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Abstract
Objective: A social network is a valuable resource in later life. Therefore, the cur-
rent study aims to investigate whether social networks within homes and neigh-
bourhoods are associated with older adults’ daily fruit and vegetable consumption.
Design: Cross-sectional secondary data analysis.
Setting: USA.
Participants: A nationally representative sample of 6865 community-dwelling
older adults over age 53 in the Health and Retirement Study – Health Care and
Nutrition Survey.
Results: Older adults who lived alone with no children or friends nearby had the
lowest fruit and vegetable consumption. However, the daily fruit and vegetable
consumption of respondents who lived alone and had children or friends nearby
or those who lived with someone and had no children or friends nearby was not
statistically different from those who lived with someone and had children or
friends nearby. This suggests that having a social network either at home or in
the neighbourhood complements the absence of living with someone or having
children or friends nearby and attenuates the negative association between limited
social networks and daily fruit and vegetable consumption. A greater decrease in
the number of fruits and vegetables consumed was observed among men when
they lived alone with no children or friends nearby.
Conclusions: Special attention should be given to older adults with limited social
networks, especially older adults living alone with no children or friends nearby.
Provision of help with grocery shopping and meal preparation as well as social
support networks and more opportunities that can improve social engagement
appear to be necessary.
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The older population is one of the fastest growing segments
of the US population. The population aged 65 years and
over increased 34% from 37·8 million in 2007 to 50·9 million
in 2017 and is projected to reach 94·7 million in 2060(1).
Moreover, the average life expectancy of persons who have
reached age 65 was 19·5 years(1). With the increased life
expectancy, older adults face elevated risk of developing
age-related chronic diseases. According to the Centers for
Disease Control and Prevention(2,3), 28·1 % of adults aged
65 years and older had heart disease, 26·8 % had diabetes
and 19·3 % had cancer.

Fruits and vegetables are important components of a
healthy diet, which promote healthy ageing. Fruits and
vegetables contain a variety of vitamins and minerals,

and dietary fibres that help maintain body function and
health(4). Fruits and vegetables also supply numerous
phytochemicals which lower oxidative stress and inflam-
mation and protect against age-related diseases(4–7).
Previous studies have reported that higher fruit and veg-
etable consumption is associated with a lower risk of
CVD(8–10), type 2 diabetes(11,12), and cancer(8,13), as well
as overall mortality(8,9,14,15). Several studies also found that
older adults with a higher intake of vegetables showed
less or slower cognitive decline(16,17).

Despite the numerous health benefits, both fruit and
vegetable consumption for most older adults is below daily
recommendations. The US Department of Health and
Human Services and the US Department of Agriculture(18)
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recommend eating 2–2½ cup equivalents of fruits and
2½–3½ cup equivalents of vegetables for males aged
51 years and older, and 1½–2 cup equivalents of fruits
and 2–3 cup equivalents of vegetables for females aged
51 years and older. However, the average intake of fruits
and vegetables was below these levels: 1·2 cup equivalents
of fruits and 1·9 cup equivalents of vegetables formales aged
51–70 years, 1·4 cup equivalents of fruits and 1·7 cup equiv-
alents of vegetables for males aged 71 years and older,
1·2 cup equivalents of fruits and 1·8 cup equivalents of veg-
etables for females aged 51–70 years and 1·3 cup equivalents
of fruits and 1·5 cup equivalents of vegetables for females
aged 71 years and older(18). In 2015, only 12·4 % of older
adults met federal fruit intake recommendations and only
10·9% met federal vegetable intake recommendations(19).

Appropriate fruit and vegetable consumption could
potentially be more difficult for older adults living alone.
Poor nutritional intake among older adults living alone,
including lower frequency(20–23) and lower diversity of
food intake(24,25), has been reported in previous studies.
Lower consumption of fruits and vegetables among older
adults living alone has also been observed(20,21,23,26–28),
suggesting living alone is a risk factor for poor nutrition
and chronic diseases that are associated with fruit and
vegetable consumption. This trend may occur because
living alone in older age poses extra constraints that are
associated with store accessibility, grocery shopping,
meal preparation and eating appropriately, including
poor health and physical limitations, financial difficulties
and social isolation.

Social networks have been identified as a protective
factor reducing poor nutrition and low fruit and vegetable
consumption, since these networks can be a source of
instrumental support, including help with grocery shop-
ping and cooking(20,24,29–32). Also, social engagements pro-
vided by social networks motivate older adults to cook and
eat healthy, while loneliness and eating alone were associ-
ated with undesirable dietary patterns, includingmeal skip-
ping, low intake of core foods (e.g. fruits, vegetables and
fish) and low nutrient intake or malnutrition(20,21,24,28,33,34).
In this sense, children and friends living nearby could be a
potential source of social and emotional support, encour-
aging a healthy diet, including fruit and vegetable con-
sumption, especially for older adults living alone.

However, our understanding of the role of social net-
works in the relationship between living alone and fruit
and vegetable consumption is limited. Therefore, the current
study aims to use the 2013 Health Care and Nutrition Survey
(HCNS) of the Health and Retirement Study (HRS) to inves-
tigate whether living arrangements and having children and
friends nearby are associated with daily fruit and vegetable
consumption among older adults. Based on previous find-
ings, we hypothesise that older adults who live alone will
have lower fruit and vegetable consumption than those
who are living with someone, and older adults who have

children and/or friends nearby will have higher fruit and
vegetable consumption than thosewhodonot have children
or friends nearby. The findings of the current studymay con-
tribute to our understanding of older adults’ fruit and vegeta-
ble consumption, help to identify older adults who are at the
greatest risk of poor nutrition and promote healthy eating,
which will eventually help maintain or even improve their
health.

Methods

Data and sample
The HRS has engaged in biennial surveys of approximately
20 000 people from a nationally representative sample of
older Americans (over age 50) since 1992. The HRS has
been widely used in previous studies that explored issues
related to older adults living alone(35–39).

For the current study, we used the 2013 HCNS, an
off-year supplement of the HRS. For the HCNS, the survey
questionnaires on healthcare access, food purchases,
food consumption and nutrition were mailed to a subsam-
ple of the HRS respondents and their spouses/partners
(n 12 418), and 65 % (n 8073) completed the survey(40).
Respondents who provided answers to <3 % of the food
consumption questions (n 37) and respondents who were
using a feeding tube (n 1) were removed from the data set
by the HRS team(40). The HRS replenished the sample in
2010 with a younger cohort, so in 2013 the sample was
aged 53 years and older. Since the 2013 HCNS includes a
subsample of the HRS respondents and their spouse/
partner regardless of their age, we excluded those who
were below age 53 when interviewed (n 535) to only
include age-eligible respondents. Several HRS data files
with sociodemographic, social network and neighbour-
hood environment information, collected in 2012, were
then merged with the HCNS, and respondents who were
not included in other HRS data products (i.e. HRS, RAND
HRS and HRS Contextual Data Resources) (n 245) and
those with missing values on key variables and covariates
(n 390) were excluded from the sample. The independent
variable and four control variables, poverty/food insecu-
rity, self-perceived health, difficulties and help with meal
preparation, and following a special diet, contained miss-
ing values. Respondents who were excluded from the ana-
lytic sample are more likely to be non-Hispanic Blacks,
Hispanics, and had higher educational attainments, greater
daily energy intakes and more healthy food outlets. No sig-
nificant differences in age, sex and difficulties and helpwith
grocery shopping are observed. We conducted Little’s test
of missing completely at random and confirmed that the
missing data in the five variables were missing at random.

After excluding respondents with missing data, the
analytic sample included 6865 respondents, 91·5 % of the
age-eligible sample (see Fig. 1). When data have missing
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values >10%, the results obtained from the data may
be biased(41). Since the data missing constituted about
8·5 % of the age-eligible sample, omitting these respondents
should not bias the results.

Measures

Daily fruit and vegetable consumption
Respondents were asked about their average intake of
nineteen fruits and twenty-eight vegetables over the past
12 months, including related food products (e.g. juice
and sauce). For each item, a different unit and response
option were provided. For example, the unit for melon
(e.g. cantaloupe, honeydew and watermelon) was a 1/4
melon, and the response options for the average intake
include ‘never,’ ‘less than once per month,’ ‘1–3 times
per month,’ ‘once per week,’ ‘2–4 times/week,’ ‘5–6 times
perweek,’ ‘once per day,’ ‘2–3 times per day’ and ‘4 ormore
servings per day.’ Based on participants’ responses, the
University of Michigan calculated a daily serving portion
for each item, using Harvard University’s food serving con-
version guides (https://regepi.bwh.harvard.edu/health/
nutrition.html). ‘For example, 1 serving per week is equiv-
alent to 0·14 servings per day (1/7), and 5–6 servings per
week is equivalent to 0·8 servings per day (5·5/7)’(40). For
the analysis, we summed daily serving portions of twelve
fruits and twenty-one vegetables to create measures for
overall fruit and vegetable consumption (summed number
of servings per day). To reflect the intake of fresh fruit and
vegetables, items such as juices and sauces were excluded.
Daily fruit and vegetable consumption ranged from 0 to 24
and 0 to 26 servings, respectively. Due to skewness of the
distribution, we top-coded both fruit and vegetable con-
sumption at the 99th percentile, with the final category indi-
cating six or more servings for fruits and nine or more
servings for vegetables.

Living arrangements and social networks in
neighbourhoods
The HRS includes information on respondents’ living
arrangements and on their social networks in their
neighbourhoods.

In the HRS, living arrangements had six categories:
(0) married or partnered, living with partner; (1) married
or partnered, not living with spouse/partner; (2) not mar-
ried or partnered, living with other unrelated adult; (3)
not married or partnered, living with relative (including
minor children) or unrelated minor child; (4) not married
or partnered, living alone; and (5) living arrangements
unknown. Regarding their social networks, participants
were asked if they had children within ten miles ((0) no;
(1) yes) and good friends in their neighbourhood ((0)
no; (1) yes). Using these questions, we created a new
variable with four categories: (0) living with someone
(i.e. spouse/partner, children, relative or other unrelated
adults) and having children and/or friends nearby; (1) liv-
ing with someone and having no children or friends
nearby; (2) living alone and having children and/or friends
nearby and (3) living alone and having no children or
friends nearby. Having childrenwith whom the respondent
had no contact as no.

The control variables included age, gender ((0) male;
(1) female), race/ethnicity ((0) White/other, non-Hispanic;
(1) Black, non-Hispanic; (2) Hispanic), years of education,
poverty/food insecurity ((0) household income above pov-
erty threshold and enough money to buy food; (1) house-
hold income below poverty threshold and/or not enough
money to buy food), self-perceived health ((0) poor–(4)
excellent), difficulties and help with grocery shopping
and meal preparation due to health or memory problems
((0) no difficulty; (1) difficulty, receiving help; (2) difficulty,
not receiving help), following a special diet (e.g. weight
reduction/low energies, low cholesterol, low Na, diabetic,
low fat, low TAG, ulcer and high potassium), daily energy
intake (divided by 1000 and then logged) and number of
healthy food outlets (i.e. grocery stores and farmers’ mar-
kets) in respondents’ county of residence.

Statistical analysis
We first presented descriptive information on the analytic
sample. T tests and χ2 tests were conducted to compare
gender differences. Bivariate analyses were then con-
ducted to ascertain differences in daily fruit and vegetable
consumption (i.e. number of servings per day, whether
daily recommendations were met) according to living
arrangements (i.e. living with someone v. living alone)
and social networks in the neighbourhood (e.g. having no
children or friends nearby v. having children or friends
nearby). Finally, a series of multivariate analyses examining
the relationship of living alone andhaving childrenor friends
nearby with fruit and vegetable consumption were

All Respondents in Health Care and
Nutrition Study (HCNS) (n 8073)

Respondents with sufficient
information on food intake and

consumption (n 8035)  

Respondents aged 53+
(n 7500)

Analytic Sample
(n 6865) 

245 respondents were not 
included in other HRS data 
products that are linked to the 
HCNS;

390 respondents have missing 
values for at least one of the 
included variables.

37 respondents provided 
answers to less than 3% of the 
food consumption questions;

1 respondent was using a 
feeding tube.

Fig. 1 Sample inclusion criteria
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conducted using Stata 15. Based on previous findings on
gender differences in food intake and eating behav-
iour(20,22,41), we stratified the models by gender. Daily serv-
ing portions of fruits and vegetables are count variables;
therefore, Poisson regressionmodelswereused in these esti-
mations. For these analyses, we applied sampleweights pro-
vided by the HRS to account for differential selection
probabilities due to the complex survey design.

Results

Participant characteristics
Table 1 presents descriptive information on the analytic
sample. The average fruit and vegetable consumption was
0·95 (SD 1·18) and 2·18 (SD 1·90) servings, respectively,
which is significantly lower than the daily recommendations
of 2–3 servings of fruits and 4–6 servings of vegetables(18)

(P< 0·001, except for vegetable consumption among
females which was not statistically different from the

daily recommendation). Most of the sample respondents
were living with someone and had children or friends
nearby (64·0%) and were female (55·0 %), non-Hispanic
White/other (84·1%), not in poverty and food secure
(84·0%), have no difficulty with grocery shopping (94·5%)
and meal preparation (84·5%), and not following a special
diet (84·5 %). The average age was 66·07 (SD 9·72), the
average years of education was 13·33 (SD 2·83), the average
self-perceived health was 2·32 (SD 1·05), which is between
good and very good, the average daily energy consumption,
which was divided by 1000, was 1·84 (SD 1·00), and the aver-
age number of healthy food outlets in respondents counties
(471 counties) was 221·52 (SD 423·52).

Older females consumed a slightly greater number of
fruits and vegetables compared with older males.

Bivariate analysis
We performed bivariate analyses to ascertain differences in
daily fruit and vegetable consumption according to living
arrangements and social networks (Table 2). While other

Table 1 Descriptive information on the analytic sample (n 6865)*

Whole sample Male Female

Mean SD Mean SD Mean SD P-value

Daily fruit consumption† (range: 0–6) 1·0 1·2 0·8 1·1 1·1 1·2 <0·001
Daily vegetable consumption† (range: 0–9) 2·2 2·0 2·0 1·7 2·4 2·0 <0·001
Living arrangements and social network (%) <0·001
With someone‡ and children/friends nearby 64·0 68·9 60·1
With someone‡ and no children/friends nearby 14·1 15·0 13·4
Alone and children/friends nearby 17·0 11·6 21·3
Alone and no children/friends nearby 4·9 4·5 5·2

Age (range: 53–101) 66·1 9·7 65·4 9·2 66·6 10·1 <0·001
Gender (%)
Male 45·0
Female 55·0

Race/ethnicity (%) <0·001
White/other, non-Hispanic 84·1 84·8 83·6
Black, non-Hispanic 8·5 7·6 9·2
Hispanic 7·4 7·6 7·2

Years of education (range: 0–17) 13·3 2·8 13·5 2·9 13·2 2·8 <0·001
Poverty/food insecurity§ (%) <0·001
Not in poverty and food secure 84·0 86·2 82·2
In poverty and/or food insecure 16·0 13·8 17·8

Self-perceived health (range: 0 Poor–4 Excellent) 2·3 1·1 2·3 1·0 2·3 1·1 .711
Difficulty with grocery shopping (%) <0·001
No difficulty 94·5 96·0 93·3
Difficulties, receiving help 4·4 3·0 5·6
Difficulties, no help 1·1 1·0 1·1

Difficulty with meal preparation (%) <0·05
No difficulty 96·8 97·6 96·2%
Difficulties, receiving help 2·3 1·6 2·8
Difficulties, no help 0·9 0·8 1·0

Special diet (%) <0·001
No 84·5 87·3 82·2%
Yes 15·5 12·7 17·8%

Daily energy consumption‖ (range: 0·15–20·48) 1·8 1·0 1·9 0·9 1·8 1·1 <0·001
Store availability¶ (range: 0–2382) 221·5 423·5 228·3 436·2 216·0 412·9 0·442

*T tests and χ2 tests were conducted to compare gender differences.
†Daily fruit and vegetable consumption is summed by number of servings per day.
‡Living with spouse/partner, children and/or others.
§Household income below poverty threshold and/or not enough money to buy food.
‖Daily energy intake was divided by 1000.
¶Number of healthy food outlets (i.e. grocery stores and farmers’ markets) (county-level).
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groups consumed a similar amount of fruits and vegetables
(0·87–1 serving of fruits and 2·12–2·25 servings of vegeta-
bles), older adults who lived alone with no children or
friends nearby consumed the lowest amount of fruits and
vegetables. The average servings of fruits and vegetables
for them were 0·69 and 1·67, respectively, which were
approximately 70 and 74 % of the number of servings con-
sumed by older adults who lived with someone and had
children or friends nearby.

Living alone, having children and friends nearby,
and daily fruit and vegetable consumption
Tables 3 presents the results of the Poisson regression
models for the association of living arrangements and
social networks in the neighbourhood with daily fruit con-
sumption (servings/d). Compared with older adults who
lived with someone and had children or friends nearby,
daily servings of fruit consumption were lower by 8 %
for those who lived with someone and had no children

Table 2 Pairwise differences in fruit and vegetable consumption (n 6865)†

Living with someone‡ Living alone

Children/friends
nearby

No children/
friends nearby

Children/friends
nearby

No children/
friends nearby

Mean SD Mean SD Mean SD Mean SD

F
statistics

Daily fruit consumption
(servings/d)

0·97 1·20 0·87 1·15 1·00 1·19 0·69 1·01 5·13**

Daily vegetable
consumption (servings/d)

2·25 1·90 2·20 1·96 2·12 1·96 1·67 1·61 6·02***

†The model F-statistic was obtained by a series of simple (bivariate) regression models.
‡Living with spouse/partner, children and/or others.
**P < 0·01, ***P < 0·001.

Table 3 Poisson regression explaining daily fruit consumption (servings/d)

Whole sample Male Female

IRR 95 % CI IRR 95 % CI IRR 95 % CI

Living arrangements and social network (Ref: living with someone‡ and children/friends nearby)
With someone‡ and no children/friends nearby 0·92 0·84, 1·02 0·87 0·73, 1·04 0·95 0·84, 1·08
Alone and children/friends nearby 0·97 0·89, 1·06 0·89 0·75, 1·07 1·03 0·94, 1·14
Alone & No children/friends nearby 0·74** 0·62, 0·89 0·66* 0·49, 0·90 0·81† 0·65, 1·01

Age (range: 53–101) 1·01*** 1·01, 1·02 1·02*** 1·01, 1·02 1·01*** 1·00, 1·01
Female 1·33*** 1·24, 0·89
Race/ethnicity (Ref: White/Other, non-Hispanic)
Black, non-Hispanic 1·05 0·94, 1·17 1·10 0·91, 1·34 1·02 0·90, 1·16
Hispanic 1·47*** 1·31, 1·64 1·61*** 1·37, 1·90 1·36*** 1·17, 1·58

Years of education (range: 0–17) 1·02** 1·00, 1·03 1·03** 1·01, 1·05 1·01 0·99, 1·03
Poverty/Food insecurity§ 0·91† 0·82, 1·01 0·90 0·75, 1·09 0·91 0·81, 1·03
Self-perceived health (range: 0–4) 1·12*** 1·08, 1·16 1·13*** 1·06, 1·19 1·11*** 1·06, 1·16
Difficulties in grocery shopping (ref: no difficulty)
Difficulty, getting help 1·16 0·93, 1·44 1·71 1·20, 2·42 0·90 0·70, 1·15
Difficulty, no help 1·08 0·71, 1·67 1·39 0·61, 3·18 0·91 0·63, 1·32

Difficulties in meal preparation (Ref: no difficulty)
Difficulty, getting help 0·94 0·78, 1·13 0·93** 0·62, 1·41 0·97 0·80, 1·18
Difficulty, no help 1·15 0·79, 1·69 1·21 0·50, 2·96 1·20 0·83, 1·75

Special diet 1·42*** 1·30, 1·55 1·49*** 1·28, 1·74 1·39*** 1·25, 1·54
Daily energy intake¶ (logged) (range: −1·86–3·02) 2·97*** 2·76, 3·20 3·08*** 2·74, 3·46 2·91*** 2·65, 3·20
Number of healthy food outlets (square rooted)‖ 1·01*** 1·01, 1·01 1·01*** 1·01, 1·02 1·01*** 1·01, 1·01
Constant 0·09 0·07, 1·13 0·05 0·03, 0·09 0·19 0·13, 0·39
n 6865 2891 3974

IRR, incidence rate ratio.
†P < 0·10, *P < 0·05, **P < 0·01, ***P < 0·001.
‡Living with spouse/partner, children and/or others.
§Household income below poverty threshold and/or not enough money to buy food.
¶Daily energy intake was divided by 1000.
‖Grocery stores and farmers’ markets in respondents’ county of residence.
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and friends nearby (incidence rate ratio (IRR)= 0·92;
95 % CI 0·84, 1·02, P> 0·10) and by 3% for those who
lived alone and had children or friends nearby (IRR= 0·97;
95 % CI 0·89, 1·06, P> 0·10) although statistically insignifi-
cant. Living alone without children and friends nearby was
statistically associated with a 26 % decrease in daily fruit
consumption, or about 1/3 of a serving (IRR= 0·74; 95 % CI
0·62, 0·89, P< 0·01).

Table 4 presents the results of the Poisson regression
models explaining vegetable consumption (servings/d).
Compared with older adults who lived with someone
and had children or friends nearby, daily servings of veg-
etable consumption decreased by 3 % for those who lived
with someone and had no children and friends nearby
(IRR= 0·97; 95 % CI 0·91, 1·04, P > 0·10) and by 5 % for
those who lived alone and had children or friends nearby
(IRR= 0·95; 95 % CI 0·90, 1·02, P> 0·10). The number of
servings of vegetables consumed by respondents who
lived alone without children and friends nearby decreased
by 25 % compared with those who lived with someone
and had children or friends nearby (IRR= 0·75; 95 % CI
0·67, 0·85, P< 0·001).

Older age (significant only for fruits), being female,
being Hispanic, higher education, better health status,
following a special diet, greater daily energy intake and
greater availability of healthy food outlets were associated
with higher fruit and vegetable consumption, while poverty

and/or food insecurity were associated with lower fruit and
vegetable consumption.

Gender differences
Overall, the results of stratified models showed similar pat-
terns, although a greater decrease in the daily fruit and veg-
etable consumption was observed among men when they
lived alone with no children or friends nearby. Compared
with those who lived with someone and had children or
friends nearby, daily fruit consumption decreased by
34 % or about 1/2 serving for older men (IRR= 0·66;
95 % CI 0·49, 0·90, P < 0·05) and 19 % for older women
(IRR = 0·81, 95 % CI 0·65, 1·01, P< 0·10) who lived alone
without children or friends nearby. Living alone without
children or friends nearby was also associated with a
decrease in daily vegetable consumption of 28 %, or about
1/3 serving among older men (IRR= 0·72, 95 % CI 0·57,
0·89, P< 0·01) and a 21 % decrease among older women
(IRR = 0·79, 95 % CI 0·68, 0·91, P< 0·01). However, an
interaction term to test the gender difference was not sta-
tistically significant.

Secondary analysis
We conducted additional analyses to see if living alone
and having social networks in neighbourhoods are asso-
ciated with meeting daily recommendation for fruits

Table 4 Poisson regression explaining daily vegetable consumption (servings/d)

Whole sample Male Female

IRR 95 % CI IRR 95 % CI IRR 95 % CI

Living arrangements and social network (Ref: living with someone‡ and children/friends nearby)
With someone‡ and no children/friends nearby 0·97 0·91, 1·04 0·95 0·96, 1·05 0·98 0·90, 1·07
Alone and children/friends nearby 0·95 0·90, 1·02 0·95 0·94, 1·08 0·94 0·89, 1·03
Alone and no children/friends nearby 0·75*** 0·67, 0·85 0·72** 0·57, 0·89 0·79** 0·68, 0·91

Age (range: 53–101) 1·00 1·00, 1·00 1·00* 1·00¸1·01 1·00 1·00, 1·00
Female 1·31*** 1·25, 1·37
Race/ethnicity (Ref: White/Other, non-Hispanic)
Black, non-Hispanic 0·96 0·89, 1·04 0·96 0·86, 1·08 0·98 0·89, 1·07
Hispanic 1·33*** 1·23, 1·43 1·26*** 1·13, 1·41 1·38*** 1·24, 1·52

Years of education (range: 0–17) 1·02*** 1·01, 1·03 1·03*** 1·01, 1·04 1·02** 1·00, 1·03
Poverty/food insecurity§ 0·91** 0·85, 0·97 0·90† 0·80, 1·01 0·91* 0·84, 0·98
Self-perceived health (range: 0–4) 1·09*** 1·07, 1·12 1·05* 1·01, 1·09 1·13*** 1·09, 1·16
Difficulties in grocery shopping (Ref: no difficulty)
Difficulty, getting help 1·01 0·87, 1·17 0·99 0·80, 1·23 1·02 0·83, 1·26
Difficulty, no help 0·96 0·76, 1·22 0·98 0·70, 1·37 0·98 0·73, 1·31

Difficulties in meal preparation (Ref: no difficulty)
Difficulty, getting help 1·02 0·90, 1·15 0·92 0·75, 1·12 1·07 0·91, 1·25
Difficulty, no help 1·27 0·88, 1·83 1·74† 0·95, 3·21 1·04 0·81, 1·33

Special diet 1·30*** 1·22, 1·38 1·29*** 1·17, 1·43 1·30*** 1·21, 1·40
Daily energy intake‖ (logged) (range: −1·86–3·02) 2·67*** 2·54, 2·80 2·88*** 2·66, 3·12 2·57*** 2·42, 2·74
Number of healthy food outlets¶ 1·01*** 1·00, 1·01 1·01 1·00, 1·01 1·00*** 1·00, 1·01
Constant 0·55 0·44, 0·69 0·45 0·33, 0·62 0·81 0·60, 1·10
n 6865 2891 3974

IRR, incidence rate ratio.
†P < 0·10, *P < 0·05, **P < 0·01, ***P < 0·001.
‡Living with spouse/partner, children, and/or others.
§Household income below poverty threshold and/or not enough money to buy food.
‖Daily energy intake was divided by 1000.
¶Grocery stores and farmers’ markets in respondents’ county of residence.
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and vegetables rather than the numbers of servings (see
Supplementary Material Tables S1 and S2). Similar pat-
terns were shown for meeting the daily recommendations
for fruits and vegetables. For example, compared with
older adults who lived with someone and had children
or friends nearby, the likelihood of meeting daily recom-
mendations for fruits and vegetables was 39 % (OR = 0·62,
95 % CI 0·34, 1·14, P > 0·10) and 55 % (OR = 0·45, 95 % CI
0·27, 0·76, P < 0·01) lower for those who lived alone with-
out children or friends nearby.

We also explored whether there was any difference
between having children and having friends nearby and
found that having friends nearbywas consistently associated
with greater daily fruit and vegetable consumption as
well as an increased likelihood of meeting daily recommen-
dations for fruits and vegetables among older females.
However, having children nearby was not significantly asso-
ciated with fruit and vegetable consumption. The effect of
social networks (having children or friends nearby) on fruit
and vegetable consumptionwas greater for older adultswho
were living alone. The results are shown in the online
Supplementary Material (Tables S3 and S4).

Discussion

This is the first study, to our knowledge, that uses a nation-
ally representative sample of older Americans to examine
whether social networks in homes and neighbourhoods
are associated with daily fruit and vegetable consumption.
The results suggest that living alone is associated with
lower fruit and vegetable consumption, which is consistent
with the existing literature(20,22,23,26–28). Previous studies
have identified poor physical health and financial con-
straints, which are prevalent among older adults living
alone(27,43), as barriers to healthy eating which affect access
to food, cooking and meal preparation(28,32,44–48). Lack of
motivation for cooking and eating due to social isolation,
loneliness and depressionmay be another reason for lower
fruit and vegetable consumption among older adults living
alone(24,48,49). Previous studies have reported that older
adults living alone are also more likely to be socially iso-
lated and to suffer from loneliness and depression(27,50–52).

The results of the current study also revealed that social
networks in neighbourhoods may attenuate the negative
associations between living alone and daily fruit and veg-
etable consumption. The daily fruit and vegetable con-
sumption of respondents who lived alone with children
or friends nearby was not statistically different from those
who lived with someone and had children or friends
nearby, while those who lived alone without children or
friends nearby had significantly lower fruit and vegetable
consumption. This may be because social interaction and
support from children and friends help with acquiring
and preparing fruits and vegetables and encourage healthy
eating(32,42,47). In a study by Huang et al.(53), rides from

friends were the second most frequently used transporta-
tion mode to access food-related destinations. Coveney
and O’Dwyer(54) also found that help from family and
friends increases people’s access to food. Having children
and friends may also increase the number of social gather-
ings and prevent people from eating alone, which moti-
vates cooking and eating(42,49). However, having children
or friends nearby did not make a significant difference
in fruit and vegetable consumption among cohabiting
respondents. Our findings suggest that having a social net-
work either at home or in the neighbourhood complements
the absence of one or the other.

Previous studies have reported that men are more
affected by living arrangements and social networks in
terms of eating behaviours, including food and nutrient
consumption(20,22) because men tend to be less concerned
about health and nutrition and have limited cooking
skills(20,55,56). In our study, the decrease in the number of
servings of fruits and vegetable was greater among men
when they lived alone with no children or friends nearby.
However, the difference was not statistically significant.
This may be because fruit and vegetable consumption does
not require complex cooking skills.

In the secondary analyses, having friends nearby was
consistently associatedwith higher daily fruit and vegetable
consumption for older women. The social and emotional
support that friends provide may be an explanation for this
finding. The findings of Rugel and Carpiano(57) indicate the
importance of emotional and informational support in pro-
moting older women’s fruit and vegetable consumption,
and greater emotional and psychological benefits from
friends over family members, including children, have
been reported in the previous studies(58–61). However, hav-
ing children nearby was not significantly associated with
fruit and vegetable consumption for both men andwomen.
This may be because relying on children violates the norms
associated with older adults’ parent role(62,63) and prevents
older adults from asking their children for help.

Limitations
The current study has several limitations. First, we used a
measure of social networks that may not completely reflect
social relationships or interactions. For example, having
children nearby was measured by using the question
‘Do you have children living within ten miles?’ This ques-
tion does not provide any further information about their
relationship. In addition, while numerous studies high-
lighted social gatherings or the presence of people during
mealtimes as motivators for cooking and eating(13), we are
unsure as to whether cohabitation or having social networks
in the neighbourhood increased opportunities for social
gatherings or in-person interactions. Therefore, further
research should be conducted for a more comprehensive
understanding of older adults’ fruit and vegetable
consumption. Last, sociodemographic, social network and
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neighbourhood data were derived from multiple HRS prod-
ucts that were collected in 2012. Although this information
often does not change greatly within a short period of time,
there is a potential discrepancy in social networks and food
environments due to the 1 year difference.

Conclusions

Existing literature emphasised the role of family and friends
in promoting a healthy diet(23,38). Our results confirm that
living alone while having no children and friends nearby
is associated with lower fruit and vegetable consumption,
which highlights the importance of social networks at
home and in the neighbourhood. Based on the findings,
older adults who are living alone with a limited social
network in the community may be at the greatest risk of
poor nutrition due to low levels of social support and
motivation to cook and eat. Provision of help with grocery
shopping (e.g. transportation, Supplemental Nutrition
Assistance Program) and meal preparation (e.g. home-
delivered meals) as well as social support networks and
more opportunities that can improve social engagement
appear to be necessary in order to encourage a healthy
dietary intake.
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