
Physical functioning was assessed in included studies with
various measures including assessment of activities of
daily living (ADLSs) using a 7-item scale [38] or the Older
American Resources and Services activities of daily liv-
ing 14-item scale [39] and objective tests of physical func-
tion such as the Short Physical Performance Battery [40].
Frailty was largely assessed using the Fried et al. [41] cri-
teria that include self-reported weight loss, exhaustion, low
grip strength, low walking speed and low physical activ-
ity. Mental health was assessed in ten included studies [18,
19, 30, 42—47] using a range of self-rating scales from the
Centre for Epidemiologic Studies-Depression Scale (CES-
D) [48] and Geriatric Depression Scale [49], which assess
depressive symptoms, to the Hospital Anxiety and Depres-
sion Scale (HADS) [50] and the Kessler Psychological Dis-
tress Scale (K10) [51], which assess depressive and anxiety
symptoms. Eighteen included studies assessed cognitive
function [19, 52-68] ranging from assessment of global
cognitive function using the Mini—Mental State Examina-
tion (MMSE) [69] to comprehensive evaluations of cogni-
tive function using a battery of tests which assess a variety
of cognitive functions, including short-term verbal mem-
ory, verbal and mathematical reasoning, vocabulary and
verbal fluency.

Studies using dietary indices

Table 1 describes the twenty-four studies that applied an
a priori dietary index to characterise whole diet [11, 18,
27-31, 35-37, 42, 43, 52-63]. There were nine cross-sec-
tional and fifteen longitudinal studies. The majority of stud-
ies were from European countries (n = 10) [11, 18, 31, 36,
37, 54, 55, 60, 62, 63], with nine from the USA or Canada
[27, 35, 42, 56-59, 61], two from Australia [28, 43], two
from Hong Kong [29, 53] and one from Japan [30]. Sample
sizes ranged from 96 to 8660 participants. Eighteen stud-
ies included over 1000 participants [18, 27-29, 35, 36, 42,
43,52, 53, 55-61, 63]. Dietary intake data were most com-
monly collected using a FFQ [11, 18, 27-30, 35, 37, 42,
43, 52-54, 56-61], followed by dietary history method [31,
36, 63], and with only one study each using multiple 24-h
recalls [55] or a food diary [62].

There were twelve unique indices used in the included
studies, with six studies including multiple indices [36,
52, 55, 56, 59, 61] and four studies including both indi-
ces and data-driven methods in their analysis [18, 35, 43,
53]. The majority of studies (n = 14) included an index,
which assessed adherence to the Mediterranean diet, with
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the Mediterranean Diet Score (MDS) developed by Tricho-
poulou [8] most commonly used in nine studies [11, 31, 36,
43, 53, 55, 56, 58, 60], followed by the Med Diet Score
(MedDiet) developed by Panagiotakos [70] used in three
studies [42, 54, 59]. Only one study each used the Mediter-
ranean-style dietary pattern score (MSDPS) developed by
Rumawas [71], alternate Mediterranean food (MED) score
developed by Fung [72] and Mediterranean Diet Adherence
Screener (MEDAS) [73] developed to assess the Mediter-
ranean diet characteristic of Spain [36, 37, 55]. One study
[52] assessed adherence to a Mediterranean-style diet
across eight components commonly included in the above
scores, but generated scores by ranking participants accord-
ing to their intake of each component and then summing
the participant’s component rank scores. This study [52]
also assessed adherence to the Dietary Approaches to Stop
Hypertension (DASH) diet using a similar sum of eight-
ranked components scoring method [74].

The remaining eight indices captured diet quality
through assessment of adherence to recommended die-
tary guidelines or assessment of food diversity or variety.
The Healthy Eating Index-2005 (HEI-2005) [75], which
reflects adherence to US dietary guidelines or variations
of this score, was used in four studies [27, 56, 57, 59].
The Healthy Diet Indicator (HDI) developed by Huij-
bregts et al. [76], which reflects adherence to World Health
Organization dietary guidelines for prevention of chronic
diseases, was used in two studies [62, 63]. One study [35]
used the revised version of the Diet Quality Index (DQI-R)
[77], which reflects US dietary guidelines, whilst another
study [29] used the Diet Quality Index-International (DQI-
1) [78], based on current worldwide and individual national
dietary guidelines. A study examining diet quality, depres-
sion and anxiety used an a priori healthy diet quality score
[18], whilst another study [28] used a modified version of
the Australian diet quality index [79], based on Australian
dietary guidelines. The remaining two studies [30, 61] used
measures of dietary variety including the 11-item Food
Diversity Score Kyoto (FDSK-11), and the recommended
and non-recommended food score (RSF and NRFS [80,
81]), respectively.

There were four out of five studies that reported posi-
tive associations between a dietary index and QoL or health
status [27-30]. A US study of 4009 men and women aged
over 74 years reported poorer health-related QoL assessed
by the HALex in participants with poor diet quality com-
pared participants with ‘healthy’ diet quality as assessed
by a dietary screening tool [27]. Woo et al. [29] found
that better diet quality assessed by the DQI-I was associ-
ated with better mental and physical component summary
scores from the SF-12 in 3611 older people aged 65 years
or over living in Hong Kong. Another smaller study of 689
older adults aged 65 years or over from Japan found that
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participants that reported greater food diversity had better
self-reported QoL on a visual analogue scale [30]. These
cross-sectional observations were supported by a recent
longitudinal study of 1305 men and women aged 55 years
and over, which reported positive associations between an
Australian diet quality index and physical health compo-
nents of the SF-36 5 years later [28]. However, another lon-
gitudinal study and the only one of the five which used a
Mediterranean diet index failed to find an association. Fur-
thermore, a study of 216 men and 264 women from seven
European countries did not find an association between diet
quality assessment by the MDS and deterioration in health
status of 10 years [31].

Seven out of eight studies reported positive associations
between a dietary index and a measure of physical func-
tion or frailty [11, 28-30, 35-37]. A study from Germany
of 192 older people aged 75 years and over found that bet-
ter adherence to a Mediterranean diet was associated with
reduced risk of overall frailty [37]. Another study from
Spain also found associations between two Mediterra-
nean diet indices, the MDS and the MEDAS, and frailty
after a mean follow-up of 3.5 years in 1815 older adults
aged 60 years and over [36]. Two other studies using the
MDS developed by Trichopoulou reported mixed find-
ings: a longitudinal cohort study of 935 women and men
aged 65 years and over living in Tuscany, Italy, found that a
higher score on the MDS was associated with less decline
in lower body physical function over 9 years and a lower
risk of developing a mobility disability [11]. In contrast, a
study using the same index in a group of 216 men and 264
women aged 70-75 years across seven European countries
did not find an association between the MDS and self-care
ability over 10 years [31].

The remaining four studies found positive associations
between diet quality and physical function or frailty out-
comes. Woo et al. found that higher diet quality assessed
by the DQI-I was associated with lower frailty in 3611
older men and women living in Hong Kong [29], whilst a
US study found an association between better diet quality
assessed by the DQI-R and lower frailty assessed by the
Fried criteria after a mean follow-up of 4.6 years in 5922
older men [35]. A study of 689 older people from Japan
found that participants with greater dietary variety reported
better basic and advanced ADLs [30]. A longitudinal study
of 895 older Australians also reported a 50 % lower risk
of impaired instrumental ADLs after 5 years in the high-
est quartile of diet assessed by the modified Australian diet
quality index compared to the lowest quartile [28].

All four studies that included mental health measures
reported associations between better diet quality and lower
depression [18, 30, 42, 43]. A study of 5731 Norwegian
men and women aged 46—49 and 70-74 years reported
that an a priori healthy diet score was inversely related to

depression and anxiety in women and depression in men
[18]. Food diversity was also associated with lower depres-
sion scores in 689 older Japanese [30]. Hodge et al. [43]
and Skarupski et al. [42] were the only longitudinal stud-
ies to assess diet quality and mental health, with both using
a Mediterranean diet index (MDS and MedDiet, respec-
tively). Both studies reported associations between higher
adherence to a Mediterranean diet and better mental health,
via lower psychological distress assessed by the K10
12 years later [43] and reduced depressive symptoms after
a mean of 7.2 years assessed by the CES-D [42].

There were ten out of twelve studies that reported
positive associations between a dietary index and cogni-
tive function [52, 54-57, 59-63], although some of these
were reported in univariate analysis, subscales of cognitive
assessments or subcohorts of the main analysis. Three stud-
ies used either the HEI-2005 [82] or a version adapted for
Canadian conditions [56, 57, 59]. A study of 1269 Puerto
Rican adults aged 45-75 years living in the Greater Bos-
ton area of Massachusetts found that higher scores on the
HEI-2005 were related to better global cognitive function
and neuropsychological tests of memory but not executive
function and attention domains [56]. By including par-
ticipants aged from 45 years, this study used a relatively
younger population which enabled researchers to investi-
gate possible protective factors for cognitive function from
an earlier age. A study of 3790 participants aged 65 years
and over from the Chicago Health and Aging Project
(CHAP) [59] assessed global cognitive function over time
at 3-year intervals for a mean of 7.6 years using a compos-
ite of assessments including East Boston tests of immediate
and delayed recall, MMSE and Symbol Digits Modalities
Test. Despite including participants of older age than the
previous study, there was no association between diet qual-
ity and cognitive function. A study of 1488 Canadian adults
aged 67-84 years found that the C-HEI, an adaptation of
the HEI-2005 for Canadian conditions, was associated with
the modified Mini—-Mental Status Examination (3MS) in
univariate analysis but not after adjustment for covariates
[57].

Two studies used the HDI [76] developed by Huijbregts
et al. and based on the WHO guidelines for prevention
of chronic diseases. Huijbregts related the HDI to cogni-
tive function measured using the MMSE in 1049 men
aged 70-91 years in five cohorts from the Seven Countries
Study [63]. Whilst a higher HDI score was associated with
lower prevalence of cognitive impairment (defined as a
MMSE <23) in four out of five cohorts, the associations
remained significant in only one cohort after adjustment for
confounders. A study of 96 free-living older people aged
64-93 years found that better cognitive performance was
associated with past (1993) but not concurrent (1997) HDI
[62]. This association was observed despite a generally
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healthy and cognitively intact sample, with participants
with significant cognitive impairment excluded. A study
of 3634 men and women aged >65 years found that par-
ticipants who reported greater dietary variety as assessed
by the RFS reported better cognitive function assessed by
the 3MS at baseline and less decline in 3MS score over
11 years after adjusting for confounders [61]. A longitudi-
nal study of 3580 men and women aged 65 years and over
also reported an association between higher adherence to
a DASH-style diet and cognitive function assessed by the
3MS after an 11 years follow-up [52].

There were eight studies that investigated the relation-
ship between a measure of compliance with a Mediter-
ranean diet and cognitive function. The most commonly
used index was the MDS developed by Trichopoulou and
colleagues [8], used by six studies [52, 53, 55, 56, 58, 60].
Significant associations between higher MDS and bet-
ter performance on the MMSE were reported by Ye et al.
[56] in a cross-sectional study of 1269 Puerto Rican adults
aged 45-75 years from the Greater Boston area of Mas-
sachusetts and Feart et al. [60] in prospective cohort study
of 1410 adults >65 years from Bordeaux, France, over
5 years. However, a study of 3670 men and women from
Hong Kong reported no association between the MDS and
cognitive function assessed using the Community Screen-
ing Instrument for Dementia (CSI-D) [53]. A study of
2504 women aged >65 years with pre-existing CVD or
risk factors also reported no association between adher-
ence to a Mediterranean diet assessed by the MDS and
cognitive decline over 5.4 years assessed by the TICS, a
telephone measure of global cognitive function based on
the MMSE, or assessments of verbal memory and category
fluency [58]. In contrast, a study of 3083 participants from
the SU.VL.MAX study investigated associations between
midlife consumption of a Mediterranean diet and cogni-
tive performance 13 years later found associations between
higher MDS and better performance on specific cognitive
assessments, namely phonemic fluency and backward digit
span score, but not an overall composite score built from
the tests [55]. Finally, a longitudinal study of 3580 men
and women aged 65 years and over reported an associa-
tion between higher adherence to a Mediterranean diet and
cognitive function assessed by the 3MS after an 11 years
follow-up [52].

Two studies used the MedDiet score developed by Pana-
giotakos et al. [70] to assess adherence to a Mediterranean
diet, with mixed findings. A study of 3790 adults aged
>65 years participating in the Chicago Health and Aging
Project reported positive associations between a higher
MedDiet score and better cognitive function assessed by a
battery of tests [59]. A study of 237 men and 320 women
aged >65 years residing in rural Greece found a positive
association between MedDiet score and MMSE score in
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men, but an inverse association in women [54]. The authors
suggested that this unexpected relationship between diet
and cognitive function in women could be due to the higher
rate of cognitive impairment and lower education status
observed in women compared to men in this sample, which
could have confounded the association.

Studies using data-driven methods

Table 2 describes the thirteen studies that applied a data-
driven method such as cluster analysis or principal compo-
nent analysis to characterise whole diet [18, 19, 43—47, 53,
64-68]. There were no studies using data-driven methods
of dietary pattern assessment, which reported a measure of
physical function or frailty. There were five cross-sectional
and eight longitudinal studies. The majority studies were
from European countries (n = 5), with three from the UK,
two each from Australia and Hong Kong, one from Can-
ada. Sample sizes ranged from 878 to 12,404 participants.
Dietary intake data were most commonly collected by a
FFQ (11 studies) [18, 19, 43—47, 53, 64, 66, 68], with two
studies using multiple 24-h diet records [65, 67]. There was
significant variation in the number and type of food groups
used in the analysis (20—168). The number of reported fac-
tors or clusters ranged from two to six. The majority of
included studies used principal component analysis (PCA)
or factor analysis to derive dietary patterns [18, 43—47, 64,
66-68], whereas only one study used cluster analysis [19].
One study used the reduced rank regression (RRR) method
to derive a dietary pattern associated with higher plasma
levels of carotenoids [65].

One study investigated associations between data-driven
dietary patterns and a measure of health status. Samieri
et al. [19] investigated dietary patterns using cluster analy-
sis in 1724 French men and women aged 65 years and over.
They identified five dietary clusters for each sex, with men
in the ‘paster eaters’ cluster and women in the ‘biscuits
and snacking’ cluster more likely to report poor self-rated
health compared to ‘healthy’ eaters. There were no other
statistically significant relationships between other clus-
ters and self-rated health, although there were relationships
between clusters and other outcomes included in the study,
namely cognitive function and depression, as described
below.

Seven studies investigated the relationship between
data-driven methods of dietary patterns and cognitive func-
tion [19, 53, 64-68]. Six reported a relationship between
a ‘healthy/prudent’ [19, 64, 67], ‘traditional’ [66], ‘vegeta-
ble—fruits’ [53], ‘snacks—drinks—milk products’ pattern [53]
or ‘whole food’ [68] pattern and better cognitive function,
despite using varying measures of cognitive function. One
study reported a relationship between a ‘Mediterranean-
style’ dietary pattern and better cognitive function [66].
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Two studies reported a relationship between a ‘processed
food/Western’ pattern and poorer cognitive function [64,
68]. The relationship was observed in both cross-sectional
and longitudinal studies (with up to 13 years follow-up),
which provides further support for a possible relationship
between dietary patterns and cognitive function in older
people. One study of 2983 men and women investigated
the association between a carotenoid-rich dietary pattern
and cognitive performance 13 years later [65]. They used
RRR to derive a dietary pattern associated with higher lev-
els of plasma carotenoids at baseline, which was character-
ised by consumption of orange- and green-coloured fruits
and vegetables, vegetable oils and soup and was found to
be associated with better cognitive function assessed by a
battery of tests.

Seven studies investigated the relationship between a
measure of mental health and data-driven dietary patterns
[18, 19, 43-47]. The majority of studies reported rela-
tionships between a ‘healthy’, ‘whole food’, ‘vegetables—
fruits’ or ‘Mediterranean’ diet and better mental health
[18, 44-47], with some studies also reporting a relation-
ship between an ‘unhealthy’, ‘processed food’ or ‘west-
ern’ diet and poorer mental health [46, 47]. Samieri et al.
[19] investigated the cross-sectional relationship between
dietary clusters and depressive symptoms using the CES-D
in 1724 French older adults. They identified five dietary
clusters in each sex and found men in the ‘paster eaters’
cluster had higher depressive symptoms than participants
in the ‘healthy’ cluster. Rienks et al. [45] also investigated
the relationship between depressive symptoms using the
CES-D with dietary patterns derived by PCA in women
aged 50-55 years. Whilst they identified six dietary pat-
terns, only higher consumption of the ‘Mediterranean-style
diet’ pattern was associated with lower depressive symp-
toms at baseline and after 3 years, and no other relation-
ships with patterns were reported after adjustment for
covariates. Similarly, consumption of a ‘whole food’ dietary
pattern characterised by high consumption of vegetables,
fruits and fish was associated with lower odds of depres-
sion (measured by CES-D), in a study of 3486 adults from
the Whitehall II prospective cohort [47]. This study also
found a negative association between a ‘processed food’
pattern and depression. Le Port et al. [46] also identified
five dietary patterns in men and six in women using PCA in
a sample of 9272 men and 3132 women aged 45-60 years
at baseline. They reported relationships between depres-
sive symptoms over 10 years using the CES-D and multi-
ple dietary patterns in their cohort, including lower likeli-
hood of depressive symptoms in the ‘healthy’ pattern in
men and women and ‘traditional’ pattern in women only,
and increased likelihood of depression in the ‘low fat’ and
‘snacking’ patterns in men and women, and ‘western’ and
‘fat-sweet’ patterns in men only.

Jacka et al. [18] investigated the association between
dietary patterns and depression and anxiety assessed by
the Hospital Anxiety and Depression Scale (HADS) in
5731 Norwegian adults aged 4649 and 70-74 years. They
identified three dietary patterns using PCA and found that
a ‘traditional Norwegian’ dietary pattern was associated
with lower depression scores in men and lower anxiety
scores in women, a ‘healthy’ dietary pattern was associ-
ated with lower depression and anxiety scores in women
but increased anxiety scores in men. Hodge et al. [43]
also investigated the relationship between dietary patterns
derived from PCA and psychological distress incorporat-
ing depression and anxiety using the K10 distress survey
12 years later in 8660 men and women aged 50-69 years at
baseline. They identified two dietary patterns, a ‘modified
Mediterranean’ pattern and an ‘Australian-style’ pattern,
which included some foods high in fat and sugar content
along with whole foods. Surprisingly, the authors reported
no relationship between a ‘modified Mediterranean’ pattern
and mental health, but a significant weak inverse associa-
tion between an ‘Australian-style’ pattern and a lower K10
score at follow-up. The authors concluded that the signifi-
cant association with the ‘Australian-style’ pattern could be
attributed to a ‘community belonging’ factor, rather than
the specific foods or nutrients provided, although several
measures of social support were included in the model
as covariates. Chan et al. [44] also reported unexpected
associations between dietary patterns derived from factor
analysis and depressive symptoms measured using the Ger-
iatric Depression Scale in 2902 adults aged 65 years and
over. They identified three patterns, the ‘vegetable—fruits’,
‘snacks—drinks—milk products’ and ‘meat—fish’ patterns and
reported associations between consumption of the ‘vegeta-
ble—fruits’ pattern and lower depressive symptoms at base-
line, but no associations with any dietary pattern after a
4 years follow-up. Surprisingly, they also reported an asso-
ciation between lower depressive symptoms at baseline and
consumption of the ‘snacks—drinks—milk products’ pattern,
which was composed of a mixture of healthy foods includ-
ing wholegrains and milk and unhealthy foods including
sweets, fast food and French fries.

Risk of bias assessment

Overall, three (9 %) studies included had a low risk of bias,
24 (71 %) had a moderate risk of bias and seven (20 %) had
a high risk of bias (Online Resource Table 1). There were
24 (71 %) studies that reported the number of and/or rea-
sons for dropouts and withdrawals. Many studies included
references to other studies containing reliability infor-
mation for the dietary intake and outcome measures they
reported, and for others this information was readily avail-
able in the literature. Six (17 %) studies included measures

@ Springer



444

Eur J Nutr (2016) 55:423-450

with no reliability information available. Two studies pro-
vided no information on validity of dietary intake or out-
come measures, and this information could not be found in
the literature.

Discussion

Overall, this first systematic review of dietary patterns and
successful ageing supports a relationship between dietary
intake assessed by whole-diet approaches and measures of
cognitive function and mental health in older people. For
QoL and physical function, the number of studies is small
with too few longitudinal studies to draw strong conclu-
sions, although initial findings are suggestive of a relation-
ship between a healthier diet and better health outcomes.
Although advances in health care have resulted in extended
life expectancy, it is now important that the onset of chronic
disease and illness is delayed and older people are able
maximise their QoL, health and independence during this
time. In essence, health expectancy needs to be extended in
companion with life expectancy. To date, reviews investi-
gating relationships between dietary patterns and health in
older people have focussed on mortality [83] and chronic
disease outcomes such as cardiovascular disease [84] and
diabetes [85]. This review adopted a broader approach by
including health status, physical function and mental health
outcomes, which are risk factors for poorer morbidity and
mortality outcomes overall in older age [86].

This review provides support that dietary indices or pat-
terns are related to health status and QoL in older people.
The majority of studies that included a measure of health
status or QoL reported a positive relationship between a
healthy or better quality diet which reflected current dietary
recommendations and better outcomes in older people. To
our knowledge, this is the first systematic review of dietary
patterns, health status and QoL in older people. We found
five studies of health status or QoL measures, which used
an a priori index of diet quality of adherence to a diet, and
one which used a posteriori or empirically derived dietary
patterns. Despite the broadly consistent findings, there is
heterogeneity across whole-diet assessment methods and
health status/QoL outcomes used in these previous studies.
It should also be noted that only two studies have inves-
tigated the relationship between dietary patterns and QoL
longitudinally [28, 31], with inconsistent findings. Further
longitudinal research into the association and comparing
associations across different whole-diet assessment meth-
ods within samples will help interpretation of this body of
research in the future.

Referring to physical function and frailty, this review
provided support for a relationship between whole-diet
assessment measures and these outcomes longitudinally in
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older people. There have been no published reviews of the
literature of dietary patterns and frailty or physical function
to date. There were seven out of eight included studies that
reported a relationship between an a priori index of diet
quality or adherence to a particular diet and better physi-
cal function or reduced frailty risk using report-based and
objective measures in older adults. Previously, diet quality
indices have been associated with lower intakes of energy,
total fat and saturated fat and higher intakes of fibre,
B-carotene, vitamin C, folate, calcium and iron [7] and also
biomarkers of chronic disease risk including serum homo-
cysteine, serum C-reactive protein, plasma glucose, total
serum cholesterol and blood pressure [87]. These dietary
indices may therefore represent adherence to a diet associ-
ated with maintenance of muscle strength and reduced like-
lihood of disability and chronic disease in this study [88],
a key requirement for QoL and physical function in older
age [89]. No included studies investigated the relationship
between a posteriori or empirically derived dietary patterns
and physical function, and this should be investigated in
future studies.

Of the studies in this current review, cognitive function
was the most commonly assessed outcome. A number of
recent reviews have also investigated whole-diet assess-
ment methods and cognitive function [90, 91], although
these were not systematic reviews. That a large amount
of dietary patterns work in this age group has focussed
on cognitive function outcomes is perhaps to be expected,
considering the importance of this outcome in older age.
Dementia is one of the most commonly reported neuropsy-
chological conditions in older adults [92] and the fourth
leading cause of death among high-income countries [93].
Although the evidence has been broadly supportive of a
relationship between a ‘healthy’ diet and better cognitive
function or reduced risk of decline, there are some incon-
sistencies among results, particularly in Mediterranean diet
adherence indices.

There has been growing interest in the relationship
between dietary patterns and mental health across a wide
range of sample populations [94, 95]. This is the first review
of dietary patterns to focus on mental health in older age.
Our review is consistent with previous reviews in children
and younger adults [94, 95], which concluded that there is
generally a consistent relationship between diet quality or a
‘healthy’ diet and better mental health. However, there are
some inconsistencies in the literature to date and a reliance
on cross-sectional studies, resulting in concerns about pos-
sible reverse causality (i.e. depressive symptoms encour-
aging poor dietary habits) in these samples, and therefore,
further research in this area is needed [96].

There are a number of proposed mechanisms by which
a healthy diet as assessed by dietary index or pattern may
support mental health and cognitive function. The brain
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requires nutrients for development of its structure and func-
tion from birth, and this requirement continues through the
lifespan [97]. For example, a healthy diet such as the Med-
iterranean-style diet including high consumption of vegeta-
bles, fruits, legumes, olive oil, fish, cereals, nuts and seeds
can provide a range of nutrients including B vitamins,
omega-3 fatty acids and antioxidants [98]. Antioxidants can
protect the brain against oxidative damage to cellular mem-
branes, which has been implicated in psychiatric disorders
including depression [99]. The omega-3 fatty acid doco-
sahexaenoic acid is highly concentrated in the structure of
the brain and critical for brain development. Omega-3 fatty
acids and vitamins also influence a variety of brain func-
tions including production of neurotransmitters, neuronal
cell growth and survival and protection of the blood brain
barrier [98].

Despite the popularity of indices which measure adher-
ence to a Mediterranean-type diet to date, there were more
positive associations observed in studies using dietary
guidelines or variety indices than Mediterranean diet indi-
ces. This may partially reflect the difficulty in adapting this
score for non-Mediterranean populations. For example, the
MED score by Fung et al. [72] was adapted for use in a
non-Mediterranean population, which may make it more
suitable for use in non-Mediterranean populations than
other Mediterranean diet scores. This may explain why
positive associations were seen with a measure of frailty
[37], compared to the original MDS which reported posi-
tive associations with frailty with a sample of older Italians
[11], but not a mixed sample across seven European coun-
tries [31]. These mixed findings reflect the complex nature
and variations of dietary patterns across samples, and again
comparison of whole-of-diet analysis methods within sam-
ples may provide further insight.

More of the studies included in this review used a priori
indices, rather than a posteriori or empirical approaches.
The popularity of a priori indices in previous research may
be explained partly due to the variety of scores available
for use, combined with their relative ease of use and inter-
pretation compared to a posteriori approaches. Although
some other systematic reviews have found more studies
using dietary indices than empirical approaches in young
children [100], this is not the case in adults [101]. Although
both approaches use similar dietary intake information
such as diet records or FFQs, the final dietary pattern pro-
vided by each approach and the conclusions which can be
drawn vary significantly. The a priori approach can deter-
mine whether a sample population is meeting a diet previ-
ously defined by healthy eating recommendations and can
be used and compared across study samples. In contrast,
the a posteriori approach reflects the current dietary pro-
files within the sample and is unique to the specific sample,
although considerable reproducibility across populations

has been demonstrated [102]. Of the studies that included
an a posteriori approach to diet assessment, more studies
derived patterns using a PCA or factor analysis rather than
cluster analysis, which also reflects previous reviews [6].
Ultimately, both approaches can provide valuable informa-
tion on the relationship between dietary intake and health
outcomes.

The assessment of multiple components of dietary intake
within the one measure is also a strength of the dietary pat-
tern or whole-of-diet analysis approach. For example, Huij-
bregts et al. [63] investigated the relationship between HDI
and cognitive function across five cohorts from three coun-
tries. The dietary components of the HDI that were asso-
ciated with cognitive function were not the same in each
of the cohorts. This supports the hypothesis that the com-
bination of different dietary components—the dietary pat-
tern—is responsible for observed association with cogni-
tive function. The dietary pattern approach, and particularly
the use of dietary indices, also allows dietary intake to be
captured and compared across different cohorts or samples
whilst allowing for variation in components across differ-
ent cohorts or samples. However, it is possible that lack of
variation in reported dietary intake in some cohorts could
reduce variation in dietary indices and contribute to lack of
statistically significant associations observed in some stud-
ies, as proposed by Huijbregts et al. [63].

As there is considerable variation in dietary intake and
dietary pattern analysis methods, so is there also consid-
erable variation in methods of assessment of QoL, physi-
cal function, mental health and cognitive function our
outcome measures of interest. Cognitive function had the
most varied assessment, from broad assessment of global
cognitive function to neuropsychological assessment of
specific functions, with variation in reported results across
outcomes. For example, significant associations between
higher MDS and better performance on the MMSE as a
measure of global cognitive function were reported by Ye
et al. [56] and Feart et al. [60]. However, no significant
associations were observed with neuropsychological test
batteries, which assessed specific cognitive functions sepa-
rately, highlighting the importance of selection of assess-
ments to measure cognitive functions of interest likely
to be affected by diet. Measures used to assess physical
function and frailty also varied from self-report of ability
to complete ADLs to objective assessment via a battery
of physical performance tasks. Associations with dietary
patterns were reported across these varying measures,
providing further strength to the reported relationships.
Health status and QoL were assessed using standard self-
report measures, which varied from a single-item measure
to the more detailed multiple-item measures such as the
SF-36. Significant associations with dietary patterns were
observed across the range of QoL measures used. Studies
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investigating mental health also used a range of high-qual-
ity self-report measures widely used in epidemiological
studies and reported associations across a wide range of
measures. Therefore, it appears that choice of appropriate
assessment method may be most crucial to interpretation of
studies investigating cognitive function.

Limitations of the studies included in this review
included the dietary assessment measures used, the large
number of cross-sectional studies, particularly for QoL and
mental health outcomes, and issues relating to bias due to
non-response and loss to follow-up. The risk of bias was
high with only three studies deemed to have a low risk of
bias. Assessment of dietary intake is challenging, and the
majority of studies used FFQ measures of dietary intake
which have known levels of under-reporting and bias [103].
This represents an ongoing limitation of the nutrition litera-
ture as a whole, and there are ongoing efforts to improve
dietary intake assessment methods [104, 105]. Although
some studies did assess diet at multiple time-points, the
majority used only one assessment of dietary intake and
could not examine longitudinal changes in dietary intake. It
is possible the studies may include selective non-response,
where people with the poorest health status may not par-
ticipate or be able to complete questionnaires and therefore
reduce variation in health outcome reported, which might
be particularly relevant for cognitive function and mental
health outcomes. A large proportion of the studies were
cross-sectional, particularly in QoL and mental health stud-
ies, which represent a lower level of evidence than longitu-
dinal as causality cannot be determined and reverse causal-
ity is possible. In contrast, a higher proportion of studies
investigating cognitive function and physical function were
longitudinal, perhaps reflecting a recognition of the impor-
tance of measuring decline in these outcomes over time in
research to date. There was substantial heterogeneity in the
studies, reflected in multiple measures of dietary intake,
whole-diet assessment techniques and assessment of health
outcome measures, which meant that the studies could not
be pooled even within outcome type. Although a compre-
hensive search strategy was employed, publication bias
through reduced likelihood of publication of studies with
negative findings cannot be ruled out.

This review adds to previous evidence by indicating
that diet quality and is linked to health expectancy in addi-
tion to life expectancy [83] and chronic disease [106]. A
strength of this review is the focus on population-based
and community-based samples of older adults. It is gener-
ally accepted that finding ‘true’ associations between life-
style factors such as diet and health outcomes requires a
large healthy population at baseline [107]. The exclusion of
papers focusing on clinical or residential care based popu-
lations helps to meet this condition for the current review,
in addition to the focus of samples aged 45 years and over
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which is commonly when chronic disease starts to appear.
Other strengths include the comprehensive search strategy
with eight databases systematically searched supplemented
by hand searching and the inclusion of multiple approaches
of dietary pattern assessment.

Further research is required in this area, particularly
investigating associations between dietary patterns and
physical function and health-related QoL measures. Physi-
cal function should be a particular focus, considering its
importance as a predictor of future disability, residential
care and mortality [108—110]. Further research should also
investigate the use of different whole-of-diet assessment
methods and how the choice of dietary index or statistical
measure may influence the results. Another area for future
research that has emerged from this review is the differ-
ence in associations between dietary patterns and health
outcomes observed between men and women in many of
the studies, particularly in mental health and cognitive
function outcomes [18, 19, 54]. The underlying reasons for
these differences are not clear. It is plausible that response
biases in dietary reporting and health outcomes could have
contributed to the difference in men and women observed
in the included studies. There are also differences in prev-
alence of reported mental health conditions between men
and women, with women more likely to suffer from depres-
sion and anxiety [111, 112]. However, there is evidence
that depressive symptoms increase at a greater rate over
time in older men, and gender differences in severity disap-
pear completely in the years preceding death [113]. There-
fore, further investigation of mental health and dietary pat-
terns in older populations over time is warranted.

Conclusion

This systematic review fills a substantial gap in the litera-
ture about dietary patterns and successful ageing. The find-
ings demonstrate evidence of an association between a bet-
ter quality or a healthy diet and better health-related QoL,
physical function and mental health in older age. There
have been limited studies to date, and more longitudinal
studies are needed, particularly in QoL and health status
outcomes. Given the promising findings, there is a need for
further high-quality research in this area.
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