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Abstract We examined associations of social support and
loneliness with eating and activity among parent—adoles-
cent dyads (N = 2968) using actor—partner interdependence
modeling. Loneliness had several actor associations with
health behaviors (adolescents: less physical activity [PA],
p < .001, more sedentariness, p < .001; parents: less fruit/
vegetable consumption [FVC], p = .029, more hedonic
food consumption [HFC], p =.002, and sedentariness,
p < .001), but only one dyadic association (adolescent
loneliness with less parent FVC, p = .039). Visible support
was associated with less HFC, p < .001, and sedentariness,
p < .001, but less FVC, p =.008, among adolescents.
Invisible support was associated with less HFC, p = .003,
but also less PA, p = .028, among adolescents. Both sup-
port types were associated with less HFC among parents,
p < .001, but invisible support was also associated with
less FVC, p = .029, and PA, p = .012, and more seden-
tariness, p = .013, among parents. When examining health
behavior among parents and adolescents, it may be
important to consider social support (but perhaps not
loneliness) at a dyadic level.
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Introduction

In the U.S., 20.5% of adolescents and 36.5% of adults are
obese (Ogden et al., 2015), which increases risk of cancer,
cardiovascular disease, stroke, and premature mortality
(Calle et al., 2003; Dauchet et al., 2006). Healthy eating
and activity (which includes both physical activity [PA]
and sedentary behavior) are associated with achieving and
maintaining healthy weight, as well as with improved
health (Rock & Demark-Wahnefried, 2002; US Depart-
ment of Health and Human Services, 2017). Although
healthy eating (Doyle et al., 2006; World Health Organi-
zation, 2017; Rock & Demark-Wahnefried, 2002; US
Department of Health and Human Services, 2017) and
activity (US Department of Health and Human Services,
2017) are broadly promoted, few adolescents and adults
meet the recommended guidelines for eating fruits and
vegetables, limiting low nutrient high calorie foods,
engaging in physical activity, and limiting sedentariness
(Casagrande et al., 2007; Centers for Disease & Prevention,
2007; Whitlock et al., 2010). Importantly, adolescence is a
critical juncture for the formation of lifelong health habits
(Lawrence et al., 2009). Thus, it is important to identify
and intervene upon determinants of unhealthy eating and
activity behaviors among adolescents and adults to
improve population health.

Eating and activity are inherently social behaviors in
that they often take place in the presence of or with the
support of others (Anderson et al., 2007; Duncan et al.,
2005). Accordingly, emerging evidence suggests that social
factors, such as modeling, instrumental support, and lone-
liness, may influence these health behaviors among dyads
(Baiocchi-Wagner & Talley, 2013; Dwyer et al., 2017;
Ferrer et al., 2017; Howland et al., 2016; Lopez et al.,
2012; Nansel et al., 2013; Orehek & Ferrer, 2019; Rut-
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kowski & Connelly, 2012; Segrin et al., 2015). The present
research investigates two related but distinct correlates of
eating and activity in parent-adolescent dyads: support and
loneliness.

Social support and loneliness unfold within social net-
works and among dyads (Cacioppo et al., 2009; Kim et al.,
2012), and are related (Sorkin et al., 2002; Stephens et al.,
2011; Stroebe et al., 1996; Winningham & Pike, 2007).
These processes may be particularly interrelated within
parent—adolescent dyads, due to the inherent proximal and
emotional closeness of this relationship (Al-Yagon et al.,
2016). Given the social nature of eating and activity
behaviors, and the importance of and associations among
social support and loneliness within parent—adolescent
dyads, these may be particularly important factors to
examine together as potential correlates of parent and
adolescent eating and activity behaviors.

Social support

Social support is defined as care or assistance, exchanged
through social relationships and interpersonal interactions
(Thoits, 1986). Here, we focus on social support aimed at
solving problems or alleviating stressors experienced by the
support recipient (i.e., problem-focused support), which are
important because these help the recipient cope and can
improve relationship quality and the well-being of both the
recipient and provider (Bowlby, 1982; Feeney & Collins,
2003, 2015; Gleason et al., 2008; Inagaki & Orehek, 2017,
Liang et al., 2001; Mikulincer & Shaver, 2009). Problem-
focused support can be characterized as emotional support
(support aimed at meeting the emotional or social needs of
the recipient (Heaney & Israel, 2008) or instrumental/prac-
tical support (tangible help provided to help the recipient to
solve problems (Heaney & Israel, 2008). Critically, social
support can also improve the health of recipients regardless
of whether the support is perceived as support by the recip-
ient (i.e., visible support) or received absent of that percep-
tion (i.e., invisible support, which is not noticed or is not
perceived or defined as support by recipient) (Bolger &
Amarel, 2007; Bolger et al., 2000). Of note, however,
receiving support can also be detrimental to its recipient
when the support is not responsive to the recipient’s support
needs (Feeney, 2004; Feeney & Collins, 2015). Providing
support can also be detrimental to providers when the burden
of care outweighs the benefits of providing it (Ohaeri, 2003;
Pinquart & Sorensen, 2001; Wilkinson et al., 2017).

In addition to improving relationship quality and well-
being (Brown et al., 2003; LaRocco et al., 1980; Thoits,
1995), provided and received support may also be impor-
tant in facilitating healthy behaviors, such as healthy
dietary behavior (Hagler et al., 2007; Jackson, 2006;
Steptoe et al., 2004), PA (T. E. Duncan & McAuley, 1993;
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Eyler et al., 1999), and successful weight loss (Verheijden
et al., 2005; Wing & Jeffery, 1999). Similarly, low levels
of received visible support have been associated with lower
PA, more smoking and heavy drinking, and an increased
risk of obesity (Strine et al., 2008). Importantly, these
studies have examined the health consequences of support
at the individual-level, even though support is a dyadic
phenomenon (Bowlby, 1982; Collins & Feeney, 2000).
Thus, the role of support in health behaviors may be better
understood when examined in the context of the dyad
(Collins & Feeney, 2000).

Social support is more asymmetrically provided in the
parent—child relationship than in many other relationships
because there is a natural hierarchy of care and support (Al-
Yagon et al., 2016; Bretherton, 2010; Rapini et al., 1990),
and children benefit in many ways from adequate parental
support. For example, when adolescents perceive their
parents are providing sufficient visible support, they may
be more effective in regulating their emotions and coping
with stress, resulting in better overall mental health
(Forehand et al., 1991; Hosley, 1999; Rueger et al., 2016).
However, little is known about how providing both visible
and invisible support to adolescents influences the parental
support provider. One dyadic study found that parental
empathy, which is often positively correlated with support
provision, was associated with higher parental self-esteem
and sense of purpose, but also higher biomarkers of
inflammation among the parental support providers (Man-
czak et al., 2016). This is consistent with a broader liter-
ature on (non-parent—child) caregiving dyads, which
suggests that providing visible and invisible support in
caregiving can have both positive and negative conse-
quences for the caregiver (Cohen et al., 2002; Feeney &
Collins, 2003; Inagaki & Orehek, 2017; Schulz & Beach,
1999; Vitaliano et al., 2003). For example, caregivers may
have poorer dietary and exercise behaviors (Acton, 2002;
Burton et al., 1997; Castro et al., 2007). Moreover, one
longitudinal study of the “sandwich generation” found that
multigenerational caregivers were less likely to check food
labels, choose food based on health values, and exercise
regularly (Chassin et al., 2010). Thus, support in the par-
ent—adolescent relationship may be more beneficial to
adolescent health behaviors, and less beneficial to parent
health behaviors, compared to what might be expected in
more symmetrical relationships.

Loneliness

Loneliness, or perceived social isolation, also has many
negative consequences for mental and physical health
(Hawkley & Cacioppo, 2010). Loneliness is a painful and
emotional experience that is threatening to the self (Rook,
1984; Weiss, 1973), and accompanies the perception that
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one’s social needs are not being met by social relationships
(Pinquart & Sorensen, 2001). Loneliness has a predicted
trajectory of peaking in adolescence, and although it wanes
in adulthood (before increasing again in old age) (Heinrich
& Gullone, 2006), the effects of adolescent loneliness on
health may extend into adulthood (Caspi et al., 2006). For
example, loneliness reduces self-efficacy for engaging in
healthy behaviors (Hawkley & Cacioppo, 2010; Qualter
et al., 2013). Among adults, loneliness has been linked to
less PA, more sedentariness, and more emotional eating
(Ford et al., 2017; Hawkley et al., 2009; Newall et al.,
2013; Shankar et al., 2011). Among adolescents, it is
associated with less fruit and vegetable consumption (FVC)
(Conklin et al., 2014) and more hedonic food consumption
(HFC) (e.g., sweetened beverages and salty snacks) (Gre-
nard et al., 2013).

Loneliness is often conceptualized as an individual
experience; however, some studies have evaluated the role
of loneliness within relationships. An individual’s loneli-
ness is observable by others within their social network
(Luhmann et al., 2016). Moreover, consistent with research
on emotional contagion (Fowler & Christakis, 2008),
loneliness may be transmitted among social networks and
in close dyads (Cacioppo et al., 2009; Segrin et al., 2003).
Given the effects of loneliness on one’s own physical
health and its ability to be observed and transmitted within
networks, loneliness may also have dyadic consequences
for physical health (Segrin et al., 2015). Indeed, one study
suggests that loneliness can be detrimental for sleeping
behavior among both the person experiencing loneliness
and their close dyadic partner (Segrin et al., 2015). How-
ever, no known research has examined the consequences of
loneliness within dyads for eating and activity behaviors.

The relationship between social support
and loneliness

As stated, social support and perceived loneliness are two
social processes that unfold within relationships and dyads
(Cacioppo et al., 2009; Kim et al., 2012). These processes
are related (Rook, 1984), and thus important to examine
together (Sorkin et al., 2002; Stephens et al., 2011; Stroebe
et al.,, 1996; Winningham & Pike, 2007). Importantly,
loneliness and perceived support may be particularly
intertwined within the parent—adolescent dyad; research
suggests that being able to rely on a parent reduces ado-
lescent-reported loneliness independent of the adolescent’s
peer connections (Al-Yagon et al., 2016). Similarly, other
studies have demonstrated that children and adolescents in
families with less parental support and attachment report
greater loneliness (Al-Yagon et al., 2016; Dubow & Ull-
man, 1989; Mounts, Valentiner, Anderson, & Boswell,
2006). Moreover, when lack of support contributes to

loneliness among adolescents, it may also have implica-
tions for general loneliness; adolescents who report lone-
liness in their relationships with their parents are also more
likely to report loneliness in their relationships with their
peers (Marcoen & Brumagne, 1985). Moreover, it is pos-
sible that lonelier parents may be less able to provide
adequate social support (Curran, 2018). As such, examin-
ing how support and loneliness are concurrently associated
with eating and activity behavior within dyads provides a
novel window into social processes and health behaviors at
the individual- and dyadic- levels.

The current study

Here, we examined how social support and loneliness were
independently associated with eating and activity behavior
in parent—adolescent dyads using cross-sectional data from
the National Cancer Institute’s Family Life, Activity, Sun,
Health, and Eating (FLASHE) study. We focused specifi-
cally on practical and emotional stress-related or problem-
focused support and examined the associations of both
visible and invisible support with health behaviors. To
appropriately probe the dyadic associations among loneli-
ness and support with eating and activity behaviors, we
used actor—partner interdependence modeling (APIM)
(Campbell & Kashy, 2002; Cook & Kenny, 2005), which
allows for the examination of how each individual’s own
social processes are associated with his or her own
behavior (i.e., actor associations), as well as how that
individual’s dyadic partner’s social processes are associ-
ated with the individual’s own behavior (i.e., partner
associations). Given the relation among support and lone-
liness noted above, we included both support and loneli-
ness in the same model. Of note, both adolescents’ and
parents’ perceptions of how much support the parent pro-
vided (adolescent-perceived and parent-perceived support,
respectively) were entered as predictors in the same model.
Thus, parent-perceived support represented invisible sup-
port, or the support parents reported providing beyond what
was perceived by the adolescent, which was statistically
parceled out with the inclusion of the adolescent-perceived
support (i.e., visible support) variable (see Orehek & Fer-
rer, 2019). This operationalization is consistent with the
classic definition of invisible support—support that is
reported as offered by the provider, but is not reported by
the recipient either because the recipient did not notice the
support provision or did not register it explicitly as pro-
vided support (Bolger et al., 2000).

We hypothesized that greater adolescent loneliness
would be associated with less healthy behaviors among
adolescents in actor associations, and among parents in
partner associations. We also hypothesized that greater
parent loneliness would be associated with less healthy
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behaviors among parents in actor associations, and among
adolescents in partner associations.

We hypothesized that receiving both visible and invis-
ible support would be associated with healthier adolescent
eating and activity behaviors. Some studies have found
more negative health behaviors among support recipients
as a function of invisible support within romantic dyads
(Liischer et al., 2015); therefore, we acknowledge the
possibility that invisible support may not always be bene-
ficial to the adolescent. Because there can be both benefits
and adverse effects of providing support, we did not have
specific hypotheses concerning the direction of the asso-
ciations of visible and invisible support with parents’ eat-
ing and activity behaviors.

Method
Participants and procedures

Data for these analyses are from the National Cancer
Institute’s FLASHE study. This study was a web-based,
cross-sectional study of psychosocial, generational, and
environmental correlates of cancer-preventive behaviors
among parent—adolescent dyads. The study was adminis-
tered by Westat, Inc, and data were collected between April
and October 2014. U.S. adults were recruited through the
Ipsos Consumer Opinion Panel using sample balance
methods aimed at recruiting a sample that was demo-
graphically representative of the U.S. population in terms
of gender, census division, household income, household
size, and race/ethnicity (Oh et al., 2017). Adult participants
were eligible if they were at least 18 years old and lived
with at least one adolescent child aged 12—17 years for at
least 50% of the time. Each dyad member (i.e., adult parent
and adolescent child) completed two surveys, one that
solicited responses on PA, smoking, and sun safety
behaviors, as well as psychosocial correlates, and another
about eating behaviors and psychosocial correlates. See
http://cancercontrol.cancer.gov/brp/hbrb/flashe.html for
more information on survey instruments and the study
protocol, and Nebeling et al. (2017) for full methodology
of FLASHE item development. This study was approved
by the National Cancer Institute Special Studies IRB and
the Westat, Inc. IRB. Parent participants provided informed
consent for both the parent and adolescent and assent was
obtained from adolescent participants.

For these analyses, participants were the 1484 parent—
adolescent dyads (N = 2968) who completed all necessary
measures (i.e., both the parent and adolescent completed
the two independent variables and reported all necessary
sociodemographic factors). Three-hundred and forty-eight
dyads were excluded because one or both members of the
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dyad did not complete all necessary measures.' The mean
age of parents was 43.90 years (SD = 7.58 years), and
adolescents’ mean age was 14.46 years (SD = 1.60 years).
Women made up 63% of the sample (75% among parents
and 50% among adolescents). Full participant sociodemo-
graphic characteristics can be found in Table 1.

Measures

Correlations among all study constructs are found in
Table 2.

Loneliness

Both adolescents and parents answered the same two items
regarding feelings of loneliness: “I feel isolated from others,”
and “Ifeel left out,” using five response options ranging from
(1) neverto (5) always. These two items were selected because
they had high factor loadings onto the revised UCLA Lone-
liness Scale (Russell et al., 1980). The correlation among these
items was high, r = 0.83, p < .0001.

Stress-related social support

Adolescents rated visible support (support they perceived
their parents provided) using two items: “I can count on my
parent if  have a problem,” and “My parent(s) don’t like me
to tell them my troubles,” (reverse-scored) using five
response options ranging from (1) never to (5) always. Par-
ents also rated the support they perceived they provided to
their adolescents using two parallel items, “My teenager can
count on me if he/she has a problem,” and “I don’t like my
teenager to tell me his/her troubles” (reverse-scored). These
two items were validated as part of a published scale, and
were selected because of their high factor loadings (Bastaits
etal., 2012; Darlington & Toyokawa, 1997; Kim et al., 2015;
Mylnarczyk, 2013). The correlation between these two items
was moderate, r = 0.41, p < .0001. Parent reported support
was used to represent invisible support (i.e., support the
adolescent reported receiving), as controlling for variance
predicted by visible support in the model renders the
remaining variance explained by parent-perceived support a
measure of invisible support (i.e., parent-perceived support
controlling for adolescent-perceived support).

! The majority of missingness was due to missing data on sociode-
mographic variables; few participants were excluded for missingness
on loneliness (parents n = 30, adolescents n = 92) or support (parents
n = 22, adolescents n = 60). We ran 22 regression analyses; of these,
only three were significant. Specifically, missingness on parent-per-
ceived support was predicted by greater age, p = .032, and college
education, p = 0.43. Missingness on parent loneliness was predicted
by non-white race, p = .018. Missingness on adolescent loneliness
and adolescent-perceived support was not predicted by any sociode-
mographic variables.
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Table 1 Sociodemographic characteristics
Variable Full sample Parent Adolescent
M (SD) M (SD)
Age 43.90 SD = 7.58 14.46 SD = 1.60
n (%) n (%) n (%)

Percent female 1855 (62.5%)

Race

White 2316 (78.0%)
Ethnicity

Hispanic/Latino(a) 253 (8.5%)

Not Hispanic/Latino(a) 2715 (91.5%)
Employment status
Employed -
Unemployed -
Marital status
Married -
Unmarried -
Parent education
College degree -
Below college degree -

1111 (74.9%) 744 (50.1%)

1153 (77.7%) 1163 (78.4%)

106 (7.1%)
1378 (92.9%)

147 (9.9%)
1337 (90.1%)

972 (65.5%) -
512 (34.5%) -

1081 (72.8%) -
403 (27.2%) -

705 (47.5%) -
779 (52.5%) -

M (SD) M (SD)

Loneliness - 2.12 (1.00) 2.10 (1.01)
Social support - 4.65 (0.86) 4.30 (1.11)
Physical Activity - 177.64 (176.25) 111.89 (18.02)
Sedentariness - 379.64 (220.80) 58.00 (2.72)
Fruit and vegetable consumption - 3.11 (2.18) 2.84 (2.28)
Hedonic food consumption - 3.73 (3.63) 5.05 (4.14)
Table 2 Correlations among study constructs

1 2 3 5 6 7 8 9 10 11
1 Adolescent loneliness
2 Parent loneliness 37
3 Adolescent-perceived support — .20 — .12
4 Parent-perceived support — .09 — .07 33
5 Adolescent FVC - .02 — .03 — .08 .06
6 Parent FVC - .09 — .08 > — .01 .04 53
7 Adolescent HFC .07 .06 -.19 A1 45 24
8 Parent HFC 07 .10 — .18 18 35 34 .69
9 Adolescent exercise - .09 < .01 — .02 .04 21 14 07 A1
10 Parent exercise < .01 - .07 — .06 .08 10 .03 .16 23 - .12
11 Adolescent sedentariness .10 .04 - .12 .06 — .03 — .02 24 19 — .36 12
12 Parent sedentariness .04 14 .01 .06 - .11 - .13 .02 .05 - .07 < .01 .08

Bolded values indicate significance at p < .05

Fruit and vegetable consumption (FVC) and hedonic food
consumption (HFC)

A 27-item dietary screener was used to assess frequency of
consumption of key foods, beverages, and food groups in
the past 7 days. This screener was adapted from the

National Health and Nutrition Examination Survey,
2009-2010 Dietary Screener (http://epi.grants.cancer.gov/
nhanes/dietscreen/) and the 2010 National Youth Physical
Activity and Nutrition Survey (20 items; Brener et al.
(2011); http://www.cdc.gov/healthy Youth/yrbs/pdf/
nypans/2010nypans_questionnaire.pdf). Seven new items
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were also added (Smith et al., 2017). The screener con-
tained questions about FV and HFC.

Parent and adolescent FVC were queried with three
items that assessed consumption of green salad, nonfried
vegetables, and fruit over the past 7 days. Each item used
the following format and provided examples of each food
type: “During the past 7 days, how many times did you eat
[food]?” Answer options were: (1) I did not eat [food]
during the past 7 days; (2) 1-3 times in the past 7 days; (3)
4-6 times in the past 7 days; (4) 1 time per day; (5) 2 times
per day; and (6) 3 or more times per day. Responses were
converted to daily frequencies (never = 0; 1 to 3 times
during the past 7 days = 0.29; 4-6 times during the past
7 days = 0.71: 1 time per day = 1; etc.). FVC was com-
puted as the sum of the 3 items.

Parent and adolescent HFC were queried with eight
seven-day recall items that assessed consumption of sugary
cereal, candy and chocolate, fried potatoes, chips, pro-
cessed meat, cookies and cake, frozen desserts, and fast
food. Responses were converted to daily frequencies and
HFC was computed as the sum of these eight items.

Adolescent PA and sedentariness

Adolescent PA and sedentariness were recorded as the
number of minutes spent engaging in each activity using
the Youth Activity Profile (YAP). The YAP is a 15-item
self-administered 7-day recall that assessed adolescent
activity during school (e.g., recess, gym, transportation to
and from school), right after school (e.g., sports prac-
tices), in the evening, and on weekends (Saint-Maurice
et al., 2017). Sedentariness was captured by assessing
time spent watching television, playing video games, and
using personal technology devices (e.g., computer, tablets,
phones, etc.). To enhance the accuracy of the YAP, a sub-
sample of 119 adolescents wore ActiGraph GT3X + ac-
celerometers on their wrists for 2 weeks following com-
pletion of the questionnaire. The minutes of PA and
sedentariness generated from the accelerometer data were
compared to the activities reported on the YAP for
questionnaire calibration. An algorithm was created to
improve the accuracy of self-reports by aligning the data
from the self-report scores to the accelerometer data. This
algorithm was then applied to all adolescent PA and
sedentariness behavior YAP scores to generate a new
outcome variable representing the number of minutes of
PA and sedentariness per week. These YAP-refined scores
are used in the present analyses. A detailed description of
these processes can be found elsewhere (Saint-Maurice
et al., 2017).
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Parent PA and sedentariness

Parent PA behavior was recorded as the number of minutes
of PA and sedentariness per week and was assessed via
direct recall of the past 7 days. Parents were asked six
questions regarding their weekly PA, including vigorous
activity, moderate activity, and walking. Vigorous activity
was assessed with the item, “During the last 7 days, on
how many days did you do vigorous physical activities like
heavy lifting, digging, aerobic, or fast bicycling?” Vigor-
ous activity was described as activities that “take hard
physical effort, make you breathe much harder than nor-
mal, and were completed for at least ten minutes at a time.”
Moderate activity was assessed by, “During the last 7 days,
on how many days did you do moderate physical activities
like carrying light loads, bicycling at a regular pace, or
doubles tennis? Do not include walking.” Moderate
activity was described as “activities that make you breathe
somewhat harder than normal and were completed for at
least 10 min at a time.” Walking was assessed separately in
that parent participants were asked to consider the time
spent walking in the past 7 days, including at home, at
work, walking to travel from place to place, and any other
walking done for recreation, sport, exercise, or leisure with
the item, “During the last 7 days, on how many days did
you walk for at least 10 min at a time?” A “No vigor-
ous/moderate physical activity/walking” option was pro-
vided for each activity item.

A “Don’t know/Not sure” option was also available for
all PA items. Activity items were summed to calculate
minutes of PA per week. Parents who selected “don’t
know” on one or two items were included using a score
derived as the sum of the item(s) for which they provided a
valid estimate and a score of zero for item(s) they reported
as “don’t know.” Sixteen parents selected the “don’t
know” option for all three items and were excluded from
analyses involving PA.

Parental sedentariness was asked as a single item mea-
sure: “During the last 7 days, how much time did you
spend sitting on a week day?” Hours per day and minutes
per day were collected. A “Don’t know/Not sure” option
was available; 300 participants selected “don’t know” on
this item and were excluded from analyses of sedentary
behavior. Both parent and adolescent activity behaviors
were calculated as minutes of PA and sedentariness per
week.

Sociodemographic covariates
Race, ethnicity, age, gender, marital status, work status,

and educational attainment were recoded (i.e., dummy
coded) as dichotomous variables. Race was coded as White
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Table 3 Actor partner interdependence models predicting adolescent and parent activity behaviors with adolescent and parent loneliness and

support
Adolescent PA Parent PA Adolescent sedentariness Parent sedentariness
p 95% CI  p p 95% CI  p p 95% CI  p p 95% CI p
Adolescent loneliness —0.11 — 0.14, <.001 0.03 — 0.03, .390 0.10 0.06, 0.15 < .001 — 0.01 — 0.06, 717
— 0.08 0.10 0.04
Parent loneliness 0.02 — 0.01, 229 —0.07 — 0.13, .082 0.01 — 0.03, 597 0.15 0.10, <.001
0.05 0.00 0.06 0.20
Visible parent support —0.01 —0.04, 361 — 0.03 — 0.09, 347 —0.10 — 0.14, <.001 0.00 — 0.05, 991
(adolescent-perceived) 0.01 0.03 — 0.05 0.05
Invisible parent support — 0.04 — 0.06, 028 —0.09 —0.14, .012 — 0.01 — 0.06, .633 0.07 0.03, 013
(parent-perceived) —0.01 —0.03 0.03 0.12

Bold values indicate statistical significance at p < .05

(1) and non-White (0). Ethnicity was coded as Hispanic or
Latino (1) and not Hispanic or Latino (0). Parental marital
status was coded as married (1) and unmarried (0). Parent
education was coded as college educated (1) and less than
college educated (0). Parent working status was coded was
currently employed for pay or self-employed (1) and not
currently employed (0). Gender was coded as female (1)
and male (0).

Data analysis

The four outcomes of interest (FVC, HFC, PA, and
sedentariness) were analyzed separately using a series of
actor—partner interdependence models (APIM) with
regression models in SAS 9.3 (Campbell & Kashy, 2002;
Cook & Kenny, 2005). This approach simultaneously
examines hypothesized actor and partner effects while
accounting for the nonindependence among dyads. Each
model involved entering parent loneliness, adolescent
loneliness, and stress-related support with both adolescent-
perceived (visible) support and parent-perceived (invisible)
support as simultaneous predictors of each outcome. Dyads
were included in analyses if both parent and adolescent
completed corresponding behavioral outcome measures
within each set of analyses (cases with missing data were
removed with Listwise deletion). Sociodemographic fac-
tors at both the individual level (each individual’s age,
gender, race, and ethnicity) and dyadic level (parent edu-
cation, work status, and marital status because they apply
to parents only, as teens were all full-time students, and
none was married) were controlled for in all analyses.”

2 The pattern and significance of findings remained unchanged when
sociodemographic control variables were omitted.

Results

Full results for the APIM paths are found in Tables 3 and 4
and Figs. 1 and 2

Loneliness

Adolescent loneliness was associated with less adolescent
PA, B=—0.11, 95% CI [— 0.14, — 0.08], p < .001, and
more adolescent sedentariness, p = 0.10, 95% CI [0.06,
0.15], p < .001 (and was unassociated with adolescent
FVC and HFC). Parent loneliness was negatively associ-
ated with parent FVC, B =— 0.06, 95% CI [— 0.11,
— 0.02], p =.029, and positively associated with parent
HFC, B = 0.09, 95% CI [0.04, 0.14], p = .002, and parent
sedentariness, = 0.15, 95% CI [0.10,0.20], p < .001.
Adolescent loneliness was negatively associated with par-
ent FVC, B = — 0.06, 95% CI [— 0.11, — 0.01], p = .039.
No other partner associations emerged for loneliness.

Receiving stress-related support

Receiving visible support was associated with less HFC,
B=—0.14, 95% CI [— 0.19, — 0.09], p < .001, and less
sedentariness, = — 0.10, 95% CI [— 0.14, — 0.05],
p < .001, among adolescents. However, receiving visible
support was also associated with less adolescent FVC,
B=—0.08,95% CI[— 0.12, — 0.03], p = .008. Receiving
invisible support was associated with less adolescent HFC,
B=—0.08,95% CI [— 0.13, — 0.04], p = .003. However,
receiving invisible support was also associated with less
adolescent PA, B =— 0.04, 95% CI [— 0.06, — 0.01],
p = .028.

Providing stress-related support

Providing visible support was associated with less parent
HFC, B = — 0.11, 95% CI [— 0.16, — 0.07], p < .001, as
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Table 4 Actor partner interdependence models predicting adolescent and parent eating behaviors with adolescent and parent loneliness and
support

Adolescent FVC Parent FVC Adolescent HFC Parent HFC
p 95% CI  p p 95% CI  p p 95% CI  p p 95% CI p
Adolescent loneliness —0.02 - 0.07, 471 — 0.06 — 0.11, .039 0.04 — 0.00, 132 0.02 — 0.03, 567
0.03 — 0.01 0.09 0.06
Parent loneliness — 0.00 — 0.05, 933 — 0.06 — 0.11, .029 0.05 — 0.00, 104 0.09 0.04, 0.14 .002
0.05 - 0.02 0.10
Visible parent support — 0.08 — 0.12, .008 — 0.01 — 0.06, 632 — 0.14 — 0.19, <.001 — 0.11 - 0.16, <.001
(adolescent-perceived) - 0.03 0.03 - 0.09 —0.07
Invisible parent support — 0.05 — 0.09, .100 — 0.06 — 0.11, 029 — 0.08 — 0.13, 003 — 0.10 — 0.14, <.001
(parent-perceived) 0.00 — 0.02 — 0.04 — 0.05

Bold values indicate statistical significance at p < .05

Adolescent loneliness

Adolescent sedentariness

Visible parent support
(adolescent-perceived)

Visible parent support

Parent sedentariness

Invisible parent support
(parent-perceived)

Fig. 1 APIM presenting associations of parent and adolescent support, perceived support, and loneliness with parents and adolescent physical
activity (a) and sedentariness (b). Note. *p < .05, **p < .01, ***p < .001

Adolescent loneliness

Adolescent loneliness

Adolescent HFC

Adolescent FVC

Visible parent support
(adolescent-perceived)

Visible parent support
(adolescent-perceived)

Parent FVC
-0.05

Invisible parent support Invisible parent support
(parent-perceived) (parent-perceived)

Fig. 2 APIM presenting associations of parent and adolescent support, perceived support, and loneliness with parents and adolescent fruit and
vegetable consumption (FVC) (a) and hedonic food consumption (HFC) (b). Note. *p < .05, *¥p < .01, ***¥p < .001

was providing invisible support, B = — 0.10, 95% CI 95% CI [— 0.14, — 0.03], p = .012, and more sedentari-
[— 0.14, — 0.05], p < .001. However, providing invisible ness, B =0.07, 95% CI [0.03, 0.12], p = .013, among
support was also associated with less FVC, B = — 0.06,  parents.

95% CI [— 0.11, — 0.02], p = .029, and PA, p = — 0.09,
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Discussion

This is the first known study to examine potential dyadic
consequences of low stress-related visible and invisible
emotional and practical support and loneliness for eating
and activity behavior among parent—adolescent dyads. For
loneliness, we uncovered many of the hypothesized actor
associations (i.e., where parent loneliness was associated
with less healthy parent behavior, and adolescent loneliness
was associated with less healthy adolescent behavior), but
only one partner association (i.e., where adolescent lone-
liness was associated with less parent FVC). Parental
support provided to the adolescent had a more complex
dyadic dynamic. Both visible (i.e., adolescent-perceived)
and invisible (i.e., parent-perceived, controlling for ado-
lescent-perceived) support were associated with healthier
behaviors among adolescents, as expected. Among parents,
both visible and invisible support were associated with less
parent HFC. However, invisible support was associated
with less parent FVC and PA, and more parent sedentari-
ness. These findings highlight the importance of examining
support (and to some extent, loneliness) as co-occurring
individual- and dyadic-level correlates of eating and
activity behaviors among parent—adolescent dyads.

Specifically, adolescent loneliness was associated with
less healthy adolescent activity behaviors (i.e., more
sedentariness and less PA) but was not associated with
adolescent eating behaviors. Parental loneliness was also
associated with more parent sedentariness (but not less
PA), less parent FVC, and more HFC. Although not sig-
nificant across all outcomes, this overall pattern of findings
is consistent with research showing that loneliness has
negative individual-level consequences for health behav-
iors (Ford et al., 2017; Grenard et al., 2013; Hawkley et al.,
2009). Moreover, loneliness may be detrimental to health
behaviors at any age and not just during adolescence when
loneliness peaks (Heinrich & Gullone, 2006). The finding
that adolescent eating behaviors were unassociated with
adolescent loneliness may be, in part, due to the fact that
adolescent eating may have social or environmental
determinants (such as self-efficacy, intentions, parent pur-
chasing and cooking behavior) (Chansukree & Rungjin-
darat, 2017; Orehek & Ferrer, 2019; Patrick & Nicklas,
2005; Savage et al., 2007) that supersede individual-level
influences like loneliness. Because there was only one
partner association with respect to loneliness, we did not
interpret this finding further. However, future research
should examine whether loneliness has dyadic conse-
quences for eating and activity behavior within other
relationships (e.g., romantic relationships and/or co-habi-
tating partnerships among adults).

Receiving visible support from their parents was asso-
ciated with less adolescent HFC and sedentariness. This
finding is consistent with evidence suggesting that the
perception of sufficient social support predicts healthier
behaviors (Hagler et al., 2007; Jackson, 2006). However,
inconsistent with these findings (and with predictions),
receiving visible support was also associated with less FVC
among adolescents. Findings with respect to receiving
invisible support were similarly equivocal: receiving
invisible support was associated with less HFC, but also
less PA and more sedentariness, among adolescents.
Findings related to the potential benefit of receiving
invisible support are consistent with other work on the
benefits of invisible social support (Howland & Simpson,
2010), such that invisible support among couples facilitates
goal achievement (Girme et al., 2013) and reduces negative
affect (Liischer et al., 2015). However, the finding that
invisible support was potentially detrimental to adolescents
is consistent with work showing invisible support to be
associated with more daily cigarettes smoked by the sup-
port recipient (Liischer et al., 2015). It is possible that some
of the unexpected negative associations of receiving sup-
port are due to parents providing more support to adoles-
cents who they believe need that support. In other words,
parents may be providing more support to adolescents who
are engaging in less healthy behaviors, creating a confound
that cannot be fully disentangled with cross-sectional data.
There may also be individual- or relationship-level factors,
such as relationship satisfaction, that determine whether
support is beneficial (Biehle & Mickelson, 2012; Konig
et al., 2016). It is also possible that these findings are due to
inaccuracies in parental reporting—where they report
providing more support than is objectively provided.
Future research should examine moderators of the benefits
(and detriments) of visible and invisible support for ado-
lescents’ health behaviors, ideally using longitudinal
approaches.

Findings regarding the association of providing visible
and invisible support with parent behaviors suggest that
visible support may have some benefits for the parent
providing it, but invisible support may have less benefit
(and potentially, in some instances, be detrimental).
Specifically, visible support was associated with less parent
HFC. Invisible support was also associated with less parent
FVC and PA, but also with less parent PA and more parent
sedentariness. Findings that providing invisible support
was negatively associated with healthy behaviors are con-
sistent with research on the negative effects of caregiving
(in relationships other than parent-adolescent dyads)
(Aneshensel et al., 1995; Schulz & Beach, 1999), as well as
research suggesting that providing invisible support may
come at a cost to the invisible support provider (Bolger &
Amarel, 2007; Girme et al., 2013; Howland & Simpson,
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2010). Findings regarding the negative associations of
invisible support with healthy behaviors may also be
explained by the fact that parents who report providing
more support may be doing so because their children have
a greater need for support; literature suggests that parents
have worse outcomes when they believe their children are
faring poorly and need more support (Fingerman et al.,
2012). Relatedly, it is possible that parents who provide
more support to their adolescents have less time or
resources to enact healthy behaviors for themselves. Future
research should investigate this as a possible mechanism.

Limitations and future directions

These findings should not be considered without limita-
tions. First, the cross-sectional design limits causal infer-
ences. This is important not only because we cannot infer
that loneliness and social support actually contribute to
eating and activity behaviors, but also because it precludes
any examination of the potential bidirectional influences of
loneliness and support on one another. Given that social
support can alleviate loneliness (Rook, 1984; Stephens
et al., 2011; Winningham & Pike, 2007), it is possible that
the associations of these with behavior are not independent,
but rather that loneliness mediates the association of social
support with behavior. Conversely, given that lonely peo-
ple may perceive deficiencies within their social network
that result in perceptions of inadequate availability of
support (Sorkin et al., 2002; Stroebe et al., 1996), it is
possible that support mediates the association of loneliness
with behavior. Future longitudinal and experimental work
should examine these possibilities.

Second, loneliness and perceived support were each
assessed with two-item scales. Shorter scales are com-
monly employed in public survey data collection, and these
scales were developed by selecting items that loaded highly
onto previously validated scales (Darling & Toyokawa,
1997; Russell et al., 1980). Indeed, the two support items,
despite only moderate correlation to one another in this
study, have been validated as part of the parental support
component of published scale in previous work (Bastaits
et al., 2012; Darling & Toyokawa, 1997; Kim et al., 2015;
Mlynarczyk, 2013). Moreover, another study using these
data demonstrated that these items loaded together on one
factor, separate from the two other factors of the parenting
styles scale employed in FLASHE (Lenne et al., 2018).
Nonetheless, shorter scales can be less reliable than longer
scales, and can attenuate findings related to relationships
with other variables (Luttrell et al., 2017). As such, future
research should examine these hypotheses with longer
loneliness and support scales. Similarly, parental seden-
tariness was captured using only one item, and a longer
scale may more comprehensively evaluate sedentariness.

@ Springer

Relatedly, measures were largely self-report. Even
though the subjective self-report measures of eating and
activity behavior have been validated (Andersen et al.,
2002; Block et al., 2000; Nelson & Lytle, 2009), they may
not have captured consumption or activity as accurately as
objective recordings might have. The self-report limitations
are off-set by the measure of adolescent PA, which was
validated against accelerometer data, and use of a validated
dietary screener (Subar et al., 2015). Of note, however,
despite that adolescent activity was adjusted with this
algorithm, the adjusted estimate may not be reflective of all
adolescents and may have resulted in over-estimation for
some adolescents and under-estimation for others.

In the current study, support was assessed as asymmet-
rical—where the adolescent was the recipient for both
reports. In some ways, this is a strength given that the
relationships themselves are asymmetrical with respect to
support provision and receipt, but future research might
consider provision to parents by adolescents as well. There
may also be factors that moderate the associations observed
in the current study. For example, gender may have played
a role in some of these associations, but this study was not
powered to detect moderation by parent—adolescent gender
patterns (in that there were only 199 father-daughter and
228 father-son dyads, numbers that are underpowered for
the complex structural equation models necessary to
examine the study hypotheses; see Kline, 2004). However,
given that there are gender differences in loneliness and
social support among adults and adolescents (Adamczyk,
2016; Marcoen & Brumagne, 1985), future work should
examine whether the associations observed here depend on
the gender makeup of the parent—adolescent dyad. In
addition, although visible and invisible support was cap-
tured, neither how or exactly what type of support were
provided nor interpersonal closeness between the parent
and adolescent were assessed. Effectiveness of social
support can be altered based on relationship satisfaction
(Konig et al., 2016) and thus, interpersonal closeness or
other markers of relationship quality and satisfaction may
modify these findings. Additionally, high levels of loneli-
ness and low levels of perceived social support are asso-
ciated with depression (e.g., Hagerty & Williams, 1999),
and unfortunately this study did not assess depression;
future research should consider the role of depression along
with support and loneliness to fill this gap. Lastly, analyses
did not consider the role of the built environment in eating
and activity behavior. Features of the built environment,
including the location, density, and accessibility of
restaurants, parks, sidewalks, and transportation systems
(Handy et al., 2002) can influence patterns of eating and
activity, and may moderate the associations observed in
this study. Future research is needed to elucidate the extent
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to which the associations observed in the current study are
consistent across levels of these potential moderators.

Conclusion

These findings add to growing literature on social factors
that may contribute to eating and activity behavior among
dyads. Results suggest that support and loneliness are
associated with eating and activity behaviors at the indi-
vidual level. Moreover, they suggest that both invisible and
visible support may be important in facilitating the support
recipient’s health behaviors but may have some negative
consequences for the provider’s health behaviors. Taken
together, our findings suggest promise for developing
interventions aimed at decreasing loneliness in both parents
and adolescents to facilitate individual participation in
healthy eating and activity. Further, interventions that
encourage support and decrease loneliness at the individ-
ual-level may be successful in increasing participation in
healthy eating and activity behaviors among adolescents.
However, since parents providing such support to their
adolescents may have negative consequences for parental
health behaviors, these efforts may need to be offset with
efforts to support healthy behaviors among parents. Future
experimental and intervention work is necessary to deter-
mine the clinical implications of specific combinations of
support and loneliness for eating and activity behaviors
among parent—adolescent dyads. In conclusion, social
factors and their function within parent—adolescent dyads
are important to investigate and consider when evaluating
or promoting participation in eating and activity behaviors.
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