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Abstract
Objective: We examined the measurement and mediating role of social support in
dietary intake among participants in Texercise Select, an intervention for improving
lifestyle behaviours.
Design: Quasi-experimental study. Participants reported their dietary intake, level
of social support measured by the new Social Support for Healthy Eating scale,
sociodemographics and disease profile. We conducted exploratory factor analysis
for scale evaluation and structural equationmodelling for mediation analysis to test
if changes in dietary-specific social support mediate the relationship between the
intervention and changes in dietary intake.
Setting: Texas.
Participants: Community-dwelling middle-aged and older adults completed
a self-reported survey at baseline and 3-month follow-up (intervention group
n 211, comparison group n 175).
Results: The majority of the sample was aged ≥70 years (mean 74·30, SD 8·54),
female (82·1 %) and had at least two chronic conditions (63·5 %). The acceptable
levels of reliability and validity of the dietary-specific social support scale were
confirmed. Compared with the comparison group, the intervention group reported
improved intake of fruit/vegetables and water, and improved dietary-specific
social support. Improved dietary-specific social support mediated the association
between intervention and change in fruit/vegetable intake, controlling for socio-
demographics, number of chronic conditions and geographic residence. About
12 % of intervention effect was mediated by social support.
Conclusions: The current study confirms positive intervention effects on healthy
eating, and highlights social support relating to dietary behaviours that may
be helpful for healthy eating. Future research should investigate additional social
support for developing healthy eating behavioural skills.
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Identifying healthy lifestyles such as proper nutrition is criti-
cal to lessen the burden of chronic disease and related risk
factors. Lifestyle interventions among middle-aged and
older adults may be complex andmay have differing effects
based on social support. Thus, an investigation of determi-
nants that may lead to one’s healthy lifestyle is important.
For example, lifestyle factors play a substantial role in the
prevention and management of chronic diseases such as

CVD, obesity and type 2 diabetes, which are prevalent at
substantial rates in middle-aged and older adults(1–3).
About 20 % of adults aged ≥65 years die of CVD, and
one-third of deaths relating to CVD occur among those
under 75 years of age(1). According to a 2019 report, the
United States spent approximately US$351 billion on the
medical costs of CVD and stroke in 2014–15, and the cost
is projected to increase for middle-aged (45–64 years)
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and older (≥65 years) adults in the future(1). Furthermore,
the growing prevalence of obesity among older adults is
prominent; more than one-third of adults aged ≥60 years
(37·5 % for men and 39·4 % for women) are obese(3),
increasing the risk of type 2 diabetes(4). Thus, multimorbid-
ity among middle-aged and older populations has increas-
ingly become a public health concern.

For the prevention and management of chronic disease,
the importance of healthy eating habits, in addition to
regular physical activity, has been emphasised(5). Certain
dietary patterns, such as theMediterranean and plant-based
diets, for example, are associated with reduced risk for
CVD(6,7), cognitive decline(8–10), type 2 diabetes(11–13) and
depression(14), aswell as enhancedquality of life(15). However,
the intake of fruit/vegetables among older adults is sub-
optimal(16). Only 10·9–12·4 % of adults aged ≥51 years
consume the recommended amount of fruit and vegetables
to meet federal recommendations(17). To reduce the risk of
developing and accelerating chronic diseases, additional
attention should be paid to factors that facilitate healthy dietary
habits.

As a critical factor relating to health behaviour, research
shows the influence of social relationships on dietary
intake. Social isolation has been reported to increase the
risk of poor nutrition(18–21), while social support may help
support healthy dietary behaviour of older adults(21–24).
For instance, an analysis of adults aged ≥50 years in the
European Prospective Investigation of Cancer (EPIC) study
identified an association between being widowed or living
alone and low levels of vegetable intake, and this relation-
ship was more profound among men compared with
women(21). Those with less frequent contact with friends
had lower fruit/vegetable intake. Similarly, the association
between poor diet intake and living alonewas reported in a
study of the National Health and Nutrition Examination
Survey III data.(25) A focus group study of community-
dwelling older adults in the UK also pointed out the posi-
tive influence of social engagement (e.g. social activity and
social interaction with friends and family) on dietary
habit(26). A study of community-dwelling older adults in
the UK(24) found that men and women who had emotional
support had a better diet, which was measured by a FFQ
assessing the consumption of twenty-four foods like fruit,
vegetables, wholegrain cereals and oily fish. Practical sup-
port was associated with healthy eating among older men,
while a larger social networkwasmore critical among older
women(24). Findings of these previous studies are mostly
based on cross-sectional analysis(23). Additionally, the
concept of social support for a healthy diet has been pre-
dominantly captured by indirect measures, such as the
number of friends; friendship density(22); frequency of
social(20), family and friend(21) contact; and the availability
of emotional, practical and negative aspects of support
in general(24,27). Limited studies have assessed social
support directly relating to dietary intake, such as

companionship – having meals together (e.g. refs. 19
and 22) and helping with cooking(22). The role of social
support specific to healthy eating among older adults has
been understudied.

Intervention
To help lessen extant research gaps, the current study
examined the role of social support on dietary intake
among older adults who participated in a lifestyle interven-
tion designed to improve eating habits and physical
activity, Texercise Select(28). Texercise Select is a 10-week
group-based programme designed for adults aged≥45 years.
The programme was designed to encourage healthy eating
and physical activity through education, discussions and
training exercise(28). Ledby trained facilitatorswhogo through
6 h of standardised training, this programme uses an official
programmemanual and other complementary materials. The
programme delivers a total of twenty sessions (i.e. two 1·5-h
sessions each week for 10weeks), and about a half of the
workshops were devoted to discussions and activities about
healthy eating. In each session, programme participants
discuss healthy eating and behaviour changes, such as
goal-setting for healthy eating, nutrition facts, how to read
food labels, behaviour tracking and problem-solving in a
group setting.

The programme was designed to help participants gain
different behavioural skills through hands-on practice and
discussions about how to overcome barriers and meet
goals associated with healthy eating. The effectiveness
of Texercise Select has been reported: improved fruit/
vegetable intake per week(29,30), fast-food intake per
week(30), daily water intake(29,30), physical activity(29,31)

and sedentary behaviour(31). Moreover, programme partic-
ipants improved the level of social support for physical
activity(31) and dietary intake(29,30).

Aims
Given the relationship between dietary-specific social sup-
port and food intake has not been fully explored, the aims
of the present study were to: (i) evaluate the psychometrics
of the dietary-specific social support scale included in the
current study, the Social Support for Healthy Eating Scale;
and (ii) test if improved dietary-specific social support
mediates the intervention effect on changes in dietary
intake among Texercise Select participants.

Methods

Participants and study procedure
Data were collected from middle-aged and older adults
who resided in Texas and who were recruited from various
community sites between May 2015 and Aug 2017.
Participants were recruited through various community-
based organisations for older adults and healthcare centres
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that provide health and wellness programmes to older
adults in Texas(31). While the research team approached
and recruited participants who have similar characteristics,
the intervention and comparison groups were not randomly
assigned due to the pragmatic nature of the community-
based intervention. Group assignment was determined
based on the need and preference of participating sites.
For the intervention group, Texercise Selectworkshops were
delivered in community settings such as senior centres,
senior housing, community centres and faith-based facilities.
Texercise Selectwas not delivered to the comparison group,
although the participants in this group might have been
exposed to other health and wellness programmes. The
current study used data from 386 middle-aged and older
adults (intervention n 211, comparison n 175) who com-
pleted pre- and post-surveys.

Dietary intake
Information about dietary intake was collected using four
items(29). Participants were asked to answer the question,
‘Over the past 7 days, howmany times did you eat fast food,
meals or snacks?’ using a six-point scale: ‘0’, ‘1’, ‘2’, ‘3’, ‘4’
and ‘≥5’. Using the same response scale, the following
three questions were asked: ‘Over the past 7 days, how
many servings of fruit/vegetables did you eat each day?’
and ‘Over the past 7 days, how many soda and sugar-
sweetened drinks (regular, not diet) did you drink each
day?’ Daily water intake was assessed with the item
‘In the average day, how many cups of water do you drink
each day?’ using a nine-point scale, ranging from ‘0’ to ‘≥8’.
Change scores between pre- and post-survey values were
derived by regressing post-survey values on pre-survey
values.

Dietary-specific social support
The current study used an original Social Support for
Healthy Eating Scale to assess changes in dietary-specific
social support. Participants rated how often they receive
social support by assessing the following three specific social
support goals for dietary activities: ‘plan dietary goals’,
‘keep dietary goals’ and ‘reduce barriers to healthy eating’.
The perceived availability of dietary-specific social sup-
port was reported using a four-point scale with categories
of ‘never’, ‘rarely’, ‘sometimes’ and ‘often’. Similarly, we
computed the change scores between pre- and post-survey
values by regressing post-survey values on pre-survey
values. In Texercise Select, participants discuss how to
plan and keep goals as well as remove barriers to healthy
eating in a group setting. This scale consisting of three
items relating to workshop discussion topics was used
to evaluate programme effectiveness – whether partici-
pants improved levels of dietary-specific social support
as a result of Texercise Select workshop participation.
While having reported the internal consistency of the

scale (i.e. Cronbach’s α) in the previous studies(29,31), this
is the first study that investigated the reliability and val-
idity of the scale.

Sociodemographic information
Participants’ sociodemographic information collected by
the questionnaire included age, sex, living arrangement,
race, chronic conditions and education. Age (number of
years), sex (female = 1, male= 0), race (white = 1, non-
white= 0), education (0= less than some high school,
1 = some high school, 2 = high school graduate, 3= some
college or vocational school, 4= college graduate or
higher), number of chronic conditions (self-reported), living
arrangement (living alone= 1, living with someone= 0)
were entered as covariates in the mediation analysis.

Participants selected their race from the categories
of White, Black or African American, Asian, American
Indian/Alaska Native, Native Hawaiian or Pacific Islander,
and other. Another item assessed their ethnicity (Hispanic/
Latino= 1, non-Hispanic/Latino= 0). Because a vastmajority
(90·0 %) of participants reported being non-Hispanic/Latino,
we elected to use race (and omit ethnicity) from study analy-
ses to facilitatemeaningful comparisons. Since a vastmajority
of our analytic samplewere eitherWhite (50·0 %) or Black or
African American (46·5 %) (i.e. 3·6 % for Asian or other),
a binary race category (i.e. White or Non-white, which
includes Black or African American, Asian, American Indian/
Alaska Native, Native Hawaiian or Pacific Islander and other)
was created and used for analyses.

Participants were provided a list of chronic conditions
and asked to self-report that they had been diagnosed
with by a healthcare provider. The list included arthritis/
rheumatic disease, breathing/lung disease (e.g. asthma,
emphysema and bronchitis), cancer, depression or anxi-
ety disorder, diabetes, heart disease, hypertension and
stroke. The number of chronic conditions was derived
from the sum of endorsed conditions from this self-
reported list.

Food access was reported as a factor relating to
dietary intake among older adults(32); therefore, we also
included geographic residence as a covariate using the
2013 National Center for Health Statistics’ Urban–Rural
Classification Scheme for the Counties of Centers for
Disease Control and Prevention(33). This coding scheme
consists of six levels based on: (i) metropolitan statistical
areas (MSA) and micropolitan statistical areas defined by
the Office of Management and Budget, (ii) the population
size of MSA and (iii) the location of city populations in the
largest MSA with ≥1 million(33). In the current study, we
created two geographical groups: large/medium metro
(codes 1–3) and small metro/micropolitan/non-core
(codes 4–6) counties. Based on this coding scheme, each
participant’s residence by county level was coded as ‘1’ for
large/medium metro and ‘0’ for small metro/micropolitan/
non-core.
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Data analysis

Basic between-group comparisons
Sociodemographic characteristics and chronic conditions
were compared between intervention and comparison
groups using a χ2 test for categorical variables and a
Mann–Whitney U test for skewed continuous or ordinal
variables.

Attrition analyses
We performed an attrition analysis to assess whether there
were significant differences in sociodemographic charac-
teristics between the participants who completed the
pre- and post-surveys after the programme and those
who did not.

Scale evaluation
We performed an exploratory factor analysis to examine
whether the three items of the dietary-specific social
support measured the same construct using data from
the study participants who completed the pre-survey
(n 564). In addition to bivariate correlations for the identi-
fication of possible multicollinearity, sampling adequacy
(Kaiser–Meyer–Olkin [KMO] value> 0·5) and Bartlett’s test
for patterned relationships ( P < 0·05)(34) were assessed.
We then examined the reliability and validity of the dietary-
specific social support construct – Social Support for Healthy
Eating Scale – using the criteria: Cronbach’s α> 0·7, composite
reliability score > 0·7 and average variance extracted (i.e.
convergent validity) > 0·5(35).

Total intervention effect
We assessed associations between the intervention
condition (1= intervention, 0 = comparison) and changes
in dietary intake, controlling for age, sex, race, number
of chronic conditions, living arrangement and geographic
residence.

Mediational analysis
The current study employed structural equation modelling
to test if changes in dietary-specific social support mediated
the relationship between the intervention condition and
changes in dietary intake, controlling for age, sex, race,
number of chronic conditions, living arrangement and
geographic residence (Fig. 1). For estimating changes in
outcome variables and the potential mediator (i.e. dietary-
specific social support) over the intervention period, we
computed the residualised change scores by regressing
post-survey scores on the corresponding pre-survey
values(36). Maximum likelihood with robust standard error
method was used for structural equation modelling since
the endogenous variables (i.e. residualised change scores)
were continuous and assumed to have non-normal
distributions. For mediation testing, we used the bias-
corrected bootstrapping method, which has an advantage
over the conventional mediation testingmethod(37) for con-
structing confidence intervals of parameters regardless of

the assumption of normal distribution(38). Data were
missing completely at random (MCAR) (Little’s MCAR
test= 331·45, P= 0·192); thus, we used the Full Information
MaximumLikelihoodestimationmethod formediation testing.
Exploratory factor analysis and structural equation modelling
were performed using SPSS 25 (IBM SPSS Statistics) andMplus
8 (Muthen & Muthen), respectively.

Results

A majority of participants in the intervention and com-
parison groups were female (81·9 % for intervention,
76·8 % for comparison),≥75 years (46·2 % for intervention,
51·3 % for comparison), had at least some college or voca-
tion school education (63·6 % for intervention, 58·9 % for
comparison) and had ≥2 chronic conditions (64·8 % for
intervention, 57·9 % for comparison) (Table 1). About half
of older adults livedwith someone (52·2 % for intervention,
50·6 % for comparison). The intervention group had a sig-
nificantly larger proportion of White participants (χ2= 7·00,
df= 1, P= 0·008) and large/medium metro county resi-
dence (χ2= 26·89, df= 1, P< 0·001) than the comparison
group. No significant difference at pre-survey was found
in dietary intake between the intervention and comparison
groups. No other items in dietary-specific social support
differed between intervention and comparison groups.

Supplementary analyses showed that among retention
and attrition groups, there were no significant differences
in sociodemographic, dietary intake or dietary-specific
social support, except social support for reducing barriers
to healthy eating at pre-survey for the intervention group
(z=−0·21, P = 0·044) (Table 2). Among the intervention
group, a higher level of social support for reducing barriers
to healthy eating was observed in those who completed
both pre- and post-surveys.

Scale evaluation
The acceptable reliability and validity of the dietary-specific
social support scale (Social Support for Healthy Eating)

Changes in social
support*

Changes in nutrition
consumption*

A B

C’

Intervention condition

Fig. 1 The model depicting the mediating role of social support
between intervention condition and changes in dietary intake.
*Residual change scores obtained based on pre-survey scores
as predictors

Social support in a lifestyle intervention 149

https://doi.org/10.1017/S1368980020002700 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980020002700


was confirmed. Correlations among the three items of
dietary-specific social support were moderate to strong
(0·57–0·75). No violation of multicollinearity for the con-
struct was confirmed (determinant value 0·23). The
obtained KMO value (0·69) indicated an adequate level
for factor analysis(39). Patterned relationships were also
observed among the three items of dietary-specific social
support (Bartlett’s test of sphericity: χ2= 813·10, df= 3,
P< 0·001). The constructs of dietary-specific social support
showed high internal consistency with Cronbach’s α (0·86).
The obtained values of composite reliability (0·86) and
average variance extracted (i.e. convergent validity) (0·68)
met the criteria(35).

Total intervention effects
After the intervention period, the intake of fruit/vegetables
(Bc= 0·52, SE= 0·13, P < 0·001) and water (Bc= 0·31,
SE= 0·15, P= 0·041) increased in the intervention group

compared with the comparison group, controlling for
sex, age, race, education, number of chronic conditions,
living arrangement and geographic residence (direct effect)
(Table 3). Moreover, living with someone (B=−0·11,
SE= 0·03, P= 0·002) was associated with changes in fruit/
vegetable intake. No significant change was found in the
intakeof fast-foodmeals or snacks and soda/sugar-sweetened
drinks in the intervention group compared with the compari-
son group (P> 0·05).

Intervention effects on dietary-specific social
support for practicing healthy eating
Participants reported significantly higher levels of dietary-
specific social support (BA= 0·28, SE= 0·10, P= 0·003) in
the intervention group compared with the comparison
group after adjusting for sex, age, race, education, number
of chronic conditions, living arrangement and geographic
residence (direct effect) (Table 3). None of the included

Table 1 Sociodemographic and health characteristics, dietary intake and social support of participants at pre-survey by intervention and
comparison groups

Intervention
(n 293)

Comparison
(n 271)

Group test, Pn % n %

Sex
Female ( %) 240 81·9 208 76·8 0·159

Age
<65 years 35 12·1 40 14·8 0·155
65–74 years 121 41·7 92 33·9
≥75 years 134 46·2 139 51·3

Race 0·008
White 158 53·9 115 42·4
Non-White* 135 46·1 156 57·6

Living arrangement 0·757
Living alone 140 47·8 113 49·4

Geographic residence <0·001
Large/medium metro 272 92·8 207 77·0
Small metro/micropolitan/non-core 21 7·2 62 23·0

Education
Less than some high school 22 7·6 28 10·4 0·085
Some high school 22 7·6 24 8·9
High school graduate 62 21·3 59 21·9
Some college or vocation school 112 38·5 75 27·8
College graduate or higher 73 25·1 84 31·1

Number of chronic conditions (0–8) 0·132
None 35 11·9 47 17·3
1 68 23·2 67 24·7
≥2 190 64·8 157 57·9

Mean SD Mean SD P

Dietary intake
Number of fast-food meals or snacks the person ate in the past 7 d† 1·88 1·58 1·91 1·58 0·698
Number of servings of fruit/vegetables the person ate each day in the past 7 d† 3·33 1·42 3·16 1·30 0·319
Number of soda and sugar-sweetened drinks the person had each day in the past 7 d† 1·04 1·29 1·15 1·49 0·382
Cups of water the person drinks each day on an average day‡ 5·22 2·07 5·04 2·19 0·556

Social support§
Plan dietary goals 2·36 1·21 2·32 1·24 0·715
Keep dietary goals 2·46 1·18 2·32 1·21 0·736
Reduce barriers to healthy eating 2·47 1·26 2·35 1·21 0·426

*Including Black or African American, Asian, American Indian/Alaska Native, Native Hawaiian or Pacific Islander and other.
†Six-point scale (0, 1, 2, 3, 4, ≥5).
‡Nine-point scale (0, 1, 2, 3, 4, 5, 6, 7, ≥8).
§Four-point scale (1= never, 2= rarely, 3= sometimes, 4= often).
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covariates were associated with changes in the level of
dietary-specific social support (P> 0·05).

Influence of changes in dietary-specific social
support on changes in dietary intake
Changes in the level of dietary-specific social support after
the intervention period were positively associated with
changes in fruit/vegetable intake (BB= 0·27, SE= 0·08,
P< 0·001) after controlling for sex, age, race, education,
number of chronic conditions, living arrangement and geo-
graphic residence (direct effect) (Table 3). Living with
someone (B=−0·11, SE= 0·03, P= 0·002), female sex
(B= 0·07, SE= 0·03, P= 0·005) and large/medium metro

residence (B = 0·06, SE= 0·03, P = 0·023) were related to
increases in fruit/vegetable intake. No association was
found between changes in the level of dietary-specific
social support and water intake (P> 0·05). Thus, only the
model of fruit/vegetable intake was tested in the sub-
sequent mediating analysis.

Mediation analysis
The mediating (indirect) effect of changes in the level of
dietary-specific social support over the intervention period
was confirmed on the relationship between intervention
status and increased fruit/vegetable intake among
programme participants, after controlling for sex, age,

Table 2 Sociodemographic and health characteristics, dietary intake and social support of attrition and retention by group

Intervention Comparison

Retention
(n 211)

Attrition
(n 82)

Retention
(n 175)

Attrition
(n 96)

n % n %
Group
test, P n % n %

Group
test, P

Sex
Female (%) 178 84·4 62 75·6 0·115 139 79·4 69 71·9 0·209

Age
<65 years 22 10·5 13 16·0 0·384 23 13·1 17 17·7 0·593
65–74 years 87 41·6 34 42·0 61 34·9 31 32·3
≥75 years 100 47·8 34 42·0 91 52·0 48 50·0

Race
White 105 50·2 51 62·2 0·057 79 45·1 36 37·5 0·276
Non-White* 106 49·8 31 37·8 96 54·9 60 62·5

Living arrangement
Living alone 106 50·2 34 41·5 0·223 92 53·2 41 42·7 0·129

Geographic residence
Large/medium metro 195 92·4 77 93·9 0·849 133 76·9 74 77·1 1·000
Small metro/micropolitan/noncore 16 7·6 5 6·1 40 23·1 22 22·9

Education
Less than some high school 15 7·1 7 8·6 0·521 16 9·2 12 12·5 0·242
Some high school 15 7·1 7 8·6 14 8·0 10 10·4
High school graduate 50 23·8 12 14·8 44 25·3 15 15·6
Some college or vocation school 77 36·7 35 43·2 51 29·3 24 25·0
College graduate or higher 53 25·2 20 24·7 49 28·2 35 36·5

Number of chronic conditions (0–8) 0·814 0·308
0 25 11·8 10 12·2 26 14·9 21 21·9
1 47 22·3 21 25·6 43 24·6 24 25·0
≥2 139 65·9 51 62·2 106 60·6 51 53·1

Mean SD Mean SD P Mean SD Mean SD P

Dietary intake
Number of fast-food meals or snacks the person ate in the
past 7 d†

2·06 1·53 1·81 1·65 0·167 1·99 1·59 1·85 1·47 0·595

Number of servings of fruit/vegetables the person ate each
day in the past 7 d†

3·34 1·39 3·12 1·43 0·277 3·11 1·37 3·22 1·31 0·628

Number of soda and sugar-sweetened drinks the person
had each day in the past 7 d (0–5)†

1·26 1·60 0·90 1·34 0·105 1·16 1·41 1·23 1·50 0·725

Cups of water the person drinks each day on an average
day (0–8)‡

5·28 2·06 5·05 2·12 0·446 5·09 2·12 5·10 2·17 0·860

Social support§
Plan dietary goals 2·33 1·20 2·18 1·23 0·394 2·33 1·21 2·32 1·22 0·960
Keep dietary goals 2·48 1·15 2·37 1·16 0·492 2·46 1·18 2·27 1·20 0·225
Reduce barriers to healthy eating 2·63 1·68 2·27 1·24 0·044‖ 2·48 1·20 2·39 1·22 0·665

*Including Black or African American, Asian, American Indian/Alaska Native, Native Hawaiian or Pacific Islander, and other.
†Six-point scale (0, 1, 2, 3, 4, ≥5).
‡Nine-point scale (0, 1, 2, 3, 4, 5, 6, 7, ≥8).
§Four-point scale (1= never, 2= rarely, 3= sometimes, 4= often).
‖P< 0·05.
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race, education, number of chronic conditions, living
arrangement and geographic residence (Fig. 2). Changes
in the level of dietary-specific social support mediated
(BAB= 0·06, SE= 0·02, 95 % CI 0·01, 0·15) the effects of
the intervention on fruit/vegetable intake (indirect effect).
Thus, the product (BAB) of direct effects fell outside of zero,
indicating a significant indirect effect. The explained vari-
ance in the indirect effect of dietary-specific social support
was 12·0 %. Living with someone (B=−0·10, SE= 0·04,
P= 0·003) and female sex (B= 0·07, SE= 0·03, P= 0·010)
were also associated with changes in fruit/vegetable
intake. Regarding the dietary-specific social support items,
keeping dietary goals (β= 0·93, SE= 0·03, P < 0·001)
made the strongest contribution in the mediation model,
followed by planning dietary goals (β = 0·80, SE= 0·03,
P< 0·001) and reducing barriers to healthy eating
(β = 0·70, SE= 0·04, P< 0·001).

Discussion

The current study examined the mediating role of
dietary-specific social support in dietary intake among
the participants of Texercise Select, a lifestyle intervention.
Confirming the appropriate psychometrics of our Social
Support for Healthy Eating Scale, we found that improved
dietary-specific social support mediated the intervention
effect on improvement in fruit/vegetable intake over that
intervention period. The indirect (mediation) effect
accounted for about 12 % of the overall intervention effect
on the increase in fruit/vegetable intake. Moreover, com-
pared with the comparison group, the current study also
confirmed that programme participants improved the
intake of fruit/vegetables and water as well as their level
of dietary-specific social support. The improvement of
dietary-specific social support among programme

Table 3 Unstandardised path coefficients and significant tests (direct paths) from the structural equation modelling of intervention, social
support and dietary intake†

Causal path β SE P Associated covariates*

Intervention Fast-food meal or snack intake −0·07 0·13 0·579
Fruit/vegetable intake 0·52 0·13 <0·001* Living with someone
Soda and sugar-sweetened drink intake −0·18 0·13 0·163 Non-White race
Water intake 0·31 0·15 0·041*
Levels of social support 0·28 0·10 0·003*

Level of social support Fast-food meal or snack intake −0·01 0·09 0·909
Fruit/vegetable intake 0·27 0·08 <0·001* Living with someone, female sex,

Large/medium metro residence
Soda and sugar-sweetened drink intake 0·00 0·08 0·966 Non-White race
Water intake −0·01 0·12 0·904

*P< 0·05.
†Each path controlled for age, sex, race, education, living arrangement, number of chronic conditions and geographic residence.

Plan dietary goals Keep dietary goals Reduce barriers
to healthy eating

Changes in
social support

Changes in the
consumption of
fruits/vegetables

A B

Intervention
C’

B= 0∙23
95 % Cl (0∙70, 0∙38)

B= 0∙49
95 % Cl (0∙22, 0∙73)

B= 0∙29
95 % Cl (0∙10, 0∙48)

Fig. 2 Unstandardised coefficients and bias-corrected bootstrapped 95% confidence intervals for direct and indirect effects from
structural equation model testing the mediating (indirect) effect of changes in the level of social support between intervention and
changes in fruit/vegetable intake.Note: Themodel controlled for age, sex, race, education, living arrangement, the number of chronic
conditions and geographic residence
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participants was associated with improved weekly fruit/
vegetable intake, but not with water intake. These findings
suggest that middle-aged and older adults benefitted from
this programme by improving fruit/vegetable intake that is
partially enhanced by improved dietary-specific social
support.

Moreover, we found that living arrangement, female
sex and large/medium metro residence were associated
with fruit/vegetable intake. Participants who lived with
someone improved their fruit/vegetable intake regardless
of improvement in dietary-specific social support. These
findings suggest that middle-aged and older adults who
live with someone may have had more opportunities to
apply the healthy eating strategies that were discussed in
Texercise workshops (i.e. goal-setting, behaviour tracking
and problem-solving for potential barriers) despite the
availability of perceived dietary-specific social support.

Previous studies reported consistent findings about
the association between living arrangement and the risk
of poor dietary intake among middle-aged and older
adults(25,32,40). A secondary data analysis using the
Nationwide Food Consumption Survey(40) reported the
risks of unhealthy eating behaviours among older adults
who live alone, such as skipping meals (especially break-
fast) and a higher proportion of calorie intake from eating
outside of home. An association of living alone with a
lower intake of fruit and vegetables was also confirmed
in the study that examined the distance for a good
selection (fresh or/and processed) of fruit or vegetables
among older adults in rural areas(32). Furthermore, a study
of the National Health and Nutrition Examination Survey
III data reported that living alonewas associatedwith poor
diet quality among middle-aged and older adults(40).

We found a significant association of living with
someone with improved fruit/vegetable intake in this
programme evaluation. Our study examined the effect of
lifestyle intervention by investigating changes in the dietary
intake immediately before and at the end of intervention.
The influences of living arrangement on healthy eating
among older adults in general as well as in programme
evaluation need to be further examined for promoting
healthy eating.

We also found that being female was associated with
improved fruit/vegetable intake in the mediation model.
The findings imply that among female participants of
Texercise Select, improvement in fruit/vegetable intake
was partially due to improved dietary-specific social sup-
port during the workshops. Future studies should examine
how female sex plays a role in improving social support for
healthy eating. The differential associations of dietary-
specific social support with dietary intake by sex have been
addressed(18,24). A larger social network was a factor asso-
ciated with better diet quality among older women, while
the availability of practical support was important among
older men(24). The lower level of perceived dietary-specific

social support was also associated with the risk of poor
nutrition among White older women (but not with Black
women)(18). Although differences in dietary-specific social
support by race and ethnicity need to be further investi-
gated, the present and previous studies confirmed the
differential influences of social relation or support on eating
habits by sex.

The current study also identified an association between
residing in a large/medium metro area and increased
fruit/vegetable intake. This finding can be explained by
the ease of access to food resources in large or medium
metropolitan areas compared with less-dense small metro-
politan or rural areas. A study of food access among older
adults in rural areas(32) reported that lower levels of
fruit and vegetable intake were associated with a longer
distance to the nearest supermarket and food stores that
sold a variety of fruit and vegetables, after controlling for
sociodemographic characteristics and perceived food
access. However, in another study, distance to supermar-
kets in urban areas was not identified as a factor associated
with fruit and vegetable intake(41). Inadequate transporta-
tion is a known factor influencing limited food choices
among rural older adults(42). Thus, our study findings sug-
gest that older adults who reside in large or medium met-
ropolitan areas benefit from the availability of wider food
selections, more grocery stores and public transportation.
Workshop participants in urban areas may have had more
opportunities to obtain healthy foods and apply healthy
eating skills because they resided in communities with
more resources.

The present study assessed the level of social support
directly relating to healthy eating. Similar findings have
documented positive associations of social support with
dietary intake among older adults, yet they were predomi-
nantly based on general social support measures. More
specifically, these studies used indirect support mea-
sures such as marital status(18), social contact(20), social
engagement(43), friendship network(22), social support in
general (i.e. instrumental support, emotional support,
social interaction and social space)(44) and adapted social
support scales (e.g. the Arthritis Impact Measure-
ment Scale for Social Support(45) and the Close Persons
Questionnaire(27)). Limited studies have assessed social
support specific to dietary behaviours, such as companion-
ship measured by spending meal time together(19,22) and
helping with cooking(22). When assessing diet-related
outcomes among participants of a lifestyle intervention that
includes components specifically targeting a healthy
diet, the use of social support scales directly assessing
healthy eating behaviours is critical. For example, Texercise
Select participants discuss specific healthy eating strategies,
such as goal-setting, proper portion and food labels, in
group-based workshops. The direct measure of social
support for healthy eating can help identify specific social
support associated with improved dietary intake.
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Limitations
Several limitations should be noted. First, the current
study was conducted without randomisation because of the
nature of interventions in community settings. Thus, the
estimates of true intervention effects are limited; yet external
validity was enhanced in this pragmatic research study(46).
That said, the current study employed a pre/post case-
and-comparison design with an intervention group exposed
to the intervention and a comparison group not exposed to
the intervention. This is a significant strength beyond a simple
pre-post case design. Second, the current study used data
from a convenience sample, which may limit the sufficiency
of sample size. To compensate for this potential limitation,
we employed the bias-corrected bootstrapping method – a
non-parametric method of testing indirect effects – in media-
tion analysis(38). This statistical method allowed us to generate
a pseudo-random sample, which may be small or moderate
and have an asymmetrical distribution. Third, the geographic
scope of the current study was limited (i.e. selected commu-
nities in Texas, limited sample distribution preventing a clear
rural/urban distinction); therefore, the findings may not be
generalisable to the larger population of Texas or that of
the nation as a whole. It should also be noted that the focus
was on community-dwelling middle-aged and older
adults, and may not be generalisable to middle-aged
and older adults residing in an institutionalised setting.
Fourth, the current study utilised self-report information;
thus, risk of errors, such as recall bias and social desirabil-
ity bias, could not be avoided(47). A recall error could influ-
ence the association between dietary-specific social
support and dietary intake. It should be also noted that
there is a possibility that self-report data could be influ-
enced by one’s social desirability or acceptability, despite
the current study addressing anonymity and confidential-
ity during data collection.

A relatively large proportion of participants did not
complete post-survey (28·0 % for intervention, 35·4 %
for comparison). To minimise potential bias due to
attrition, we performed attrition analysis to investigate
sociodemographic and health status differences. We
adjusted the analyses for race, which significantly differed
between completers of pre- and post-survey and non-
completers when performing structural equationmodelling
(in addition to age, sex, education, living arrangement,
number of chronic conditions and geographic residence).
Moreover, we had imbalanced data in the sex variable with
a large proportion (80·0 %) of female participants typical of
community-based health promotion programmes. Thus,
our findings about the association between being female
and having increased fruit/vegetable intake may require
a careful interpretation for generalisability. Given the distri-
bution of this variable, we acknowledge the limited sensi-
tivity to detect true associations of being male with the
selected variables.

Additionally, some other confounding factors might
be associated with changes in dietary intake. For instance,

we included the geographic residence of participants by
county level, yet other environmental- and neighbourhood-
level factors relating to food access, such as the availability
of transportation and stores with healthy food selection(32),
were not included in the present study.We also chose a proxy
measure of socioeconomic status, participants’ educational
levels v. using income levels. This decision was made based
on the fact that a large proportion of missing values in income
levels (19·4 %) were identified along with a moderate level of
correlation between educational and income levels (r 0·45,
P< 0·001). We decided to use participants’ education levels
as a proxy measure of income levels in the current study
because we did not have other wealth-related information
available for participants.

Implications
The current study suggests valuable practice and research
implications. Participants of Texercise Select, which stresses
engagement through discussions and activities for goal-
setting and problem-solving, improved dietary-specific
social support for healthy eating measured over the pro-
gramme period. The improved dietary-specific social
support was partially related to increased fruit/vegetable
intake among participants over time. Thus, this group-
based lifestyle intervention, which can facilitate social
support for developing various healthy eating skills, may
be beneficial for improving dietary behaviours among
middle-aged and older adults. While the current study
specifically examined Texercise Select, it is plausible that
other group-based interventions that facilitate the develop-
ment of practical skills through engagement (e.g. disease
self-management) for older adults may be capable of
improving dietary-specific social support and enhancing
intended programme outcomes. Future research should
investigate additional social support strategies for healthy
eating. Such efforts would be beneficial for identifying
workshop activities towards enhancing social support for
healthy eating.

Conclusion

Middle-aged and older adults who participated in Texercise
Select improved their dietary intake of weekly fruit/
vegetables and daily water intake as well as the level of
dietary-specific social support compared with the compari-
son group. The improved level of dietary-specific social
support among programme participants was associated
with improved weekly fruit/vegetable intake. No associa-
tion was found between the improved level of dietary-
specific social support and an increase in daily water
intake. Furthermore, the intervention effect on improved
weekly fruit/vegetable intakewasmediated by an improved
level of dietary-specific social support among programme
participants, suggesting that Texercise Select may have
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helped improve their fruit/vegetable intake by increasing the
levels of dietary-specific social support. Livingwith someone
and being female were also associated with an improved
intake of fruit/vegetable intakes. Designing a lifestyle inter-
vention to promote social support for developing healthy
eating skills may be critical to improving food intake among
middle-aged and older adults. This, in turn, can promote
healthy aging and reduce the onset and progression of
chronic diseases.
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