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ABSTRACT

Background: Consuming fruit and vegetables (FVs) may protect
against frailty, but to our knowledge no study has yet assessed their
prospective dose-response relation.

Objective: We sought to examine the dose-response association
between FV consumption and the risk of frailty in older adults.
Design: Data were taken from 3 independent cohorts of community-
dwelling older adults: the Seniors-ENRICA (Study on Nutrition and
Cardiovascular Risk Factors in Spain) cohort (n = 1872), Three-City
(3C) Bordeaux cohort (n = 581), and integrated multidisciplinary
approach cohort (n = 473). Baseline food consumption was assessed
with a validated computerized diet history (Seniors-ENRICA) or
with a food-frequency questionnaire (3C Bordeaux and AMI). In all
cohorts, incident frailty was assessed with the use of the Fried cri-
teria. Results across cohorts were pooled with the use of a random-
effects model.

Results: During a mean 2.5-y follow-up, 300 incident frailty cases
occurred. Fully adjusted models showed that the pooled ORs (95%
ClIs) of incident frailty comparing participants who consumed 1, 2,
or =3 portions of fruit/d to those with no consumption were, re-
spectively, 0.59 (0.27, 0.90), 0.58 (0.29, 0.86), and 0.48 (0.20, 0.75),
with a P-trend of 0.04. The corresponding values for vegetables
were 0.69 (0.42, 0.97), 0.56 (0.35, 0.77), and 0.52 (0.13, 0.92), with
a P-trend < 0.01. When FVs were analyzed together, the pooled
ORs (95% Cls) of incident frailty were 0.41 (0.21, 0.60), 0.47 (0.25,
0.68), 0.36 (0.18, 0.53), and 0.31 (0.13, 0.48), with a P-trend < 0.01
for participants who consumed 2, 3, 4, or =5 portions/d, respec-
tively, compared with those who consumed =1 portion/d. An in-
verse dose-response relation was also found between the baseline
consumption of fruit and risk of exhaustion, low physical activity,
and slow walking speed, whereas the consumption of vegetables
was associated with a decreased risk of exhaustion and uninten-
tional weight loss.

Conclusions: Among community-dwelling older adults, FV consump-
tion was associated with a lower short-term risk of frailty in a dose-
response manner, and the strongest association was obtained with
3 portions of fruit/d and 2 portions of vegetables/d. Am J Clin
Nutr doi: 10.3945/ajen.115.125781.
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INTRODUCTION

Consuming fruit and vegetables (FVs)'? offers life-long health
benefits. Evidence from numerous meta-analyses has revealed
that the intake of these foods during adulthood is associated with
a reduced risk of several chronic diseases, such as ischemic heart
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disease (1, 2), stroke (3), and certain cancers (4-7), as well as
a decreased mortality risk, particularly from cardiovascular dis-
ease (8). In addition, some data suggest that midlife consumption
of FVs is associated with better functional health (9-12).

Population aging, one of the major challenges of modern
societies, comes along with an increase in the prevalence and
burden of many chronic diseases and geriatric conditions. Despite
the extensive evidence showing that FV consumption improves
the health of young adults, the extent to which these benefits
apply to older adults has received relatively little attention. The
few existing prospective data suggest that consuming FVs during
old age may help prevent the onset of depression (13), cognitive
decline (14), mobility limitations, and disability (15-18) while
positively influencing muscle strength (19, 20) and bone mineral
status (21, 22). In addition, the consumption of FVs in older
adults has shown to decrease the risk of disease-specific and all-
cause mortality (23-25).

Frailty is a geriatric syndrome characterized by reduced
physiologic reserve resulting from affectation in multiple bio-
logical systems, which is manifested by increased risk of falls,
disability, institutionalization, and death after exposure to even
minor stressors (26). Moreover, the frailty syndrome is a common
disorder that affects ~10% of individuals aged =65 y and
reaches 25% in those aged >85 y (27). In view of the serious
consequences of this condition and its increasing prevalence,
extensive research is currently being conducted to identify its
modifiable risk factors. There is some evidence that FV con-
sumption is inversely associated with frailty. One study, pub-
lished in 2013 as part of the Whitehall II prospective cohort
study, showed that not consuming FVs during adulthood (45-60 y)
was associated with an increased risk of prefrailty and frailty
after 10.5 y of follow-up (28). Another investigation, a cross-
sectional analysis published in 2014, showed an inverse dose-
response association between consuming FVs and the prevalence
of frailty among women aged =65 y (29). However, no study to
our knowledge has yet examined the prospective dose-response
relation between FV consumption and frailty. This information
might prove useful in elaborating recommendations on the spe-
cific amounts of FVs to be consumed by older adults.

The main objective of this study was to evaluate the dose-
response association between FV consumption and the risk of frailty
with the use of 3 independent cohorts of community-dwelling older
adults: the Seniors-ENRICA (Study on Nutrition and Cardiovas-
cular Risk Factors in Spain) cohort, Three-City (3C) Bordeaux
cohort, and integrated multidisciplinary approach (AMI) cohort.

METHODS

Study population and design
Seniors-ENRICA cohort

From 2008 to 2010, 2614 men and women were selected
through stratified random sampling from the noninstitutionalized
Spanish population aged =60y (30, 31). At baseline, computer-
assisted telephone interviews were used to obtain information
on sociodemographic factors, lifestyle behaviors, and morbidity.
In addition, home visits were performed to conduct a physical
examination, collect blood and urine samples, and record usual
diet and prescribed medication. Participants were followed up
until 2012 (mean follow-up time: 3.5 y), when a second wave of
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data was collected. Ninety-five participants (3.6%) died during
that period. From the remaining 2519 subjects, we excluded 154
who lacked information on frailty, 55 who were frail, 11 with no
information on FV consumption at baseline, and 36 with missing
information on potential confounders at baseline. In addition,
391 who were lost during follow-up or had incomplete in-
formation on frailty in 2012 were excluded, leading to a final
sample size of 1872 participants. All participants provided
written informed consent, and the Clinical Research Ethics
Committee of La Paz University Hospital approved the study.

3C Bordeaux cohort

The 3C study is a prospective cohort of vascular risk factors of
dementia. Its methodology has been described in detail elsewhere
(32). At baseline (1999-2000) and at each visit, information was
collected on sociodemographic factors, lifestyle behaviors, and
medical history. A physical examination also included anthro-
pometric data, blood pressure, information on frailty and dis-
ability, and neuropsychological testing. The sample herein
included those participants (n = 1214) seen at the 10-y follow-up
(2009-2010) and re-examined 2 y later (2011-2012) at the
Bordeaux center, the only center of the 3C study where the
standard data collection was completed with a comprehensive
dietary survey. During this 2-y follow-up period, 141 partici-
pants (11.6%) died and 169 (13.9%) were lost. Among the 904
remaining participants, we excluded 102 who lacked informa-
tion on frailty, 153 who were frail, 18 with no information on FV
consumption, and 37 with missing information on potential
confounders at baseline. In addition, 13 individuals with in-
complete information on frailty between 2011 and 2012 were
excluded, leading to a final sample size of 581 participants. All
participants provided written informed consent, and the Con-
sultative Committee for the Protection of Persons Participating
in Biomedical Research of the Kremlin-Bicétre University
Hospital approved the study.

AMI cohort

The AMI cohort is an epidemiologic prospective study on health
and aging among 1002 farmers aged =65 y living in rural areas
in Gironde, France (33). At baseline (2007), home visits were
conducted to obtain information on sociodemographic factors,
lifestyle behaviors, medications, material and social living envi-
ronment, disability, and frailty. The sample herein consisted of
695 participants who were followed up 2 y later. During follow-
up, 52 participants (7.5%) died and 74 (10.7%) were lost. Among
the 569 remaining participants, we excluded 16 who lacked in-
formation on frailty, 40 who were frail, 6 who had no information
on FV consumption, and 20 with missing information on potential
confounders at baseline. Finally, 14 individuals with incomplete
information on frailty at follow-up were excluded, leading to
a final sample size of 473 participants. All participants provided
written informed consent, and the Ethics Committee of the Uni-
versity Hospital of Bordeaux approved the study.

Study variables
Frailty

In all cohorts, frailty was assessed with the use of a slight
modification of the phenotypic criteria proposed by Fried et al.
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(34). Individuals meeting =3 of the following 5 criteria were
considered as frail: /) self-reported exhaustion, based on a re-
sponse of =3—4 d/wk to any of the following questions from the
Center for Epidemiologic Studies Depression Scale (35)—*I felt
that anything I did was a big effort” or “I felt that I could not
keep on doing things”; 2) low physical activity, defined as
walking =2.5 h/wk in men and =2 h/wk in women in Seniors-
ENRICA or as <1 h of exercise/wk or <3.5 h of leisure ac-
tivities/wk in 3C Bordeaux and AMI; 3) weakness, defined as
the lowest quintile of grip strength measured with a Jamar dy-
namometer and adjusted for sex and BMI (in kg/mz) in Seniors-
ENRICA (36) or as having difficulty rising from a chair without
using armrests in 3C Bordeaux and AMI (37); 4) weight loss,
defined as the unintentional loss of =4.5 kg (Seniors-ENRICA)
in the preceding year or =3 kg (3C Bordeaux, AMI) in the pre-
vious 3 mo; and 5) slow walking speed, defined as the worst
quintile in a 3-m walking speed test and adjusted for sex and
height in Seniors-ENRICA and AMI (38) or as using the Rosow
test in 3C Bordeaux. Results from the Rosow test have shown to
be strongly associated with the walking performance domain (39).

FV consumption

At baseline, information on food consumption in the Seniors-
ENRICA cohort was assessed with a validated computerized diet
history that was developed from that used in the European
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Prospective Investigation into Cancer and Nutrition cohort study
in Spain (40, 41). This tool registered the consumption of foods in
the preceding year, and the quantification of food portions was
aided by a set of photographs that allowed classification in 7
different sizes. In the 3C Bordeaux and AMI studies, baseline
food consumption was evaluated by a trained research assistant
with the use of a semiquantitative food-frequency questionnaire
(42). When foods and vegetables were eaten daily, the number of
portions was asked. For those participants who reported a fre-
quency of consumption of <1 portion/d, the intake of fruit and/or
vegetables was considered to be 0 portions/d. A portion of fruit
was defined as 120 g, and a portion of vegetables was defined
as 150 g (43). At baseline of the 3C Bordeaux study, the food-
frequency questionnaire was validated against a 24-h dietary recall,
and a good concordance between both instruments was observed
for weekly servings of foods and nutrient intakes (44, 45).

Other variables

Self-reported information was obtained on age, sex, educa-
tional status, and tobacco consumption at baseline in all 3 co-
horts. Participants also reported whether they had previously
suffered from any of the following physician-diagnosed diseases
(31-33): cardiovascular disease (ischemic heart disease, stroke,
or heart failure), cancer, chronic respiratory disease (chronic
bronchitis or asthma), osteoarthritis, arthritis, or hip fracture.

Characteristics of the Seniors-ENRICA population at baseline according to baseline daily portions of fruit and vegetables consumed (2008-2010)"

Fruit Vegetables Fruit and vegetables
Overall 0 =3 0 =3 =1 =5
n 1872 183 563 659 207 244 422
Women 51.6 43.7 53.8 56.3 39.1 53.3 47.4
Age, y 68.7 + 6.4° 67.7 £ 6.4 68.8 = 5.7 69.6 * 6.4 67.6 = 5.7 68.7 = 6.7 68.1 = 5.8
Education
=Primary 53.4 48.1 51.0 58.1 52.2 53.3 479
Secondary 25.2 31.1 24.9 23.8 24.1 28.7 26.3
University 21.4 20.8 24.1 18.1 23.7 18.0 25.8
Tobacco use
Never 57.6 459 62.0 58.7 50.8 54.5 59.5
Former 30.7 339 30.5 27.8 39.1 27.9 32.0
Current 11.7 20.2 7.5 13.5 11.1 17.6 8.5
BMI, kg/m?
<25 19.3 19.1 21.1 18.5 19.8 19.7 20.6
25-29.9 49.2 46.5 48.5 48.4 49.3 48.0 50.5
=30 31.5 344 30.4 33.1 30.9 323 28.9
Comorbidities
Cardiovascular disease’ 5.1 3.8 5.7 4.4 34 4.9 6.2
Diabetes 15.0 14.2 13.0 15.3 13.5 15.6 12.6
Cancer 1.9 2.7 1.6 1.7 2.9 2.1 2.6
Asthma or chronic bronchitis 7.6 7.1 8.2 8.2 6.8 5.7 6.6
Osteomuscular disease® 47.4 43.7 49.0 49.3 49.3 46.7 50.5
Depression 7.4 7.7 7.3 9.6 5.8 9.0 6.2
Treatments, n 1.8 1.7 1.6 + 1.6 1.8 = 1.7 1.8 = 1.6 19 + 1.7 1.6 + 1.7 1.8 = 1.7
Modified Trichopoulou index’ 34+ 14 32+ 14 34+ 15 31+ 14 37*+13 3013 36 =14
Energy intake, kcal/d 2033 *= 567 2055 *= 666 2044 *= 561 1905 = 542 2200 *= 578 1944 = 576 2131 = 550

'Values are percentages unless otherwise indicated. ENRICA, Study on Nutrition and Cardiovascular Risk Factors in Spain.

"Mean * SD (all such values).

3Ischemic heart disease, stroke, and heart failure.
4Osteoanhritis, arthritis, and hip fracture.
SMediterranean diet excluding fruit and vegetables.
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Characteristics of the Three-City Bordeaux population at baseline according to baseline daily portions of fruit and vegetables consumed (2009-2010)"

Fruit Vegetables Fruit and vegetables
Overall 0 =3 0 =3 =1 =5
n 581 47 147 135 27 77 98
Women 63.5 66.0 67.4 63.0 59.3 66.2 64.3
Age, y 81.8 + 4.1 80.6 = 3.4 82.1 =43 81.5 =+ 4.0 815+ 43 80.9 = 3.8 82.0 = 4.2
Education
=Primary 26.5 34.0 27.9 28.9 22.2 29.8 224
Secondary 29.3 27.7 28.6 25.9 18.5 28.6 30.6
University 44.2 38.3 43.5 45.2 59.3 41.6 47.0
Tobacco use
Never 66.4 65.9 73.5 66.7 63.0 68.8 71.4
Former 28.9 27.7 23.8 29.6 33.3 24.7 25.5
Current 4.7 6.4 2.7 3.7 3.7 6.5 3.1
BMI, kg/m?
<25 454 51.0 51.0 48.9 51.9 48.0 52.0
25-29.9 40.1 36.2 32.0 41.5 44.4 41.6 29.6
=30 14.5 12.8 17.0 9.6 3.7 10.4 18.4
Comorbidities
Cardiovascular disease’ 13.8 17.0 12.2 14.8 18.5 15.6 13.3
Diabetes 14.1 10.6 17.0 9.6 74 9.1 14.3
Cancer 8.6 10.6 9.5 8.2 14.8 6.5 8.2
Asthma 8.8 4.3 13.6 8.2 11.1 52 14.3
Osteomuscular disease® 5.2 4.3 8.8 6.7 3.7 6.5 8.2
Depression 4.6 6.4 4.1 52 3.7 52 4.1
MMSE’ score 277 £ 2.12 27523 274 22 278 £ 1.9 282 24 277 £2.0 277 2.0
Treatments, n 54=*+3 51 *29 56 =29 53+238 53 +32 52 +25 54 *+26
Modified Trichopoulou index® 277 = 2.1 40+ 12 40 £ 1.2 40+ 1.2 44+ 13 40+ 1.2 41 +12

'Values are percentages unless otherwise indicated.
®Mean * SD (all such values).

3Ischemic heart disease, stroke, and heart failure.
4Osteoarthritis, arthritis, and hip fracture.

SMMSE, Mini-Mental State Examination.
®Mediterranean diet excluding fruit and vegetables.

Drug treatments were checked by the study staff against drug
packages (31-33).

Baseline weight and height were measured with the use of stan-
dard methods. Normal weight was defined as a BMI <25, over-
weight as a BMI between 25 and 29.9, and obesity as a BMI =30.

Adherence to the Mediterranean diet was summarized with
the use of the Mediterranean diet score, also known as the
Trichopoulou index (46), excluding FV consumption. In addition,
in the Seniors-ENRICA study energy intake was calculated with
the use of Spanish food composition tables (41).

Limitations in instrumental activities of daily living (IADLs)
were measured with the use of the Lawton IADL Scale (47); the
questions on subjects’ ability to prepare meals, do household
chores, and care for clothing were not considered in men. The
presence of limitation in =1 IADL was considered a disability.

Finally, in the 3C Bordeaux and AMI studies, the Mini-Mental
State Examination (MMSE) test (48) was administered at baseline
to assess the global cognitive performance of participants.

Statistical analysis

Among participants without frailty at baseline, the association
between the baseline intake of FVs and risk of frailty was
evaluated with ORs and their 95% ClIs obtained from logistic
regression. Food intake was classified into categories according

to the number of portions of fruit (0, 1, 2, or =3), vegetables (0, 1,
2, or =3), or FVs together (=1, 2, 3, 4, or =5) consumed per day.
To maximize the statistical power, the 2 first categories of FV
consumption (0 and 1) were added up into a single category (=1)
because the number of individuals who consumed O portions of
fruit and O portions of vegetables was very low. The lowest cat-
egory was used as reference in the analysis. Two multiple logistic
models were built. Model 1 adjusted for age, sex, and educational
status. Model 2 further adjusted for BMI, behavioral risk factors
(tobacco consumption and Trichopoulou index), chronic diseases,
and drug treatments. In addition, model 2 in the Seniors-ENRICA
adjusted for total energy intake, whereas in 3C Bordeaux and AMI
it adjusted for the MMSE score. P values for linear trend were
estimated by modeling the FV categories as a continuous variable.

Next, we estimated the association between baseline FV intake
and the onset of each frailty criterion among robust adults (free of all
5 criteria) at baseline. These analyses were adjusted as in model 2.

Between-study heterogeneity was assessed with the chi-
square-based Q statistic and quantified with the use of the I*
statistic. Given that the results in the 3 cohorts were generally
consistent (I* <30%), they were pooled with the use of random-
effects meta-analysis as implemented in Stata version 13 with
the use of the metan command. Linear trends were tested with
use of the glst command, which uses the generalized least
squares for trend estimation of summarized dose-response data.
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Characteristics of the AMI population at baseline according to baseline daily servings of fruit and vegetables (2007)"
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Vegetables Fruit and vegetables
Overall 0 =3 0 =3 =1 =5
n 473 88 54 53 29 48 49
Women 37.8 30.68 50 39.6 24.1 27.1 429
Age, y 74.5 + 5.8 73.8 £ 5.2 74.1 £ 6.5 747 £ 5.8 757 £ 6.3 743 * 6.1 74.1 £ 6.5
Education
=Primary 78.0 76.2 77.8 81.1 86.2 75.0 83.7
Secondary 8.7 10.2 9.3 5.7 6.9 8.3 8.2
=High school 13.3 13.6 12.9 13.2 6.9 16.7 8.2
Tobacco use
Never 65.8 70.4 70.4 62.3 55.2 66.7 67.4
Former 29.8 23.9 27.8 32.1 37.9 29.2 30.6
Current 4.4 5.7 1.8 5.6 6.9 4.2 2.0
BMI, kg/m?
<25 25.8 29.6 25.9 26.4 24.1 333 22.5
25-29.9 47.8 47.7 59.3 39.6 48.3 39.6 65.3
=30 26.4 22.7 14.8 34.0 27.6 27.1 12.2
Comorbidities
Cardiovascular disease’ 26.2 27.6 24.1 24.5 34.5 22.9 26.5
Diabetes 10.6 10.2 13.0 7.6 6.9 2.1 12.2
Cancer 12.3 18.2 9.3 5.7 6.9 12.5 8.2
MMSE score 26.2 = 2.7 26.1 =29 26.5 £ 2.2 26.2 = 3.2 26.1 £ 2.9 26.0 = 3.0 257 * 2.7
Treatments, n 48 =32 46 29 45+ 33 5.1 = 3.1 4.7 + 3.1 45 *34 42 +32
Modified Trichopoulou index* 36 = 1.1 37 = 1.1 35+ 1.0 34 =09 38 =09 38+ 1.0 38 09

'"Values are percentages unless otherwise indicated. AMI, integrated multidisciplinary approach; MMSE, Mini-Mental State Examination.

2Mean =+ SD (all such values).
3Ischemic heart disease, stroke, and heart failure.

“Mediterranean diet excluding fruit, vegetables, and olive oil consumption.

To assess the robustness of results, we followed different
strategies. First, because IADL limitation can overlap with frailty,
the analyses were repeated after excluding individuals with
baseline limitations in IADL. Second, because reduced physical
activity is a risk factor of frailty, we ran analyses that included
sedentary behavior and recreational activity as additional
covariates in model 2. Because data on sedentary behavior and
recreational activity were not available in the 3C Bordeaux or
AMI studies, this second analysis was performed using only
information from Seniors-ENRICA.

Analyses from the Seniors-ENRICA cohort and the meta-analysis
were performed with the use of Stata version 13, whereas analyses
performed on the 3C and AMI cohorts used SAS version 9.2 (IBM).

RESULTS

Tables 1-3 present the main baseline sociodemographic,
lifestyle, and clinical characteristics of participants included in
the Seniors-ENRICA, 3C Bordeaux, and AMI studies, respec-
tively. Participants in Seniors-ENRICA were generally younger
and showed a lower prevalence of chronic conditions and
medication use than those in the 3C Bordeaux and AMI studies.
In addition, participants in the 3C Bordeaux study were less
frequently men and showed the lowest prevalence of smoking
and obesity, whereas those in the AMI study presented the
lowest levels of educational attainment.

Table 4 shows the main results of the study. In total, 136
individuals with incident frailty in Seniors-ENRICA, 91 in 3C
Bordeaux, and 73 in AMI were identified during follow-up.

Given that results in analyses adjusted for sociodemographic
variables (model 1) and those with full adjustment for potential
confounders (model 2) were similar, we have emphasized the
fully adjusted results throughout. A dose-response association
between FV consumption and the risk of frailty was observed:
the greater the consumption, the lower the risk of incident
frailty. The pooled ORs (95% CIs) of incident frailty comparing
participants who consumed 1, 2, or =3 portions of fruit/d to
those with no consumption were, respectively, 0.59 (0.27, 0.90),
0.58 (0.29, 0.86), and 0.48 (0.20, 0.75), with a P-trend of 0.04.
The corresponding values for vegetables were 0.69 (0.42, 0.97),
0.56 (0.35, 0.77), and 0.52 (0.13, 0.92), with P-trend < 0.01.
When FVs were analyzed together, the pooled ORs (95% Cls) of
incident frailty were 0.41 (0.21, 0.60), 0.47 (0.25, 0.68), 0.36
(0.18, 0.53), and 0.31 (0.13, 0.48) for participants who con-
sumed 2, 3, 4, or =5 portions, respectively, compared with those
who consumed =1 (P-trend < 0.01).

Table 5 displays the results for the association between the
consumption of FVs and risk of each of the 5 components of the
frailty syndrome. Results from pooled analyses showed a signifi-
cantly decreased risk of exhaustion (P-trend = 0.03), low physical
activity (P-trend < 0.01), and slow walking speed (P-trend =
0.03) with increasing portions of fruits consumed per day. Finally,
a higher consumption of vegetables was associated with a signif-
icantly decreased risk of exhaustion (P-trend = 0.04) and un-
intentional weight loss (P-trend = 0.05). When FVs were
analyzed together, a higher consumption of FVs was significantly
associated with a decreased risk of exhaustion (P-trend = 0.02),
low physical activity (P-trend <0.01), and unintentional weight
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TABLE 5 (Continued)

Fruit and vegetables

Vegetables

Fruit

P-trend

=5

=1

P-trend

0

P-trend

Study cohort

Weakness

210/667  163/558

213/640

117/357  207/600

199/646  343/922 77/259

0.96

291/825

89/305  200/275  392/1187  229/747
0.912

1.00

Events/total, n

OR

0.89 0.87 0.83

0.87
0.58, 1.17 0.60, 1.17 0.58, 1.17 0.54, 1.13

1.00

0.95

0.98
0.70, 1.22 0.75, 1.20 0.61, 1.29

1.00

0.87°

1.09°
0.69, 1.49 0.56, 1.18 0.56, 1.26

0.42

0.82

0.46

95% CI

"Results from the 3 cohorts were pooled with the use of random-effects meta-analysis. ORs and their 95% Cls were obtained from multiple logistic regression models. All models were adjusted for age, sex,

educational status (=primary, secondary, or university), BMI (in kg/mz), tobacco (never smoker, former smoker, or current smoker), cardiovascular disease, diabetes mellitus, cancer, asthma or chronic

bronchitis, osteomuscular disease, MMSE score, depression, number of drug treatments, modified Trichopoulou index, and energy intake (kcal/d). Note that in the Seniors-ENRICA no adjustment was made for

the MMSE score, whereas in the Three-City Bordeaux study no adjustment was made for energy intake. In the AMI study no adjustment was made for depression, osteomuscular disease, asthma or chronic

bronchitis, or energy intake. AMI, integrated multidisciplinary approach; ENRICA, Study on Nutrition and Cardiovascular Risk Factors in Spain; MMSE, Mini-Mental State Examination.

2] =30%; data should be interpreted with caution.
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loss (P-trend = 0.01). The consumption of fruits, vegetables, or
FVs was not significantly associated with the risk of weakness in
the pooled adjusted analysis. In sensitivity analyses, results were
consistent after excluding individuals with baseline IADL limi-
tations or after adjusting for sedentary behavior and recreational
activity (Supplemental Tables 1 and 2).

DISCUSSION

Results from the Seniors-ENRICA, 3C Bordeaux, and AMI
cohorts of community-dwelling older adults support that con-
suming FVs decreases the short-term risk of frailty in a dose-
response manner. To our knowledge, only one longitudinal study
(28) has so far reported an inverse association between FV
consumption and the risk of frailty, but the participants in that
study were younger than those in our study, and the follow-up
was conducted during a mean of 10.5 y. Our study broadens the
knowledge in the field because this is the first study to our
knowledge to observe that FV intake provides short-term, dose-
dependent protection against frailty risk even at a late stage of life.

Our results also show an inverse dose-response relation be-
tween fruit intake and risk of exhaustion, low physical activity,
and slow walking speed and between vegetable intake, exhaus-
tion, and reduced risk of unintentional weight loss. To our
knowledge, no previous study has found an inverse association
between fruit intake and the risk of exhaustion or between
vegetable intake and the risk of unintentional weight loss.
However, a protective link between FV intake and slow walking
speed has already been reported (12, 16, 17, 49). Indeed, in the
Women’s Health and Aging Study I, mean total serum carot-
enoids, mainly proceeding from FVs, were directly associated
with mean walking speed over 3 y of follow-up (17), whereas
low serum carotenoids were predictors of the progression from
moderate toward severe walking disability (16). In the Whitehall
IT Prospective Cohort Study, consuming <2 portions FVs/d dur-
ing midlife was associated with slower walking speed in old age
(12). Finally, in the INCHIANTI (Invecchiare in Chianti, aging in
the Chianti region) study, high-plasma carotenoids protected
against declines in walking speed and the development of a severe
walking disability in adults aged 65-102 y (49).

Unexpectedly, we did not find any association between FV
consumption and muscle strength. The INCHIANTI study pre-
viously showed that older adults with lower plasma carotenoid
concentrations were at an increased risk of decline in skeletal
muscle strength over time (20). Similarly, in a randomized
controlled trial, participants who increased FV consumption
to =5 portions/d showed improvements in grip strength compared
with those with an intake of =2 portions/d (19). More recently,
results from the Fourth Korea National Health and Nutrition
Examination Survey indicated that consuming FVs during old age
was inversely associated with the prevalence of sarcopenia (50).

FVs can influence the risk of frailty through several mecha-
nisms. First, whereas oxidative stress (51, 52) plays an important
role in frailty development, FVs are natural sources of antioxi-
dants (e.g., vitamin C, vitamin E, B-carotene) and contain trace
minerals that are needed for antioxidant enzymes to act correctly
(53). Second, phytochemicals (e.g., polyphenols) contained in
FVs have strong anti-inflammatory properties (54), and several
studies have shown a heightened inflammatory state in frail
older adults (55). Third, FVs are an important source of certain
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nutrients that are themselves protective against conditions that in
turn act as risk factors of frailty. [Dietary fiber, for example, is
linked to a lower incidence of cardiovascular disease and obesity
(56), whereas potassium favors the preservation of muscle mass
(57), and this is associated with greater bone mineral density in
older men and women (22).] Finally, whereas frailty is associated
with alterations in the immune system, including an impaired
antibody response to pneumococcal and influenza immunization
(55), FV consumption has been associated with stimulating the
immune system (53). In a 2012 clinical trial (58), older partici-
pants who increased their intake of FVs to =5 portions/d showed
an improvement in the Pneumovax II vaccination antibody re-
sponse compared with those with an intake of =2 portions/d.

Strengths of this study include its prospective design and the
consistency of the results across 3 heterogeneous populations. In
addition, in the 3 studies frailty was defined according to standard
criteria, analyses were adjusted for an extensive list of potential
confounders, and results were robust to sensitivity analyses.
Limitations of this study should also be noted. First, because food
consumption was self-reported, some recall and desirability bias
may have affected our results; however, it should be noted that
habitual diet was assessed with standard and validated instru-
ments. Second, although there is evidence that FV consumption
throughout adulthood is associated with a reduced risk of certain
frailty components as well as with comorbid conditions that are
linked with frailty in old age, we could not account for the in-
fluence of early dietary patterns on the study association. Third,
despite adjusting for many variables, we cannot rule out some
residual confounding caused by unmeasured factors. Finally, we
could not adjust for MMSE in the Seniors-ENRICA cohort,
energy intake in the 3C Bordeaux study, and depression, asthma,
chronic bronchitis, or energy intake in the AMI study.

In conclusion, FV consumption in community-dwelling older
adults is associated with a lower short-term risk of frailty in
a dose-response manner, and the strongest association was
obtained with 3 portions of fruit/d and 2 portions of vegetables/d.

The authors’ responsibilities were as follows—EG-E and FR-A: concep-
tualized the study; KP, J-FD, SB, CF, and FR-A; acquired the data; EG-E,
BR, and MC: conducted the statistical analyses; EG-E, KP, SB, CF, and FR-A:
interpreted the results and drafted the initial manuscript; and all authors:
reviewed and approved the final manuscript. None of the authors reported
a conflict of interest related to the study.

REFERENCES

1. Dauchet L, Amouyel P, Hercberg S, Dallongeville J. Fruit and vege-
table consumption and risk of coronary heart disease: a meta-analysis
of cohort studies. J Nutr 2006;136:2588-93.

2. He FJ, Nowson CA, Lucas M, MacGregor GA. Increased consumption of
fruit and vegetables is related to a reduced risk of coronary heart disease:
meta-analysis of cohort studies. J Hum Hypertens 2007;21:717-28.

3. Hu D, Huang J, Wang Y, Zhang D, Qu Y. Fruits and vegetables con-
sumption and risk of stroke: a meta-analysis of prospective cohort
studies. Stroke 2014;45:1613-9.

4. Johnson CM, Wei C, Ensor JE, Smolenski DJ, Amos CI, Levin B,
Berry DA. Meta-analyses of colorectal cancer risk factors. Cancer
Causes Control 2013;24:1207-22.

5. Jung S, Spiegelman D, Baglietto L, Bernstein L, Boggs DA, van den
Brandt PA, Buring JE, Cerhan JR, Gaudet MM, Giles GG, et al. Fruit
and vegetable intake and risk of breast cancer by hormone receptor
status. J Natl Cancer Inst 2013;105:219-36.

6. Chen GC, Lv DB, Pang Z, Liu QF. Fruits and vegetables consumption
and risk of non-Hodgkin’s lymphoma: a meta-analysis of observational
studies. Int J Cancer 2013;133:190-200.

7.

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

GARCIA-ESQUINAS ET AL.

Liu H, Wang XC, Hu GH, Guo ZF, Lai P, Xu L, Huang TB, Xu YF. Fruit
and vegetable consumption and risk of bladder cancer: an updated meta-
analysis of observational studies. Eur J Cancer Prev 2015;24:508-16.

. Wang X, Ouyang Y, Liu J, Zhu M, Zhao G, Bao W, Hu FB. Fruit and

vegetable consumption and mortality from all causes, cardiovas-
cular disease, and cancer: systematic review and dose-response met-
a-analysis of prospective cohort studies. BMJ 2014;349:24490.

. Houston DK, Stevens J, Cai J, Haines PS. Dairy, fruit, and vegetable intakes

and functional limitations and disability in a biracial cohort: the Athero-
sclerosis Risk in Communities Study. Am J Clin Nutr 2005;81:515-22.
Tomey KM, Sowers MR, Crandall C, Johnston J, Jannausch M, Yosef
M. Dietary intake related to prevalent functional limitations in midlife
women. Am J Epidemiol 2008;167:935-43.

Myint PK, Welch AA, Bingham SA, Surtees PG, Wainwright NW,
Luben RN, Wareham NJ, Smith RD, Harvey IM, Day NE, et al. Fruit
and vegetable consumption and self-reported functional health in men
and women in the European Prospective Investigation into Cancer-
Norfolk (EPIC-Norfolk): a population-based cross-sectional study.
Public Health Nutr 2007;10:34-41.

Sabia S, Elbaz A, Rouveau N, Brunner EJ, Kivimaki M, Singh-Manoux
A. Cumulative associations between midlife health behaviors and
physical functioning in early old age: a 17-year prospective cohort
study. J Am Geriatr Soc 2014;62:1860-8.

Tsai AC, Chang TL, Chi SH. Frequent consumption of vegetables pre-
dicts lower risk of depression in older Taiwanese—results of a pro-
spective population-based study. Public Health Nutr 2012;15:1087-92.

. Loef M, Walach H. Fruit, vegetables and prevention of cognitive de-

cline or dementia: a systematic review of cohort studies. J Nutr Health
Aging 2012;16:626-30.

Artaud F, Dugravot A, Sabia S, Singh-Manoux A, Tzourio C, Elbaz A.
Unhealthy behaviours and disability in older adults: three-City Dijon
cohort study. BMJ 2013;347:f4240.

Semba RD, Varadhan R, Bartali B, Ferrucci L, Ricks MO, Blaum C,
Fried LP. Low serum carotenoids and development of severe walking
disability among older women living in the community: the women’s
health and aging study I. Age Ageing 2007;36:62-7.

Alipanah N, Varadhan R, Sun K, Ferrucci L, Fried LP, Semba RD. Low
serum carotenoids are associated with a decline in walking speed in
older women. J Nutr Health Aging 2009;13:170-5.

Gopinath B, Russell J, Flood VM, Burlutsky G, Mitchell P. Adherence
to dietary guidelines positively affects quality of life and functional
status of older adults. J Acad Nutr Diet 2014;114:220-9.

Neville CE, Young IS, Gilchrist SE, McKinley MC, Gibson A, Edgar
JD, Woodside JV. Effect of increased fruit and vegetable consumption
on physical function and muscle strength in older adults. Age (Dordr)
2013;35:2409-22.

Lauretani F, Semba RD, Bandinelli S, Dayhoff-Brannigan M,
Giacomini V, Corsi AM, Guralnik JM, Ferrucci L. Low plasma ca-
rotenoids and skeletal muscle strength decline over 6 years. J Gerontol
A Biol Sci Med Sci 2008;63:376-83.

Liu ZM, Leung J, Wong SY, Wong CK, Chan R, Woo J. Greater fruit
intake was associated with better bone mineral status among Chinese
elderly men and women: results of Hong Kong Mr. Os and Ms. Os
studies. ] Am Med Dir Assoc 2015;16:309-15.

Tucker KL, Hannan MT, Chen H, Cupples LA, Wilson PW, Kiel DP.
Potassium, magnesium, and fruit and vegetable intakes are associated
with greater bone mineral density in elderly men and women. Am J
Clin Nutr 1999;69:727-36.

Nicklett EJ, Semba RD, Xue QL, Tian J, Sun K, Cappola AR,
Simonsick EM, Ferrucci L, Fried LP. Fruit and vegetable intake,
physical activity, and mortality in older community-dwelling women.
J Am Geriatr Soc 2012;60:862-8.

Akbaraly TN, Favier A, Berr C. Total plasma carotenoids and mortality
in the elderly: results of the Epidemiology of Vascular Ageing (EVA)
study. Br J Nutr 2009;101:86-92.

Gaziano JM, Manson JE, Branch LG, Colditz GA, Willett WC, Buring
JE. A prospective study of consumption of carotenoids in fruits and
vegetables and decreased cardiovascular mortality in the elderly. Ann
Epidemiol 1995;5:255-60.

Clegg A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly
people. Lancet 2013;381:752—-62.

Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of
frailty in community-dwelling older persons: a systematic review. J Am
Geriatr Soc 2012;60:1487-92.



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

FRUIT, VEGETABLES, AND FRAILTY

Bouillon K, Kivimaki M, Hamer M, Shipley MJ, Akbaraly TN, Tabak
A, Singh-Manoux A, Batty GD. Diabetes risk factors, diabetes risk
algorithms, and the prediction of future frailty: the Whitehall II pro-
spective cohort study. J Am Med Dir Assoc 2013;14:851.e1-6.
Kobayashi S, Asakura K, Suga H, Sasaki S. Inverse association
between dietary habits with high total antioxidant capacity and prev-
alence of frailty among elderly Japanese women: a multicenter cross-
sectional study. J Nutr Health Aging 2014;18:827-39.

Léon-Munoz LM, Guallar-Castillon P, Lopez-Garcia E, Rodriguez-
Artalejo F. Mediterranean diet and risk of frailty in community-
dwelling older adults. J] Am Med Dir Assoc 2014;15:899-903.
Rodriguez-Artalejo F, Graciani A, Guallar-Castillon P, Leon-Munoz
LM, Zuluaga MC, Lopez-Garcia E, Gutierrez-Fisac JL, Taboada JM,
Aguilera MT, Regidor E, et al. [Rationale and methods of the study on
nutrition and cardiovascular risk in Spain (ENRICA).] Rev Esp Cardiol
2011;64:876-82.

3C Study Group. Vascular factors and risk of dementia: design of the
Three-City Study and baseline characteristics of the study population.
Neuroepidemiology 2003;22:316-25.

Péres K, Matharan F, Allard M, Amieva H, Baldi I, Barberger-Gateau
P, Bergua V, Bourdel-Marchasson I, Delcourt C, Foubert-Samier A,
et al. Health and aging in elderly farmers: the AMI cohort. BMC Public
Health 2012;12:558.

Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J,
Seeman T, Tracy R, Kop WIJ, Burke G, et al. Frailty in older adults:
evidence for a phenotype. J Gerontol A Biol Sci Med Sci 2001;56:
M146-56.

Lyness JM, Noel TK, Cox C, King DA, Conwell Y, Caine ED.
Screening for depression in elderly primary care patients. A compari-
son of the Center for Epidemiologic Studies-Depression Scale and the
Geriatric Depression Scale. Arch Intern Med 1997;157:449-54.
Ottenbacher KJ, Branch LG, Ray L, Gonzales VA, Peek MK,
Hinman MR. The reliability of upper- and lower-extremity strength
testing in a community survey of older adults. Arch Phys Med
Rehabil 2002;83:1423-7.

Avila-Funes JA, Carcaillon L, Helmer C, Carriere I, Ritchie K, Rouaud
O, Tzourio C, Dartigues JF, Amieva H. Is frailty a prodromal stage of
vascular dementia? Results from the Three-City Study. J] Am Geriatr
Soc 2012;60:1708-12.

Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF,
Blazer DG, Scherr PA, Wallace RB. A short physical performance
battery assessing lower extremity function: association with self-reported
disability and prediction of mortality and nursing home admission.
J Gerontol 1994;49:M85-94.

Alexander NB, Guire KE, Thelen DG, Ashton-Miller JA, Schultz AB,
Grunawalt JC, Giordani B. Self-reported walking ability predicts
functional mobility performance in frail older adults. J Am Geriatr Soc
2000;48:1408-13.

Relative validity and reproducibility of a diet history questionnaire in
Spain. I. Foods. EPIC Group of Spain. European Prospective Investigation
into Cancer and Nutrition. Int J Epidemiol 1997;26(Suppl 1):S91-9.
Guallar-Castillén P, Sagardui-Villamor J, Balboa-Castillo T, Sala-Vila
A, Ariza Astolfi MJ, Sarrion Pelous MD, Leon-Munoz LM, Graciani
A, Laclaustra M, Benito C, et al. Validity and reproducibility of
a Spanish dietary history. PLoS One 2014;9:e86074.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

54.

55.

56.

57.

58.

11 of 11

Samieri C, Jutand MA, Feart C, Capuron L, Letenneur L, Barberger-
Gateau P. Dietary patterns derived by hybrid clustering method in older
people: association with cognition, mood, and self-rated health. ] Am
Diet Assoc 2008;108:1461-71.

Spanish Society of Community Nutrition and Spanish Society of Family
Medicine and Community Health. Consejos para una alimentacién
saludable. [Advice for healthy nutrition.] [Internet]. c2007; [cited
2016 Apr 27]. Available from: http:/www.semfyc.es/pfw_files/
cma/Informacion/modulo/documentos/guia_alimentacion.pdf.
Féart C, Jutand MA, Larrieu S, Letenneur L, Delcourt C, Combe N,
Barberger-Gateau P. Energy, macronutrient and fatty acid intake of
French elderly community dwellers and association with socio-
demographic characteristics: data from the Bordeaux sample of the
Three-City Study. Br J Nutr 2007;98:1046-57.

Féart C, Alles B, Merle B, Samieri C, Barberger-Gateau P. Adherence
to a Mediterranean diet and energy, macro-, and micronutrient intakes
in older persons. J Physiol Biochem 2012;68:691-700.

Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to
a Mediterranean diet and survival in a Greek population. N Engl J Med
2003;348:2599-608.

Lawton MP, Brody EM. Assessment of older people: self-maintaining
and instrumental activities of daily living. Gerontologist 1969;9:179—
86.

Folstein MF, Folstein SE, McHugh PR. “Mini-mental state.” A prac-
tical method for grading the cognitive state of patients for the clinician.
J Psychiatr Res 1975;12:189-98.

Lauretani F, Semba RD, Bandinelli S, Dayhoff-Brannigan M, Lauretani
E, Corsi AM, Guralnik JM, Ferrucci L. Carotenoids as protection against
disability in older persons. Rejuvenation Res 2008;11:557-63.

Kim J, Lee Y, Kye S, Chung YS, Kim KM. Association of vegetables
and fruits consumption with sarcopenia in older adults: the Fourth
Korea National Health and Nutrition Examination Survey. Age Ageing
2015;44:96-102.

Wu IC, Shiesh SC, Kuo PH, Lin XZ. High oxidative stress is correlated
with frailty in elderly Chinese. J Am Geriatr Soc 2009;57:1666-71.
Inglés M, Gambini J, Carnicero JA, Garcia-Garcia FJ, Rodriguez-
Manas L, Olaso-Gonzalez G, Dromant M, Borras C, Vina J. Oxidative
stress is related to frailty, not to age or sex, in a geriatric population:
lipid and protein oxidation as biomarkers of frailty. J Am Geriatr Soc
2014;62:1324-8.

. Lampe JW. Health effects of vegetables and fruit: assessing mecha-

nisms of action in human experimental studies. Am J Clin Nutr 1999;
70:475S-90S.

Heber D. Vegetables, fruits and phytoestrogens in the prevention of
diseases. J Postgrad Med 2004;50:145-9.

Li H, Manwani B, Leng SX. Frailty, inflammation, and immunity.
Aging Dis 2011;2:466-73.

Slavin JL, Lloyd B. Health benefits of fruits and vegetables. Adv Nutr
2012;3:506-16.

Dawson-Hughes B, Harris SS, Ceglia L. Alkaline diets favor lean
tissue mass in older adults. Am J Clin Nutr 2008;87:662-5.

Gibson A, Edgar JD, Neville CE, Gilchrist SE, McKinley MC,
Patterson CC, Young IS, Woodside JV. Effect of fruit and vegetable
consumption on immune function in older people: a randomized con-
trolled trial. Am J Clin Nutr 2012;96:1429-36.



