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ARTICLE INFO ABSTRACT
Keywords: COVID-19 has caused over 300,000 US deaths thus far, but its long-term health consequences are not clear.
Health risk behavior Policies to contain the pandemic have led to widespread economic problems, which likely increase stress and

Financial stress
COVID-19
Cardiovascular disease
Women'’s health

resulting health risk behaviors, particularly among women, who have been hardest hit both by job loss and
caregiving responsibilities. Further, women with pre-existing disadvantage (e.g., those without health insurance)
may be most at risk for stress and consequent health risk behavior. Our objective was to estimate the associations
between financial stressors from COVID-19 and health risk behavior changes since COVID-19, with potential
effect modification by insurance status. We used multilevel logistic regression to assess the relationships between
COVID-19-related financial stressors (job loss, decreases in pay, trouble paying bills) and changes in health risk
behavior (less exercise, sleep, and healthy eating; more smoking/vaping and drinking alcohol), controlling for
both individual-level and zip code-level confounders, among 90,971 US women who completed an online survey
in March-April 2020. Almost 40% of women reported one or more COVID-19-related financial stressors. Each
financial stressor was significantly associated with higher odds of each type of health risk behavior change.
Overall, reporting one or more financial stressors was associated with 56% higher odds (OR = 1.56; 95% CI:
1.51, 1.60) of reporting two or more health risk behavior changes. This association was even stronger among
women with no health insurance (OR = 2.46; 95% CI: 1.97, 3.07). COVID-19-related economic stress is thus
linked to shifts in health risk behaviors among women, which may have physical health consequences for years
to come. Further, the relationship between financial hardship and health risk behavior among women may be
modified by health insurance status, as a marker for broader socioeconomic context and resources. The most
socioeconomically vulnerable women are likely at highest risk for long-term health effects of COVID-19 financial
consequences.

1. Introduction physical health toll of the virus. As of mid-December 2020, in the United
States (US), there were almost 17 million cases and over 300,000 deaths
The coronavirus disease 2019 (COVID-19) pandemic and its conse- due to COVID-19 (Coronavirus Disease 2019 (COVID-19): Cases, Data, &

quences have disrupted the world—straining health system capacities, Surveillance: Cases in the US. Centers for Disease Control and Prevention,
harming global and local economies, and leading to unprecedented 2020). Between March and April 2020, forty-two states issued
changes in the functioning of every-day life for many, on top of the shelter-in-place or stay-at-home orders (State Mandated Stay-at-Home
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Orders by Date of Implementation. Henry J Kaiser Family Foundation,
2020), leaving much of the American economy at a stand-still for weeks,
and ultimately triggering the greatest economic crisis since the Great
Depression (Zumbrun, 2020).

These events will have implications for the health of populations for
years to come. In addition to the physical health burden from COVID-19,
mental health problems and stress are and will continue to be substan-
tially elevated during and after the pandemic, as suggested by emerging
studies (Brooks et al., 2020; Cao et al., 2020; Czeisler et al., 2020; Ett-
man, Abdalla, et al., 2020; Lai et al., 2020; Liu et al., 2020; Wang et al.,
2020), data from prior pandemics (Hawryluck et al., 2004; Jalloh et al.,
2018; Ko et al., 2006), and other types of widespread mass traumatic
events (Galea et al., 2002; Goldmann & Galea, 2014; Ni et al., 2020;
Silver et al., 2002).

Fear and anxiety both about the virus itself and about the economic
effects of closures of businesses and related financial hardship can in-
fluence mental health. One early COVID-19 study reported that about
15% of US respondents already had reduced wages or work hours in
March 2020 and 1.5% had already lost their job (Nelson et al., 2020). A
more recent study suggested that 40% of Americans had experienced
one or more COVID-19-related financial stressors by mid-April 2020
(Ettman, Abdalla, et al., 2020). In one month between mid-March and
mid-April, over 20 million Americans filed for unemployment, a record
increase in claims (Tappe & Luhby, 2020). By August 20, there were
over 57 million total Americans who had filed since the start of the
pandemic (Reinicke, 2020).

It is clear from the general psychiatric literature—outside of a
pandemic context—that lower income, economic volatility, and finan-
cial hardship are strongly associated with adverse mental health out-
comes such as depression and suicide (Ettman, Cohen, et al., 2020;
Karanikolos et al., 2013; Nandi et al., 2012). The relationship between
financial stressors and poor mental health has also been observed after
mass traumatic events such as hurricanes (Galea et al., 2008) and prior
pandemics (Ko et al., 2006).

Prior literature has also suggested that traumatic or stressful even-
ts—such as living through a pandemic and the resulting economic effects
described above—can result in populations changing their health risk
behavior, often through pathways of stress and psychiatric symptoms.
For example, many studies have shown that stress, trauma, and related
posttraumatic stress disorder (PTSD) are associated with higher levels of
smoking (Bergman et al., 2019; Koenen et al., 2006, 2008), heavier
drinking (Dennis et al., 2014), poor diet quality (Brondolo et al., 2017;
Hall et al., 2015; Sumner et al., 2015), trouble sleeping (Leskin et al.,
2002), and lack of exercise (Chwastiak et al., 2011; Hall et al., 2015).
Further, these relationships have been observed specifically among co-
horts of women (Kubansky et al., 2009; Kubzansky et al., 2014; Sumner
et al., 2015), for whom trauma and resulting stress disorders are more
common, both in general and in the context of COVID-19 (Liu et al.,
2020). Women also tend to be more likely to take on caretaking and
other household responsibilities (Douglas et al., 2020; Power, 2020),
which may compound financial stress in the current climate, as many
children are home from school and elderly loved ones need to be cared
for. Finally, early studies have shown that women have been dispro-
portionately affected by COVID-19-related job loss compared to men
(Alon et al., 2020; Financial Health Network, 2020).

COVID-19 as a mass traumatic event also carries with it the unique
stress of social distancing, which likely further compounds effects on
behavior (Brooks et al., 2020; Hawryluck et al., 2004), particularly for
those who do not have accessible ways to exercise or eat healthy foods
while quarantined. Health risk behavior changes such as exercising less,
eating less healthily, and smoking more can eventually lead to poor
physical health outcomes, including cardiovascular disease—the lead-
ing cause of death in the US and globally (Mensah & Brown, 2007;
Mokdad et al., 2004). The relation between COVID-19-related financial
hardship and health risk behavior changes also may be modified by
factors such as existing social resources or services, given the known
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buffering effects of these types of resources on stress and physical health
in general contexts outside of pandemics (Brondolo et al., 2017).

Building on the existing literature, our goals for this study were to a)
document COVID-19 financial stressors, b) assess whether they are
associated with health risk behavior changes, and c) test whether the
presence of health insurance—as a marker for socioeconomic resour-
ces—may act as a modifier of this relationship, in a large, geographically
diverse sample of US women.

2. Material and methods
2.1. Data collection and sample

The data for this study were derived from a web-based survey on the
impact of COVID-19 in the general population, administered through the
digital health company Sharecare, in collaboration with the School of
Public Health at Boston University. Participants accessed the survey
through social media advertisements and shares (on platforms such as
Facebook, Instagram, and Twitter), organic searches via relevant key-
words, newsletters and emails distributed through the Sharecare
network, and word of mouth. The survey was available in the English
language, for any individual over the age of 18. The questionnaire took
an average of 7 min to complete.

The sample for this study included data collected in the US from
March 20 through April 10, 2020. During this time there were 104,559
completed survey responses, representing 60% of the total number of
individuals who had viewed the landing page of the survey. We removed
the small sample of men and “other” gender responses (combined n =
11,819 or 11.3% of total respondents), for a resulting sample of 92,740
women.

Respondent zip codes were then merged to Census zip code tabula-
tion area (ZCTA) data from the US Census Bureau’s American Commu-
nity Survey (ACS) 2018 five-year estimates (United States Census Bureau:
American Community Survey, 2019). Over 98% of women reported a zip
code that matched to a ZCTA, with unmatched zip codes primarily being
from non-residential locations such as P.O. boxes, academic institutions,
or businesses. It is also possible that some women mis-reported their zip
code. Finally, a small proportion of zip codes (35 codes or 38 women)
were in the ACS dataset but were missing on our key zip code-level
confounders and were thus also excluded. These data are likely
missing due to areas with small response rates that are suppressed
through the Census. The final analytic sample included 90,971 women
residing in 18,359 zip codes. These respondents were from all 50 states
and the District of Columbia, with more than 50% of all US zip codes
represented (see Fig. 1). The number of women living in each zip code
ranged from 1 to 79, with a mean of 5 and median of 3 women per zip
code.

This study was approved by the Boston University Medical Campus
Institutional Review Board.

2.2. Outcome variables

The primary outcomes for this study were reported health risk
behavior changes since the start of the COVID-19 pandemic, including
changes in eating, exercise, sleep, smoking/vaping, and drinking
alcohol. These variables were derived from responses to survey ques-
tions such as, “Has your eating been more healthy, less healthy, or the
same as before the COVID-19 pandemic started?” with response options
“more healthy”, “less healthy” or the “same”.

We dichotomized these outcomes, comparing for example “less
healthy” to “more healthy” and “the same”, such that the outcomes of
interest represented having health risk behavior changes in the direction
of known negative health effects. For sleeping and exercising habits, this
was “less” compared to more or no change, whereas for drinking alcohol
and smoking or vaping, this was “more” compared to less or no change.

We then combined these five health risk behaviors into a composite
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Fig. 1. Map of 18,359 US zip codes represented by 90,971 women in the analytic sample, by number of surveys completed (number of respondents) per zip code.

outcome for the final models. Since the majority of respondents (57.3%)
reported one or more of these health risk behavior changes, we defined
the primary outcome variable as having two or more health risk
behavior changes—endorsed by 25.8% of respondents—in order to
target a relatively more high-risk group.

2.3. Exposure variables

The primary exposures of interest in this study were reporting
financial hardship since the COVID-19 pandemic, operationalized as
three stressors: decrease in pay, likelihood of difficulty paying bills, and
job loss or likelihood of job loss.

The question, “Has your pay changed since the COVID-19
pandemic?” was dichotomized as responding “pay has decreased”
compared to “pay has increased” or “pay remains unchanged”. The
question, “Because of the COVID-19 pandemic, how likely is it that you
will have trouble paying your bills?” was dichotomized as “very likely”
or “somewhat likely” compared to “not very likely” or “not likely at all”.
Finally, the question, “How likely do you think you are to lose your job
because of the COVID-19 pandemic?” was dichotomized as “very likely”,
“somewhat likely”, or “T've already been laid off from my job because of
COVID-19”, as compared to “not very likely”.

Responses of “not applicable” for both the pay decrease question and
the job loss question were excluded for comparisons and models
including only those stressors. We also excluded these respondents from
the other comparisons and models as a sensitivity analysis.

Finally, we combined the three financial stressors into one composite
exposure measure that represented having experienced one or more
COVID-19-related financial stressors (endorsed by 38% of respondents),
compared to not having endorsed any stressors.

2.4. Covariates and modifiers

Individual-level potential confounders—identified from prior liter-
ature and domain knowledge but limited by a short survey without
comprehensive demographic information—included age (Financial
Health Network, 2020; Zanjani et al., 2006) (measured in years),

whether the respondent has children who normally attend school (Bel-
lows-Riecken & Rhodes, 2008; Nomaguchi & Bianchi, 2004; Robert
Wood Johnson Foundation et al., 2020) (yes vs. no), whether the
respondent lives alone (Joutsenniemi et al., 2007; Nomaguchi & Bian-
chi, 2004) (yes vs. no), and whether the respondent had been diagnosed
with COVID-19 (which could cause financial stressors, as individuals
may have lost income because they were unable to work for a period of
time due to the illness, and could also cause health risk behavior
changes, as individuals may have exercised less or slept more during this
time period due to the illness).

To attempt to account for unmeasured confounding by factors such
as individual-level race and income (Bulatao & Anderson, 2004;
Financial Health Network, 2020; Jarvis & Wardle, 2009; Parks et al.,
2003) which were not included in our survey, two area-level covariates
were included: the proportion of non-white individuals (calculated as
the inverse of the proportion of non-Hispanic white individuals) and the
proportion of individuals with income below the poverty line in re-
spondents’ residential zip code, both from the ACS 2018 five-year esti-
mates (United States Census Bureau: American Community Survey, 2019).

Our effect modifier of interest was health insurance status (Brondolo
et al., 2017), dichotomized as having no health insurance compared to
having private insurance from an employer, private insurance from a
state health exchange, Medicare, Medicaid, or “other” insurance.

2.5. Statistical analysis

We first generated descriptive statistics, comparing sample charac-
teristics across exposures and outcomes, using means and standard de-
viations for continuous variables, and frequencies and proportions for
categorical variables. We assessed crude comparisons with bar graphs,
showing the proportions of respondents who endorsed each health risk
behavior outcome by each financial stressor exposure.

We then ran random-intercept-only logistic regression models for
each health risk behavior outcome and the composite health risk
behavior outcome, with an intercept varying at the zip code level, in
order to calculate the intraclass correlation coefficients (ICC) for each
outcome (Ene et al., 2015; Merlo et al., 2006). We used zip code as a
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random effect due to the large number of zip codes and relatively small
number of respondents within each zip code, which precluded using it as
a fixed effect. Next, we ran multilevel, multivariable logistic regression
models for each outcome by each financial stressor and the composite
financial stress variable (in separate models), adjusting for age, presence
of children, living alone, whether diagnosed with COVID-19, proportion
non-white in zip code, and proportion in poverty within zip code. A
random intercept varying at the zip code level was included in all
models. For each model, odds ratios (OR) and 95% confidence intervals
(CI) were estimated.

We assessed potential effect modification by running the final model
within each health insurance stratum, associating the composite health
risk behavior outcome measure and the financial stressor composite
measure, adjusting for all confounders.

Finally, as a sensitivity analysis, we repeated the modeling steps
described above, but including residential state as a fixed effect as an
additional potential confounder, to further account for geographic
variability and differences in lockdown intensity.

3. Results

Table 1 provides sample characteristics. The average age was 58.4.
The average proportion of non-white residents in the respondents’ zip
codes (n = 18,359 zip codes) based on Census data was 26.3%, and the
average zip-code level proportion of residents below the poverty line
(also from the Census) was 11.6%. Just over 15% of respondents lived
alone at the time of the survey, and 21.9% had children of school age.
Only 0.2% of respondents (n = 171) had been diagnosed with COVID-
19, and 2.9% reported no health insurance. Twenty-four percent of
women reported a decrease in pay (among 57,616 who considered this
question applicable); 27.1% indicated that they were likely to have
trouble paying bills (among the full sample); and 34.4% reported that
they had either already lost their job (13.1%) or thought it is likely that
they would lose their job (21.3%) due to the COVID-19 pandemic
(among 51,109 women who considered that question applicable).

The complete-case sample (n = 46,900; including only women who
did not respond “not applicable” to the decrease in pay or job loss
questions) were slightly younger on average than the full sample, more
likely to have children of school age, less likely to live alone, more likely
to say they are likely to have trouble paying bills, and slightly more
likely to have a negative behavior change. However, the zip code-level
variables (proportion non-white and proportion under the poverty
line) were no different, suggesting that these individuals did not, on
average, live in systematically different areas.

Fig. 2 shows the prevalence of each health risk behavior outcome by
each financial stressor, including the composite measure of one or more
stressors. For each comparison, a higher proportion of the health risk

Table 1
Prevalence and means of covariates, exposures, and modifier among 90,971
women in 18,359 zip codes.

Mean (SD) n (%)

Age 58.38 (12.19) -

Percent non-white in zip code 26.25% (20.79%) -

Percent below poverty in zip code 11.57% (7.13%) -

Have children who are normally in school — 19,889 (21.86%)
Live alone - 13,753 (15.12%)
Diagnosed with COVID-19 - 171 (0.19%)
Pay has decreased® - 13,785 (23.93%)
Likely to have trouble paying bills - 24,692 (27.14%)
Lost job or likely to lose job® - 17,570 (34.38%)
One or more financial stressors - 34,319 (37.73%)
No health insurance — 2,666 (2.93%)

SD = standard deviation.

@ Denominator for prevalence of pay decrease = 57,616 women; denominator
for prevalence of being likely to lose job or already lost job = 51,109 women (not
including “not applicable” responses).
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behavior was reported among those who experienced the stressor. For
example, 32.8% of women who reported likelihood of having trouble
paying bills said they were getting less sleep since the start of the
pandemic, compared to only 20.7% getting less sleep among women
who did not report potential difficulty paying bills. About 33% among
women who lost their job or thought it was likely that they would lose
their job reported that they were exercising less, compared to 27.4%
exercising less among those who did not endorse this stressor. For sub-
stance use, 16.1% of women with a decrease in pay reported drinking
more alcohol since the pandemic, compared to 12.8% among women
who did not report a decrease in pay. Similarly, almost three times as
many women who reported likelihood of difficulty paying bills indicated
they were smoking or vaping more since the start of the pandemic
(5.9%), compared to those without likelihood of trouble paying bills
(2.1%).

ICCs (calculated from random-intercept only models) for each
outcome were as follows: 0.011 for getting less sleep, 0.009 for eating
less healthy, 0.02 for exercising less, 0.092 for drinking more alcohol,
0.198 for smoking or vaping more, and 0.016 for two or more negative
health risk behavior changes. These values indicate that residential zip
codes were associated with the highest proportion of variation for in-
creases in smoking or vaping (19.8%), and the lowest proportion of
variation for less healthy eating (0.9%)

Table 2 presents ORs and corresponding 95% Cls from the multilevel,
multivariable logistic regression models with each financial stressor and
the composite financial stress measure as independent variables (in
separate models), and each of the health risk behavior change measures
as the dependent variables, with each model controlling for age, pres-
ence of children, whether living alone, whether diagnosed with COVID-
19, proportion non-white in zip code, and proportion in poverty within
zip code. In every model, there was a statistically significant, positive
association between the financial stressor of interest and the health risk
behavior change of interest, with magnitudes of association ranging
from OR = 1.07 (95% CI: 1.02, 1.12) for the relationship between
trouble paying bills and drinking more alcohol since COVID-19, to OR =
2.52 (95% CL 2.33, 2.73) for the relationship between that same
financial exposure and smoking or vaping more since COVID-19. When
assessing the two composite measures in one model, reporting one or
more financial stressors was associated with 56% higher odds (OR =
1.56; 95% CI: 1.51, 1.60) of reporting two or more health risk behavior
changes (endorsed by 25.79% of total women), compared to having no
financial stressors.

Fig. 3 displays this final adjusted model using the composite mea-
sures, stratified by health insurance status, and graphed on the log odds
scale. Respondents with no health insurance had an OR of 2.46 (95% CI:
1.97, 3.07) for the relationship between one or more financial stressors
and two or more health risk behavior changes, while respondents with
health insurance had an OR of 1.54 (95% CI: 1.50, 1.59) for this rela-
tionship, without overlapping confidence intervals.

In the sensitivity analyses run among only the complete-case sample
(n = 46,900; including only women who did not respond “not appli-
cable” to either the decrease in pay or job loss question), the OR for one
or more financial stressors in the final summary model was slightly
lower than in the full sample (1.46 compared to 1.56). Similarly, the
stratified OR among those with no health insurance in the complete-case
sample was slightly lower than in the full sample (2.24 compared to
2.46) but remained higher than those with health insurance in the
complete-case sample (1.45), showing the same overall pattern as in the
main analyses, with non-overlapping confidence intervals.

Appendix Table 1 shows the results of the sensitivity analyses of the
models including state as a fixed effect. Overall, the results were
extremely similar to the main results, only slightly attenuated. The
stratified model run only among individuals with no health insurance
did not converge, due to the small sample size and many cells for the
state variable. However, given that the stratum of individuals with
health insurance produced a nearly identical estimate for the
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Fig. 2. Prevalence of each health risk behavior change since COVID-19 (outcomes), by each COVID-19-related financial stressor (exposures) among 90,971 women.
Denominator for pay decrease comparisons = 57,616 women; denominator for job stress comparisons = 51,109 women (not including “not applicable” responses).
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Table 2

Adjusted” multilevel logistic regression models for the relationships between COVID-19-related financial stressors (exposures) and health risk behavior changes since

COVID-19 (outcomes), among 90,971 women” in 18,359 zip codes.
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Exposures

Pay has decreased

Likely to have trouble paying bills

Lost job or likely to lose job

One or more financial stressors

Outcomes OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Getting less sleep 1.23 (1.18,1.29) 1.73 (1.67,1.78) 1.40 (1.35,1.46) 1.60  (1.55, 1.66)
Eating less healthy 1.12 (1.07,1.17) 1.32 (1.28, 1.36) 1.18 (1.13,1.23) 1.30 (1.26, 1.34)
Exercising less 1.25 (1.20, 1.30) 1.37 (1.33,1.41) 1.30 (1.25,1.35) 1.30 (1.25,1.33)
Drinking more alcohol 1.26  (1.19,1.33) 1.07 (1.02,1.12) 117 (1.11,1.23) 1.18  (1.13,1.24)
Smoking/vaping more 1.66 (1.51,1.82) 2.52 (2.33,2.73) 1.79 (1.63, 1.96) 2.30 (2.12, 2.50)
Two or more negative health risk behavior changes 1.32 (1.27,1.38) 1.65 (1.59, 1.70) 1.41 (1.36, 1.47) 1.56 (1.51, 1.60)

OR = odds ratio.
CI = confidence interval.

@ Each model is adjusted for age, presence of children, whether living alone, whether diagnosed with COVID-19, proportion non-white in zip code, proportion in

poverty within zip code, and a random intercept varying at the zip code level.

b Denominator for pay decrease models = 57,616 women; denominator for job stress models = 51,109 women (not including responses of “not applicable”).

1.2

1 OR =2.46

0.8

0.6

Ln(odds ratio)

0.4

0.2

No health insurance,

-0.2 n =2,666

OR =1.54

Health insurance,
n = 88,305

Fig. 3. Adjusted * multilevel logistic regression models (odds ratios presented on the log scale) for the relationships between one or more COVID-19-related financial
stressors (composite exposure) and two or more health risk behavior changes (composite outcome) since COVID-19, by health insurance status.

Ln = natural log. OR = odds ratio. * Each model is adjusted for age, presence of children, whether living alone, whether diagnosed with COVID-19, proportion non-
white in zip code, proportion in poverty within zip code, and a random intercept varying at the zip code level.

relationship between one or more financial stressors and two or more
behavior changes (OR = 1.53; 95% CI: 1.48, 1.58; not shown in table)
when compared to this same stratum in the main version without state as
a fixed effect (OR = 1.54; 95% CL: 1.50, 1.59), we would expect the
relationship to be equally similar among those without health insurance,
if there was enough variation across cells to measure it.

4. Discussion

In this study, we found that almost 40% of women who responded to
a large national survey in Spring 2020 reported one or more financial
stressors related to COVID-19; 57% reported one or more health risk
behavior changes since COVID-19; and 26% reported two or more health
risk behavior changes. Financial hardship was consistently associated
with higher likelihood of reporting health risk behavior changes, both
individually and when combined into composite measures. Finally, the
overall relationship between financial hardship and health risk behav-
iors was modified by health insurance status, as a likely marker for
broader socioeconomic context and resources.

This is the first study to our knowledge to evaluate these

relationships in the US during the COVID-19 pandemic. Nelson and
colleagues surveyed US respondents on stressors and concerns earlier in
the pandemic (March 14-16, 2020), and found that 14.7% reported
reduced wages or work hours and 1.5% reported that they had lost their
job (Nelson et al., 2020). By contrast, we found that 23.9% reported a
pay decrease and 13.1% had lost or been laid off from their job. The
higher proportions in our study are likely due to the later assessment
time of the survey, which aligns with national trends and more recent
studies that suggest greater proportions of individuals lost their jobs
over time (Ettman, Abdalla, et al., 2020; Tappe & Luhby, 2020).

One recent study of health behavior and financial and food security
among Canadian families during COVID-19 observed that eating more
snack foods and screen time each increased for the large majority of
families surveyed, while physical activity decreased, and both of these
changes were more pronounced among mothers compared to fathers
(Carroll et al., 2020). Although these trends of reported health risk be-
haviors are consistent with those found in our study, the study by Carroll
and colleagues did not assess these changes by levels of financial
stressors. Financial stress was also less commonly reported in the study
out of Canada, which may be explained by the smaller economic burden
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accrued in Canada compared to the US, and the less specific way in
which financial stress was measured in that study. (though again it was
more commonly reported among mothers, 19%, than fathers, 14%).

There is a paucity of studies on the relation between these types of
financial stressors during pandemics and health risk behavior changes.
However, there is emerging evidence that stress in general during
COVID-19 is associated with less sleep. One study of posttraumatic stress
symptoms (PTSS) in China during COVID-19 found that PTSS was
associated with poor sleep quality (Liu et al., 2020). Similarly, a study of
healthcare workers in China during this same time assessed stress,
anxiety, and sleep quality, and found that sleep quality was low overall
and significantly associated with stress levels (Xiao et al., 2020). These
findings are potentially consistent with our conclusions that financial
hardship (a different type of stress than healthcare work, but still in the
context of COVID-19) was associated with less reported sleep, though we
were not able to examine sleep quality specifically, or the potential
buffering effects of social support and self-efficacy as the latter study
did. We did, however, find a potential buffering effect of health insur-
ance, as a likely marker for a broader set of resources and support.

A 2003 study that surveyed persons in Taiwan directly after the se-
vere acute respiratory syndrome (SARS) outbreak found that re-
spondents who experienced an economic impact related to the epidemic
had higher levels of depression than those with no economic impact (Ko
et al., 2006). Although we were not able to assess depression in this
study, it is plausible that unmeasured depression and other mental
health problems were contributors to the observed changes in health risk
behavior in our study, potentially working as mediators between
financial problems and these behaviors.

Our findings might also be compared to prior studies in non-
pandemic contexts, which have found that high levels of stress (and
PTSD, which we were unable to measure in this study) are associated
with health risk behavior changes among women, such as decreased
exercise and healthy eating, on the pathway to cardiovascular disease
(Kubansky et al., 2009; Kubzansky et al., 2014; Sumner et al., 2015). For
substance use specifically, studies in non-pandemic contexts have found
that financial hardship is associated with greater drinking or smoking.
For example, one study from the International Tobacco Control Four
Country Survey found that even though smokers who reported financial
stress were more likely to report an interest in quitting smoking at
baseline compared to those without financial stress, they were also less
likely to have attempted to quit smoking at the follow-up assessment
(Siahpush et al., 2009).

Our study should be interpreted in light of five primary limitations.
First, our sample is likely not representative of the US female population
as a whole. Our prevalence estimates may be higher or lower than in a
random sample of women, if those who were more affected by COVID-
19 were more or less likely to participate in the survey, respectively.
However, our estimate of financial stressor prevalence was almost
identical to that of a nationally representative survey conducted during
the same time period (Ettman, Abdalla, et al., 2020).

Second, all of our measures are self-reported and from one source.
Thus, it is possible that some individuals over-reported or under-
reported financial problems or changes in behavior, and this type of
misclassification may be correlated across different measures, due to use
of the same method for collecting both exposure and outcome infor-
mation. It would be ideal—though not practical—to validate these re-
ported experiences and behaviors through less subjective methods such
as job records for financial stressors or longitudinal food frequency di-
aries for changes in eating. However, given the large magnitudes of
association we observed and consistency across all measures, misclas-
sification is unlikely to account for the entirety of these relationships.

A third limitation is the lack of additional demographic measures due
to the short overall survey. There are potentially key confounders that
we were unable measure such as race, income, education, and marital
status. To address this issue, we included in our models measures of
family composition (whether the respondent has children or lives alone)
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and also zip code-level percent non-white and percent below the poverty
line to partially adjust for unmeasured confounding at the individual
level. In addition to more data on confounders, it would similarly be
ideal to have information on mental health diagnoses such as depres-
sion, PTSD, and anxiety, which are likely mediators on the pathway from
financial stressors to health risk behaviors.

A fourth limitation of this study is that respondents may have
changed their health risk behaviors not only through pathways of stress,
but rather (or also) out of necessity, due to shutdowns and other
population-level restrictions. For example, individuals may normally
exercise via their commute to work, which they may no longer do
because of job loss or work-from-home policies, or via sports or leisure
activities that are no longer possible. We were unable to measure the
reasons behind changes in behavior but expect that they are multi-
faceted.

Finally, this was a cross-sectional study and we do not have infor-
mation on the exact timing of our measures, other than that the
knowledge they all occurred after the start of COVID-19 pandemic
(which was up to the interpretation of the respondent). It is possible,
then, that health risk behaviors started changing before financial
stressors occurred. Further, individuals who responded to the survey
earlier (e.g., in March) likely had different experiences from those who
responded later (e.g., in April), depending on where in the country they
were located. Future studies should assess these relationships longitu-
dinally if possible, with specific timing of measures. It would also be
informative to collect data temporally later in the pandemic, such that
longer-term effects of our exposures of interest—as well as COVID-19
diagnosis—would be more clear and these experiences would be more
prevalent, given the rising case count of COVID-19 over time. COVID-19
diagnosis could be a modifier in addition to a potential confounder, but
we did not have enough COVID-19 cases in our sample from Spring 2020
to measure this.

Despite these limitations, our preliminary study highlights the
importance of considering long-term and downstream health effects of
the COVID-19 pandemic and its sequelae among women, in addition to
the short-term effects (i.e., of the virus itself), which rightly take pre-
cedence during a pandemic. In other words, it is incumbent on us not to
overlook the full range of consequences of the pandemic, such as the
health risk behavior changes that economic fallout from social
distancing may cause. These behavior changes may eventually lead to
cardiovascular disease and other physical health problems, particularly
because health risk behaviors are notoriously difficult for individuals to
improve. Further, women who are already more vulnerable—for
example, those without health insurance—may be the most affected by
this mass-traumatic event (Patel et al., 2020).
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