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Abstract: The study evaluates the immediate and long-term consequences of gray divorce (i.e., marital
dissolution after age 50) for the food security, depression, and disability of older Americans. Staggered
Difference-in-Difference models were fitted to a nationally representative longitudinal sample of
adults aged > 50 years from the Health and Retirement Study, 1998-2018. Food insecurity and
disability increase in the year of gray divorce and remain significantly elevated for up to six years or
more following the event, consistent with the chronic strain model of gray divorce. Gray divorce has
particularly adverse consequences for the food security of older women, while no gender differences
were observed for disability. Increasing trends in gray divorce have important negative implications
for food security and health of older Americans, particularly women, who appear to be less prepared
to financially withstand a marital collapse in older age. Targeted policies to provide nutrition
assistance and support in reemployment might be necessary to reduce the burden of food insecurity
in the wake of gray divorce among women.

Keywords: gray divorce; food insecurity; depression; activities of daily living (ADLs)

1. Introduction

As life expectancy improved dramatically in the 20th century, Western societies have
gone gray. Today, one in six individuals in the United States is aged 65 or over, and this
share is expected to grow [1]. Another phenomenon affecting many societies has been
the growth in divorce rates, particularly in the US [2,3]. Gray divorce, a term referring
to the dissolution of typically long-lasting marriages among people aged 50 years and
above, has doubled in the US between 1990 and 2010 [4,5]. Although the increase in
gray divorce has since slowed down among middle-aged adults (50-64 years), it has
continued to climb among older adults (>65 years of age) [5]. One of the most stressful life
events, divorce, could have major negative implications for the well-being and health of an
increasing number of older Americans. As such, the rising rates of gray divorce cannot be
ignored, and policymakers need to understand the implications of gray divorce for diverse
population groups to enable effective policy responses.

Prior research on divorce has differentiated its impact using a crisis model or a chronic
strain model [6-8]. The chronic strain model suggests that divorce has lasting, perhaps
permanent effects on individuals who endure chronic stresses following this major life
crisis [9]. According to the classical sociological work of Durkheim [10] (1952), being mar-
ried can ease economic burdens, support material well-being, and discourage unhealthy
behaviors [11]. Thus, divorce results in a permanent negative effect by losing these eco-
nomic and health-related advantages. In contrast, the crisis model emphasizes that the
negative effects of divorce for most people are temporary, with full recovery to predivorce

Nutrients 2024, 16, 633. https:/ /doi.org/10.3390/nu16050633 https:/ /www.mdpi.com/journal /nutrients


https://doi.org/10.3390/nu16050633
https://doi.org/10.3390/nu16050633
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0002-5143-2378
https://doi.org/10.3390/nu16050633
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu16050633?type=check_update&version=1

Nutrients 2024, 16, 633

20f17

levels attained within a few years after the divorce. Compared with the benefits of being
married and the chronic strains of being outside marriage, temporary stress caused by the
transition in marital status could be the primary driver behind these outcome variations.
Making the distinction between the short-term (crisis model) and the long-term (chronic
strain model) effects of gray divorce is critical for providing evidence for relevant policy
support. Studies of divorce have mixed results so far: some find evidence in support of the
crisis model [12-14], while others believe the effects of divorce are better reflected by the
chronic strain model [6,9,15,16].

Drawing from a nationally representative panel of older Americans with a range of
rich variables, this study evaluates multiple outcomes of gray divorce from 1998 to 2018
and compares their fit to the crisis versus the chronic strain model. Whereas previous
research focused on divorce in younger adulthood or measured single outcomes of marital
dissolution, the current analysis offers a rigorous assessment of gray divorce in a nationally
representative longitudinal study of older adults and includes multiple outcomes that are
critical to the well-being of aging adults, such as food insecurity, depression, and disability.

Food insecurity, defined as limited access to adequate food due to lack of financial
resources, disrupted the lives of 12.8 percent of U.S. households in 2022 [17]. Marital
dissolution could have major negative implications for household food security as divorce
often reduces household income and wealth due to the split of family resources, increased
expenses of running a single-head household, and high legal costs of divorce. Economic
implications of marital dissolution in older age could be even more severe than earlier in
life, especially if remarriage or partnering does not occur and spouses have not accumulated
substantial savings. Older Americans are experiencing decreased earnings. In 2013, the
US annual median income was $24,644 for individuals aged between 65 and 74, compared
to $38,643 for those aged 45 to 54 [18]. Baby boomers (born 1946-1964) and beyond
generations have little retirement savings, and many of them rely on fixed incomes such as
Social Security or Supplemental Security Income (SSI). These two programs account for at
least half of the total income among adults aged over 65 and provide the only source of
income for 24% of them [18]. Many baby boomers had to shift from traditional pension
plans toward 401(k) plans and may have much lower savings due to a delayed start of
401(k) savings in life. According to a report from CNBC news in 2022, by age 75, individuals
who had 401(k) plans had $86,000 less than those who had traditional pensions [19]. Older
adults may be unable to rejoin the labor force or change career paths to sustain household
income at predivorce levels, suggesting that divorce in older age may pose a much higher
risk to economic security, including food security. A large share of the older population is
at risk: over 15 million adults aged 65 and above had incomes below 200% of the federal
poverty level [20], while 49% of adults aged 55-66 had no personal retirement savings at
all in 2022 [21]. Any marital crisis for these people is likely to cause major negative effects,
including poverty and food insecurity risk. Given the long-lasting economic impacts of
divorce, particularly in the context of gray divorce, our hypothesis is that food insecurity
resulting from gray divorce should be conceptualized within the framework of the chronic
strain model.

At the same time, depression has been identified as a significant problem for older
adults, which can cause poorer performance in processing speed, verbal fluency, episodic
memory, and other economic burdens on society [22-24]. Based on a systematic review
and meta-analysis, 28.4% of older adults globally were found to have depression [25].
As gray divorce can be a traumatic event, post-divorce depression rates may increase, as
shown in prior research reporting associations of worsening depressive symptoms with
marital loss [26]. We therefore hypothesize that the occurrence of depression following gray
divorce closely matches the expectations of the crisis model. The increase in depression
symptoms right after a divorce is a direct result of the intense emotional pain from the
marriage ending. However, the resilience and adaptive capabilities of older adults often
may facilitate the recovery process, enabling them to regain their pre-divorce levels of
psychological well-being within a few years [14].
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Further, the prevalence of disability increases significantly with age [27], and the rates
of new disability have climbed up in individuals aged 60 to 69 [28], potentially due to poor
lifestyle choices including obesity, lack of physical activity, and increased stress [29]. As
spouses often provide uncompensated care at home, marital collapse in older age could
mean a loss of the primary caregiver for people with disabilities or at risk of developing
disabilities. This vulnerable group of divorcees would have to navigate disability in old
age on their own, facing the costly burden of hiring aid or receiving institutionalized care.
Conversely, in the case of depression following gray divorce, which is hypothesized to align
with the crisis model, the impact of gray divorce on Activities of Daily Living (ADLs)-based
disability corresponds to the chronic strain model. We hypothesized that divorce leads to
ongoing stress because one might lose a primary caregiver and then have to adjust to living
alone or with additional (perhaps hired) support.

We use a difference-in-difference (DID) model to estimate average, immediate, and
long-term changes in food security, depression, and ADL-based disability following gray
divorce in a nationally representative panel of older Americans. The study evaluates
whether implications of gray divorce for food security and health vary by gender and prior
experience with divorce to provide evidence for targeted policy support. To our knowledge,
this is the first assessment of how gray divorce is linked to food security among older
Americans, which also tests the validity of the chronic strain and crisis models to describe
gray divorce implications for health and well-being.

2. Materials and Methods
2.1. Data and Sample Selection

The Health and Retirement Study (HRS) is an ongoing nationally representative longi-
tudinal study of Americans ages 50 and above and their spouses, which has been tracking
information about important components of older adults’ lives since 1992. Funded by the
National Institute on Aging and with support from the Social Security Administration, the
RAND HRS has collected rich longitudinal data to enable research in support of policies
on retirement, healthcare insurance, savings, and economic well-being [30]. In the RAND
HRS files, the observation unit is an individual respondent, and the financially knowledge-
able household member also provides information about spouses [30]. Through biannual
interviews and additional periodic supplements, the survey collects information about
demographics, income and assets, physical and mental health, insurance, family transitions,
healthcare utilization and costs, housing, labor force participation, and employment history.
Additional details on the HRS are available elsewhere [30].

This study’s analytic sample is restricted to the HRS participants, with complete in-
terviews between 1998 and 2018. Out of 42,234 individuals, our selection criteria targeted
adults who were married upon their enrollment in the HRS panel and subsequently ex-
perienced divorce or separation from their spouse or partner between 1998-2018, while
they were aged 50 or over (see Appendix A). Note that separation from living in a part-
nership is treated as divorce per standards in the literature [2,14]. Individuals who were
not married/partnered at the beginning of the analytic sample were excluded. We further
excluded observations with missing data, individuals who were never married, widowed,
and remarried, leaving 736 divorced /separated individuals and 15,839 individuals who
remained in marriages/partnerships throughout the analysis for the final analytical sample
(101,486 individual-year observations).

The exclusion of some groups from our analysis mitigates potential threats to the va-
lidity of our results, particularly concerning individuals who have experienced widowhood
or remarriage. Considering widowhood as another significant life event that may have
effects similar to those of gray divorce, its exclusion allows us to more precisely isolate the
impacts attributable solely to gray divorce. This distinction is important, and widowhood’s
effects are separately examined in the robustness tests section. Furthermore, the decision to
exclude individuals who have remarried can avoid the complexities that come from the
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time between a first divorce and a subsequent remarriage. This period can confound the
distinction between pre- and post-divorce effects.

2.2. Measures
2.2.1. Dependent Variables

Food insecurity was measured based on responses to two questions in the HRS
questionnaire: (1) In the last two years, have you always had enough money to buy the
food you need? and (2) At any time in the last two years, have you skipped meals or eaten
less than you felt you should because there was not enough food in the house? Participants
who answered affirmatively to at least one of the two questions were identified as food
insecure. The severity of food insecurity was not assessed due to the limitations of the
two available questions in the HRS.

Disability assessment was based on a set of questions evaluating the functional lim-
itations of activities of daily living (ADL) in six areas: bathing, dressing, eating, getting
in/out of bed, walking across a room, and using the toilet [31]. Participants reporting some
difficulty with performing at least one of these six daily tasks were identified as having
functional limitations or experiencing ADL-based disability.

The study relied on the Center for Epidemiologic Studies Depression (CES-D) Scale
to assess mental health and screen for depression in the HRS participants [32]. Eight
depression-related questions were asked, including six negative and two positive indicators.
Negative indicators reflected the following symptoms: feeling depressed, feeling everything
was an effort, sleep was restless, feeling alone, feeling sad, and could not get “going”.
Positive indicators assessed if respondents felt happy and enjoyed life most of the time. If
respondents reported four or more negative symptoms, they were classified as experiencing
symptoms of depression [33]. Severity of depressive symptoms was not assessed.

2.2.2. Control Variables

A series of demographic and socioeconomic characteristics were added as covariates to
improve the precision of the estimates, including time-variant variables such as age in years,
age-squared, and household income. To account for the role of experiencing prior divorce
in affecting the outcome of interest, we added an interaction term between the time since/to
divorce and having had at least one divorce prior to entering our analysis. The variable was
based on reports of the number of marriages/partnerships that a respondent has had in life.
Individuals who experienced divorce/separation from their spouse or partner and had over
one marriage/partner relationship before the analytic period of 1998-2018 were defined
as having multiple experiences of divorce/separations. If individuals experienced at least
one divorce, we defined a time-constant dichotomous variable distinguishing between
individuals with the first divorce (coded as 0) and individuals who experienced another
(perhaps second, third) divorce (coded as 1). In addition, we estimated all models by
incorporating an interaction term between gender and the time since/to divorce, to test for
possible heterogeneity in the outcomes of gray divorce for older men and women.

3. Identification Strategy

To estimate the effect of gray divorce on food insecurity, depression, and ADL-based
disability, it is incorrect to simply compare these outcomes before and after gray divorce
since they are not time-invariant variables and can change over time irrespective of any
intervention, such as divorce. The difference-in-difference (DID) model can address this
concern. Individuals in our analytic sample were all married/partnered at baseline in
1998 and experienced divorce/separation at some point during 2000-2018, introducing
variation in the time of gray divorce, which allows us to use the DID model to identify
causality. Under the assumption that gray divorce is random, the DID model can illustrate
the causal effect of gray divorce on the outcomes of interest. To provide a comparison
with individuals who remained in marriages/partnerships throughout the analysis, we
included them in the control group of the DID model.
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The randomization of gray divorce is hard to identify. To address this, we exploited a
propensity score to match individuals with gray divorce and individuals who remained
in marriages throughout the analysis, based on gender, race, education, age, household
income, and participation in the Supplemental Nutrition Assistance Program (SNAP)
at baseline. Pierre-Carl and his colleagues developed this methodology in their study,
estimating the effect of job loss on health [34]. We let x; be a vector of socioeconomic
and demographic characteristics and wy be a variable of baseline SNAP participation for
individual k, who experienced gray divorce. We let individual j, who remained in the
marriage/partnership, be the closest neighbor of individual k. By defining the beginning
wave (denoted by s), we can obtain a characteristic function for individual k and j at the
beginning wave s: gy = (xts, Wgs) and g5 = (xjs, sz). We aimed to match individual
k and j by exploiting the propensity score ps(qxs) and ps(gjs). Individual j is the near-
est neighbor of individual k when min;| (ps(qis) — ps(q;s)| < 0.001 . Figure 1 shows the
overlap of propensity scores for stable partnerships and anticipated divorces at baseline.
Eventually, we found 689 unique pairs in the matched groups.

[N stable Partnership
"] Approaching Divorce

Density of Observations

Dl o= =
| |

i
0.0 0.1 0.2 0.3 0.4
Propensity Score

Figure 1. Comparison of propensity scores for stable partnerships and anticipated divorces at baseline.
Note: The propensity scores displayed in the graph were computed using a logistic regression.

Then, we applied the DID framework to estimate the average effects of gray divorce
on the risk of food insecurity, depression, and ADL-based disability. The DID model can be
specified as:

Yir = B1Diviy + Bo X + ot + 11 + €3t @

where Yj; is an outcome for respondent i in year ¢, Div;; is a dichotomous measure of respon-
dent i divorcing in year f, Xj; is a vector of explanatory variables such as age, quadratic
age, and household income for respondent i in year ¢, «; controls for individual fixed
effects measuring time-invariant characteristics, ; denotes wave fixed effects controlling
for factors that change over time affecting all individuals, and ¢;; is the error term.

There would be a potential endogeneity problem if we simply compared individu-
als who remained in marriages/partnerships and individuals who experienced divorce/
separation, since they are still quite different. For example, individuals who remained
in marriages/partnerships might reside in more prosperous areas than individuals who
experienced divorce/separation. Living environments and other unobservable factors
could be associated with gray divorce, which also influences food insecurity and health
outcomes. To overcome this concern, we limited the sample to individuals who were
married at the time of joining the HRS panel but experienced divorce/separation from
their spouse or partner at any point from 1998 to 2018. Individuals who remained in
marriages/partnerships throughout the analysis were excluded.

The key premise of the DID model is the parallel trends assumption, which means
that the trends of change in the control group are the same as the trends of change in
the treatment group in the absence of the intervention. For example, if the increase in
outcomes of the treatment group is faster than in the control group before the intervention,
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the DID model would overestimate the effect of gray divorce. To test the parallel trends
assumption of the model and determine whether a break occurs after gray divorce, we
exploited the time to and from divorce/separation to measure the experience of a marital
collapse. Based on the reported marital status by each HRS respondent in every biannual
interview (including married, married (spouse absent), partnered, separated, divorced,
separated or divorced, widowed, and never married), we identified older adults who were
divorced or separated in each two-year HRS period (i.e., wave) and tracked the exact wave
of a reported divorce/separation based on the history of marital status self-reports. We
then calculated the difference in the two-year intervals between each interview and the
wave of divorce occurrence and created seven groups to describe the history of divorce:
six or more years before divorce (lagged treatment indicator); four years before divorce
(lagged treatment indicator); two years before divorce (reference group; lagged treatment
indicator); the year/wave of divorce; two years after divorce; four years after; and six or
more years after divorce. The statistical insignificance of these lagged treatment indicators
before gray divorce indicates that the trends for the control and treatment groups are the
same before the intervention.

Furthermore, the event study specification can assess the prevalence of food insecurity,
depression, and ADL-based disability before, during, and after a marital breakup. The
model was specified as:

Yiy = Y 12 oPiSinceDivyy + 6Xj + a; + v + €t 2)

where SinceDiv;; is the categorical variable representing the number of years before or
after divorce for individual i at year ¢, the coefficient of interest is 8;, which indicates the
difference in the outcome between the reference group and other groups. We used two
years before divorce as the reference group, so that all coefficients could be interpreted
relative to the pre-divorce baseline. Using this period as the closest in time to the occurrence
of divorce (i.e., intervention) can reduce concerns about any measurement errors that are
farther apart between the reference group and the intervention.

To assess whether the outcomes of gray divorce vary by gender and experience of
prior divorce, we added interaction terms between the time since/to divorce, gender, and
prior divorce. The corresponding models are shown in Equations (3) and (4):

Yir = Ytz oBiSinceDivy + 61X + Gender; Y 12 56;SinceDivyy + o + ¢ +¢€ir  (3)

Yir = Y 12 oPiSinceDivyy + 61Xy +priordivorce ;2 56iSinceDivy + i+ v + € (4)

In these models, gender and prior divorce were modeled as time-invariant characteristics.
The coefficient of interest is J; in Equations (3) and (4), which indicates the difference in
estimates by gender and prior divorce status, respectively. All analyses were weighted to
account for the HRS complex survey design to make estimates nationally representative of
Americans aged 50 and above. All analyses were conducted in Stata 16 [35].

4. Results

Table 1 presents the baseline descriptive statistics for the 736 individuals who experi-
enced gray divorce or separation within our sample.

Table 2 provides a longitudinal view, tracing characteristics of the 736 individuals
who experienced gray divorce over the 20-year study period. Importantly, while all
736 individuals underwent only one divorce during the analysis period, for 378 of these
individuals, this event was not their first divorce.
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Table 1. Descriptive statistics for baseline outcomes and key covariates, n = 736.

% or Mean (SE) Individual-Year

Observations
Outcomes

Food insecurity, % 16.2 (0.013)

Depression, % 26.9 (0.016)

ADL !-based disability, % 18.1 (0.012)

Demographic Characteristics
Age 60.3 (0.325)
Household income (log) 10.6 (0.046)
Moderators (Time constant), %
Women (vs. Men) 53.8 2429
Having more than one divorce in life 500 2358
(vs. first divorce)

Number of divorcees 736

Notes: Analyses on outcomes and demographic characteristics were adjusted using the HRS survey weights.
1 ADL: activities of daily living.

Table 2. Sample characteristics of participants in the HRS who got divorced/separated during
1998-2018.

. Having more than 1 First Di-
Divorced/Separated Divorce/S%paration in Life  vorce/Separation Women Men
n % n % n % n % n %
Years before/after gray divorce
—6 or more 1062 23.5 557 23.6 505 23.4 561 23.1 501 24
—4 501 11.1 268 114 233 10.8 263 10.8 238 114
-2 665 14.7 346 14.7 319 14.8 343 14.1 322 154
0 736 16.3 378 16.0 358 16.6 383 15.8 353 16.9
2 486 10.8 268 114 218 10.1 264 10.9 222 10.6
4 374 8.3 198 8.4 176 8.1 207 8.5 167 8
+6 or more 695 154 343 14.5 352 16.3 408 16.8 287 13.7
Number of 736 378 358 383 353
individuals
Number of
individual-year 4519 100 2358 100 2161 100 2429 100 2090 100
observations

Table 3 reports the predicted average effects of gray divorce on the probabilities of
having food insecurity, depression, and ADL-based disability throughout the post-divorce
period. For each period, the control group includes individuals who have not yet divorced
(if they divorce in a future period) as well as those who remain married throughout the
study period. These individuals serve as a comparison to those who experienced gray
divorce in that same period. There is an average 4.4% (p < 0.01) increase in the probability
of food insecurity after gray divorce, while depression risk increases on average by 3.5%
(p < 0.10) and ADL-based disability by 5.7% (p < 0.01).

Table 4 provides estimates of the probability of food insecurity, depression, and ADL-
based disability upon and after gray divorce. As compared to the baseline of two years
prior to divorce, the risk of food insecurity among older adults increases by 7.3% in the
year/wave of divorce (p < 0.01), by 9.5% in two years (p < 0.01), by 10.3% in four years
(p <0.01), and by 11.1% in six or more years, following the occurrence of divorce (p < 0.05).
At the same time, the probability of ADL-based disability increases by 5.4% in the year of
divorce (p < 0.05), by 7.9% (p < 0.05) in four years, and 8.7% (p < 0.1) in six or more years
after gray divorce. No significant estimates were found on depression.
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Table 3. Average effects of divorce-related changes in the risk of food insecurity, depression, and
ADL-based disability, n = 1378, consisting of individuals with a single neatest neighbor who remained

married/partnered.
Food Insecurity = Depression ADL -Based Disability
(V)] ) 3)
Coef. Coef. Coef.
(S.E) (S.E) (S.E.)
Divorce 0.044 *** 0.035 * 0.057 ***
(0.015) (0.019) (0.016)
Age —0.018 —0.006 —0.057 ***
(0.011) (0.016) (0.014)
Age? —0.000 0.0004 *** 0.0003 ***
(0.000) (0.0001) (0.0001)
Household income (log) —0.019 —0.008 —0.003
(0.006) (0.006) (0.005)
R-squared 0.466 0.502 0.544
N. of individuals 1378 1378 1378

Notes: Robust standard errors. ! ADL: activities of daily living; Data include individuals who remained in
marriages/partnerships throughout the analysis. *** p < 0.01, * p < 0.1.

Table 4. Staggered difference-in-difference model of divorce-related changes in the risk of food
insecurity, depression, and ADL-based disability, n = 736.

1
Food Insecurity Depression ADDi];al-)?l?:;d
(V)] (2) (3)
Coef. (S.E.) Coef. (S.E.) Coef. (S.E.)
Years before/after gray divorce (Ref. —2)
—6 or more 0.033 —0.032 —0.031
(0.032) (0.037) (0.031)
—4 0.012 —0.001 0.01
(0.025) (0.032) (0.022)
0 0.073 *** 0.035 0.054 **
(0.026) (0.031) (0.024)
2 0.095 *** 0.000 0.038
(0.031) (0.037) (0.03)
4 0.103 *** —0.013 0.079 **
(0.037) (0.042) (0.036)
+6 or more 0.111 ** —0.056 0.087 *
(0.046) (0.055) (0.049)
Age —0.002 —0.028 —0.02
(0.022) (0.026) (0.019)
Age? 0.000 0.000 0.000
(0.000) (0.000) (0.000)
Household income ~0.013 0.009 0.004
(log)
(0.011) (0.008) (0.007)
R-squared 0.494 0.517 0.533
N. of individuals 736 736 736

Notes: Robust standard errors. All analyses were adjusted using the HRS survey weights. 1 ADL: activities of
daily living. ***p < 0.01, ** p < 0.05, * p < 0.1.

Figure 2 illustrates that, compared to two years before divorce, there are no signifi-
cant differences in the time trend of the outcome measures before divorce, but significant
increases were observed in the year of divorce for the probability of experiencing food inse-
curity and ADL-based disability. While no significant estimates were found for depression,
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older adults seemed to exhibit a trend towards returning to pre-divorce/separation levels
of depression after their marital breakup, which aligns with predictions of the crisis model.
However, increases in food insecurity and ADL-based disability after divorce persisted
long-term, suggesting that the chronic strain model is more appropriate for describing
these outcomes.
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Figure 2. Predicted divorce-related changes in the prevalence of food insecurity, depression, and
ADL !-based disability relative to the reference category, based on Model 1 in Table 4. (a) Predicted
changes in the prevalence of food insecurity before and after gray divorce. (b) Predicted changes in
the prevalence of depression before and after gray divorce. (c) Predicted changes in the prevalence
of ADL-based disability before and after gray divorce. Notes: Figures display point estimates and
corresponding 95% confidence intervals. Two years before divorce (“—2") is the reference category.
1 ADL: activities of daily living.
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Table 5 reports differences in the effects of gray divorce by gender, suggesting that
women experience significantly more negative post-divorce changes in food security than
men. For women, the probability of food insecurity increased rapidly around the year
of gray divorce and remained at elevated levels in the post-divorce/separation period.
Specifically, compared to men, the risk of food insecurity in women increased by 7.7% in
the year of divorce (p < 0.1), 9.9% in the four years following divorce (p < 0.1), and 10.4% in
six or more years since divorce (p < 0.1). At the same time, there were no significant gender
differences in the risk of developing depression. There was a 7.5% higher probability of
reporting ADL-based disability four years after divorce for older women compared to older
men (p < 0.1). Appendix B presents the estimated changes in food insecurity separately
by gender.

Table 5. Staggered difference-in-difference model of divorce-related changes in the risk of food
insecurity, depression, and ADL-based disability by gender.

Food Insecurity Depression ADL 1-Based Disability
Coef. (S.E.) Coef. (S.E.)) Coef. (S.E.))
Years before/after gray divorce (Ref. —2)

—6 or more 0.024 —0.033 —0.024
(0.044) (0.049) (0.039)

—4 0.025 —0.028 0.008
(0.040) (0.043) (0.029)

0 0.035 0.002 0.025
(0.030) (0.043) (0.033)

2 0.07 * 0.005 0.04
(0.039) (0.048) (0.04)

4 0.053 —0.048 0.039
(0.042) (0.052) (0.041)

+6 or more 0.054 —0.08 0.088
(0.055) (0.063) (0.056)

Years before/after gray divorce (Ref. —2)
* Women (vs. Men)

—6 or more * Women 0.013 0.001 —0.013
(0.051) (0.063) (0.045)
—4 * Women —0.024 0.049 0.003
(0.050) (0.061) (0.040)
0 * Women 0.077 * 0.064 0.056
(0.046) (0.056) (0.043)
+2 * Women 0.054 —0.007 —0.003
(0.055) (0.061) (0.047)
+4 * Women 0.099 * 0.068 0.075*
(0.053) (0.059) (0.046)
+6 or more * Women 0.104 * 0.045 0.003
0.056) (0.058) (0.052)
Age —0.007 —0.03 * —0.021
(0.022) (0.026) (0.019)
Age2 0.000 0.000 0.000 ***
(0.000) (0.000) (0.000)
Household income (log) —0.011 0.009 0.005
(0.011) (0.008) (0.007)
R-squared 0.496 0.503 0.534
N. of individuals 736 736 736

Notes: Robust standard errors. All analyses were adjusted using the HRS survey weights. 1 ADL: activities of
daily living. ***p <0.01, *p <0.1.

To assess whether divorce impacts vary between individuals with more than one
divorce and those experiencing their first divorce or separation, an interaction term was
introduced. This term combined an indicator of more than one divorce in life with the
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trajectory of seven divorce categories (six or more years before divorce; four years before
divorce; two years before divorce; the year/wave of divorce; two years after divorce; four
years after divorce; and six or more years after divorce). Appendix B Table A1l shows
results for food insecurity, depression, and ADL-based disability based on the occurrence
of marriage. The interaction coefficients are not statistically significant for food insecurity,
depression, and ADL-based disability, suggesting no differential effects for these outcomes
for people experiencing their second, third, etc., divorce.

5. Robustness Tests

The study’s robustness check assesses how widowhood is linked to food insecurity
and health and compares it with the effects of gray divorce. Widowhood is another
important event in later life, often leading to poor health and potentially lower well-being.
Anticipation and adaptation of bereavement can negatively affect widowers” health [36].
However, compared with gray divorce, a widower could receive inheritance after the
bereavement of the spouse. Thus, we hypothesize that widowhood does not affect food
insecurity but has a negative effect on ADL-based disability. Table 6 shows estimation
results, suggesting a small reduction in food insecurity at the year of the spouse’s death,
which disappears overtime, and an increase in the risk of ADL-based disability, which
remains over time.

Table 6. Falsification tests—staggered difference-in-difference model of widowhood in the risk of
food insecurity and ADL-based disability.

Food Insecurity ADL 1-Based Disability
(1) (2)
Coef. (S.E.) Coef. (S.E.)
Years before/after gray divorce (Ref. —2)
—6 or more —0.001 0.006
(0.007) (0.01)
—4 0.009 —0.001
(0.006) (0.008)
0 —0.014 ** 0.028 ***
(0.006) (0.008)
2 —0.006 0.018*
(0.008) (0.01)
4 —0.003 0.027 **
(0.008) (0.013)
+6 or more 0 0.054 ***
(0.009) (0.015)
Age —0.005 —0.048
(0.005) (0.008)
Age? 0 0
0) 0)
Household income (log) —0.011 —0.007
(0.003) (0.004)
R-squared 0.362 0.413
N. of individuals 3932 3933

Notes: Robust standard errors. All analyses were adjusted using the HRS survey weights. | ADL: activities of
daily living. ** p < 0.01,* p < 0.05,* p < 0.1.

6. Discussion

This study investigated the short- and longer-term impact of gray divorce on the onset
of food insecurity, depression, and ADL-based disability overall, by gender and history of
prior divorce. Utilizing a nationally representative panel of older Americans tracked over
two decades, the study concluded that gray divorce leads to a sustained increase in the
risk of food insecurity and ADL-based disability, aligning with the chronic strain model of
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divorce. While no significant effects were observed for depression post-divorce, an event
study of depression identified a trend where depressive symptoms were alleviated within
two years following marital dissolution.

The findings on food insecurity are in line with our hypothesis that divorce creates
significant challenges to economic and food security due to reduced sources of income
and the loss of savings of joint consumption, which are particularly relevant as people age
out of the labor force and their health declines. Our findings are consistent with previous
research indicating that being divorced increases the probability of food insecurity [37], but
we quantify this risk for older adults specifically and establish the persistent, long-term
nature of these negative shifts. The findings of this study, which point to the persistent
nature of increased disability rates following gray divorce, align with previous research on
divorce and health, particularly studies adopting a chronic strain model [38]. Similar to our
findings from the event model, previous research indicated a full recovery from depression
about a year following gray divorce [14].

We also find that gray divorce has particularly adverse consequences for food inse-
curity among older women, while men do not appear to be significantly affected. This is
consistent with prior research suggesting that women face a higher risk of food insecurity
relative to men [39]. This may be due to the traditional role of women in society, at least in
the older generation, as homemakers and caregivers who are dependent financially on men.
Divorce for older women could be a sudden event for which they are not mentally and
financially prepared, creating major financial hardships. We did not observe any gender
differences for depression and limitations in activities of daily living, which is consistent
with prior findings [14]. There is also no evidence to suggest that the impact of gray divorce
varies by the history of prior divorce.

7. Strengths and Limitations

The study fills the gap in the literature on marital dissolution by focusing specifically
on the older population and considering changes in multiple outcomes over a 20-year
period to help estimate post-divorce changes in the wellbeing of older Americans. Previous
studies on divorce often used cross-sectional samples or panel data for a short period of
time [4,40,41]. Using a nationally representative longitudinal study that follows individuals
before, during, and after gray divorce, we minimized potential measurement errors that
are typically associated with cross-sectional studies. This enhanced the accuracy of our
estimates and supported our capacity to distinguish the chronic strain model, especially
evident in our findings related to food insecurity and ADLs. To our knowledge, this is also
the first attempt to examine the chronic strain model for gray divorce and its implications
for the food insecurity of older men and women.

Along with its strengths, the study is subject to several limitations. First, the number of
divorces in the subgroups is relatively low; thus, we only ran models on the overall sample
of men and women when examining the role of prior divorce. It might consequently miss
heterogenous effects of prior divorce on food insecurity and health outcomes for men and
women. Further research with larger samples should examine this potential heterogeneity.
Second, outcome measures were assessed based on the HRS questionnaires that rely on
self-reports rather than objective measures such as doctors” diagnoses of health conditions.
Lack of data on the severity of food insecurity is another limitation in the assessment of
gray divorce outcomes. Finally, despite the longitudinal design, the study cannot claim that
the observed relationships are necessarily causal in nature because of the strong selection
associated with divorce. At the same time, the strength of using 20-year longitudinal HRS
data offsets a large proportion of the limitations and potential selection biases. Furthermore,
using the DID framework leverages individual-level changes in gray divorce. Therefore,
the study still provides a plausible causal assessment on the effects of gray divorce on food
insecurity and health outcomes.
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8. Conclusions

The study highlights a persistent increase in food insecurity among older adults—
particularly women—following gray divorce, reflecting the chronic strain model of marital
dissolution. We also discovered a significant and lasting negative impact on limitations of
daily living activities from the year of gray divorce onwards, which further supports the
chronic strain model over the crisis model.

These findings emphasize the necessity for targeted interventions. To alleviate food
insecurity, strategies must be designed to the unique needs and vulnerabilities of older
women undergoing divorce. They are particularly sensitive to such challenges due to
potential health declines, limited employment opportunities, and constrained income.
Further, policy frameworks and assistance programs must prioritize older adults, especially
those under 65, as they often lack the additional support provided by federal programs
available to those 65 and older, such as Medicare.
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Appendix A
1998-2018 HRS =
files (n=38,232) (n=42,234)
A4
Data merge
(n=42,234)
|
Remove non-married
at baseline (1=24,620)
v
Exclude age<50 at divorce, missing
data, widowed, never married
(n=16,858)
Divorced/ separated at Remain
least once married/partnered
(n=1,019) (n=15,839)

N

Remarried Remain divorced
(n=283) (n=736)
Women Men Women Men
(n=113) (n=170) (n=383) (n=353)

Figure Al. Dataset frame. Notes: *: Health and Retirement Study (HRS); n reports individual
observations.
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Appendix B

Food Insecurity
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Figure A2. Predicted changes in the prevalence of food insecurity relative to the reference category,
based on Model 2 in Table 5. (a) Predicted changes in the prevalence of food insecurity relative to the
reference category for women. (b) Predicted changes in the prevalence of food insecurity relative
to the reference category for men. Notes: Figures display point estimates and corresponding 95%
confidence intervals. Two years before the divorce (“—2") is the reference category.

Table Al. Staggered difference-in-difference model of divorce-related changes in the risk of food

insecurity, depression, and ADL-based disability by high-order divorce.

Food Insecurity

Depression

ADL 1-Based Disability

Coef. (S.E.)

Coef. (S.E.)

Coef. (S.E.)

Years before/after gray divorce (Ref. —2)

—6 or more 0.05
(0.034)

—4 0.031
(0.032)

0 0.092
(0.036)

2 0.096
(0.040)

4 0.118
(0.047)

+6 or more 0.141

(0.052)

—0.022
(0.048)
0.026
(0.040)
0.056
(0.043)
0.016
(0.046)
0
(0.047)
~0.015
(0.061)

—0.029
(0.036)
0.002
(0.029)
0.051
(0.033)
0.039
(0.035)
0.07
(0.038)
0.112
(0.056)
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Table Al. Cont.

Food Insecurity ~Depression  ADL '-Based Disability
Coef. (S.E.) Coef. (S.E.) Coef. (S.E.)

Years before/after gray divorce (Ref. —2)
* Higher-order divorce (vs. First divorce)

—6 or more * Women —0.032 —0.022 —0.006
(0.046) (0.062) (0.043)

—4 * Higher-order divorce —0.033 —0.05 0.014
(0.047) (0.060) (0.039)

0 * Higher-order divorce —0.035 —0.04 0.005
(0.046) (0.056) (0.043)
+2 * Higher-order divorce —0.001 —0.028 —0.002
(0.053) (0.059) (0.045)

+4 * Higher-order divorce —0.028 —0.021 0.019
(0.054) (0.058) (0.046)
+6 or more * Higher-order 0,06 0,083 0,054

divorce

(0.054) (0.058) (0.054)
Age —0.003 —0.03 —0.021

(0.021) (0.026) (0.019)

Age? 0 0 0

(0.000) (0.000) (0.000)

Household income (log) —0.013 0.008 0.004
(0.011) (0.009) (0.007)

R-squared 0.494 0.502 0.533

N. of individuals 736 736 736

Notes: Robust standard errors. All analyses were adjusted using the HRS survey weights. | ADL: activities of
daily living. * p < 0.05.

References

1.

*® NG

10.
11.

12.

13.

14.
15.

Caplan, Z. US Older Population Grew from 2010 to 2020 at Fastest Rate Since 1880 to 1890. United States Census Bureau.
2023. Available online: www.census.gov/library/stories/2023/05/2020-census-united-states-older-population-grew.html
(accessed on 14 September 2023).

Amato, PR. Research on divorce: Continuing trends and new developments. J. Marriage Fam. 2010, 72, 650—-666. [CrossRef]
Cherlin, A.J. Demographic trends in the United States: A review of research in the 2000s. J. Marriage Fam. 2010, 72, 403-419.
[CrossRef]

Brown, S.L.; Lin, LF. The gray divorce revolution: Rising divorce among middle-aged and older adults, 1990-2010. J. Gerontol. Ser.
B 2010, 67, 731-741. [CrossRef] [PubMed]

Brown, S.L,; Lin, LF. The graying of divorce: A half century of change. |. Gerontol. Ser. B 2022, 77,1710-1720. [CrossRef]

Amato, PR. The consequences of divorce for adults and children. J. Marriage Fam. 2000, 62, 1269-1287. [CrossRef]
Hetherington, E.M.; Kelly, J. For Better or for Worse: Divorce Reconsidered; WW Norton & Company: New York, NY, USA, 2003.
Tucker, J.E.; Bishop, N.; Wang, K.; Phillips, F. Marital Transitions, Change in Depressive Symptomology, and Quality of Social
Relationships in Midlife and Older US Adults: An Analysis of the Health and Retirement Study. Int. |. Aging Hum. Dev. 2021, 95,
00914150211066551.

Johnson, D.R.; Wu, J. An empirical test of crisis, social selection, and role explanations of the relationship between marital
disruption and psychological distress: A pooled time-series analysis of four-wave panel data. J. Marriage Fam. 2002, 64, 211-224.
[CrossRef]

Durkheim, E. Suicide: A Study in Sociology. English Translation; Routledge: London, UK, 1951.

Vignes, B. Crisis or chronic strain? Gender and age differences in sickness absence following early spousal loss. J. Health Soc.
Behav. 2017, 58, 54-69. [CrossRef]

Blekesaune, M. Partnership transitions and mental distress: Investigating temporal order. J. Marriage Fam. 2008, 70, 879-890.
[CrossRef]

Kalmijn, M. The ambiguous link between marriage and health: A dynamic reanalysis of loss and gain effects. Soc. Forces 2017, 95,
1607-1636. [CrossRef]

Tosi, M.; van den Broek, T. Gray divorce and mental health in the United King-dom. Soc. Sci. Med. 2020, 256, 113030. [CrossRef]
Williams, K.; Dunne-Bryant, A. Divorce and adult psychological well-being: Clarifying the role of gender and child age. .
Marriage Fam. 2006, 68, 1178-1196. [CrossRef]


www.census.gov/library/stories/2023/05/2020-census-united-states-older-population-grew.html
https://doi.org/10.1111/j.1741-3737.2010.00723.x
https://doi.org/10.1111/j.1741-3737.2010.00710.x
https://doi.org/10.1093/geronb/gbs089
https://www.ncbi.nlm.nih.gov/pubmed/23052366
https://doi.org/10.1093/geronb/gbac057
https://doi.org/10.1111/j.1741-3737.2000.01269.x
https://doi.org/10.1111/j.1741-3737.2002.00211.x
https://doi.org/10.1177/0022146516688243
https://doi.org/10.1111/j.1741-3737.2008.00533.x
https://doi.org/10.1093/sf/sox015
https://doi.org/10.1016/j.socscimed.2020.113030
https://doi.org/10.1111/j.1741-3737.2006.00322.x

Nutrients 2024, 16, 633 17 of 17

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.
38.
39.
40.

41.

Aseltine, R.H., Jr.; Kessler, R.C. Marital disruption and depression in a community sample. ]. Health Soc. Behav. 1993, 34, 237-251.
[CrossRef]

Rabbitt, M.P.; Hales, L.J.; Burke, M.P.; Coleman-Jensen, A. Household Food Security in the United States in 2022. Available online:
https:/ /www.ers.usda.gov/publications/pub-details /?pubid=107702 (accessed on 16 February 2024).

DelVecchio, D.T.; Hake, M.; Morgan, B.; O’Leary, M. Baby Boomers and Be-yond: Facing Hunger after Fifty; Feeding America:
Chicago, IL, USA, 2015.

Nova, A.; CNBC. Many Younger Baby Boomers May Outlive Their 401(k) Savings, New Research Finds. Here’s Why. 2022.
Available online: https://www.cnbc.com/2022/06/19/401k-plans-may-not-last-long-enough-in-retirement.html (accessed on
16 February 2024).

Cubanski, J.; Koma, W.; Damico, A.; Neuman, T.; How many Seniors Live in Poverty. Kaiser Family Foundation Website.
Published. 2018. Available online: https:/ /www.kff.org/medicare/issue-brief/how-many-seniors-live-in-poverty/ (accessed on
5 July 2023).

King, B.; U.S. Census Bureau. Women More Likely Than Men to Have No Retirement Savings. Available online: https:
/ /www.census.gov/library/stories /2022 /01 /women-more-likely-than-men-to-have-no-retirement-savings.html (accessed on
13 January 2022).

Bunce, D.; Batterham, P.J.; Mackinnon, A J.; Christensen, H. Depression, anxiety and cognition in community-dwelling adults
aged 70 years and over. . Psychiatr. Res. 2012, 46, 1662-1666. [CrossRef] [PubMed]

Padayachey, U.; Ramlall, S.; Chipps, J. Depression in older adults: Prevalence and risk factors in a primary health care sample.
South Afr. Fam. Pract. 2017, 59, 61-66. [CrossRef]

Greenberg, PE. The Growing Economic Burden of Depression in the U.S. 2017. Available online: https://blogs.scientificamerican.
com/mind-guest-blog/the-growing-economic-burden-of-depression-in-the-u-s/ (accessed on 11 July 2017).

Hu, T.; Zhao, X.; Wu, M,; Li, Z; Luo, L.; Yang, C.; Yang, F. Prevalence of Depression in Older Adults: A Systematic Review and
Meta-Analysis. Psychiatry Res. 2022, 311, 114511. [CrossRef] [PubMed]

Recksiedler, C.; Stawski, R.S. Marital transitions and depressive symptoms among older adults: Examining educational differences.
Gerontology 2019, 65, 407-418. [CrossRef] [PubMed]

Ostchega, Y.; Harris, T.B.; Hirsch, R.; Parsons, V.L.; Kington, R. The prevalence of functional limitations and disability in older
persons in the US: Data from the National Health and Nutrition Examination Survey III. |. Am. Geriatr. Soc. 2000, 48, 1132-1135.
[CrossRef] [PubMed]

Sekaran, N.K.; Choi, H.; Hayward, R.A.; Langa, K.M. Fall-associated difficulty with activities of daily living in functionally
independent individuals aged 65 to 69 in the United States: A cohort study. J. Am. Geriatr. Soc. 2013, 61, 96-100. [CrossRef]
[PubMed]

Sturm, R; Ringel, ].S.; Andreyeva, T. Increasing obesity rates and disability trends. Health Aff. 2004, 23, 199-205. [CrossRef]
[PubMed]

Bugliari, D.; Carroll, J.; Hayden, O.; Hayes, J.; Hurd, M.; Karabatakis, A.; Clair, P.S.; RAND HRS Longitudinal File 2018 (V1)
Documentation. RAND Center for the Aging. 2021. Available online: https://www.rand.org/content/dam/rand/www/
external/labor/aging/dataprod/randhrs1992_2018v1.pdf (accessed on 11 January 2022).

Bishop, N.J.; Zuniga, K.E. Caloric Intake and Dietary Patterns Are Associated with Onset of Physical Disability and Mortality in a
Representative Sample of Older U.S. Adults. In Proceedings of the Association of America 2019 Annual Meeting, Austin, TX, USA,
10-13 April 2019.

Radloff, L.S. The CES-D scale: A self-report depression scale for research in the general population. Appl. Psychol. Meas. 1977, 1,
385-401. [CrossRef]

Gould, C.E; Rideaux, T.; Spira, A.P,; Beaudreau, S.A. Depression and anxiety symptoms in male veterans and non-veterans: The
Health and Retirement study. Int. J. Geriatr. Psychiatry 2015, 30, 623-630. [CrossRef]

Michaud, P.-C.; Crimmins, E.M.; Hurd, M.D. The Effect of Job Loss on Health: Evidence from Biomarkers. Labour Econ. 2016, 41,
194-203. [CrossRef]

StataCorp. Stata Statistical Software: Release 16; StataCorp LLC: College Station, TX, USA, 2019.

Siflinger, B. The effect of widowhood on mental health-an analysis of anticipation patterns surrounding the death of a spouse.
Health Econ. 2017, 26, 1505-1523. [CrossRef] [PubMed]

Swann, C.A. Household history, SNAP participation, and food insecurity. Food Policy 2017, 73, 1-9. [CrossRef]

Hughes, M.E.; Waite, L.J. Marital biography and health at mid-life. ]. Health Soc. Behav. 2009, 50, 344-358. [CrossRef] [PubMed]
Broussard, N.H. What explains gender differences in food insecurity? Food Policy 2019, 83, 180-194. [CrossRef]

Bowen, G.L.; Jensen, T.M. Late-life divorce and postdivorce adult subjective well-being. J. Fam. Issues 2017, 38, 1363-1388.
[CrossRef]

Glaser, K.; Stuchbury, R.; Tomassini, C.; Askham, J. The long-term consequences of partnership dissolution for support in later
life in the United Kingdom. Ageing Soc. 2008, 28, 329-351. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.2307/2137205
https://www.ers.usda.gov/publications/pub-details/?pubid=107702
https://www.cnbc.com/2022/06/19/401k-plans-may-not-last-long-enough-in-retirement.html
https://www.kff.org/medicare/issue-brief/how-many-seniors-live-in-poverty/
https://www.census.gov/library/stories/2022/01/women-more-likely-than-men-to-have-no-retirement-savings.html
https://www.census.gov/library/stories/2022/01/women-more-likely-than-men-to-have-no-retirement-savings.html
https://doi.org/10.1016/j.jpsychires.2012.08.023
https://www.ncbi.nlm.nih.gov/pubmed/23017811
https://doi.org/10.1080/20786190.2016.1272250
https://blogs.scientificamerican.com/mind-guest-blog/the-growing-economic-burden-of-depression-in-the-u-s/
https://blogs.scientificamerican.com/mind-guest-blog/the-growing-economic-burden-of-depression-in-the-u-s/
https://doi.org/10.1016/j.psychres.2022.114511
https://www.ncbi.nlm.nih.gov/pubmed/35316691
https://doi.org/10.1159/000493681
https://www.ncbi.nlm.nih.gov/pubmed/30481757
https://doi.org/10.1111/j.1532-5415.2000.tb04791.x
https://www.ncbi.nlm.nih.gov/pubmed/10983915
https://doi.org/10.1111/jgs.12071
https://www.ncbi.nlm.nih.gov/pubmed/23311555
https://doi.org/10.1377/hlthaff.23.2.199
https://www.ncbi.nlm.nih.gov/pubmed/15046144
https://www.rand.org/content/dam/rand/www/external/labor/aging/dataprod/randhrs1992_2018v1.pdf
https://www.rand.org/content/dam/rand/www/external/labor/aging/dataprod/randhrs1992_2018v1.pdf
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1002/gps.4193
https://doi.org/10.1016/j.labeco.2016.05.014
https://doi.org/10.1002/hec.3443
https://www.ncbi.nlm.nih.gov/pubmed/27747997
https://doi.org/10.1016/j.foodpol.2017.08.006
https://doi.org/10.1177/002214650905000307
https://www.ncbi.nlm.nih.gov/pubmed/19711810
https://doi.org/10.1016/j.foodpol.2019.01.003
https://doi.org/10.1177/0192513X15596197
https://doi.org/10.1017/S0144686X07006642

	Introduction 
	Materials and Methods 
	Data and Sample Selection 
	Measures 
	Dependent Variables 
	Control Variables 


	Identification Strategy 
	Results 
	Robustness Tests 
	Discussion 
	Strengths and Limitations 
	Conclusions 
	Appendix A
	Appendix B
	References

