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Social isolation and disability are established risk factors for poor nutrition. We aimed to assess whether social
isolation is associated with diet quality specifically among adults with disabilities.

This cross-sectional analysis used data from the National Health and Nutrition Examination Survey,
2013-2018. Adults with a disability, who were not pregnant, breastfeeding, or missing dietary intake data were
included (n = 5,167). Disability was defined as a physical functioning limitation based on difficulty with any

Diet
Healthy activities of daily living, instrumental activities of daily living, lower extremity mobility activities, or general
NHANES physical activities. The Healthy Eating Index (HEI)-2015 measured diet quality; higher scores correspond to

higher diet quality. We computed a social isolation index by summing single status, living alone, and two social
engagement difficulty measures (one point for each component met; maximum 4 points). Multivariable linear
regression, controlling for demographic and health covariates, estimated differences in HEI scores for dietary
intake data, by social isolation score.

Over half of HEI scores were < 51, corresponding to “poor” diet quality. Higher social isolation score was
associated with lower vegetable and seafood/plant proteins intake. Single status and one of two social
engagement measures were associated with lower scores on certain adequacy components. Differences were
modest. There was little evidence of effect modification by age or gender.

Adults with disabilities are not meeting national dietary standards; improving diet quality is a priority.
Whether social isolation is associated with specific dietary components in this population requires further
investigation. Further research is also needed among younger adults.

1. Introduction for preserving the functional status and cognition of older adults (Zhao

and Andreyeva, 2022; Fan et al., 2021), especially relevant for adults

Disability affects one in four (61 million) US adults (Okoro et al.,
2019) and is a well-established risk factor for social isolation (Mac-
donald et al., 2018; Emerson et al., 2020) and inadequate nutrition (An
et al., 2015; Xu et al., 2012; Kim et al., 2013; Sugiura et al., 2016).
Improving the health of people living with disabilities and improving
Americans’ nutrition status are Healthy People 2030 goals (U.S.
Department of Health and Human Services, 2020). Improving diet
quality is important for chronic disease prevention and management and
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who already have a disability.

Studies globally have revealed significant associations between
disability and nutrition status, considering diet quality based on re-
ported intake only (An et al., 2015; Xu et al., 2012) or overall nutritional
risk accounting for environmental, food insecurity, and health factors
(Kim et al., 2013; Sugiura et al., 2016). Two studies using US nationally
representative National Health and Nutrition Examination Survey
(NHANES) data found an inverse association between better nutrition
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and odds of disability (An et al., 2015; Xu et al., 2012).

Social isolation, the objective lack of interactions with others or lack
of a social network, is distinct from loneliness, the subjective perception
of absence of social interaction (Leigh-Hunt et al., 2017). Social isolation
and loneliness are consistently associated with poor mental health,
cardiovascular outcomes, and mortality, and may be as important as
traditional clinical risk factors in predicting mortality (Leigh-Hunt et al.,
2017; Pantell et al., 2013). In older adults, social isolation and loneliness
have been independently associated with poor nutrition (Boulos et al.,
2017; Sahyoun and Zhang, 2005). In a study among middle-aged and
older US adults using NHANES 2007-2008 data, greater social support
was associated with better diet quality as measured by Healthy Eating
Index (HEI) scores (Pieroth et al., 2017). There is prior evidence that this
relationship differs by gender, with social isolation having a stronger
negative effect on men compared with women, particularly single or
widowed men (Pieroth et al., 2017; Vinther et al., 2016; Noguchi et al.,
2021).

While studies have documented how disability and social isolation
affect nutrition status separately, few have examined the association
between social isolation and diet quality and food access specifically
among people living with a disability. Further, most studies that inves-
tigate disability limit the study population to older adults, excluding a
substantial proportion of adults living with disability. Younger adults
may experience the effects of social isolation differently than older
adults (Emerson et al., 2020; Schwartz et al., 2019; Holt-Lunstad et al.,
2015) and on average have worse diet quality (U.S. Department of
Agriculture, 2015). This study aimed to address these gaps by assessing
whether social isolation is associated with diet quality among a na-
tionally representative sample of community-dwelling US adults living
with a disability, and whether age and gender (Pieroth et al., 2017) are
effect measure modifiers of the relationship between social isolation and
diet quality. We hypothesized that social isolation would be associated
with lower diet quality among people living with a disability, and that
this relationship would be stronger among younger compared with older
adults, and among men compared with women.

2. Methods
2.1. Data source and study population

We conducted a cross-sectional analysis using NHANES 2013-2018
data. NHANES is a nationally representative survey designed to assess
the health and nutrition status of the non-institutionalized US popula-
tion (Chen et al., 2020). Survey procedures and sampling design have
been described extensively previously (Chen et al., 2020). Disability was
defined using the Physical Functioning Questionnaire (PFQ), repre-
senting physical functioning limitations due to long-term physical,
mental, and emotional problems or illness (An et al., 2015; Centers for
Disease Control and Prevention, 2020). A positive response was “some
difficulty,” “much difficulty,” or “unable to do” for any question
regarding ability to complete activities within the categories of daily
living, instrumental activities of daily living, lower extremity mobility,
and general physical activities (An et al., 2015; Xu et al., 2012). The
29,400 participants in the NHANES 2013-2018 cycles included 5,994
adults with a self-reported disability. We excluded those who were
pregnant or breastfeeding (n = 267) or had missing dietary data (n =
808). The final sample was 5,167 participants (Fig. 1), reflecting a
weighted frequency of 67 million. This study was exempt from Institu-
tional Review Board approval due to use of a publicly available, de-
identified data source.

2.2. Healthy Eating index
Diet quality was measured using the HEI-2015, which examines how

closely an individual’s diet aligns with the 2015-2020 Dietary Guidelines
for Americans (Kirkpatrick et al., 2019; Krebs-Smith et al., 2019). It is
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Interviewed Sample
NHANES 2013-2018

N=23,435
N =29,400 Exclusion Criteria (Age
<18, pregnant,
breastfeeding, or without
disability)
Met inclusion criteria
N=5,975 N=263

Examination non-response

¥

Final analytic sample
N=5,167

N = 545 missing outcome
(Healthy Eating Index-2015)

Fig. 1. Study Sample Flow Diagram.

comprised of 13 component scores: “adequacy” components (higher
intake gives higher scores: total and whole fruits, total vegetables,
greens and beans, whole grains, dairy, total proteins, seafood and plant
proteins, fatty acids) and “moderation” components (higher intake gives
lower scores: refined grains, sodium, added sugars, saturated fats).
Scores range from 0 to 100; higher score corresponds with better diet
quality. As it is recommended against using multiple versions of the HEI
in a study due to possibility of score differences, we applied the HEI-
2015 to all the data in our sample (Kirkpatrick et al., 2019). We cate-
gorized scores into < 51 (“poor” diet), 51-80 (diet “needs improve-
ment”) and 81 (“good” quality diet) (Choi et al., 2021; Basiotis et al.,
2004).

We calculated HEI scores by applying the respective scoring algo-
rithm to the day 1 dietary interview data, which was conducted in-
person using a 24-hour dietary recall via a multiple-pass method (U.S.
Department of Agriculture, 2022.). Survey data is weighted according to
day of the week of the interview. Dietary intake data is linked to the US
Department of Agriculture (USDA) Food and Nutrition Database for
Dietary Studies to determine nutrient breakdown of foods eaten (U.S.
Department of Agriculture, 2022). We applied the “Simple HEI Scoring
Algorithm — Per Day” using SAS macros, publicly available from the
National Cancer Institute (National Cancer Institute, 2023).

2.3. Social isolation

We created a social isolation index based on existing validated social
isolation indices that measure social isolation as a construct, measured
across multiple domains (Berkman and Syme, 1979; Victor et al., 2008;
Cornwell and Waite, 2009). Our index uses available NHANES questions
covering domains of marriage/partnership (Berkman and Syme, 1979;
Pohl et al., 2017), living alone (Cudjoe et al., 2020; Victor et al., 2000),
and participation in social activities (Berkman and Syme, 1979; Corn-
well and Waite, 2009; Cudjoe et al., 2020). Living alone has been used in
the National Health and Aging Trends Study to measure social isolation
among older adults, and is associated with nutrition risk (Cudjoe et al.,
2020; Victor et al., 2000; Weddle and Fanelli-Kuczmarski, 2000).

The social isolation index computes a score ranging 0 to 4 (higher
score representing more social isolation) based on four components:
marital status (1 point for widowed, divorced, separated, or never
married; 0 points for married or living with partner), living alone (1
point for household size of one), and two items from the PFQ: how much
difficulty do you have “going out to things like shopping, movies or
sporting events,” and “participating in social activities [visiting friends,
attending clubs or meetings or going to parties]” (one point for each
with answers of “some difficulty,” “much difficulty,” or “unable to do™).
This social isolation index was correlated with depression and with self-
reported health status within our study sample (Spearman’s correlation
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p <.01), which is similar to a method described previously for validating
a new social support measure (Pohl et al., 2017).

2.4. Statistical analysis

We obtained frequencies and proportions of categorical variables
and mean (SE) for HEI score. We used one-way ANOVA to compare the
HEI scores by covariate categories.

Linear regression estimated the associations between social isolation
and continuous HEI score. In the multivariable-adjusted linear regres-
sion models, we adjusted for covariates that have been associated with
social isolation and/or total HEI score in the literature (cut points based
on similar studies using NHANES data (Pieroth et al., 2017; Bigman and
Ryan, 2021): age (categorized into 18-39, 40-59, and > 60 years,
similar to how NHANES dietary data is presented by the USDA, which
groups age by decade (U.S. Department of Agriculture, 2022), gender
(male, female), race/ethnicity (Mexican American or Hispanic, non-
Hispanic White, non-Hispanic Black, Other), education (<high school,
high school or GED, >high school), chronic condition count, smoking
status (never, former, current), and physical activity level (using the
Physical Activity questionnaire; sedentary: 0 min/week activity, some-
what active: > 0 min and < 75 min/week vigorous or 150 min/week
moderate activity, active: >75 min/week vigorous or 150 min/week
moderate activity). Chronic condition count included diabetes, hyper-
tension, heart disease, stroke, chronic lung disease, cancer, arthritis,
osteoporosis (Falvey et al., 2021), categorized as 0, 1, >2. Depression
was defined based on positive screening via the patient health ques-
tionnaire 9 (PHQ-9) score > 10 (Manea et al., 2012). We examined so-
cial isolation score as a categorical variable rather than continuous due
to suspected non-uniformity in differences between score levels, and
having fewer than five categories (Rhemtulla et al., 2012). We collapsed
scores 3 and 4 into a single category due to small sample sizes and
suspected similarity in severity of social isolation compared to lower
score categories. A score of 0 was the reference category.

To assess whether age and sex were effect measure modifiers, strat-
ified linear regression models assessed the association between social
isolation and HEI score by age and sex (Pieroth et al., 2017; Kobayashi
and Steptoe, 2018). The interaction was deemed significant if the p-
values for likelihood ratio tests for global interaction (social isolation
and age category, social isolation and gender) were <0.05. As a sec-
ondary analysis to assess potential mediation of the association between
social isolation and nutrition by depression, we compared estimates for
social isolation between multivariable models including and excluding
depression (defined based on PHQ-9 score > 10 (Manea et al., 2012).
The delta beta between the two models is interpretable as the extent of
mediation by depression (MacKinnon et al., 2007).

We conducted analyses using SAS Studio (Cary, NC). We used SAS
survey procedures, accounting for sample weights, strata, and clustering
parameters specific to the 2013-2018 NHANES cycles. We imputed
missing data for variables with >5% missing: depression (missing n =
291) and each social isolation variable that comprise the index (missing
n = 571 for computed social isolation score) using hotdeck method with
jackknife variance estimation and weighted selection.

3. Results

Most participants were 60 years or older (60.0%), female (56.4%),
White (72.3%), had greater than a high school education (54.8%), had at
least two chronic conditions (61.4%), and were sedentary (60.6%)
(Table 1). Depression was prevalent (16.4%). The weighted mean total
HEI-2015 score was 50.1 (standard error (SE) 0.4), and over half
(52.8%) had HEI-2015 scores below 51. Total HEI-2015 score signifi-
cantly differed across most covariate categories. Notably, total HEI-2015
score increased with older age categories (44.9 for age 18-39 compared
with 53.4 for age > 60, p < 0.01 for ANOVA).

The most common social isolation components were being single
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Table 1
Descriptive characteristics of adults with disability, NHANES 2013-2018, N =
5,167.

N (Weighted  Total HEI p

%) Score™ (ANOVA)
Mean (SE)
Total HEI-2015 Score - 50.1 (0.4) -
<51 2722 (52.8) -
51-80 2332 (45.5) -
>80" 113 (1.7) -
Sex <0.01
Male 2356 (43.6) 48.9 (0.49)
Female 2811 (56.4) 51.0 (0.5)
Age <0.01
18-39 548 (13.7) 44.9 (0.9)
40-59 1189 (26.4) 47.7 (0.7)
>60 3430 (60.0) 52.4 (0.3)
Social isolation components
Single® 0.26
Yes 2479 (42.6) 49.8 (0.5)
No 2688 (57.4) 50.4 (0.5)
Living alone? <0.01
Yes 1159 (20.1) 51.8 (0.7)
No 4008 (79.9) 49.7 (0.5)
Difficulty attending social events® <0.01
Yes 1548 (28.5) 48.7 (0.6)
No 3619 (71.5) 50.7 (0.4)
Difficulty going out to things’ <0.01
Yes 1908 (34.5) 48.7 (0.5)
No 3259 (65.5) 50.9 (0.4)
Race/ethnicity 0.30
Non-Hispanic White 2362 (72.3) 50.1 (0.5)
Non-Hispanic Black 1129 (10.5) 48.6 (0.6)
Mexican American or Other 1146 (10.0) 50.7 (0.6)
Hispanic
Other 530 (7.2) 51.5 (1.0)
Education <0.01
<High school 1374 (17.0) 48.7 (0.6)
High school 1333 (28.2) 48.5 (0.7)
>High school 2450 (54.8) 51.4 (0.4)
Missing 10 (0.10) 58.4 (5.6)
Household income, ratio to <0.01
poverty threshold
<1.0 1196 (16.8) 46.7 (0.7)
1.0-1.99 1499 (23.1) 49.9 (0.5)
2.0-3.99 1135 (25.6) 49.4 (0.6)
>4.0 831 (26.4) 52.8 (0.7)
Missing 506 (8.1) 51.3 (1.2)
Employed 0.22
Yes 1396 (32.2) 49.5 (0.7)
No 3764 (67.7) 50.4 (0.4)
Missing 7 (0.11) 48.1 (6.0)
Chronic condition count 0.10
0 676 (14.3) 49.1 (1.1)
1 1139 (23.2) 49.4 (0.6)
>2 3283 (61.4) 50.6 (0.4)
Missing 69 (1.1) 50.3 (2.1)
Depression® <0.01
Yes 875 (16.4) 47.5 (0.8)
No 4292 (83.6) 50.6 (0.4)
Smoking status <0.01
Never 2354 (45.6) 52.1 (0.5)
Former 1658 (32.4) 51.0 (0.5)
Current 1151 (21.9) 44.9 (0.5)
Missing 4 (0.02) 43.3 (4.0)
Physical activity” <0.01
Sedentary 3401 (60.6) 48.7 (0.3)
Somewhat active 713 (15.8) 53.2 (0.9)
Active 1044 (23.4) 51.8 (0.7)
Missing 9 (0.11) 49.7 (3.8)
BMI (kg/mz), weighted mean (SE) 31.0 (0.2) - -
Prescription medication use, past 0.05
month
Yes 4377 (84.2) 50.4 (0.4)
No 784 (15.7) 48.5 (1.1)
Missing 6 (0.12) 56.8 (2.6)

(continued on next page)
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Table 1 (continued)

N (Weighted  Total HEI p

%) Score™ (ANOVA)
Mean (SE)
Frequency of health problems
causing difficulty’
Chronic bone problem (arthritis, 2808 (54.4) 50.6 (0.4) 0.06
fractures, other bone/joint injury)
Back or neck problems 2229 (43.9) 49.8 (0.5) 0.27
Other (senility, other injury or 1431 (28.5) 50.3 (0.5) 0.63
impairment)
Cardiovascular/cerebrovascular 1520 (23.5) 50.3 (0.5) 0.71
Sensory (vision or hearing) 1139 (18.5) 50.0 (0.5) 0.83
Depression/anxiety/emotional 937 (18.4) 47.1 (0.7) <0.01
Weight 644 (12.9) 48.5 (0.8) 0.02
Lung/breathing 596 (11.4) 47.7 (0.7) <0.01
Diabetes 774 (10.4) 51.7 (0.7) 0.01
Cancer 186 (3.5) 49.6 (1.4) 0.75
Congenital/developmental 137 (2.8) 46.0 (1.7) 0.02

All analyses conducted using SAS survey procedures and adjusted using
NHANES survey weights. Missing values were imputed for social isolation
components and depression.

# HEI = healthy eating index; using HEI-2015.

b The ages of all respondents ages 80 years and older are coded as ‘80’ due to
disclosure risk.

¢ Not married or not living with a partner; dHousehold size of one; ®Activities
like visiting friends, attending parties, clubs, meetings; fActivities such as
shopping, movies, sporting events.

8 Positive screening based on score > 10 on the PHQ-9.

" Active = 150 min moderate or 75 min/week vigorous activity, Somewhat
active = > 0 min but < active.

! Health problems causing difficulty with activities assessed in physical func-
tioning questionnaire; categories are not mutually exclusive. p-value for ANOVA
(yes vs. no for each category). Bold: statistically significant at p < 0.05.

(42.6%), and having difficulty going out to things like shopping, movies,
or sporting events (34.5%), while fewer participants reported having
difficulty participating in social activities (visiting friends, going to
parties, meetings, and clubs), or living alone. For social isolation score,
the distribution ranged from 36.2% with a score of 0 (n = 1616), to
15.1% with a score of 3 or 4 (n = 630 for 3, and n = 274 for 4).

The most common health problems that participants identified as
causing difficulty related to activities assessed by the PFQ were chronic
bone problems (including arthritis, fractures; 54.4%) and back or neck
problems (43.9%). Many reported sensory issues (18.5%), which was in
similar frequency as emotional concerns including depression/anxiety
(18.4%).

In the unadjusted linear regression model, social isolation score was
associated with lower total HEI-2015 score, with the estimate greatest
for social isolation score 3 compared to score 0 (p = -2.81, 95% CI
—4.30, —1.33) (Appendix, A.1). This association did not remain statis-
tically significant in the adjusted model (Table 2). Social isolation score
was associated with lower scores for several adequacy components.
These included total vegetables for all social isolation score categories,
and seafood and plant proteins for score categories 1 and 3 compared
with score 0. For social isolation score 3, the p estimate for total vege-
tables was —0.36 (95% CI —0.55, —0.17) and for seafood and plant
proteins, the estimate was —0.26 (95% CI —0.49, —0.03). In contrast,
social isolation score 1 was associated with higher whole grains score
compared to score 0 (p = 0.40, 95% CI 0.06, 0.73).

In adjusted analyses, no individual social isolation components had
significant p estimates for total HEI-2015 score, when compared with
the reference category of not meeting criteria for that component
(Table 3). For HEI-2015 components, those who reported single status
had a lower total vegetable score than those who were married or living
with a partner (f = -0.21, 95% CI —0.33,-0.10). Participants who indi-
cated difficulty with one of the social engagement measures, going out
to do things like shopping, movies, sporting events, had lower scores for
total vegetables, greens and beans, total protein foods, and seafood and
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Table 2

Multivariable-adjusted linear regression results for HEI total and component
scores by social isolation score among adults with disability, NHANES
2013-2018.

Social Isolation Score”

0 1 2 3¢

Sample size, 1616 1186 1461 904
unweighted n

Total HEI-2015" score 50.9 49.1 (0.7) 50.9 (0.6) 48.1 (0.6)
(SE) (0.5)
p estimate (95% CI)
Total HEI-2015 score 0.0 -0.62 (-1.71, 0.50 (-0.77, -1.08 (-2.40,
(ref) 0.47) 1.95) 0.25)
HEI-2015 Score
Component (max
points)
Adequacy
Components®
Total fruit (5) 0.0 0.00 (-0.18, 0.12 (-0.08, 0.01 (-0.23,
(ref) 0.19) 0.33) 0.25)
Whole fruit (5) 0.0 —0.18 0.01 (-0.25, —0.14
(ref) (-0.37, 0.01) 0.27) (-0.40,
—0.12)
Total vegetables (5) 0.0 —0.24 —0.21 —0.36
(ref) (-0.40, (-0.39, (-0.55,
—0.08)** —0.03)* —0.17)**
Greens and beans® (5) 0.0 —0.08 —0.00 -0.18
(ref) (-0.30,0.13)  (-0.24,0.23)  (-0.44, 0.08)
Whole grains (10) 0.0 0.40 (0.06, 0.20 (-0.13, —0.07
(ref) 0.73)* 0.53) (-0.43, 0.29)
Dairy (10) 0.0 —0.07 0.19 (-0.18, —0.04
(ref) (-0.47, 0.32) 0.55) (-0.54, 0.45)
Total protein foods (5) 0.0 -0.10 —0.04 -0.03
(ref) (-0.26,0.06)  (-0.18,0.11)  (-0.19, 0.12)
Seafood and plant 0.0 —0.31 -0.17 —0.26
proteins (5) (ref) (-0.57, (-0.38, 0.03) (-0.49,
—0.05)* —0.03)*
Fatty acids (10) 0.0 —0.24 —0.08 —0.05
(ref) (-0.61,0.13)  (-0.45,0.29)  (-0.50, 0.40)
Moderation
components’
Refined grains (10) 0.0 0.25 (-0.16, 0.31 (-0.00, 0.23 (-0.23,
(ref) 0.67) 0.63) 0.68)
Sodium (10) 0.0 0.17 (-0.26, 0.30 (-0.14, 0.09 (-0.38,
(ref) 0.59) 0.75) 0.56)
Added Sugars (10) 0.0 -0.20 —0.08 —0.28
(ref) (-0.59, 0.19) (-0.49, 0.33) (-0.69, 0.12)
Saturated Fats (10) 0.0 —0.02 0.02 (-0.30, 0.02 (-0.46,
(ref) (-0.45, 0.41) 0.34) 0.49)

All analyses conducted using SAS survey procedures and adjusted using
NHANES survey weights.
Adjusted for age, gender, race, education, chronic condition count, physical
activity, smoking status.

# Healthy Eating Index-2015, maximum score 100 points.

Y Higher scores indicate more social isolation.

¢ Includes those positive for 3 or 4 components.

d Higher intakes result in higher scores.

¢ Dark green and orange vegetables and legumes.

f Higher intakes result in lower scores *p < 0.05, **p < 0.01.

plant proteins compared to those who did not report this difficulty. The
largest magnitude of these associations was for seafood and plant pro-
teins (p = -0.25, 95% CI —0.43, —0.08). This social engagement measure
was also associated with lower added sugars score (§f = -0.34, 95% CI
—0.62, —0.06).

There was little evidence of effect modification by age or gender
(likelihood ratio tests for global interaction, p values > 0.05) (Appendix,
A.2).

In our sensitivity analysis with additional adjustment for depression
(Appendix, A.3), estimates for social isolation and total HEI-2015 score,
adequacy components, and moderation components were all similar to
the model without adjustment for depression. This suggests that there
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Table 3

Multivariable-adjusted linear regression results for HEI total and component
scores by social isolation component among adults with disability”, NHANES
2013-2018.

Social Isolation Component

Single” Living Difficulty Difficulty
alone going out to with social
thingsd activities®
Sample size, 2479 1159 1908 1548
unweighted n
Total HEI-2015" 48.7 (0.6) 51.8 48.7 (0.6) 48.7 (0.5)
score (SE) 0.7)
p estimate (95% CI)
Total HEI-2015 -0.31 0.69 —0.85 (-1.86, 0.12 (-0.81,
score (-1.29, (-0.61, 0.16) 1.04)
0.67) 1.99)
HEI-2015 Score
Component
(max points)
Adequacy
Components(
Total fruit (5) 0.00 0.16 0.00 (-0.13, 0.06 (-0.16,
(-0.16, (-0.04, 0.14) 0.28)
0.16) 0.36)
Whole fruit (5) -0.11 0.09 —0.03(-0.22, 0.01 (-0.23,
(-0.27, (-0.12, 0.15) 0.25)
0.06) 0.30)
Total vegetables —0.21 —0.11 —0.18 (-0.32, —0.17 (-0.35,
(5) (-0.33, (-0.27, —0.04)* 0.01)
—0.10)** 0.05)
Greens and beans® -0.03 0.09 —0.20 (-0.38, —0.13 (-0.31,
5) (-0.22, (-0.14, —0.03)* 0.05)
0.17) 0.31)
Whole grains (10) —0.02 0.04 —0.02 (-0.28, 0.10 (-0.19,
(-0.23, (-0.33, 0.24) 0.39)
0.19) 0.40)
Dairy (10) -0.14 -0.12 0.15 (-0.21, 0.20 (-0.10,
(-0.39, (-0.49, 0.51) 0.49)
0.06) 0.25)
Total protein foods 0.05 0.00 —0.12 (-0.24, —0.03 (-0.14,
(5) (-0.05, (-0.13, —0.01)* 0.09)
0.16) 0.13)
Seafood and plant -0.10 0.07 —0.25 (-0.43, —0.13 (-0.32,
proteins (5) (-0.26, (-0.14, —0.08)** 0.05)
0.07) 0.28)
Fatty acids (10) 0.07 0.17 —0.24 (-0.57, 0.01 (-0.30,
(-0.21, (-0.20, 0.09) 0.33)
0.35) 0.54)
Moderation
components”
Refined grains (10) 0.07 0.13 0.13 (-0.14, 0.23 (-0.03,
(-0.21, (0.22, 0.40) 0.49)
0.35) 0.49)
Sodium (10) 0.12 —-0.01 0.23 (-0.14, —0.01 (-0.41,
(-0.15, (-0.34, 0.60) 0.38)
0.40) 0.33)
Added Sugars (10) —-0.10 0.13 —0.34 (-0.62, —0.03 (-0.30,
(-0.37, (-0.21, —0.06)* 0.25)
0.18) 0.47)
Saturated Fats (10) 0.06 0.05 0.02 (-0.34, 0.01 (-0.34,
(-0.22, (-0.29, 0.39) 0.35)
0.34) 0.39)

All analyses conducted using SAS survey procedures and adjusted using
NHANES survey weights.
Adjusted for age, gender, race, education, chronic condition count, physical
activity, smoking status.

# Healthy Eating Index-2015, maximum score 100 points.

b Single compared to those who were married or living with a partner.

¢ Those with household size of one compared to those with household size > 1.

4 Those with difficulty going out to do things shopping, movies, sporting
events compared to those without difficulty.

¢ Those with difficulty participating in social activities such as visiting others,
going to meetings, clubs, parties compared to those without difficulty.

f Higher intakes result in higher scores.

8 Dark green and orange vegetables and legumes.

' Higher intakes result in lower scores *p <.05; **p <.01.
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was not substantial mediation by depression, when adjusting for other
covariates.

4. Discussion

This study is among the first to examine the association between
social isolation and diet quality among adults with disability in a na-
tionally representative US sample. Higher social isolation was associated
with lower overall diet quality, but this did not remain significant in the
adjusted analysis. Observed associations were modest. Social isolation
score was associated with lower intake of total vegetables and seafood
and plant proteins, but associations were sometimes inconsistent across
social isolation score categories. When we evaluated specific social
isolation components, we found that single status was associated with
lower vegetable intake, and having difficulty going out to things was
associated with lower intake of total vegetables, greens and beans, total
protein foods, and seafood and plant proteins, and higher intake of
added sugars. There were no differences in the association between
social isolation and HEI score stratified by gender or age.

Our observed differences were small (<1.0 point lower for the sig-
nificant HEI-2015 score components), although they are on par with
prior literature examining HEI-2015 component scores among women,
which observed one-third to one-half points lower on certain adequacy
components comparing those with and without disability (Deierlein
et al., 2022). It has been proposed that for intervention studies
comparing HEI scores across groups, a clinically significant difference in
scores would be 5 or 6 points to achieve a moderate effect size of 0.5
(Kirkpatrick et al., 2019). Our adjusted estimates are substantially lower
than this. Importantly, however, the majority of observed total HEI
scores (overall and across all social isolation scores) would be catego-
rized as diet quality that is poor (<51) or needs improvement (51-80);
<2% of scores were above 81, the cutoff often used to reflect “good” diet
quality (Kirkpatrick et al., 2019; Choi et al., 2021; Basiotis et al., 2004).
Diet quality of adults in the US population overall needs improvement;
10.7% of older adults in the 2013 Health Care and Nutrition Survey had
“good” diet quality (Choi et al., 2021). Thus, these results emphasize the
need to improve diet quality among adults with disability in the setting
of needed improvements among the US population overall. Our results
may highlight specific dietary components that scored lower in associ-
ation with social isolation, but given the small magnitudes observed, this
warrants further investigation.

Studies focusing on middle-aged and older adults have reported
similar associations between social isolation and nutrition. A study of
NHANES 2007-2008 data among adults age 40 + found that social
isolation was associated with lower diet quality, and lower component
scores for total and whole fruit, whole grains, seafood and plant pro-
teins, fatty acids, and empty calories (Pieroth et al., 2017). Significant
findings were restricted to men, while we found evidence of associations
for both men and women.

Other studies have observed similar findings with fewer social con-
tacts or social isolation associated with lower consumption of fruits and
vegetables (Sahyoun and Zhang, 2005; Kobayashi and Steptoe, 2018).
Additionally, studies outside the US have revealed stronger associations
between marital status and less healthy eating patterns among men
compared with women (Vinther et al., 2016; Noguchi et al., 2021). We
could not identify prior studies examining whether the relationship
between social isolation and HEI score differs by age group. The age
distribution of our sample, with only 40% below age 60, as well as the
limitations of our social isolation index may have limited the ability to
detect effect modification. Given the constraints of the available items in
recent NHANES cycles, our social isolation index did not fully capture
important domains such as size of social network, frequency of social
contact, and church or club participation (Pohl et al., 2017). These do-
mains may be important within strata of age and/or gender.

Single status as a risk factor for lower vegetable intake is consistent
with prior literature. Longitudinal studies examining marital transitions
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among middle-aged and older adults in England and Japan reported
lower intake of fruits and vegetables among widowed, separated or
divorced adults, particularly men (Vinther et al., 2016; Noguchi et al.,
2021). Potential mechanisms for this association pertinent to relation-
ships and health status include gender norms (e.g. food preparation,
women monitoring health of their partners), and marital partnership’s
effects on promoting healthy behaviors through self-regulation and
meaning, purpose, and obligation (Umberson, 1987).

One of the two social engagement measures we examined was
associated with lower intake of several adequacy components. This
measure represents those with difficulty accessing the physical envi-
ronment outside the home, such as shops and entertainment, and may
potentially extend to other activities, such as those related to instru-
mental activities of daily living. Vegetables, total protein, and seafood
and plant proteins may represent fresh foods, thus the association may
be driven by difficulty with shopping for or affording these fresh foods.
This is consistent with the food insecurity and various environmental
barriers to food access that adults with disability face, including trans-
portation, neighborhood environment (curbs, walkability), and store
environment (Schwartz et al., 2019; Huang et al., 2012; Jackson et al.,
2019). Inadequate social support can exacerbate these barriers, whereas
adequate social support can mitigate them. Turning to comfort foods due
to stress and anxiety, as suggested previously in analyses of dietary
patterns during the COVID-19 pandemic lockdowns, may influence the
higher intake of added sugars observed in this group (Bennett et al.,
2021).

Limitations

Importantly, our social isolation index is not a validated measure,
although it is based on previously validated social isolation measures.
Also, the index was correlated with depression and self-reported health
status, consistent with previously validated measures (Pohl et al., 2017).
It does not capture all important domains of social isolation (e.g., size of
social network, frequency of contact), so there is potential for misclas-
sification of exposure. However, the highest level of social isolation
measured by our index potentially represents a lower level of social
isolation compared to indices that capture all domains, so our results
may be an underestimation of the true association between social
isolation and diet quality.

The cross-sectional design limits the ability to assess temporality and
causality in the relationship between social isolation and diet quality.
Additionally, NHANES excludes institutionalized adults, so results may
not be generalizable to those living in nursing facilities, who may have
more severe disability or experience factors influencing their nutritional
intake that differ from adults living independently in the community.
For our classification of disability, defined as a physical functioning
limitation, we were unable to discern chronicity/duration of the
disability. Finally, use of a single 24-hour dietary recall is also an
imperfect albeit acceptable method for assessment of dietary intake
(National Cancer Institute, 2023; U.S. Department of Agriculture, 2022).

Strengths

This study has numerous strengths including the use of nationally
representative data. The study population was also novel for inclusion of
all adults with disability, whereas most studies in this field have focused
on middle-aged or older adults. We controlled for a comprehensive set of
covariates with prior established associations with social isolation,
nutrition, or both. Our findings also suggest that depression was not a
major mediator of the results, emphasizing the need for further inves-
tigation of this relationship. Social isolation in this population may
operate outside a solely mental health pathway to impact nutrition.

5. Conclusions

In this nationally representative study of US adults with disabilities,
these findings have significant public health impact because they indi-
cate that this population is not meeting national nutrition standards.
Social isolation may adversely impact intake of vegetables and quality
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protein sources, consistent with results from studies of middle-aged and
older adult populations. Among adults with disabilities, these associa-
tions were inconclusive and warrant further study. If confirmed, focused
interventions would be important, as inadequate intake of these foods
may contribute to worsened disability progression and chronic disease
risk.

Further study is needed across the age spectrum of adults with
disability, particularly younger adults. Validated social support ques-
tionnaires should be incorporated into national surveys to further
examine social isolation as a risk factor for dietary quality and other
health behaviors and outcomes. Emerging research on how social
isolation related to COVID-19 pandemic lockdowns affected nutrition
status of certain populations should include adults with disabilities.
These findings support the need to screen adults with disability for social
isolation and nutrition status.

CRediT authorship contribution statement

Nadia T. Saif: Conceptualization, Methodology, Writing — review &
editing, Writing — original draft, Data curation. Odessa R. Addison:
Conceptualization, Methodology, Writing — review & editing. Kathryn
Hughes Barry: Methodology, Writing — review & editing. Jason R.
Falvey: Methodology, Writing — review & editing, Data curation. Eliz-
abeth A. Parker: Conceptualization, Methodology, Writing — review &
editing, Data curation.

Declaration of Competing Interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
During the preparation of this manuscript, K. H. Barry’s spouse was
employed at Verily Life Sciences. Neither her spouse nor Verily Life
Sciences had any role in the present project. The authors have no other
conflicts of interest.

Data availability

Data will be made available on request.

Acknowledgements

This work was supported in part by the Baltimore VA Geriatric,
Research, Education and Clinical Center; the National Cancer Institute,
National Institutes of Health (K07 CA230182; salary support for K. H.
Barry); the Maryland Department of Health’s Cigarette Restitution Fund
Program (salary support for K. H. Barry); the National Institute on Aging
(K76AG074926; salary support for J. R. Falvey); and the American Heart
Association (E.A.P., 19CDA34660015/Elizabeth Parker/2019) (support
for E. A. Parker).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.pmedr.2023.102413.

References

An, R, Chiu, C.Y., Zhang, Z., Burd, N.A., 2015. Nutrient intake among US adults with
disabilities. J. Hum. Nutr. Diet. 28 (5), 465-475. https://doi.org/10.1111/
jhn.12274.

Basiotis, P.P., Carlson, A., Gerrior, S.A., Juan, W., Lino, M., 2004. The Healthy Eating
Index, 1999-2000: Charting Dietary Patterns of Americans. Fam. Econ. Nutr. Rev. 16
(1), 1999-2000.

Bennett, G., Young, E., Butler, I, Coe, S., 2021. The Impact of Lockdown During the
COVID-19 Outbreak on Dietary Habits in Various Population Groups: A Scoping
Review. Front. Nutr. 8. https://doi.org/10.3389/FNUT.2021.626432.


https://doi.org/10.1016/j.pmedr.2023.102413
https://doi.org/10.1016/j.pmedr.2023.102413
https://doi.org/10.1111/jhn.12274
https://doi.org/10.1111/jhn.12274
http://refhub.elsevier.com/S2211-3355(23)00304-2/h0015
http://refhub.elsevier.com/S2211-3355(23)00304-2/h0015
http://refhub.elsevier.com/S2211-3355(23)00304-2/h0015
https://doi.org/10.3389/FNUT.2021.626432

N.T. Saif et al.

Berkman, L.F., Syme, S.L., 1979. Social networks, host resistance, and mortality: a nine-
year follow-up study of Alameda County residents. Am. J. Epidemiol. 109 (2),
186-204. https://doi.org/10.1093/OXFORDJOURNALS.AJE.A112674.

Bigman, G., Ryan, A.S., 2021. Healthy eating index-2015 is associated with grip strength
among the us adult population. Nutrients 13 (10), 1-13. https://doi.org/10.3390/
nul3103358.

Boulos, C., Salameh, P., Barberger-Gateau, P., 2017. Social isolation and risk for
malnutrition among older people. Geriatr. Gerontol. Int. 17 (2), 286-294. https://
doi.org/10.1111/ggi.12711.

Centers for Disease Control and Prevention, 2020. National Health and Nutrition
Examination Survey 2017-2018: Data Documentation, Codebook, and Frequencies.
https://wwwn.cdc.gov/Nchs/Nhanes/2017-2018/PFQ_J.htm.

Chen TC, Clark J, Riddles MK, Mohadjer LK, Fakhouri THI. National Health and Nutrition
Examination Survey, 2015-2018: Sample Design and Estimation Procedures. Vital
Health Stat 2. 2020;(184):1-35. http://www.ncbi.nlm.nih.gov/pubmed/33663649.

Choi, Y.J., Crimmins, E.M., Kim, J.K., Ailshire, J.A., 2021. Food and nutrient intake and
diet quality among older Americans. Public Health Nutr. 24 (7), 1638-1647. https://
doi.org/10.1017/51368980021000586.

Cornwell, E.Y., Waite, L.J., 2009. Measuring social isolation among older adults using
multiple indicators from the nshap study. J. Gerontol. - Series B Psychol. Sci. Social
Sci. 64 (SUPPL.1), 38-46. https://doi.org/10.1093/geronb/gbp037.

Cudjoe, T.K.M., Roth, D.L., Szanton, S.L., Wolff, J.L., Boyd, C.M., Thorpe, R.J., 2020. The
Epidemiology of Social Isolation: National Health and Aging Trends Study.

J. Gerontol. - Series B Psychol. Sci. Social Sci. 75 (1), 107-113. https://doi.org/
10.1093/geronb/gby037.

Deierlein, A.L., Litvak, J., Stein, C.R., 2022. Dietary Quality and Diet-Related Factors
Among Female Adults of Reproductive Age With and Without Disabilities
Participating in the National Health and Nutrition Examination Surveys, 2013-2018.
J. Acad. Nutr. Diet. https://doi.org/10.1016/j.jand.2022.07.010.

Emerson, E., Fortune, N., Llewellyn, G., Stancliffe, R., 2020. Loneliness, social support,
social isolation and wellbeing among working age adults with and without disability:
Cross sectional study. Disabil. Health J. 14 (1), 100965 https://doi.org/10.1016/j.
dhjo.2020.100965.

Falvey, J.R., Cohen, A.B., O’Leary, J.R., Leo-Summers, L., Murphy, T.E., Ferrante, L.E.,
2021. Association of Social Isolation with Disability Burden and 1-Year Mortality
among Older Adults with Critical Illness. JAMA Intern. Med. 181 (11), 1433-1439.
https://doi.org/10.1001/jamainternmed.2021.5022.

Fan Y, Zhang Y, Li J, et al. Association between healthy eating index-2015 and various
cognitive domains in US adults aged 60 years or older: the National Health and
Nutrition Examination Survey (NHANES) 2011-2014. BMC Public Health. 2021;21
(1). 10.1186/512889-021-11914-2.

Holt-Lunstad, J., Smith, T.B., Baker, M., Harris, T., Stephenson, D., 2015. Loneliness and
Social Isolation as Risk Factors for Mortality: A Meta-Analytic Review. Perspect.
Psychol. Sci. 10 (2), 227-237. https://doi.org/10.1177/1745691614568352.

Huang, D.L., Rosenberg, D.E., Simonovich, S.D., Belza, B., 2012; 2012.. Food Access
Patterns and Barriers among Midlife and Older Adults with Mobility Disabilities.

J Aging Res. https://doi.org/10.1155/2012/231489.

Jackson, J.A., Branscum, A., Tang, A., Smit, E., 2019. Food insecurity and physical
functioning limitations among older U.S. adults. Prev. Med. Rep. 14, 100829 https://
doi.org/10.1016/J.PMEDR.2019.100829.

Kim, J., Lee, Y., Lee, S.Y., Kim, Y.O., Chung, Y.S., Park, S.B., 2013. Dietary patterns and
functional disability in older Korean adults. Maturitas 76 (2), 160-164. https://doi.
org/10.1016/J.MATURITAS.2013.07.011.

Kirkpatrick, S.I., Reedy, J., Krebs-smith, S.M., et al., 2019. Applications of the Healthy
Eating Index for Surveillance. Epidemiol., Intervention Res.: Considerations Caveats.
118 (9), 1603-1621. https://doi.org/10.1016/j.jand.2018.05.020.Applications.

Kobayashi, L.C., Steptoe, A., 2018. Social Isolation, Loneliness, and Health Behaviors at
Older Ages: Longitudinal Cohort Study. Ann. Behav. Med. 52 (7), 582. https://doi.
org/10.1093/ABM/KAX033.

Krebs-Smith, S.M., Pannucci, T.E., Subar, A.F., et al., 2019. Update of the Healthy Eating
Index. HEI-2015 118 (9), 1591-1602. https://doi.org/10.1016/j.jand.2018.05.021.
Update.

Leigh-Hunt, N., Bagguley, D., Bash, K., et al., 2017. An overview of systematic reviews on
the public health consequences of social isolation and loneliness. Public Health 152,
157-171. https://doi.org/10.1016/J.PUHE.2017.07.035.

Macdonald, S.J., Deacon, L., Nixon, J., et al., 2018. ‘The invisible enemy’: disability,
loneliness and isolation. Disabil Soc. 33 (7), 1138-1159. https://doi.org/10.1080/
09687599.2018.1476224.

MacKinnon, D.P., Fairchild, A.J., Fritz, M.S., 2007. Mediation analysis. Annu. Rev.
Psychol. 58, 593-614. https://doi.org/10.1146/ANNUREV.
PSYCH.58.110405.085542.

Preventive Medicine Reports 36 (2023) 102413

Manea, L., Gilbody, S., McMillan, D., 2012. Optimal cut-off score for diagnosing
depression with the Patient Health Questionnaire (PHQ-9): a meta-analysis. CMAJ
184 (3), 281-282. https://doi.org/10.1503/cmaj.112004.

National Cancer Institute, 2023. Overview & Background of Healthy Eating Index (HEI).
Accessed September 13, 2023. https://epi.grants.cancer.gov/hei/.

National Cancer Institute, 2023. Healthy Eating Index SAS Code. Accessed September 13,
2023. https://epi.grants.cancer.gov/hei/sas-code.html.

Noguchi, T., Kondo, F., Nishiyama, T., et al., 2021. The Impact of Marital Transitions on
Vegetable Intake in Middle-aged and Older Japanese Adults: A 5-year Longitudinal
Study. Okazaki Medical Association. https://doi.org/10.2188/jea.JE20200343.

Okoro, C.A., Hollis, N.D., Cyrus, A.C., Griffin-Blake, S., 2019. Prevalence of Disabilities
and Health Care Access by Disability Status and Type Among Adults — United
States, 2016. MMWR Morb. Mortal. Wkly Rep. 67 (32), 882-887. https://doi.org/
10.15585/MMWR.MM6732A3.

Pantell, M., Rehkopf, D., Jutte, D., Syme, S.L., Balmes, J., Adler, N., 2013. Social
isolation: A predictor of mortality comparable to traditional clinical risk factors. Am.
J. Public Health 103 (11), 2056-2062. https://doi.org/10.2105/
AJPH.2013.301261.

Pieroth, R., Rigassio Radler, D., Guenther, P.M., Brewster, P.J., Marcus, A., 2017. The
Relationship between Social Support and Diet Quality in Middle-Aged and Older
Adults in the United States. J. Acad. Nutr. Diet. 117 (8), 1272-1278. https://doi.org/
10.1016/j.jand.2017.03.018.

Pohl, J.S., Cochrane, B.B., Schepp, K.G., Woods, N.F., 2017. Measuring social isolation in
the national health and aging trends study. Res. Gerontol. Nurs. 10 (6), 277-287.
https://doi.org/10.3928/19404921-20171002-01.

Rhemtulla, M., Brosseau-Liard, P.E., Savalei, V., 2012. When can categorical variables be
treated as continuous? A comparison of robust continuous and categorical SEM
estimation methods under suboptimal conditions. Psychol. Methods 17 (3),
354-373. https://doi.org/10.1037/a0029315.

Sahyoun, N.R., Zhang, X.L., 2005. Dietary quality and social contact among a nationally
representative sample of the older adult population in the United States. Accessed
July 6, 2022 J. Nutr. Health Aging 9 (3), 177-183. https://pubmed.ncbi.nlm.nih.
gov/15864402/.

Schwartz, N., Buliung, R., Wilson, K., 2019. Disability and food access and insecurity: A
scoping review of the literature. Health Place 57, 107-121. https://doi.org/
10.1016/J.HEALTHPLACE.2019.03.011.

Y. Sugiura, Y. Tanimoto, A. Imbe, et al., 2016. Association between Functional Capacity
Decline and Nutritional Status Based on the Nutrition Screening Initiative Checklist:
A 2-Year Cohort Study of Japanese Community-Dwelling Elderly. Published online
2016. 10.1371/journal.pone.0166037.

U.S. Department of Agriculture, 2015. Scientific Report of the 2015 Dietary Guidelines
Advisory Committee. https://health.gov/sites/default/files/2019-09/Scientific
-Report-of-the-2015-Dietary-Guidelines-Advisory-Committee.pdf.

U.S. Department of Agriculture, 2022. WWEIA/NHANES Overview. Accessed September
13, 2023. https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/belts
ville-human-nutrition-research-center/food-surveys-research-group/docs/wweianh
anes-overview/.

U.S. Department of Health and Human Services, 2020. Healthy People 2030. Accessed
September 13, 2023. https://health.gov/healthypeople.

Umberson, D., 1987. Family status and health behaviors: social control as a dimension of
social integration. J. Health Soc. Behav. 28 (3), 306-319. https://doi.org/10.2307/
2136848.

Victor, C., Scambler, S., Bond, J., Bowling, A., 2000. Being alone in later life: loneliness,
social isolation and living alone. Rev. Clin. Gerontol. 10 (4), 407-417. https://doi.
org/10.1017/50959259800104101.

Victor, C., Sambler, S., Bond, J., 2008. The Social World of Older People: Understanding
Loneliness and Social Isolation in Later Life, 1st ed. Open University Press.

Vinther, J.L., Conklin, A.I., Wareham, N.J., Monsivais, P., 2016. Marital transitions and
associated changes in fruit and vegetable intake: Findings from the population-based
prospective EPIC-Norfolk cohort, UK. Soc. Sci. Med. 157, 120-126. https://doi.org/
10.1016/J.SOCSCIMED.2016.04.004.

Weddle, D.O., Fanelli-Kuczmarski, M., 2000. Position of the American Dietetic
Association: Nutrition, aging, and the continuum of care. J. Am. Diet. Assoc. 100 (5),
580-595. https://doi.org/10.1016/50002-8223(00)00177-2.

Xu, B., Houston, D., Locher, J.L., Zizza, C., 2012. The association between Healthy Eating
Index-2005 scores and disability among older Americans. Age Ageing 41 (3),
365-371. https://doi.org/10.1093/ageing/afr158.

Zhao, H., Andreyeva, T., 2022. Diet Quality and Health in Older Americans. Nutrients 14
(6). https://doi.org/10.3390/NU14061198.


https://doi.org/10.1093/OXFORDJOURNALS.AJE.A112674
https://doi.org/10.3390/nu13103358
https://doi.org/10.3390/nu13103358
https://doi.org/10.1111/ggi.12711
https://doi.org/10.1111/ggi.12711
https://wwwn.cdc.gov/Nchs/Nhanes/2017-2018/PFQ_J.htm
https://doi.org/10.1017/S1368980021000586
https://doi.org/10.1017/S1368980021000586
https://doi.org/10.1093/geronb/gbp037
https://doi.org/10.1093/geronb/gby037
https://doi.org/10.1093/geronb/gby037
https://doi.org/10.1016/j.jand.2022.07.010
https://doi.org/10.1016/j.dhjo.2020.100965
https://doi.org/10.1016/j.dhjo.2020.100965
https://doi.org/10.1001/jamainternmed.2021.5022
https://doi.org/10.1177/1745691614568352
https://doi.org/10.1155/2012/231489
https://doi.org/10.1016/J.PMEDR.2019.100829
https://doi.org/10.1016/J.PMEDR.2019.100829
https://doi.org/10.1016/J.MATURITAS.2013.07.011
https://doi.org/10.1016/J.MATURITAS.2013.07.011
https://doi.org/10.1016/j.jand.2018.05.020.Applications
https://doi.org/10.1093/ABM/KAX033
https://doi.org/10.1093/ABM/KAX033
https://doi.org/10.1016/j.jand.2018.05.021.Update
https://doi.org/10.1016/j.jand.2018.05.021.Update
https://doi.org/10.1016/J.PUHE.2017.07.035
https://doi.org/10.1080/09687599.2018.1476224
https://doi.org/10.1080/09687599.2018.1476224
https://doi.org/10.1146/ANNUREV.PSYCH.58.110405.085542
https://doi.org/10.1146/ANNUREV.PSYCH.58.110405.085542
https://doi.org/10.1503/cmaj.112004
https://epi.grants.cancer.gov/hei/
https://epi.grants.cancer.gov/hei/sas-code.html
https://doi.org/10.2188/jea.JE20200343
https://doi.org/10.15585/MMWR.MM6732A3
https://doi.org/10.15585/MMWR.MM6732A3
https://doi.org/10.2105/AJPH.2013.301261
https://doi.org/10.2105/AJPH.2013.301261
https://doi.org/10.1016/j.jand.2017.03.018
https://doi.org/10.1016/j.jand.2017.03.018
https://doi.org/10.3928/19404921-20171002-01
https://doi.org/10.1037/a0029315
https://pubmed.ncbi.nlm.nih.gov/15864402/
https://pubmed.ncbi.nlm.nih.gov/15864402/
https://doi.org/10.1016/J.HEALTHPLACE.2019.03.011
https://doi.org/10.1016/J.HEALTHPLACE.2019.03.011
https://health.gov/sites/default/files/2019-09/Scientific-Report-of-the-2015-Dietary-Guidelines-Advisory-Committee.pdf
https://health.gov/sites/default/files/2019-09/Scientific-Report-of-the-2015-Dietary-Guidelines-Advisory-Committee.pdf
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/wweianhanes-overview/
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/wweianhanes-overview/
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/wweianhanes-overview/
https://health.gov/healthypeople
https://doi.org/10.2307/2136848
https://doi.org/10.2307/2136848
https://doi.org/10.1017/S0959259800104101
https://doi.org/10.1017/S0959259800104101
http://refhub.elsevier.com/S2211-3355(23)00304-2/h0210
http://refhub.elsevier.com/S2211-3355(23)00304-2/h0210
https://doi.org/10.1016/J.SOCSCIMED.2016.04.004
https://doi.org/10.1016/J.SOCSCIMED.2016.04.004
https://doi.org/10.1016/S0002-8223(00)00177-2
https://doi.org/10.1093/ageing/afr158
https://doi.org/10.3390/NU14061198

	Associations between social isolation and diet quality among US adults with disability participating in the National Health ...
	1 Introduction
	2 Methods
	2.1 Data source and study population
	2.2 Healthy Eating index
	2.3 Social isolation
	2.4 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


