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Abstract

In this paper, we contribute to a growing literature on debt and mental health and ask whether patterns of
unsecured debt accumulation and repayment over two decades are associated with depressive symptoms
at age 50. Using data from the National Longitudinal Study of Youth 1979 Cohort and group trajectory
models, we have three key findings. First, we find substantial heterogeneity in debt trajectories across
the life course. Second, respondents who report consistently high debt levels across the life course or
who cycle in and out of high debt report significantly more depressive symptoms than respondents
who hold consistently low levels of debt. These findings hold for both absolute and relative (debt-to-
income) debt. Third, we find that the association between debt and depressive symptoms is strongest
among respondents with less than a college degree, but we find less evidence for heterogeneity by race
in this cohort.
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INTRODUCTION aspect of family finances is associated with mental
health as families accumulate and repay debt.
Recent research on debt and mental health con-
ceptualizes debt as a financial stressor that under-
mines well-being (Drentea 2000; Drentea and
Reynolds 2012, 2015). This is especially the
case for unsecured debt, which is often harder to
repay than secured debt, is typically used to pur-
chase goods and services (rather than assets or
human capital), may be used to supplement stag-
nant wages, and is borrowed at higher cost than
secured debt. Unlike other forms of debt,

A long literature in the sociology of mental health
examines the impact of socioeconomic resources
and family finances on mental health (for a review,
see McLeod 2014; Yu and Williams 1999). But
over the past several decades, consumer debt has
become a more central part of family finances.
American households have seen significant
growth in consumer debt, fueled by a combination
of neoliberal social policies that made credit more
widely available and harder to repay for the aver-
age American consumer as well as economic con-
ditions that have necessitated families take on debt
to supplement stagnant earnings (Campbell 2010;
Hyman 2011; Leicht and Fitzgerald 2007). The 'Dartmouth College, Hanover, NH, USA
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unsecured debt is often accrued in response to
major stressful life events and chronic strains,
such as job loss, financial insecurity, or chronic ill-
ness (Babiarz, Widdows, and Yilmazer 2013;
Houle and Berger 2017; Leicht and Fitzgerald
2007; Sullivan 2008; Sullivan, Warren, and West-
brook 2000). As such, unsecured debt can be both
a primary and secondary stressor that undermines
mental health (Pearlin 1989). However, most
research has examined the relationship between
debt and mental health at a single point in time
or over a brief time horizon. Thus, studies miss
long-term trajectories of debt accumulation and
repayment that may be important for mental
health. Current evidence on the link between
debt and mental health has been mixed, with
some studies finding that unsecured debt is associ-
ated with diminished mental health and well-being
(Drentea 2000; Drentea and Reynolds 2012) and
others suggesting that debt may have positive or
no benefits for mental health when used to smooth
consumption across the life course (Dwyer,
McCloud, and Hodson 2011; Hodson, Dwyer,
and Neilson 2014).

In this paper, we build on prior research on
debt and mental health and ask three research
questions. First, we ask to what extent there is var-
iation in unsecured debt repayment and accumula-
tion trajectories across two decades (1985-2008)
among a cohort of adults who came of age during
an era of financial deregulation and increased
access to credit. Here we examine both absolute
debt and relative (debt-to-income [DTI]) debt lev-
els. Second, we ask whether trajectories of debt
accumulation and repayment are associated with
mental health at midlife. Third, drawing from
recent literature on rising debt and inequality by
race and socioeconomic status (SES), we test for
heterogeneity in the association between debt
and depressive symptoms by educational attain-
ment and race.

LITERATURE REVIEW

Research on the social determinants of mental
health has long recognized that socioeconomic
and financial resources are key predictors of psy-
chological distress and well-being (Link and Phe-
lan 1995; Pearlin 1989; Turner and Lloyd 1999).
Much of this research does not, however, recog-
nize that debt and access to credit has become
an increasingly important part of family finances.

Indeed, Drentea (2000) argues that in the twenty-
first century, debt is a unique and independent
component of socioeconomic status that has ram-
ifications for mental health.

American households carry two broad types of
debt: collateralized debt and noncollateralized
debt. Noncollateralized or unsecured debt is
thought to be particularly problematic for mental
health because it is not tied to an asset and is typ-
ically borrowed at high cost to purchase goods and
supplement wages. Over the past several decades,
unsecured or noncollateralized debt has become
more profitable for banks and in turn more readily
available for US households. Compounded by
the deregulatory policies of the 1970s and
1980s—such as the rise of interstate lending,
which relaxed interest rate caps—the profitability
of lending encouraged banks to aggressively mar-
ket increasingly complex high-interest revolving
credit instruments to US households. At the
same time, stagnating wages, rising costs of basic
consumer goods and health care, and a flagging
social safety net increased the need for unsecured
debt (Campbell 2010; Leicht and Fitzgerald 2007,
Prasad 2012). As a result of these policies and
structural conditions, debt became a more promi-
nent part of the household balance sheet and
more difficult for the average family to repay as
household debt increased from under 90 percent
of disposable income in 1986 to 140 percent by
2007 (Campbell 2010). From 1989 to 1994, aver-
age household noncollateralized debt rose from
$3,653 to $6,339 per family (Lupton and Stafford
2000) and peaked at $8,500 in 2008 (Foust and
Pressman 2008). Rising unsecured debt is both
a cause and consequence of financial strain on
US households and is associated with a host of
negative financial outcomes, including bankruptcy
(Godwin 1996).

The rise of unsecured debt and the stress of
repaying debt raises questions about the impact
of debt on mental health. Drawing from the stress
paradigm (Pearlin 1989; Pearlin et al. 2005; Turner
and Lloyd 1999), scholars have conceptualized
unsecured debt as a stressor that undermines men-
tal health (Drentea 2000; Drentea and Reynolds
2015; Zurlo, Yoon, and Kim 2014). Unlike
secured debt (e.g., mortgage debt), unsecured
debt is thought to be more financially stressful
because it is harder to repay, does not help house-
holds build assets or human capital, and is often
used to supplement household income. Supporting
this notion, Berger, Collins, and Cuesta (2016)
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find that unsecured debt—but not secured debt—is
positively associated with depressive symptoms at
midlife. This pattern also holds for children’s
well-being (Berger and Houle 2016). Using data
from a sample of Miami-Dade County residents,
Drentea and Reynolds (2015) further argue that
debt is a unique “direct” money-related stressor
that is independent of coping resources, social sta-
tus, and other financial stressors. In another study,
Drentea and Reynolds (2012) find that the associ-
ation between debt and mental health is explained
by the stress of paying off debt. Other research
finds support for this notion, showing, to varying
degrees, that unsecured debtor status, debt
amounts, and DTI ratios are positively associated
with depressive symptoms and that this associa-
tion is robust to confounding factors (Berger
et al. 2016; Bridges and Disney 2010; Gathergood
2012; Reading and Reynolds 2001; Sweet et al.
2013; Zurlo et al. 2014). A meta-analysis by
Richardson, Elliott, and Roberts (2013) found
that the association between unsecured debt and
well-being is stronger for mental health than it is
for physical health and strongest for depression.
Taken together, this work suggests that debtors
report greater symptoms of depression, anxiety,
and anger in large part because of the financial
strain and worry surrounding debt repayment
(Drentea and Reynolds 2012; Zurlo et al. 2014).
From a stress process perspective, debt may be
both a primary stressor that undermines mental
health and a secondary stressor (Pearlin 1989)
that is the result of chronic financial strains and
stressful life events, such as job loss and health
shocks (Babiarz et al. 2013). Other research,
however, suggests a more complex relationship
between debt and mental health.

While a growing literature shows that debt
undermines mental health, some studies highlight
the positive impacts of debt on mental health.
The importance of debt in achieving key mile-
stones in life and debt’s ability to smooth con-
sumption across the life course suggests that there
may be positive effects on well-being (Babiarz
et al. 2013; Hodson et al. 2014; Sullivan 2008).
Dwyer and colleagues (2011) find that young bor-
rowers experience debt as empowering as they use
debt to prepare themselves for the future. Further-
more, young people are more likely to perceive
debt as an investment rather than as a burden
when they transition into adulthood. In turn,
Dwyer et al. (2011) and Hodson et al. (2014) argue
that debt is a double-edged sword—it provides

resources that may improve mental health, but
eventually debt must be repaid and thus may even-
tually undermine mental health. In other words,
prior research may show contradictory findings
because debt can provide access to resources that
ameliorate distress but also creates stress as fami-
lies struggle to repay that debt.

Debt Accumulation, Repayment, and
Mental Health: The Importance of
Debt Trajectories over Time

Previous research on debt and well-being tends to
measure debt at a single point in time (Dew 2007
Drentea 2000; Drentea and Lavrakas 2000; Dren-
tea and Reynolds 2012; Dwyer et al. 2011; Kalou-
sova and Burgard 2013) or uses longitudinal data
over a short time period (Berger et al. 2016;
Dew 2008; Dwyer et al. 2016; Hodson et al.
2014). In a review of the literature, Richardson
and colleagues (2013) note that the lack of longi-
tudinal data on debt amounts and mental health is
a major limitation of current research. A key short-
coming to this approach is that it conflates the
short- and long-term consequences of debt,
whereby accumulating debt in the short term
may be beneficial or nonconsequential for mental
health but repayment may be linked with dimin-
ished mental health. For example, a respondent
with “high” debt at a single point in time may
have taken out debt recently and will have little
trouble repaying it, while another may have had
chronically high debt that he or she has been strug-
gling to repay for several years. Current research
on debt and mental health suggests that repayment
stress is a key mechanism linking debt and mental
health, yet processes of accumulation and
repayment—or trajectories of debt over time—
have not been measured in prior research.
Research on debt accumulation and repayment
suggests variation in trajectories of indebtedness
over time that may have implications for well-
being. The life cycle savings model (Modigliani
1966) assumes that the modal individual accumu-
lates debt, including unsecured debt (Yilmazer and
DeVaney 2005), in young adulthood to smooth
consumption and facilitate early life transitions
and pays down that debt—and accumulates
assets—as he or she ages. However, there are
very few tests of this assumption, and recent evi-
dence suggests that this may not be the modal
unsecured debt pathway in the United States in
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an era of credit expansion (Tippett 2010). Debt
researchers have long noted that “debt traps”™
whereby individuals cycle in and out of debt or
fail to pay off debts over time—are common
among socioeconomically disadvantaged groups
(Bird, Hagstrom, and Wild 1999; Sullivan et al.
2000; Tach and Greene 2014). Moreover, Tippett
(2010) challenges the life cycle savings model
and finds substantial heterogeneity in the percent-
age of individuals carrying any unsecured debt
across the life course. High and rising levels of
unsecured debt and default among older adults
nearing retirement (Mann 2011) also cast doubt
on the life cycle savings model as it applies to
unsecured debt and suggests heterogeneity in
accumulation and repayment of debt across the
life course. From a life course perspective, depart-
ing from normative debt accumulation and repay-
ment trajectories may adversely affect mental
well-being because it interferes with life achieve-
ment and hinders age-appropriate status attain-
ment (Pearlin et al. 2005). Therefore, carrying
high debt burdens across the life course or cycling
in and out of high debt levels may have deleterious
consequences for mental health.

Also important to consider are relative debt
measures or debt relative to economic resources.
Absolute measures of debt focus on the total
amount of debt owed. Relative measures opera-
tionalize debt as a proportion of one’s economic
resources—such as a DTI ratio. This distinction
is important because socially advantaged house-
holds tend to carry higher absolute levels of debt
than disadvantaged households, but the amount
of debt constitutes a smaller proportion of house-
hold income in advantaged households than it
does in disadvantaged households (Bird et al.
1999; Johnson and Li 2010). Moreover, high
DTI ratios are a stronger indicator of ability to
repay debt than absolute debt. If debt invokes
stress due to worries about repayment, it is possi-
ble that relative debt will be more strongly associ-
ated with mental health than absolute debt levels.

A Resource for Some, a Liability for
Others? Heterogeneity by Race and
SES

Access to credit for socioeconomically disadvan-
taged groups and people of color has increased
over the past several decades, providing these
groups with the ability to borrow money in formal

credit markets to which they were historically
denied access (Bird et al. 1999; Hyman 2011;
Seamster and Charron-Chénier 2017). For exam-
ple, while white households are more likely to
have credit cards than minority households, from
1989 to 2004, the percentage of African American
households holding debt increased by 21 percent
(Garcia 2007). This is also true of socioeconomi-
cally disadvantaged households (Bird et al. 1999;
Garcia 2007).

Debt scholars have long argued that the social
meaning and burden of debt may vary by race and
socioeconomic status, and in turn, debt may be
more distressing for people of color and those
with low socioeconomic status than their more
socially advantaged counterparts (Berger and
Houle 2016; Hodson et al. 2014; Houle 2014b;
Tach and Greene 2014; Walsemann, Ailshire,
and Gee 2016).This implies that even when disad-
vantaged groups have similar levels of debt as
their more advantaged counterparts, that debt is
more stressful and distressing for disadvantaged
groups. Why might this be?

First, while access to credit has increased for
disadvantaged groups, this access has come at
a cost and on unequal terms. That is, socioeco-
nomically disadvantaged populations and popula-
tions of color are disproportionately likely to
have access only to high-cost (subprime) credit
instruments—such as payday and title loans—
that feature high interest rates and fees and are
therefore more difficult to pay off (Seamster and
Charron-Chénier 2017; Williams, Nesiba, and
McConnell 2005). Put differently, historically dis-
advantaged groups by race and SES have strug-
gled to gain fair access to credit, but in an era of
credit expansion, these groups now struggle to
gain access to fair credit (Williams et al. 2005).

Second, in addition to the high cost of credit,
the need for credit is high among disadvantaged
households to meet basic expenses. Most disad-
vantaged households lack the financial resources
to maintain household functioning in the wake of
an income shock (McKernan and Ratcliffe
2008), and having insufficient funds to meet basic
needs encourages borrowing, even at high cost
(Shah, Mullainathan, and Shafir 2012). Disadvan-
taged households also frequently lack insurance
against adverse events and thus borrow, often
using a high cost mechanism, in response (Barr
2012; Sullivan 2008). For example, Houle and
Berger (2017) find that disadvantaged households
are more likely to have a child with a disability,
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and in response to a birth of a disabled child, they
take on more unsecured debt and have difficulty
repaying that debt over time. Hodson and col-
leagues (2014) also find SES-specific effects of
debt on mental health: Those with the least resour-
ces for repayment have the greatest emotional
distress.

The aforementioned literature suggests that
debt is more burdensome and more of a liability
for low SES groups and people of color than their
more advantaged, white counterparts. Stress the-
ory predicts that those who lack resources may
experience more deleterious mental health conse-
quences in response to stressors—such as debt
burden—than those with more resources (Pearlin
1989). Indeed, these groups tend to incur debt
with less agency and at a higher cost than their
more advantaged counterparts. In turn, they are:
(a) more likely to experience high debt burdens
and (b) subject to greater stress and distress in
response to these debt burdens (stressors). For
these reasons, it is plausible that the link between
debt and depressive symptoms are stronger for (a)
low SES and (b) people of color than their more
advantaged counterparts.

Based on the previously described research and
theory, we ask three key research questions:

Research Question 1: Are there distinct trajec-
tories or patterns of debt accumulation and
repayment across the life course?

Research Question 2: Are trajectories of rela-
tive and absolute debt accumulation and
repayment over time associated with subse-
quent mental health?

Research Question 3: Does this association
vary by socioeconomic status and race?

DATA AND METHODS
Data

Data are drawn from the National Longitudinal
Study of Youth, 1979 Cohort (NLSY-79). The
NLSY-79 is a nationally representative sample
of 12,686 young men and women who were
between the ages of 14 and 22 in 1979. The
response rate across survey years is well over 90
percent in most years, and over three-quarters of
initial respondents have been retained (Bureau of
Labor Statistics 2005). NLSY-79 respondents
were interviewed annually until 1994 and have
been interviewed biannually ever since. Our

analysis is limited to respondents who were eligi-
ble to complete the age 50+ health survey by 2014
(N = 7,694). Nine hundred sixty-two respondents
were initially omitted due to missing data on study
covariates (N = 6,732).! To better account for
these missing data, we use multiple imputation
using the ICE command in Stata 15.0 (Royston
2005). Multiple imputation is a more efficient
and less biased strategy for missing data than list-
wise deletion (Lee and Carin 2010). The proce-
dure iteratively replaces missing values on all var-
iables with predictions based on random draws
from the posterior distributions of parameters
observed in the sample, creating multiple com-
plete data sets (Allison 2001) (N = 7,694). We
then average results across 10 imputation samples
and account for random variation across samples
(Royston 2005). The multiply imputed results pre-
sented here are similar to results using listwise
deletion.

Measures

Absolute and Relative Unsecured Debit.
Data on respondents’ unsecured debt was col-
lected every year from 1985 to 1990 and 1992
to 1994, every two years from 1996 to 2000,
and every four years between 2004 and 2008. In
total, the NLSY includes 14 repeated measures
of unsecured debt over 23 years. During these sur-
vey years, after being asked about debts on their
homes and automobiles, respondents are asked
whether they owe any money on credit cards or
to stores, hospitals, or banks. Unsecured debt
includes credit (bank or store) card debt; money
owed to businesses, individuals, or banks (includ-
ing auto and payday loans); and medical debt.
Unfortunately, our data do not allow us to assess
unsecured debt in distinct categories. However,
credit card debt is differentiated from other types
of unsecured debt in 2004 and 2008 and accounted
for approximately two-thirds of all unsecured debt
in those years. Following previous research that
measures debt over time (Berger et al. 2016;
Berger and Houle 2016; Houle and Berger
2017), we applied a ninety-eighth percentile top
code to debt in each year and adjusted for inflation
so that debt is in constant 2013 dollars. To mea-
sure relative debt, we divide total unsecured debt
by family income to create a DTI ratio.”> We
take the natural logarithm transformation of debt
and debt burden (plus a constant to account for
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0 debt values) because debt is highly right-skewed
(Berger et al. 2016). We then use the logged debt
measure across all years to create the debt trajec-
tories described in the following.

Depressive Symptoms. Depressive symp-
toms are measured with a seven-item measure of
the Center for Epidemiologic Studies Depression
Scale (CES-D) during the age 50+ health module.
The 50+ health module is completed by respond-
ents once in the survey year closest to their fiftieth
birthday, in 2008, 2010, 2012, or 2014. As part of
the seven-item version of the CES-D scale,
respondents were asked the extent to which during
the past week “I could not get going,” “I felt sad,”
“My sleep was restless,” “I felt that everything I
did was an effort,” I felt depressed,” I had trouble
keeping my mind on what I was doing,” and “I did
not feel like eating/my appetite was poor.” Ordi-
nal response categories were: rarely/none of the
time (0), some/a little of the time (1), occasion-
ally/moderate amount of the time to (2), and
most all of the time (3). Responses were summed
across all items into a single scale ranging from
0 to 24, with higher scores indicating greater
depressive symptoms. We model CES-D scores
with a started natural logarithm to account for
skewness and heteroscedasticity (Miech and Sha-
nahan 2000). The results presented in the follow-
ing are substantively similar to results using the
untransformed CES-D scale.

Covariates. Because early adulthood social sta-
tus is likely to influence both debt accumulation
and mental health in adulthood (Addo 2014
Houle 2014a; Nau, Dwyer, and Hodson 2015),
we control for early adulthood measures (mea-
sured in 1990) of marital status (married [refer-
ent], never married, divorced/separated/widowed),
highest educational attainment (less than or equal
to a high school degree [referent], some college,
four-year college degree or more), sex (I =
male; 0 = female), and age at baseline. To ensure
that the association between debt and adult mental
health is not driven by prior mental health status,
we also adjust for lagged depressive symptoms
measured in 1992, as measured by a seven-item
version of the CES-D scale, identical to the mea-
sure administered in the age 50+ module. We also
control for a dichotomous measure of physical
health in early life, which indicates whether the

respondent reported a health condition that pre-
vented them from working at any survey wave
between 1979 and 1985 (1 = yes). Finally, because
debt accumulation and repayment may be affected
by employment difficulties and health shocks, we
control for two additional measures: (1) measure
of the number of unemployment spells of six
months or more from 1986 to 2008 (the period
during which the debt trajectories are measured)
and (2) a measure of the number of waves the
respondent reported having a disabling health con-
dition from 1985 to 2008. Descriptive statistics for
all variables under study are shown in the
Appendix.

Analytic Strategy

Our analysis unfolds in two steps. First, we sepa-
rately model trajectories of unsecured debt and
DTl ratios across the life course using group-based
trajectory models with the “traj” command in
STATA 15.0 (Jones and Nagin 2013; Nagin
2005). We use a censored normal model because
debt has many zeroes and is continuous. Group-
based trajectory models are a class of finite mix-
ture models that allow researchers to identify dif-
ferences in trajectories of outcomes over time.
While hierarchical linear models and other trajec-
tory models tend to assume a single average pop-
ulation trajectory, group-based trajectory models
allow researchers to ask whether there are multiple
trajectories that follow different pathways. The
number of trajectory groups are identified based
on the best fitting model according to the Bayesian
Information Criterion (BIC) and Akaike Informa-
tion Criterion (AIC) (Jones and Nagin 2013;
Nagin 2005). As a form of finite mixture models,
group trajectory models can handle incomplete
data—that is, respondents need not respond to
debt questions at every wave, gaps between time
periods can be unequal, and the number of obser-
vations (debt measurements) need not be equal
across respondents (Haviland, Jones, and Nagin
2011; Nagin 2005).

In the second step of the analyses, we regress
depressive symptoms on age 50 on respondent’s
predicted debt and DTI trajectory class (previously
described) and covariates. Finally, we stratify
models by race and educational attainment to
test whether the association between indebtedness
and mental health varies by race and SES.
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Figure 1. Logged unsecured debt trajectories, 1985-2008.
Source. National Longitudinal Study of Youth, 1979 Cohort.
Note. Trajectories derived from best-fitting group trajectory models. N = 7,694.

RESULTS

Unsecured Debt and Debt-to-income
Trajectories across the Life Course:

Evidence from Group Trajectory
Models

Figures 1 and 2 show results from group trajectory
models that estimate heterogeneity in trajectories
of logged unsecured debt (Figure 1) and DTI ratios
(Figure 2) from 1985 to 2008 in the NLSY-79. The
results from these models show that patterns of
both absolute and relative (DTI) debt trajectories
are more diverse than suggested by a life cycle
savings model. Beginning with Figure 1, results
from group trajectory models reveal substantial
variation in trajectories of unsecured debt over
time. The best fitting models (according to BIC
and AIC fit statistics) suggest six trajectories in
unsecured debt: constant no/low debt = respond-
ents who have low debt or no debt across the
life course (16.8 percent of the sample), high to
low = respondents who have high levels of debt
early in life and pay that debt down (19.4 percent);
mid to low = repondents who have moderate debt

levels early in life and pay that debt down (11.7
percent), low to stable mid = respondents who
begin with low levels of debt and then retain mod-
erate levels of debt over time (17.7 percent), high/
low/high = respondents who cycle in and out of
high debt over time (13.7 percent), and finally,
constant high = respondents who consistently
report high levels of debt throughout the observa-
tion period (20.9 percent).

Results from best fitting group trajectory mod-
els predicting relative debt (DTI) suggest six unique
trajectories: constant low/no debt = respondents
who report very low DTI ratios over time (18.6 per-
cent), high to low debt = respondents who start with
high debt burdens that gradually decline over time
(27.2 percent), mid to low = respondents who start
with moderate debt burdens that decline over time
(17.3 percent), low to high = respondents who
begin with low levels of debt burden that increase
to high levels over time (11.3 percent), low-mid-
low = respondents who begin with low DTI ratios
that increase to moderate levels and then decline
over time (13.9 percent), and constant high debt =
respondents who consistently report high DTI ratios
over time (11.7 percent).
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Figure 2. Logged unsecured debt-to-income ratio trajectories, 1985-2008.
Source. National Longitudinal Study of Youth, 1979 Cohort.
Note. Trajectories derived from best-fitting group trajectory models. N = 7,694.

Taken together, the results from the group tra-
jectory models suggest that there is substantial het-
erogeneity in debt and DTI trajectories over time
in the NLSY-79. Although the life cycle savings
hypothesis suggests that most individuals begin
young adulthood with elevated levels of debt and
pay that debt down as they age, only a minority
of respondents follow a path that resembles that
debt trajectory. For example, only 31.1 percent
of respondents have high or moderate levels of
debt in early life that decrease as they age (high
to low and mid to low/no debt trajectory classes),
and 44.5 percent of respondents transition from
high or moderate DTI ratios in early life to low
levels (mid to low and high to low classes).

Debt Trajectory Groups and Mental
Health: Results from Ordinary Least
Squares Regression Models

Tables 1 and 2 show results from ordinary least
squares (OLS) regression models that estimate
the association between absolute unsecured debt
trajectories (Table 1) and DTI ratio (relative

debt) trajectories (Table 2) derived from the group
trajectory models described previously and shown
in Figure 1 (unsecured debt) and Figure 2 (DTI
ratios). In Model 1, we show the bivariate associ-
ation between debt and depressive symptoms. To
assess whether sociodemographic and early life
characteristics confound the association, we add
race, sex, educational attainment, and age as cova-
riates in Model 2. We add a lagged measure of
depressive symptoms and early life health limita-
tions in Model 3. In Model 4, we add measures
of unemployment spells and debilitating health
conditions across the adult life course, which
may confound the association between the debt
trajectory patterns and subsequent mental health.
Beginning with Table 1, we find substantive
differences in depressive symptoms across abso-
lute debt trajectory groups. Overall, we find that
respondents who cycle in and out of high debt lev-
els or have consistently high debt levels have ele-
vated depressive symptoms relative to those with
low or no debt. In Model 1, for example, respond-
ents who have consistently elevated levels of debt
across the life course report 21 percent higher
depressive symptoms (¢'®; p < .001) than
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Table I. Ordinary Least Squares Regression Models of the Association between Unsecured Debt
Trajectory Groups (1985-2008) and Depressive Symptoms (Logged CES-D) at Midlife.

Model | Model 2 Model 3 Model 4
Unsecured debt trajectories (reference = constant no/low debt)
Low to stable mid debt .045 .080* .039 .045
(.037) (.036) (.035) (.035)
High to low debt —.043 .038 .009 .029
(.038) (.039) (.037) (.036)
Mid to low debt —. 1 10%* —.048 —.058 —.039
(.042) (.042) (.041) (-041)
Debt cycling (high-low-high) A3 4] 4% L[ 28%x*
(-041) (.041) (.040) (-039)
Constant high debt 93k 242k A7 leqHxx
(.037) (.037) (.035) (.034)
Early adult social status characteristics
Sex (male = |; female = 0) —.263%%* —.|9g#H* —.186***
(.021) (.020) (-020)
Race (white = reference)
Black .043+ —.001 —.030
(.024) (.023) (.023)
Other race —.001 —.038 —.053
(.045) (.044) (-043)
Age (1985) .0277%%* .028#** .022%**
(.005) (.005) (-005)
Marital status (married = reference)
Never married 152k 104k .062%*
(.025) (.024) (.023)
Divorced/separated/widowed | 59%** 2 .075%*
(.032) (.030) (-030)
Educational attainment (high school degree or less = reference)
Four-year college degree or more —.248%** —.l6*** —. 1 04***
(.027) (.026) (.026)
Some college —.203*** —.145%** —.107***
(.026) (.025) (.025)
Early life (lagged) CES-D (In) 294k 259%%*
(.013) (.013)
Early life health limitations (I = yes) .1 45%%* .018
(.027) (.027)
Number of unemployment spells (1985-2008) 074%%%*
(orr)
Number of disabling health spells (1985-2008) .070%**
(-004)
Constant I.135%** .588##* .153 .250%*
(.027) (.117) (.114) (-112)
R? 012 057 A31 166

Note. N = 7,694. CES-D = Center for Epidemiologic Studies Depression Scale.

+p < .10. *p < .05. **p < 01. ***p < 00].

respondents who report no or low debt across the
life course. Similarly, those who cycle in and out
of high debt levels (high-low-high) report 14 per-
cent higher depressive symptoms (e'*'; p < .001)

than respondents with consistently low or zero
debt. In contrast, respondents who start with high
or moderate levels of debt that decrease across
the life course do not report depressive symptoms
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Table 2. Ordinary Least Squares Regression Models of the Association between Unsecured Debt-to-
income Trajectory Groups (1985-2008) and Depressive Symptoms (Logged CES-D) at Midlife.

Model | Model 2 Model 3 Model 4
DTI trajectories (reference = constant no/low debt)
Low-mid-low DTI .021 .060 .041 .050
(-040) (.039) (.037) (.037)
High to low DTI .047 P .083%* .092%*
(-033) (.033) (.032) (-031)
Mid to low DTI —.037 .006 .000 019
(-036) (.036) (.034) (.033)
Low to high DTI 230%** 223 .189%%x 72
(-042) (.042) (.040) (-040)
Constant high debt .300%** L322k 228HH* 92k
(-041) (.041) (.039) (-039)
Early adult social status characteristics
Sex (male = |; female = 0) —.259%#* —.196%** —.186%**
(.021) (.020) (-020)
Race (white = reference)
Black 041+ —.003 —.030
(.024) (.023) (.023)
Other race —.001 —.037 —.052
(.045) (.044) (-043)
Age (1985) .028#** .029H** .023%**
(.005) (.005) (-005)
Marital status (married = reference)
Never married 143 .098*#* .058*
(.025) (.024) (.023)
Divorced/separated/widowed LI55%** L 1oEE® .074*
(.032) (.030) (-030)
Educational attainment (high school degree or less = reference)
Four-year college degree or more —.253%** —.166%** — L EEE
(.027) (.026) (-026)
Some college —.205%** —. | 47%** —.109***
(.026) (.025) (.025)
Early life (lagged) CES-D (In) 292%%% 259%%*
(.013) (.013)
Early life health limitations (I = yes) 43%%* .019
(.027) (.027)
Number of unemployment spells (1985-2008) .052% %
(orr)
Number of disabling health spells (1985-2008) .069%**
(-004)
Constant 1.109%*** 566%** 125 226*
(.025) .117) (.115) (-112)
R? 015 059 A31 166

Note. N = 7,694. CES-D = Center for Epidemiologic Studies Depression Scale; DTI = debt-to-income.

+p < .10. *p < .05. **p < 0. **p < 001,

that are significantly different from those with low
or no debt, and the sizes of the coefficients are
small. These findings are robust to controls for
social status (Model 2), lagged health and

depressive symptoms® (Model 3), and unemploy-
ment and debilitating spells in adulthood (Model
4), though the coefficients do reduce in size as
the confounders are added to the models. In
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supplementary models, we switched the reference
group to respondents who followed a “normative”
pattern of debt accumulation and repayment
according to the life cycle savings model (high
to low debt; mid to low debt). These results
were similar to the models presented previously.
Thus, to the extent that debt is associated with
depressive symptoms, it appears most consequen-
tial for those who hold high debt over extended
periods of time or cycle in and out of high debt
levels over time, and these associations are inde-
pendent of a range of confounding factors across
the life course.

In Table 2, we show results from models that
predict the association between DTI trajectories
and depressive symptoms. Broadly, we find that
respondents who experienced high debt burdens at
any point in the life course report elevated depres-
sive symptoms, with the largest associations for
respondents who have recently taken on high debt
burdens or have consistently high debt burdens
over time. For example, in Model 4, after adjusting
for social status variables, lagged health and depres-
sive symptoms,® and unemployment and debilitat-
ing health spells, we find that those who have con-
sistently high DTI ratios report 21 percent higher
depressive symptoms (¢'%%; p < .001) than those
with consistent low or zero DTI ratios. In addition,
respondents whose DTI ratios increase over time
(low to high) report 19 percent higher depressive
symptom scores (¢'”%; p < .001) than their counter-
parts with consistently low or zero DTI ratios. In
addition, respondents who had very high DTI ratios
early in life but pay that debt down report 9 percent
higher depressive symptom scores (¢%; p < .001)
than those with consistently low or 0 DTI ratios.
One interpretation of this result is that having
very high debt burdens (DTTI) in early life continues
to be problematic for mental health even well after
that debt is paid off. Results from supplementary
analyses also revealed that those who have con-
stantly high or low to high debt burdens also report
significantly higher depressive symptoms than
respondents who begin adulthood with moderate
debt burdens but pay that debt down (mid to low).

Does the Association between Debt
and Mental Health Vary by Race and
SES?

We present stratified analyses by race and educa-
tional attainment in Table 3 (unsecured debt

trajectory groups) and Table 4 (DTI ratio trajec-
tory groups). In Panel A, we show stratified mod-
els by educational attainment, comparing respond-
ents who have a four-year college degree with
those who have less than a college degree. In
Panel B, we show stratified models by race, com-
paring black and white respondents. All models
presented include early life social status, lagged
physical and mental health, and unemployment
spells.

In models presented in Table 3, we find consid-
erable evidence that the association between debt
and depression is strongest for those with less
than a college degree. For example, among
respondents with less than a college degree, those
with constant high levels of debt report 19 percent
higher depressive symptom scores (e''’%; p < .001)
than those with consistently low debt levels. This
association is small and nonsignificant among
four-year college graduates. Put differently, the
association between having consistently high
debt loads and depressive symptoms is six times
as large for those who lack a college degree (coef-
ficients differ significantly). In addition, among
respondents with less than a college degree, those
with early increasing debt loads that then level off
have significantly higher depressive symptoms
than those with low or no debt, and this coefficient
is significantly larger than for those who have
a four-year college degree or more (z test compar-
ison of coefficients). We find a similar pattern of
results when comparing coefficients for those
with volatile high debt levels by educational
attainment, though the difference in these coeffi-
cients is not statistically significant at standard
alpha levels.

In Panel B, we find little evidence that the
association between debt and depressive symp-
toms differs for blacks and whites. Across all mod-
els, the debt coefficients for blacks and whites are
largely similar and are not statistically distinguish-
able from one another.

When looking at DTI ratio trajectories, we find
a similar pattern of results in Table 4. Overall, the
association between DTI ratio trajectories and
depressive symptoms is stronger among respond-
ents with less than a college degree than among
respondents with a college degree or more. For
example, the coefficient for constant high DTI
ratios is more than three times larger for respond-
ents with less than a college degree compared to
respondents with a college degree or more. In
Panel B, we find less evidence that the association
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Table 3. Ordinary Least Squares Regression Models of the Association between Unsecured Debt
Trajectory Groups (1985-2008) and Depressive Symptoms at Midlife Stratified by (Panel A) Educational

Attainment and (Panel B) Race.

Panel A: Models Stratified by Educational Attainment

Four-year College Degree +

< Four-year College Degree

Unsecured debt trajectories (reference = constant no/low debt)

Low to stable mid debt —.125° .069+?
(.081) (.038)
High to low debt —.059 .025
(.081) (.040)
Mid to low debt —.160+? -.018"
(.082) (.045)
Debt cycling (high-low-high) 017 .1 40%**
(.098) (.041)
Constant high debt .030° A 76%%%2
(.081) (.038)
Constant 435+ 176
(:233) (.127)
R 159 158
N 1,648 6,046
Panel B: Models Stratified by Race
White Black
Unsecured debt trajectories (reference = constant no/low debt)
Low to stable mid debt .020 .081
(.046) (.058)
High to low debt .035 —.036
(.046) (.066)
Mid to low debt —.071 -.019
(.052) (.071)
Debt cycling (high-low-high) d13* 127%
(.053) (.063)
Constant high debt J66%** .160%**
(.045) (.059)
Constant A26%* —.108
(.140) (.205)
R? 175 153
N 4,847 2,399

Note. Models include all study covariates.

Coefficients significantly different across stratified models (p < .10; z test for difference of coefficients).

+p < .10. *p < .05. **p < 01. ***p < 00].

between DTI trajectory groups and depressive
symptoms is larger for blacks than whites.

In addition to the aforementioned models, we
estimated additional models to shed further light
on the link between debt and depressive symp-
toms. First, to replicate previous research on
debt and mental health, we estimated the

association between mean debt across the life
course (averaged across all survey waves) and
subsequent mental health. Supporting prior
research, we found that respondents with higher
average levels of debt and debt burdens reported
significantly higher levels of depressive symptoms
than those with less debt. Second, to further
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Table 4. Ordinary Least Squares Regression Models of the Association between Unsecured Debt-to-
income Trajectory Groups (1985-2008) and Depressive Symptoms at Midlife Stratified by (Panel A)

Educational Attainment and (Panel B) Race.

Panel A: Models Stratified by Educational Attainment

Four-year College Degree +

< Four-year College Degree

Unsecured DTI trajectories (reference = constant zero/low DTI)

Low-mid-low DTI —.089* .070+*
(.083) (-041)
High to low DTI .002 .097%*
(-064) (.037)
Mid to low DTI —.080 .034
(-069) (.038)
Low to high DTI .051 .| 87%%*
(@RND) (-042)
Constant high debt .063? 202%*#2
(.087) (-044)
Constant 407+ .148
(-231) (-128)
R 156 .158
N 1,648 6,046
Panel B: Models Stratified by Race
White Black
Unsecured DTI trajectories (reference = constant zero/low DTI)
Low-mid-low DTI .025 .109
(.046) (-069)
High to low DTI .091* .083
(-040) (.055)
Mid to low DTI .006 —.010
(.044) (-063)
Low to high DTI 204 .126*
(-053) (-061)
Constant high debt 202%%* 167*
(-050) (-069)
Constant 402%* —.139
(-139) (-207)
R? 175 151
N 4,847 2,399

Note. Models include all study covariates. DT = debt-to-income.
?Coefficients significantly different across stratified models (p < .10; z test for difference of coefficients).

+p < .10. *p < .05. **p < 01. ***p < 00].

examine differences in the association between
debt and mental health across social groups, we
stratified models by gender. However, we found
few substantive or significant differences in the
association between debt and mental health for
men and women with one exception: The high-
to-low DTI trajectory was associated with greater
depressive symptoms for women but not men.

In sum, we find that debtors at the highest risk
of depressive symptoms are those who cycle in
and out of high debt levels as well as those with
consistently high debt. When examining DTI
ratios, or relative debt, we find that those who
report high debt burdens more frequently and
more recently have the highest risk for depressive
symptoms. Finally, we find that these associations
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tend to be strongest among the least educated
respondents, but we find less evidence for varia-
tion in the association by race.

DISCUSSION

Rising consumer debt in the United States has
raised scholarly concern about the impact of this
debt on population well-being and mental health.
A growing literature suggests that high debt levels
are associated with poor mental health, but to date,
findings have been mixed, and most studies have
focused on the link between debt at a single point
in time and concurrent or subsequent mental
health. While these findings are informative,
research has not considered that debt accumula-
tion and repayment is a process that unfolds across
the life course. In this paper, we build on the grow-
ing literature on debt and mental health and ask
how trajectories of unsecured debt across the life
course are linked to mental health at midlife. We
have three key findings. First, we find substantial
heterogeneity in absolute and relative debt trajec-
tories across the life course, based on results from
group trajectory models, and these patterns chal-
lenge the assumption that most households accu-
mulate unsecured debt at younger ages and pay
that debt down as they age. Second, we find that
debt and DTI trajectories are significantly associ-
ated with depressive symptoms at midlife. Specif-
ically, that those with consistently elevated debt
levels across the life course report the highest lev-
els of depressive symptoms at midlife, on average.
Third, we find that the deleterious association
between debt and depressive symptoms is gener-
ally stronger for those with lower levels of educa-
tional attainment. We find less evidence that the
association between debt and depressive symp-
toms varies by race.

Our main findings dovetail with recent
research on debt and mental health that show
debt is positively associated with depression
(Berger et al. 2016; Drentea and Reynolds 2012,
2015; Zurlo et al. 2014) in part because it creates
stress over debt repayment (Drentea and Reynolds
2012; Zurlo et al. 2014). Indeed, our findings show
that respondents with debt trajectories that are
indicative of difficulty with repayment tend to
report the highest depressive symptoms. For
example, we find that those with consistently
high debt levels report higher level of depressive
symptoms than those with low or no debt, net of

a range of confounders and a lagged measure of
mental health. Additionally, those who are cycling
in and out of high debt levels—who are likely
struggling with debt repayment—also report high
depressive symptoms. Those who began young
adulthood with moderate or high absolute debt
levels but repaid that debt over time reported sim-
ilar levels of depressive symptoms to those with
low or no debt.

We also find that our measure of relative debt
(DTI ratios) is more strongly related to depression
than absolute debt levels (see e.g., the constant
high coefficient in Model 1 Table 1 compared to
its corresponding coefficient in Table 2), suggest-
ing that relative debt burdens are more indicative
of debt-related stress than absolute levels. How-
ever, our pattern of results is broadly similar for
both relative and absolute debt, which is likely
because our focus on trajectories over time
better allows us to capture debt and repayment
level stress than point-in-time measures. Taken
together, our findings complement recent research
that suggests that unsecured debt is a stressor that
may undermine mental health.

Our study also builds on prior work in other
important ways. First, our study provides insight
on the importance of the duration of high indebt-
edness for mental health. Respondents in our study
who reported high levels of debt or DTI ratios for
long periods of time (constant high) reported the
highest level of depressive symptoms, on average.
This suggests that length of exposure is a key
dimension of the debt—mental health association.
Second, our findings suggest that the timing of
debt accumulation relative to one’s life stage
may also be an important determinant of mental
health. Those who accumulate debt as they
approach middle age (low to high debt trajectory)
tend to report higher depressive symptoms than
those who accumulate debt earlier in life and
then pay if off. From a life course perspective,
departing from normative debt accumulation and
repayment trajectories may adversely affect well-
being because it interferes with achievement and
hinders age-appropriate status attainment (Pearlin
et al. 2005), such as retirement (Mann 2011). As
such, future research on this topic should incorpo-
rate a life course perspective on debt accumulation
and repayment (Elder, Johnson, and Crosnoe
2004; Houle 2014a). While our focus is on unse-
cured debt, future research might examine how
trajectories of secured debt across the life course
are associated with mental health and well-being



Sun and Houle

15

in later life, particularly given the recent foreclo-
sure crisis (Burgard and Kalousova 2015; Houle
and Light 2014; Keene and Houle 2014).
Relatedly, our study findings suggest that
research that examines debt at a single point in
time or over a short time horizon is likely to under-
estimate the association between debt and mental
health. This is because those with elevated debt
at a single point in time may have little difficulty
paying that debt down and thus may not experi-
ence stress or strain repaying that debt. Mean-
while, those who carry balances forward or take
on additional debt to help make ends meet may
experience stress and poor mental health as
a result. One exception to these findings is that
respondents who report high DTI ratios early in
life but then pay that debt down also report high
depressive symptoms. We speculate that this
may be because having high DTI ratios (as
opposed to high debt levels) in early life may
have a scarring effect on future mental health.
Theoretically, this could operate through two
related mechanisms: First, high DTI ratios can
decrease credit scores, and even a few years of
low credit scores in early adulthood could rever-
berate over time and limit access to credit, hous-
ing, and labor markets (Fellowes 2006). Relatedly,
those with high DTI ratios have a high risk of
bankruptcy, and those who pay down that debt
may be discharging the debt in bankruptcy. Prior
research shows that bankruptcy is a stigmatizing
and costly stressful life event that has long-term
social and economic consequences (Maroto
2012) as well as consequences for mental health.
For example, Addo (2017) uses the NLSY79 and
finds that filing bankruptcy is associated with
poor health and mental health at midlife. Further-
more, Addo shows that the health consequences of
bankruptcy disproportionately affect women and
socially disadvantaged populations, which aligns
with our finding that the high-to-low DTI coeffi-
cient was stronger for women (see aforementioned
supplementary analyses) and the least educated.
Our study also contributes to a growing litera-
ture on the intersection of debt and social inequal-
ity and suggests that indebtedness has greater
mental health consequences for less educated pop-
ulations. In addition to having higher debt bur-
dens, lower SES individuals are more likely to
take on debt with higher interest rates that is diffi-
cult to repay and take on debt to help make ends
meet and have more difficulty repaying debt
than their more advantaged counterparts (Garcia

2007; Tach and Greene 2014). This suggests that
debt is more burdensome and stressful for socio-
economically disadvantaged populations and
may contribute to social disparities in mental
health. Although we do not find evidence that
the link between debt and mental health varies
by race, other evidence suggests that the conse-
quences of debt for other well-being outcomes
are racialized among more recently born cohorts
(Houle and Warner 2017; Seamster and Charron-
Chénier 2017; Walsemann et al. 2016). We spec-
ulate that we may not detect the expected racial
differences because blacks in the NLSY79 cohort
lack access to credit relative to later born cohorts
(Dwyer 2018) and perhaps because our measure
of depressive symptoms does not adequately cap-
ture mental health problems experienced by black
Americans (Brown 2003). To the extent that rising
unsecured debt may reinforce and reproduce social
disparities in mental health, future research should
continue to interrogate the causes and consequen-
ces of social disparities in debt and heterogeneity
in the consequences of debt by socioeconomic sta-
tus and race.

This is the first study to our knowledge to
examine the link between debt trajectories across
the life course and subsequent mental health, but
it is not without limitations. First, our study
focuses only on the experience of a single cohort
(NLSY-79) that came of age and entered adult-
hood during an era of unprecedented financial reg-
ulation and rising access to credit. It is not clear
whether these results or ensuing debt trajectories
are generalizable to other cohorts. Future research
should consider cohort differences in debt trajecto-
ries over time and implications for mental health.
Second, while we improve on cross-sectional stud-
ies of debt and mental health and adjust for poten-
tial confounders and lagged depressive symptoms,
our study is ultimately descriptive and does not
identify causal effects of debt on mental health
(Richardson et al. 2013). Though we control for
a range of early life characteristics and stressful
life events that may influence debt and mental
health, there may be other omitted variables that
confound our associations of interest. Third, our
measure of mental health is limited to the items
in the CES-D, which may not tap other relevant
aspects of mental health, including externalizing
problems (drug use and heavy drinking), anger,
or anxiety. Future research should leverage longi-
tudinal data and alternative measures of mental
health to better identify these effects. Finally, we
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recognize that group trajectory models have limi-
tations and may not accurately depict the true
number of underlying trajectory groupings (War-
ren et al. 2015). However, these models produced
theoretically meaningful trajectories, and the find-
ings presented here are substantively similar to
findings from models where we hand-coded
“naive” debt trajectories.

Despite limitations, our study sheds new light
on the link between indebtedness and mental
health and suggests that a substantial number of

Appendix Descriptive Statistics.

individuals and families are struggling to pay
down unsecured debt, which has implications for
levels of and disparities in mental health. Mental
health is one of many collateral consequences of
financial deregulatory policies that made credit
more profitable for banks and more difficult to
repay for the American consumer. Rising debt
has created new stresses and financial strains in
US households and has the potential to exacerbate
and reproduce long-standing social disparities in
mental health.

Mean/Proportion Standard Deviation

Logged CES-D scale (age 50)
Average unsecured debt (1985-2008), 2013 $
Debt trajectory groups
Constant no/low debt (referent)
Low to stable mid debt
Cycling debt (high-low-high)
High to low debt
Mid to low debt
Constant high debt
Average debt-to-income ratio (1985-2008)
Debt-to-income trajectory groups
Constant no/low debt (referent)
Low-mid-low debt
Low to high debt
High to low debt
Mid to low debt
Constant high debt
Early adulthood characteristics
Race
White (referent)
Black
Other race
Sex (male = |; female = 0)
Age at first debt measurement (1985)
Marital status (1990)
Married
Never married (referent)
Divorced/separated/widowed
Educational attainment (1990)
Four-year college degree+
Some college
High school degree or less (referent)
Logged CES-D scale (1992)
Early life health limitations (by 1985; | = yes)

Number of debilitating health spells (1986—-2008)

Number of unemployment spells (1986—2008)

1.180 921
4,212.00 6,653.00

.168
177
137
.194
117
209
.148 .902

.186
139
113
272
173
117

.630
312
.058
486
23.63 2.227
517
339
.144

214
217
.569

1.342 .828
172

1.29 2.54
446 971

Note. N = 7,694. CES-D = Center for Epidemiologic Studies Depression Scale.
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NOTES

1. Most of the missing data is from the debt variables.
Nine hundred and three cases (11.74 percent of total
sample) were missing data on debt trajectories. Only
1 percent (80 cases) were missing on depressive
symptoms at age 50. Respondents with missing data
were significantly more likely to be black, male,
younger, and college educated and report lower unse-
cured debt at baseline than respondents who
remained in the sample. Respondents with missing
data reported similar levels of depressive symptoms
at baseline and age 50 as respondents who did not
have missing data.

2. When constructing debt-to-income ratios, there is
debate about how to handle respondents who report
debt but zero income. For respondents with zero
income, we assumed that the debt-to-income ratio
was equal to total debt but top-coded these cases at
the maximum debt-to-income ratio observed for
respondents with positive income. Results using this
strategy were substantively similar to results where
we (1) omitted those with zero income from the anal-
ysis or (2) added a small dollar amount ($500) to
those with zero income.

3. Additional analyses (not shown, available on request)
revealed that those with constant high debt across the
life course had significantly higher levels of depres-
sive symptoms at baseline than respondents who
had constant no/low debt or who followed normative
debt patterns (mid to low or high to low) according to
the life cycle savings hypothesis.

4. Additional analyses (not shown, available on request)
revealed that those with constant high debt-to-income
across the life course had significantly higher levels
of depressive symptoms at baseline than respondents
who had constant no/low debt-to-income or who fol-
lowed normative debt patterns (mid to low or high to
low debt-to-income) according to the life cycle sav-
ings hypothesis.
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