S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Annals of Epidemiology 53 (2021) 69—75

= Annals
== . of.
Epidemiology

Contents lists available at ScienceDirect

Annals of Epidemiology

Original article
Material hardship, perceived stress, and health in early adulthood N

Check for
updates

Ying Huang, PhD *, Colleen M. Heflin, PhD °, Asiya Validova, MS @

2 Department of Demography, University of Texas at San Antonio, San Antonio
b Maxwell School of Public Affairs and Citizenship, Syracuse University, Syracuse, NY

ARTICLE INFO ABSTRACT

Article history:

Received 18 June 2020

Accepted 21 August 2020

Available online 17 September 2020

Purpose: We examined the associations between material hardship and health outcomes in early
adulthood and the extent to which these associations are mediated by perceived stress.

Methods: We used wave I and IV of the National Longitudinal Study of Adolescent Health, a nationally
representative survey of young adults aged 18—34 years old (n = 13,313). Multivariate logistic regression
and decomposition methods were used to evaluate the associations between types and depth of material
hardship (food, bill-paying, and health resource hardship), health outcomes (self-rated health, depres-
sion, sleep problems, and suicidal thoughts) in early adulthood, and the extent to which these associ-
ations were mediated by perceived stress.

Results: The adjusted odds of fair or poor health status, depression, sleep problems, and suicidal thoughts
were higher among individuals with material hardship than counterparts without. A considerable pro-
portion of the association between material hardship and health outcomes was attributable to perceived
stress.

Conclusions: Material hardship is associated with adverse health outcomes in early adulthood, and these
relationships are robust after accounting for various sociodemographic characteristics and family back-
ground. Perceived stress accounted for a sizable portion of the effects of material hardship on health.
Public Health Implications: Efforts to promote health equity in young adults should focus on material
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hardship and associated stressful conditions.
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Material hardship occurs when people forgo necessities, such as
food, medical care, housing, and basic utilities because of insuffi-
cient financial resources [1,2]. Since the onset of the coronavirus
2019 (COVID-19) pandemic in Spring 2020, 1 in 3 adults report
experiencing material hardship [3,4]. While it is well understood
that mortality and morbidity are generally higher among poor in-
dividuals than among their nonpoor counterparts [5—7], the cor-
relation between material hardship and income poverty is
moderate at best [2,8]. As a consequence, although the health
impact of income poverty on population health has attracted much
attention [9,10], our understanding of the relationship between
material hardship and health outcomes is incomplete, particularly
at the point of emerging and young adulthood (spanning approx-
imately ages 18—30 years old [11]). Young adulthood represents an
important developmental period that is distinct from adolescence
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and older adulthood when investments in education and economic
instability may increase the risk for material hardship. In addition,
the impact of material hardships on health during this life stage
may have implications for the sustained morbidity and mortality
inequalities in later adulthood [12—16].

Previous studies have shown significant correlations between a
single type of material hardship and individual physical and mental
health status. For example, an increasing number of studies on the
relationship between food hardship and health in recent years
suggest that individuals from food insecure households have more
acute and chronic health conditions and are in poorer health than
are their food secure counterparts [17,18]. Another strand of
research examines the causes and consequences of unmet medical
needs. This type of hardship occurs when individuals are unable to
receive needed health care due to cost [19]. Research in this area
suggests that unmet health care needs in emerging adulthood is
common [20,21], and it is a consistent predictor of poor adult health
[22—24]. Another form of material hardship, housing hardship,
occurs when individuals do not have stable housing arrangements.
Individuals who experienced severe housing hardship, such as
eviction and homelessness, suffer more health problems than
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individuals without such housing hardship [25—27]. Finally, bill-
paying hardship occurs when individuals are unable to pay
essential bills. The consequences of bill-paying hardship can be
severe, leading to utility interruption or shutoff, housing instability
or eviction, wage garnishment, or bankruptcy [28]. Each of these
forms of material hardship is experienced as significant stressful
events and are adversely associated with health outcomes, partic-
ularly mental health [29—32].

Psychosocial stress has emerged as a leading mechanism linking
material hardship and poor health. The stress process model pro-
posed by Pearlin [33,34] posits that social characteristics including
those surrounding socioeconomic status lead to stress exposures
that affect health and psychological well-being. The stress process
framework specifically hypothesizes that stressful life conditions
can set in motion physiological responses to maintain equilibrium
within the body and that, under conditions of chronic stress, these
responses may contribute to cumulative indicators of increased
physiological risk [33,34]. Conditions surrounding material hard-
ship may influence health if they are conducive to stress. It is
proposed that individuals experiencing material hardship are more
likely to experience both chronic and acute stressors in their lives
[35,36]. Numerous studies have provided empirical support for the
idea that material hardship is associated with more reported life
stress [37,38]. In addition, when people are exposed to a serious
stressor induced by material hardship, it is very likely that they will
be exposed to other stressors in life as well. Thus, stress related to
material hardship can trigger other stressors and strains, gener-
ating a cluster of stressors and activating physiological stress re-
sponses that may lead to negative health outcomes [39,40].

There is a paucity of research examining the relationships be-
tween material hardship and health outcomes in US young adult
population. No study to our knowledge has examined the relevance
of psychosocial stress in accounting for the effects of material
hardship on young adults’ health. In addition, most existing
research on material hardship and health relied on regional data
[17]. When researchers do use nationally representative surveys to
assess the prevalence and impact of material hardship, they often
focus on children [17,41] or populations traditionally targeted by
the social safety net such as single mother families [42,43] or low-
income households only [17,44]. Such targeting can miss most of
material hardship facing many young adults at the transition to
full-fledged adulthood [45].

To address these gaps in the literature, we use National Longi-
tudinal Study of Adolescent Health (Add Health) data to determine
the associations between types and depth of material hardship and
individuals’ physical and mental health. We also examine the
extent to which perceived psychosocial stress explains the associ-
ations between material hardship and health outcomes. Although
individuals in young adulthood are relatively healthy, studying this
younger and healthier population is important. This is because
health problems such as depression and suicide rates are rising
sharply in young adult population [46,47]. If the adverse impact of
material hardship on health begins early in life, then this denotes a
potentially important intervention point for effective health and
social policies that prevent health inequalities in later adulthood.

Methods

In the analyses, we used data from Add Health, a nationally
representative study of adolescents in grades 7 through 12 in
1994—1995 who were followed into adulthood over four waves of
data collection [48]. The first wave of data collection occurred
during the 1994—1995 school year with 20,745 participants who
were in 7th to 12th grade and consisted of an in-home and in-
school assessment (wave I). A second wave of collection occurred
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the following year in 1996 (wave II; n = 14,738; response rate,
88.6%), and a third wave assessment occurred in 2001—-2002, when
participants were aged 18—26 years (Wave III; n = 15,197; response
rate, 77.4%).The fourth wave assessment was conducted in
2007—-2008 with participants who were then aged 24—32 years
(wave IV; n = 15,701; response rate, 80.3%). Data from wave I and IV
were analyzed because Wave I provided information about family
background, and Wave IV was the only wave that collected infor-
mation on material hardship. Respondents were excluded if they
did not report information on demographic characteristics, family
sociodemographic data, and health information. The final analytical
sample consists of 13,313 respondents. Previous studies analyzed
attrition for potential bias across all waves, with results showing
minimal to no bias to study estimates [49].

Measures

Dependent variables

Four measures of health outcomes were assessed. Self-rated poor
health was assessed at wave IV using a single question (“In general,
how would you rate your health?”). Responses of poor and fair are
grouped into poor health, and responses of good, very good, and
excellent are categorized as good health. The use of self-rated poor
health intends to capture a holistic view of health among young
adults; it is reported to measure the same construct among
different ethnicities of adolescents and young adults [50]. Depres-
sion was measured using 20 items of a slightly modified version of
the Center for Epidemiological Studies Depression [51,52]. A cut
point of >22 for men and >24 for women was established to
maximize the sensitivity and specificity for detecting major
depressive disorder in young adults [53]. Sleep problems was
assessed by asking how often respondents had trouble falling and
staying asleep through the night in the last four weeks. Re-
spondents could choose from the following categories: never in the
past four weeks, less than once a week, one or two times a week,
three or four times a week, and five or more times a week. In
addition, respondents were asked whether there were times when
they snored or stopped breathing while sleeping. We used this
information to create a dichotomous variable of sleep problems
(=1) if respondents reported having any trouble falling and staying
asleep or reported snoring/sleep apnea during the past four weeks.
Suicidal thoughts are a dichotomous variable that measure whether
respondents reported yes to the following question: “During the
past 12 months, have you ever seriously thought about committing
suicide?” These health measures are chosen because they are sig-
nificant health issues faced by young adults [54—56], and these
health issues are established predictors of morbidity and mortality
in later adulthood [57,58].

Independent variables

Wave IV collected information on several types of material well-
being. Each form of material hardship was represented with a
dichotomous measure that indicated if the hardship was present
(or not). Food hardship was indicated if the respondent answered
affirmatively to the question: “in the past 12 months, was there a
time when you worried whether food would run out before you
would get money to buy more?” Bill-paying hardship was indicated
if respondent had trouble paying utility, phone, rent/mortgage bills
in the past 12 months. In the survey, respondents were asked if they
did not pay the full amount of a gas, oil, or electricity bill had the
service turned off by the gas or electric company, or the oil com-
pany would not deliver, or were without phone service. Re-
spondents were also asked “was there a time when you didn't pay
the full amount of the rent or mortgage because you didn't have
enough money,” or “evicted from your house or apartment for not
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paying the rent or mortgage the full amount because you didn't
have enough money.” If any of these items was answered affirma-
tively, the respondent was coded as having bill-paying hardship.
Health-resource hardship was indicated if the respondent lacked
health insurance in the past 12 months or answered in the affir-
mative to the question “In the past 12 months, has there been any
time when you thought you should get medical care, but you did
not?” Material hardship was then assessed in three ways: a) any
experience of material hardship, b) types of material hardship, and
c) total count of material hardship. Any experience of material
hardship is a dichotomous measure that takes a value of 1 if
respondent experienced at least one type of hardship in bill-paying,
food, or access to health care. A summary score of material hardship
is a count of total number of hardships experienced by a respondent
which takes a value between 0 (no hardship) and 3 (all three do-
mains of hardship). This summary score can estimate the degree of
material hardship experienced by an individual overall. We also
investigated the correlations between types of hardship and the
health outcomes of young adults. We constructed our domain
measures to closely match prior studies [1,44,59]. Measures of
hardship domains provide information on whether particular types
of hardship are more strongly related to a specific health outcome,
and models that look at domains of hardship are superior to fully
disaggregated measures [1].

Perceived psychological stress

A shorter version of the original Perceived Stress Scale by Cohen
et al, consisting of four items, was used to measure respondents’
perceived stress [60]. During wave IV interviews, respondents were
asked how often in the past 30 days they (i) were unable to control
important things in their lives, (ii) felt confident in their ability to
handle their personal problems (reverse coded), (iii) felt things
were going their way (reverse coded), and (iv) felt that difficulties
were piling up so high that they were unable to overcome them.
The response set to these items ranged from 0 (never), 1 (almost
never), 2 (sometimes), 3 (fairly often), to 4 (very often). Responses
to the four items were summed together to create the Perceived
Stress Scale, with higher values representing more perceived stress
(e = .73). Previous research has established the validity and reli-
ability of this measure in predicting health status [61,62].

Control variables

We controlled for several demographic characteristics previ-
ously shown to significantly predict young adult health, including
age, sex, race/ethnicity, and immigration status. Age was a contin-
uous measure, and we coded sex as 1 if respondent was woman and
0 if man. Race/ethnicity was a categorical variable, distinguishing
non-Hispanic whites from Hispanics, African Americans, Asians,
and other racial/ethnic groups. Respondent was defined as an
immigrant if she/he was born outside of the United States. Other
potential individual-level confounders of interest included educa-
tional attainment, family income, homeownership status, and
recent job loss. Educational attainment was categorized as high
school or less (reference group), some college, and college or more.
Annual family income was recoded to a series dummy variable:
$24,999 or less (reference), $25,000—39,999, $40,000—74,999,
$75,000, and more. Homeownership (=1 if yes) and recent job loss
(=1 if yes) were both dichotomous measures. We also included
number of kids in the household and receipt of public assistance, as
well as health behaviors including physical inactivity (=1 if yes)
and whether respondent was a smoker (=1 if yes) at the time of
survey. Finally, because family background and health profiles in
adolescence may confound the relationship between material
hardship and health outcomes in young adulthood [63,64], we
further controlled for parental highest educational attainment and
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family structure. The former was measured as a categorical variable
ranging from less than high school to college or more. The family
structure was a categorical variable distinguishing two-parent
household, single-parent household, and other types of house-
hold. Parallel measures of adolescent self-rated poor health and
depressive symptom scores were also included as covariates in the
analysis. All these family background information and health
covariates were taken from Wave 1.

Analytical strategy

We first used logistic regression models to estimate each of the
four self-reported health conditions as a function of material
hardship. In the second analytic stage, we used the method
developed by Karlson, Breen, and Holm [65—67] (KHB method
hereafter) to assess the extent to which the associations between
types of material hardship and health outcomes were attributable
to perceived stress. In the traditional mediation analysis, the total
effect of a certain variable on the outcome of interest cannot be
decomposed into direct and indirect effects when using logit
models because the error variance in a nonlinear probability model
varies across models [68]. The KHB method addresses this problem
and can be applied to nonlinear probability models. It estimated all
(i.e., direct, indirect, and total) effects on the same scale, and the
coefficients in logit models are thus not affected by rescaling,
particularly when the total effect is decomposed into the direct and
indirect effects. This value allowed researchers to compare the
coefficients without any scale identification issues. Analyses were
conducted with Stata version 15 (Stata, College Station, TX) to ac-
count for the complex sample design and provide estimates
representative of the noninstitutionalized US population.

Results

Table 1 presented weighted descriptive statistics for the analytic
sample. Almost one in tenth (8.90%) of respondents reported
experiencing fair or poor health. About 18.30% of respondents re-
ported depression, 12.20% reported sleep problems, and 6.40% re-
ported suicidal thoughts. We observed that almost a quarter
(23.4%) of young adults experienced at least one domain of material
hardship during the past 12 months. The most common problems
were health-resource hardship (35.90%), followed by bill-paying
hardship (20.00%), and food hardship (10.80%). In addition, re-
spondents were, on average, 29 years old (SD = 1.74). Among them,
56% were non-Hispanic white, 21% non-Hispanic black, 16% His-
panic, 6% Asian, and 1% other races. More than one fifth of re-
spondents (21.20%) did not have education beyond the high school
level. About 15% of respondents reported annual family income
below $25,000. Less than half of respondents were homeowners.
Nearly 30% of young adults in the sample experienced a recent job
loss, and more than 20% received public assistance during the past
year. These descriptive statistics portrayed the economic vulnera-
bility faced by young people. Although respondents had low
depressive symptom scores in adolescence (13.17) and only a small
proportion of respondents rated their health as poor (6.6%), they
faced considerable disadvantage in family environment. For
example, nearly half of respondents did not have both parents
present at home in adolescence and more than one third of re-
spondents’ parents did not have education beyond high school.

Table 2 presented the results of the logistic regression models
that estimate health conditions as a function of material hardship.
Panel 1 presented the association between any type of material
hardship and health outcomes, adjusting for demographic and so-
cioeconomic variables. The results show that individuals with any
kind of material hardship, compared with their counterparts
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Table 1
Descriptive statistics for variables in the analysis of material hardship and health
outcomes in emerging adulthood: add Health IV

Variables Mean or % SD. Range
Dependent variables

Self-rated poor health 8.90%

Depression 18.30%

Sleeping problems 12.20%

Suicidal thoughts 6.40%

Material hardship measures

Any material hardship 23.40%

Number of material hardship 0.44 0.94
Types of material hardship

Food hardship 10.80%

Bill-paying hardship 20.00%

Health-resource hardship 35.90%
Mediator

Perceived stress 4.72 291 0-16
Control variables

Age 28.97 1.74 24-34

Female 53.70%
Race/ethnicity

Non-Hispanic white 56.30%

Hispanic 15.60%

African American 20.60%

Asian 6.40%

Other racial groups 1.10%

Foreign-born immigrant 6.10%
Educational attainment

High school or less 21.20%

Some college 44.50%

College or more 34.30%

Family income

0—-$24,999 15.40%

$25,000—$39,999 27.90%

$40,000—$74,999 24.60%

$75,000 and up 32.10%
Homeownership (yes = 1) 42.60%

Recent job loss (yes = 1) 29.40%

Number of kids 0.92 1.14 0-7
Ever married (yes = 1) 51.60%

Received public assistance (yes = 1) 22.10%

Smoker (yes = 1) 20.70%

Physical inactivity (yes = 1) 14.70%

Parental education (wave I)

Less than high school 12.30%

High school 24.70%

Some college 26.20%

College or more 36.90%

Family structure (wave I)

Two-parent household 54.80%

One-parent household 26.10%

Other types of households 19.10%
Depressive score (wave I) 13.17 6.99 0-56
Self-rated poor health (wave I) (yes = 1) 6.60%

N 13,313

without a hardship, have 1.66 (95% confident interval (CI) = 1.64,
1.68) times the odds of poor health, 1.56 (95% CI = 1.35, 1.81) times
the odds of depression, 1.49 (95% CI = 1.24, 1.79) times the odds of
having sleep problems, and 2.13 (95% CI = 1.65, 2.75) times the odds
of having suicidal thoughts. Also presented is the average marginal
effects (AMEs). The AMEs in panel 1 indicate that, compared with
individuals of no material hardship, individuals of any material
hardship have around .04 higher predicted probability of reporting
poor health, sleep problems, and suicidal thoughts and .06 higher
predicted probability of having depression. In panel 2, we examined
the association between the depth of material hardship and health.
The results show that there is a strong dose effect of material
hardship on young adults’ health; increases in the depth of material
hardship are significantly associated with worsened self-rated
health, higher risk of reporting depression, sleep problems, and
suicidal thoughts. The AMEs suggest that, for one additional type of
material hardship experienced by young adults, the predicted
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probability of reporting health problems is expected to increase by
.01—-.03 points.

The models examining the effects of different types of material
hardship were presented in panel 3 of Table 2. The results show that
there are significant effects of material hardships on young adults’
health over and beyond effects of individual sociodemographic
factors. When domains of material hardship indicators (food
hardship, bill-paying hardship, and health-resource hardship) are
used in the models, different types of material hardship are asso-
ciated with worse health outcomes, suggesting that individuals
with different types of material hardship are more likely to be in
poorer self-rated health, depression, and to have sleep problems
and suicidal thoughts than are individuals not experiencing these
hardships. In supplemental analysis, we conducted paired tests of
coefficients to test whether different domains of material hardships
have differential impact on respective health outcomes. All paired
tests revealed that the differences in the coefficients of material
hardship types were not different from zero. The results suggest
that the relative association of each form of material hardship and
health outcomes were quite similar.

Next, we introduced the proposed mediating variable—per-
ceived stress—into the models to potentially explain why in-
dividuals with material hardship have poorer health outcomes than
individuals without these hardships. Table 3 summarized the re-
sults from models with and without perceived stress, which were
referred to as direct and total effects of material hardship, respec-
tively. Captured by the term A (%) due to perceived stress in Table 3,
the results suggest that the associations between material hardship
and different health measures are attributable, to a varying degree,
to perceived stress. For example, perceived stress accounts for a
significant portion of the effects of bill-paying hardship on self-
rated poor health (43%), depression (103%), sleep problems (44%),
and suicidal thoughts (103%). In addition, perceived stress also
explained more than 30% of the effect of food hardship on all health
measures. Figure 1 visually presented the role of perceived stress in
accounting for the associations between material hardship and
different health measures, captured by the term 4 (%) due to
perceived stress in Table 3. On every health measure, at least a
quarter of the health effect of material hardship is attributable to
perceived stress. Specifically, as indicated by the orange bars, the
indirect effect of perceived stress is especially pronounced for the
relationship between bill-paying hardship and mental health out-
comes: it explained nearly half of the total effect on sleep problems
(44%), all effect on depression (103%), and virtually all effect on
suicidal thoughts (103%).

Discussion

Even though individuals in young adulthood face greater
financial instability than prime-aged adults, very little research has
investigated young adults' experiences with material hardship and
its health consequences. Using data from Add Health, we have
provided the first examination of the association between material
hardship and self-reported health among young adults. We also
assessed the mediating role of perceived stress in accounting for
these associations. Findings from this study enhanced the under-
standing of the role that material hardship plays in the etiology of
young adults’ health in two ways. First, our findings provided evi-
dence that health was shaped by unmet needs for adequate food,
housing, utility, and health care. Experiences in material hard-
ship—measured as any hardship, total count of hardships, and
types of hardship in food, bill-paying, and health resources—were
associated with poor health and mental health issues such as
depression and suicidal thoughts, independent of their socio-
demographic background, including income and education. The
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Weighted logistic regression models of material hardship types and health outcomes, add health wave IV

Poor health Depression Sleep problems Suicidal thoughts
OR (95% CI) AME OR (95% CI) AME OR (95% CI) AME OR (95% CI) AME
Panel 1: Any material hardship
Had any material hardship 1.66*** (1.64, 1.68)  0.04***  1.56*** (1.35, 1.81) 0.06***  1.49*** (1.24, 1.79) 0.04***  2.13*** (1.65, 2.75) 0.04***
Panel 2: Depth of material hardship
Number of hardships 1.17%%* (1.16, 1.18)  0.01***  125%** (1,17, 1.34)  0.03***  1.21*** (1.12,1.31) 0.02***  1.39%** (1.28, 1.50) 0.02***
Panel 3: Types of material hardship
Food hardship 1.41%** (1.39, 1.44)  0.03**#*  1.47***(1.23,1.76) 0.05%** 1.32*%* (1.07, 1.62)  0.03***  2.20%** (1.65, 2.94)  0.04***
Bill-paying hardship 1.27*** (1.25,1.29)  0.02* 1.30%** (1,11, 1.52)  0.03*** 1.30** (1.08, 1.54)  0.03** 1.35%(1.01, 1.82)  0.02*
Health-resource hardship 1.71%** (1.69, 1.73)  0.04***  1.52*** (1.31,1.76)  0.05** 1.44*** (1.23,1.69) 0.04***  1.63*** (1.30, 2.04) 0.03**

*P < .05, **P < .01, ***P < .001 (two tailed tests).
Each column and panel is from a different logistic regression.

Control variables include age, sex, race/ethnicity, immigration status, educational attainment, family income, homeownership status, employment status (recent job loss),
number of kids in the household, receipt of public assistance, health behaviors including physical inactivity and smoking, as well as family background information including
parental highest educational attainment and family structure from Wave I, and self-rated poor health and depressive symptom scores in Wave I. See Appendix Table S1 for full

listing of the covariates.

Comparisons of significant differences between all types of hardships show no evidence to suggest that they have different impacts on health outcomes.

n=13,313.
AME = Average marginal effects.

health measures we used were widely studied predictors of mal-
adjustment in later adulthood, including depression, a leading
cause of disability and health burden worldwide [69,70]. This
finding, derived from a nationally representative cohort sample,
constitutes the strong evidence that along with conventional
measures of socioeconomic status, material hardship is another
important social determinant of health in young adulthood.
Second, strong correlations between types of material hardship
and health outcomes were attenuated or eliminated after we
controlled for perceived stress. The results are consistent with ar-
guments that material hardship constitutes a distinct source of
stress in the already stressful lives of young people. The stress level,
in turn, is adversely related to multiple health outcomes [71]. Being
unable to provide needed food, shelter, health care, and other ne-
cessities for oneself or one's family represents a significant stressor
that have been linked to a variety of adverse physiological re-
sponses that are thought to damage health [72]. Among three types
of material hardship, bill-paying hardship seems to have a pro-
nounced impact on young adults’ mental health outcomes through
its effect on elevating perceived stress. It may be that being behind
on payments induces fear of housing loss, involuntary move, and

Table 3

threatens the central identity of being independent. These negative
feelings, in turn, can induce and elevate stress that could be
detrimental for young adults' mental health.

Limitations

Our study had several limitations. First, our results pertain to
health outcomes at young adulthood. Thus, it is unclear how ma-
terial hardship would be associated with morbidity and mortality
later in life, when such hardship could be more consequential.
Second, the statistical associations in this study were based on
observational data that prevent causal conclusions. Although we
controlled for a robust set of covariates, including income, it is
possible that those who experienced material hardship differ in
unobserved ways from those who did not experience material
hardship. We subjected our main findings to sensitivity checks by
replicating the associations between material hardship and health
outcomes by using propensity score matching and inverse proba-
bility weighting; these are methods that are thought to be rigorous
by reducing the potential impact of selection bias. In all cases, the
results were qualitatively similar to the main findings. In addition,

Weighted KHB decomposition of nested logistic regression models of material hardship types and health outcomes, add health wave IV

Reduced (effect

Full (effect with

Total difference A (%) due to stress'

without mediator) mediator)
Outcome: Poor health b OR b OR b OR (95% CI)
Food hardship 0.35%** 141 0.24 1.27 0.1 1.12 (0.06, 0.16) 31%
Bill-paying hardship 0.24%** 1.27 0.14 1.15 0.10%** 1.11 (0.06, 0.15) 43%
Health-resource hardship 0.54%#%** 1.71 0.48%*x* 1.62 0.06%*** 2.01 (0.03, 0.10) 12%
Outcome: Depression
Food hardship 0.45%*%* 1.47 0.11 1.12 0.34%** 1.36 (0.22, 0.41) 73%
Bill-paying hardship 0.27*** 1.30 -0.01 0.99 0.28*** 1.34 (0.19, 0.38) 103%
Health resource-hardship 0.42%#* 1.52 0.14%* 1.15 0.28%#* 1.32(0.10, 0.27) 42%
Outcome: Sleep problem
Food hardship 0.28+* 1.32 0.15 1.16 0.13%** 1.14 (0.08, 0.18) 46%
Bill-paying hardship 0.26** 1.30 0.15 1.16 0.171%** 1.13 (0.08, 0.16) 44%
Health resource-hardship 0.37%#* 1.44 0.29%#* 1.34 0.08*#* 1.08 (0.04, 0.12) 21%
Outcome: Suicidal thoughts
Food hardship 0.79%** 2.20 0.52%** 1.68 0.27%** 1.40 (0.23, 0.45) 40%
Bill-paying hardship 0.32* 1.35 0.01 0.99 0.31%** 1.36 (0.21, 0.42) 103%
Health resource-hardship 0.49%+* 1.63 0.30* 135 0.20%** 1.22 (0.10, 0.30) 40%

*P < .05, **P < .01, ***P < .001 (two tailed tests).

Control variables include age, sex, race/ethnicity, immigration status, educational attainment, family income, homeownership status, recent job loss, number of kids in the
household, receipt of public assistance, as well as health behaviors including physical inactivity and smoking.

Complete tables listing all coefficients are shown in Appendix Table S1.
n=13313.
KHB = Karlson-Holm-Breen.

T A(%) is the percentage reduction in the logit coefficient between the reduced and full models attributable to perceived stress, net of rescaling.
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Fig. 1. Percentage of total effect of material hardships on health outcomes due to perceived stress, Add Health wave IV.

our falsification test suggests that prior health problems (measured
as poor self-rated health, depression, and sleep problems) have no
statistically significant association with concurrent material hard-
ship. We present these sensitivity analysis results in Appendix 1.
Finally, although we found that the stress pathway is responsible
for some of the health effects of material hardship, we cannot
preclude other plausible mechanisms through which material
hardship may influence health. For example, nutritional de-
ficiencies may accompany food hardship, which in turn, leads to
poor health outcomes. It is also plausible that the bill-paying
hardship exposes individuals to hazardous living conditions that
bring harm to physical and mental health. Future research may
consider using longitudinal data to address some of these limita-
tions. It may also be fruitful to investigate other mechanisms
through which material hardship adversely impacts health in
young adulthood. Despite these limitations, the empirical evidence
presented here underscored the role of material hardship as a social
determinant of population health in young adulthood.

Public health implications

Our findings suggest that strategies to improve population
health and to reduce health disparities must address a range of
basic human needs in emerging adulthood, including affordable,
quality health care, food, and housing. Considering the significant
impact of the coronavirus 2019 pandemic on material hardship,
federal, state, and local responders need to consider targeted so-
lutions to ensure that young adults can stay fed and their basic
needs are met. Given that a significant portion of the health effects
of material hardship operated through perceived stress, efforts to
promote health equity in young adults should focus on material
hardship and associated stressful conditions. Communities and
local governments may consider providing short-term, emergency
assistance and other public services for those young adults who are
facing material hardships. Expansion of affordable housing and
other need-based assistance may also help diminish the potential
health tolls linked to material hardship.
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Appendix
Table S1
0Odds ratios from logistic regression models predicting the relationship between types of material hardship and health outcomes, Add Health wave I & IV
Poor health Depression Sleep problems Suicidal thoughts
Reduced model Full model Reduced model Full model Reduced model Full model Reduced model Full model
OR OR OR OR OR OR OR OR
Food hardship 1.471%%* 1.27 1.47%** 1.12 1.32%* 1.16 2.20%** 1.68**
(1.39, 1.44) (0.97, 1.68) (1.45, 1.50) (0.92,1.35) (1.30, 1.34) (0.94, 1.43) (2.16, 2.25) (1.26, 2.27)
Bill-paying 1.27%%* 1.15 1.30%** 0.99 1.30%* 1.16 1.35* 0.99
hardship
(1.25,1.29) (0.90, 1.46) (1.29, 1.32) (0.98, 1.01) (1.29, 1.33) (0.96, 1.40) (1.23,1.48) (0.71, 1.37)
Health-resource 1.71%%x* 1.62%xx* 1.52%xx* 1.15%* 1.44%#x* 1.34#xx* 1.63%#xx* 1.35*
hardship
(1.69, 1.73) (1.39, 1.73) (1.50, 1.53) (1.10, 1.41) (1.42, 1.46) (1.14, 1.57) (1.61, 1.66) (1.07, 1.70)
Perceived stress 1.10%** 1.30%** 1,120 1.34%*
(1.08, 1.11) (1.29, 1.31) (1.11, 1.12) (1.33,1.34)
Control variables
Age at wave IV 1.04%+** 1.04%+** 0.98*** 0.98+** 0.98*** 0.98*** 0.94** 0.94**
(1.03, 1.04) (1.03, 1.04) (0.98, 0.99) (0.98, 0.98) (0.98, 0.99) (0.98, 0.99) (0.94, 0.95) (0.94, 0.95)
Female 1.15%** 1.17%%* 2.27%** 2.07*** 0.971%** 0.87** 1.16%** 0.99
(1.14,1.17) (1.10, 1.12) (2.19, 2.23) (2.04, 2.09) (0.90, 0.92) (0.86, 0.88) (1.14,1.17) (0.98, 1.01)
Race/ethnicity
Hispanics 2.04x** 2.11%%* 0.48+** 0.49%** 1.14%** 1.17%%* 0.61%** 0.65%**
(2.01, 2.07) (2.07,2.14) (0.47, 0.49) (0.48, 0.50) (1.12,1.15) (1.15, 1.19) (0.60, 0.63) (0.63, 0.67)
Non-Hispanic 1.33*** 1.34%+** 0.48+** 0.45%** 0.86%** 0.86%** 0.75%** 0.75%**
black
(1.31, 1.35) (1.32,1.37) (0.47, 0.48) (0.45, 0.46) (0.85, 0.88) (0.85, 0.88) (0.74, 0.77) (0.74, 0.77)
Non-Hispanic 1.82%xx* 1.74%** 0.427** 0.35%** 0.85%** 0.80%x** 0.66%** 0.59%**
Asian
(1.77, 1.87) (1.70, 1.79) (0.40, 0.43) (0.34, 0.36) (0.82, 0.87) (0.77, 0.82) (0.64, 0.69) (0.57, 0.61)
Non-Hispanic 1.62%%** 1.59%** 1.05* 0.93*x* 0.80%** 0.75%** 0.63*** 0.55%**
other races
(1.54, 1.71) (1.51, 1.67) (1.00, 1.09) (0.89, 0.97) (0.76, 0.84) (0.71, 0.79) (0.59, 0.68) (0.51, 0.60)
Educational
attainment
(reference =
high school or
less)
Some college 0.83*** 0.84*** 1.20%%** 1.22%%* 1.08*** 1.09%** 1.18*%** 1.18*%**
(0.82, 0.84) (0.83, 0.85) (1.18, 1.21) (1.21, 1.24) (1.06, 1.09) (1.07, 1.10) (1.15, 1.20) (1.16, 1.21)
College or more 0.41 %% 0.42%xx* 1,120 1.17%%* 0.79%x* 0.81%#*x* 0.96%* 1.00
(0.40, 0.42) (041, 0.43) (1.10, 1.14) (1.15, 1.19) (0.78, 0.80) (0.79, 0.82) (0.93, 0.98) (0.98, 1.03)
Family income
(reference =
below $24,999)
$25,000—$39,999 0.77%** 0.77%** 0.71%** 0.69%** 0.96%** 0.96%** 1.09%%** 1.08***
(0.76, 0.79) (0.75, 0.78) (0.70, 0.72) (0.68, 0.70) (0.94, 0.98) (0.94, 0.97) (1.07,1.11) (1.06, 1.11)
$40,000—$74,999 0.77** 0.77+** 0.98+* 0.97+** 1.24%%* 1.24%%* 1.12%%* 1.10%**
(0.76, 0.79) (0.75, 0.78) (0.96, 0.99) (0.95, 0.99) (1.21, 1.26) (1.21, 1.26) (1.09, 1.15) (1.07, 1.13)
$75,000 and up 0.73%** 0.73%** 0.78*** 0.80%** 1.15%** 1.17%** 1.14%** 1.18**x*
(0.71, 0.74) (0.72, 0.75) (0.77, 0.80) (0.79, 0.81) (1.13,1.17) (1.14, 1.19) (1.11,1.17) (1.15,1.21)
Homeownership 0.81%** 0.84** 0.81%** 0.90%** 0.77** 0.81%** 0.66%** 0.74**
(yes=1)
(0.80, 0.82) (0.83, 0.85) (0.80, 0.82) (0.89, 0.91) (0.76, 0.78) (0.80, 0.82) (0.65, 0.67) (0.73, 0.75)
Foreign-born 0.69%** 0.70%** 0.65%** 0.68*** 0.65%*** 0.66%** 1.36%** 1.50%**
immigrant
(yes=1)
(0.67, 0.71) (0.68, 0.72) (0.63,0.67) (0.66, 0.70) (0.63, 0.67) (0.64, 0.68) (1.31,1.41) (1.44, 1.56)
Recent job loss 1.05%** 1.02** 1.24%%* 1.16%** 1.23%%* 1.20%** 1.28*%* 1.17%%*
(yes=1)
(1.04, 1.06) (1.01, 1.03) (1.23,1.25) (1.14,1.17) (1.22,1.25) (1.18,1.21) (1.26, 1.30) (1.15,1.19)
Number of kids 0.93*** 0.93%** 0.97*** 0.96%** 1.03*** 1.02%%** 0.97*** 0.95%**
(0.93, 0.94) (0.92, 0.93) (0.97, 0.98) (0.95, 0.96) (1.02, 1.03) (1.02, 1.03) (0.96, 0.98) (0.95, 0.96)
Ever married (yes = 1.24%%* 1.25%%* 0.96%** 1.00 1.05%** 1.07%%* 1.09%** 1.1 1%0*
1)
(1.23,1.26) (1.24,1.27) (0.95, 0.97) (0.99, 1.02) (1.04, 1.06) (1.06, 1.08) (1.07, 1.11) (1.09, 1.13)
Current smoker 1.32%%% 1.30%** 1.19%%* 1.12%%* 1.05%** 1.02%* 1.18%%* 1.08%x*
(yes=1)
(1.30, 1.34) (1.28, 1.31) (1.17, 1.20) (1.11, 1.14) (1.03, 1.06) (1.01, 1.03) (1.16, 1.20) (1.06, 1.10)
Physical inactivity 1.26%** 1.22%%x* 1.38*** 1.30%** 0.91%** 0.88+** 1.28*** 1.17%%*
(yes=1)
(1.25, 1.28) (1.21, 1.24) (1.37, 1.40) (1.28, 1.31) (0.90, 0.93) (0.86, 0.89) (1.25, 1.30) (1.08, 1.13)
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Poor health Depression Sleep problems Suicidal thoughts
Reduced model Full model Reduced model Full model Reduced model Full model Reduced model Full model
OR OR OR OR OR OR OR OR
Receipt of public 1.27 %= 1.19%*=* 1.38%*x* 1.39%*x* 1.16%*=* 1.15%*=* 1.05%*x* 1.02*
assistance (yes =
1)
(1.19, 1.23) (1.17,1.21) (1.36, 1.39) (1.38,1.41) (1.15,1.18) (1.13,1.17) (1.03, 1.07) (1.00, 1.04)
Parental
educational
attainment
(wave I)
(reference = less
than high school)
High school 0.87*** 0.85%** 1.14%%x* 1.08%*x* 1.04%*x* 1.02* 0.82%x* 0.77%**
(0.86, 0.89) (0.84, 0.87) (1.12,1.16) (1.06, 1.10) (1.02, 1.06) (1.00, 1.04) (0.80, 0.84) (0.75, 0.79)
Some college 0.97** 0.95%#* 1.16%%* 1.13%%* 1.27%%* 1.25%x%* 1.04%* 0.99
(0.95, 0.99) (0.94, 0.97) (1.14,1.19) (1.11, 1.15) (1.25,1.29) (1.23,1.27) (1.01, 1.07) (0.96, 1.02)
College or more 0.85%#* 0.84##* 1.29%%* 1.26%** 0.90%** 0.89%#* 1,12k 1.07%%*
(0.83,0.87) (0.83, 0.86) (1.27,1.32) (1.24, 1.28) (0.89, 0.92) (0.87,0.91) (1.09, 1.15) (1.04, 1.10)
Family structure
(wave I)
(reference =
two-parent
household)
One-parent 0.96%** 0.96%** 1.20%*x* 1.18%xx* 1.13%x 1,125 1.08%*x* 1.05%*x*
household
(0.95, 0.98) (0.95, 0.97) (1.19, 1.22) (1.17,1.20) (1.11, 1.14) (111, 1.14) (1.06, 1.10) (1.03, 1.07)
Other types of 1.01 1.02 1.19%xx* 1.18%xx* 0.87x* 0.87*x* 1.23%x* 1.27 %%
households
(1.00, 1.03) (1.00, 1.03) (1.18,1.21) (1.16, 1.19) (0.86, 0.88) (0.86, 0.88) (1.20, 1.25) (1.19,1.23)
Depressive 1.07%*=* 1.07%*=* 1.05%*x* 1.03%*x* 1.03%*x* 1.02%*x* 1.04%*x* 1.02%*x*
symptom score
(wave I)
(1.01, 1.01) (1.01, 1.01) (1.05, 1.05) (1.03, 1.03) (1.03, 1.03) (1.02, 1.02) (1.04, 1.04) (1.02, 1.02)
Self-rated poor 247 247 %% 1,23k 1.22%%* 1.22%%* 1.27 %% 1.06%** 1.05%#*
health (wave I)
(2.37,2.45) (2.37,245) (1.21,1.25) (1.20, 1.24) (1.20, 1.24) (1.19,1.23) (1.03, 1.08) (1.02, 1.08)
N 13,313 13,313 13,313 13,313 13,313 13,313 13,313 13,313

*P < .05, **P < .01, ***P < .001 (two-tailed tests).
95% confidence intervals in parentheses.

OR = odds ratio.

Table S2

0Odds ratios and coefficient from regression models predicting the relationship between wave IIl health conditions and wave IV material hardships and perceived stress

Food hardship Bill-paying Health-resource Any material Number of Perceived stress
hardship hardship hardship material hardship
OR OR OR OR OR b
Self-rated poor health 1.11 0.95 0.89 0.98 0.99 0.18
in wave III
(0.83, 1.48) (0.74,1.21) (0.70, 1.15) (0.77, 1.24) (0.78, 1.24) (-0.08, 0.45)
Depressive symptom score 1.13 1.02 1.14 1.07 1.06 -0.04
in wave III
(0.87,1.47) (0.79, 1.31) (0.93, 1.40) (0.85, 1.35) (0.85, 1.33) (-0.27,0.19)
Sleeping problems in wave III 0.94 0.95 1.05 0.96 0.95 —0.13%**
(0.84, 1.06) (0.85, 1.05) (0.96, 1.14) (0.87, 1.06) (0.86, 1.04) (-0.21, —-0.05)
Control variables Yes Yes Yes Yes Yes Yes
N 13,044 13,044 13,044 13,044 13,044 13,044

*P < .05, **P < .01, ***P < .001 (two-tailed tests).
95% confidence intervals in parentheses.
All models controlled for covariates shown in Table S1.

OR = odds ratio.
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Table S3
The average treatment effects (ATE) of any material hardship on different health outcomes, Add Health wave I to wave IV
ATE Std. Err. 95% CI for ATE
Estimates from inverse probability weighting (IPW)’
Poor health 0.06%** (0.01) (0.04, 0.08)
Depression 0.08%#** (0.01) (0.06, 0.11)
Sleep problem 0.04+++ (0.01) (0.02, 0.06)
Suicidal thoughts 0.04*** (0.01) (0.03, 0.06)
Estimates from propensity score matching (PSM)
Poor health 0.05%++ (0.01) (0.03, 0.07)
Depression 0.08%*3* (0.01) (0.06, 0.11)
Sleep problem 0.04#** (0.01) (0.02, 0.06)
Suicidal thoughts 0.04%#** (0.01) (0.03, 0.06)

Each column and panel is from a different ATE estimate.
*P < 05, **P < .01, ***P < 0.001 (two-tailed tests).
95% confidence intervals in parentheses.
n=13313.
Std. Err. = standard error.

I We use teffects commands in STATA 15 to estimate the average treatment effects using IPW approach. See Graham, Campos De Xavier Pinto [1] for details of the IPV
methodology.

¥ We use teffects commands in STATA 15 to estimate the average treatment effects using PSM approach. The independent variables used in the propensity score matching
include factors that are hypothesized to affect the probability of experiencing any material hardship and/or health outcomes. This constraint guides our choice of socio-
demographic variables in the propensity scores, including age, sex, educational attainment, race/ethnicity, earnings, citizenship status, unemployment status, family size, and
number of kids, receipt of public assistance, consistent depression (wave I through III), consistent poor health (wave I through III), family structure (wave I), and parent-child
relationship quality (wave I) in calculating the propensity score.
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