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Abstract

Background: Depressive disorders (DD) and alcohol use disorders (AUD) frequently co-occur.
They are key to understanding the current increases in “deaths of despair” among individuals
with lower socioeconomic status (SES). The aim of this study was to assess the prospective
bidirectional associations between AUD and DD, as well as the effect of SES on these two
conditions.
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Methods: The National Epidemiologic Survey on Alcohol and Related Conditions is a cohort
study representative of the US adult population, which began in 2001-2002, with follow-up
interviews conducted 3 years later. SES was primarily operationalized as educational attainment.
AUD, DD, and their levels of severity were defined according to the DSM-5 criteria.

Results: The risk of developing an incident DD increased gradually with the recency and the
severity of AUD at baseline, but the converse was not observed. Lower SES was an independent
risk for incident AUD or DD. SES did not modify the prospective association between AUD and
DD.

Limitations: The absence of interaction between SES and moderate or severe AUD for the
incident DD must be considered with caution due to the limited number of DD cases reported in
these AUD categories.

Conclusions: This result is consistent with a causal relationship between AUD and DD, and
suggests that therapeutic interventions for AUD may also have beneficial effects to lower DD
rates. The independent effects of a lower SES and AUD on DD may result in a vulnerable
population cumulating disorders with heavy consequences on health and social well-being.

Keywords

Educational attainment; alcohol consumption; depressive disorders; severity of mental disorders;
interaction; cohort; general population

Introduction

In many societies, including in the United States (US), depressive disorders (DD) and
alcohol use disorders (AUD) are among the most prevalent psychiatric disorders (Substance
Abuse and Mental Health Services Administration, 2019). Among US adults, 14.0 million
qualified for an AUD in 2019 (SAMHSA Center for Behavioral Health Statistics and
Quality, 2019) and more than 17.3 million experienced at least one depressive episode in
2017 (National Institutes of Mental Health, 2017). In addition, these disorders can co-occur;
the presence of either disorder doubles the risk of the other disorder (Boden and Fergusson,
2011). Furthermore, this co-occurrence can be characterized by greater severity and worse
prognosis than either disorder alone (Greenfield et al., 1998; Hasin et al., 2002), including
a heightened risk for suicidal behavior (Conner et al., 2014). Three main hypotheses have
been made to explain this comorbidity. First, a causal relationship between AUD and DD has
been proposed, according to which alcohol use could lead to depression through changes in
metabolism, neurotransmitter function, or through the consequences of AUD on social life
(Fergusson et al., 2009; Li et al., 2020). Second, DD might increase alcohol consumption as
a coping mechanism, which can result in AUD when increased use persist over time. This
is known as the self-medication hypothesis (Abraham and Fava, 1999; Turner et al., 2018).
Third, an overlapping genetic vulnerability or environmental risk factors, such as adverse
childhood events or other traumatic experiences, may contribute to the co-occurrence of
these two conditions (Capusan et al., 2021; Caspi et al., 2014; Gilbert et al., 2015).

Both these disorders affect more socially disadvantaged people (Bellis et al., 2016; Hall,
2017; Haugland et al., 2015; Melchior et al., 2013). Thus, both DD and AUD are key
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to understanding the current phenomenon of “deaths of despair” in the US, where overall
decreases in life expectancy, even before the COVID-19 pandemic, have been characterized
by increases in poisoning, alcoholic liver cirrhosis, and suicides (Case and Deaton, 2015,
2017; Case and Deaton, 2020), especially among the two-thirds of Americans without

a college degree (Case and Deaton, 2021; Sasson and Hayward, 2019). Education is

a key indicator of socioeconomic status (SES), as people with low education in the

US are increasingly being left behind with fewer prospects for secure, financially stable
employment (Hummer and Lariscy, 2011; Walsemann et al., 2013).

Longitudinal observational studies assessing a direction in a potential causality between
AUD and DD are still scarce and have shown conflicting results (Boden and Fergusson,
2011; Conner et al., 2014; Kohler et al., 2018). Moreover, AUD and DD are both known

to cover heterogenous clinical presentations with a wide continuum, ranging from moderate
and brief disorders to severe disorders with devastating life consequences. In that regard,
taking their respective severity into account, as suggested in the DSM-5, might be a key
factor in the understanding of a potential causal association between AUD and DD (Graham
et al., 2007; McHugh and Weiss, 2019; Paris, 2014; Rehm et al., 2017). Finally, to our
knowledge, whether SES modifies this longitudinal bidirectional association has not been
studied. Accordingly, using data from the National Epidemiologic Survey on Alcohol and
Related Conditions (NESARC), a large nationally representative survey with a follow-up
component (Grant and Dawson, 2021; Hasin and Grant, 2015), the aims of the present study
were to: 1. explore the relative strength of a prospective bidirectional association between
AUD and DD, taking their respective severity into account, in order to distinguish a potential
causal direction, 2. examine if a low SES prospectively independently increases the risks

of developing an AUD or a DD, and 3. assess whether the association between AUD and
DD changes according to the SES (i.e., assess a potential interaction between SES and each
disorder for incidence of the other disorder).

Methods

Participants

The National Epidemiologic Survey on Alcohol and Related Conditions (NESARC) Wave

1 and Wave 2 was a longitudinal survey, designed under the National Institute on Alcohol
Abuse and Alcoholism (NIAAA)’s direction to determine the magnitude of AUDs and their
associated disabilities in the general adult population. The NESARC sample represents

the civilian, noninstitutionalized adult (18 years old or more) population of the US,
including people living in households, military personnel living off base, and people residing
in group quarters. The three-stage sampling frame for the NESARC was based on the
Census 2000/2001 Supplementary Survey (C2SS). For Wave 1, data were collected during
2001-2002 in face-to-face interviews (N=43 093), and for Wave 2, 34 653 respondents were
re-interviewed during 2004-2005. Of the 8440 Wave 1 respondents who were not included in
Wave 2, 3134 were not eligible for a Wave 2 interview because they were institutionalized,
mentally/physically impaired, on active duty in the armed forces throughout the Wave 2
interview period, deceased, or had been deported. The remaining respondents (N=5306)
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refused to participate or could not be reached or located. The cumulative survey response
rate was 70.2%.

Participants who had ever presented with a manic or hypomanic episode at Wave 1 were
excluded from all analyses. For analyses regarding the incidence of DD between Wave 1
and 2, participants with a lifetime DD at Wave 1 were also excluded. Similarly, for analyses
regarding the incidence of AUD between Wave 1 and 2, participants with a lifetime AUD at
Wave 1 were excluded.

NESARC'’s diagnostic classifications were based on the Alcohol Use Disorder and
Associated Disability Interview Schedule-DSM-1V Version (AUDADIS-IV), a fully
structured, computer-assisted diagnostic interview (Grant et al., 2003). NESARC contained
questions that operationalized the criteria set forth in the American Psychiatric Association’s
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-1V) for
alcohol and drug use disorders and mood disorders (major depressive disorder, bipolar |

and bipolar I1 disorders, dysthymia, and hypomania).

For the present study, the definition of AUD was based on the DSM-5 (American Psychiatric
Association, 2013), excluding the craving criteria which was not assessed in the Wave 1 and
2 NESARC interviews. Accordingly, alcohol use and AUD at Wave 1 were split into the
following six categories: lifetime abstinence (reference), drinkers (past or current) without
AUD, remitted AUD (occurred prior to the last 12 months), mild AUD (2-3 symptoms),
moderate AUD (4-5 symptoms) or severe AUD (6 or more symptoms). Mild, moderate,

or severe AUD referred to symptoms present during the last 12 months. We used the

DSM-5 definition of DD as well, which includes major depressive disorders and persistent
depressive disorder (former chronic major depressive disorder and dysthymia). DD at Wave
1 were also categorized according to their temporality and severity. Remitted DD had
occurred prior to the last 12 months. The current DD, which had occurred in the last 12
months, were categorized according to their severity, based on the number of criterion
symptoms. We used the DSM-5 specifier to determine the current severity of the DD.

Mild included the DD with 0 to 1 symptom in excess of those required to make the
diagnosis, moderate included the DD with 2 to 3 symptoms in excess, and severe included
the DD fulfilling all the criterion symptoms. If both major depressive disorder and persistent
depressive disorder were present, we chose the category with the higher severity.

SES was primarily defined according to the education attainment, and for sensitivity
analyses, household income was used (Galobardes et al., 2006). Education was split

into having a high school diploma or less (low), some college but no bachelor’s degree
(medium), and a bachelor’s degree or more (high)(Case and Deaton, 2020). The 2001
poverty guidelines of the Department of Health and Human Services, which take into
consideration the number of people living in the household and its combined income, were
used to categorize the income into low (below the poverty threshold), medium (above the
poverty threshold and under four times the poverty threshold), and high (above four times
the poverty threshold) (Department of Health and Human Services).
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The race and ethnicity variable was constructed from the Hispanic origin variable and the
single classification race recode according to an algorithm developed by the Census Bureau
(Wave 1 NESARC Data Notes. Bethesda, MD: NIAAA, 2004). Individuals who reported
being of Hispanic origin were coded as having a Hispanic ethnicity, regardless of their race.
Non-Hispanic individuals who reported multiple races were coded into a single category in
the following order of priority: 1) Black, 2) American Indian/Alaska Native, 3) Asian/Native
Hawaiian/Pacific Islander, 4) White.

Statistical analyses

The NESARC sample was weighted to adjust for non-response at the household and

person levels, the selection of one person per household, and oversampling of young

adults, Hispanics, and Blacks. We used multiple logistic regression models to assess the
prospective associations between SES, DD, and AUD. Effect modification by SES was
investigated on multiplicative and additive scales, following the approach described by
Knol and VanderWeele (2012). Model-adjusted risks, model-adjusted risk differences, and
additive interaction tests were computed using the predictive margin functions PREDMARG
and PRED_EFF in SUDAAN. Here, predicted marginal prevalences of each outcome were
generated using the specified logistic regression models, and group comparisons were
performed through contrast statements (Sarvet and Wall, 2016). We used the Stata 17
(StataCorp, 2021) and SUDAAN (Research Triangle Institute, 2018) softwares. The latter
uses Taylor series linearisation in variance estimation to make adjustments for the sampling
methodology.

Ethical statement

Results

All participants gave informed consent to participate. The research protocol received
full ethical review and approval from the U.S. Census Bureau and the U.S. Office of
Management and Budget.

SES and AUD as predictors of DD during the follow-up period

After exclusions of participants who already had a manic or hypomanic episode or a DD

at baseline, 27 571 participants remained in the analyses (49.5% female, mean age 45.9
years). Overall, 6.4% developed a DD in the 3 years leading up to the follow-up interview.
Compared to lifetime abstainers, the risk for developing a DD during the 3 years prior to
follow-up increased gradually among non-abstainer participants according to the severity
and the recency of their AUD at baseline (OR, 95% CI: 1.20, 1.01-1.41; 1.28, 1.04-1.57;
1.68, 1.22-2.32; 1.92, 1.31-2.81 and 2.35, 1.07-5.14 for participants without; with remitted;
mild; moderate and severe AUD, respectively). Regarding SES, a medium or low level of
education were independent risk factors for developing a DD, compared to a high level

of education (OR, 95% ClI: 1.35, 1.15-1.58 and 1.52, 1.27-1.81, respectively) (Table 1).
Sensitivity analysis using household income as an SES indicator showed similar results
(Table 1-1, submitted to Data in Brief (DIB) alongside this article). Stratified analyses by
sex followed the same trends for males and females (Table 1-2 D/B). SES did not modify
the association between AUD and DD; comparing the high versus the low SES, we found no
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interaction between SES and AUD on a multiplicative, nor on an additive scale (Table 1-3,

DIB).

SES and DD as predictors of AUD during the follow-up period

After exclusions of participants who already had a manic or hypomanic episode or an
AUD at baseline, 22 066 participants remained in the analyses (59.8% female, mean

age 47.2 years). Overall, 7.0% developed an AUD during the follow-up period. The risk
for developing an AUD during the 3 years of follow-up did not differ according to DD
diagnosis, but was increased by a medium or a low level of education at baseline (OR, 95%
Cl: 1.38,1.11-1.70) and 1.27, 1.00-1.61, respectively) (Table 2). This was not confirmed

in the sensitivity analysis using household income as SES indicator (Table 2-1 D/B). The
stratified analyses by sex gave similar results among males and females (Table 2-2 D/B).

Discussion

This prospective study, with participants being representative of the US population, shows
that AUD severity plays a key role in the risk of developing a DD, with a dose-response
association, and that a remitted AUD remains a risk factor for developing a DD. These
results provide consistent evidence with a unidirectional causal relationship between AUD
and subsequent DD. Moreover, we found that a low SES was an independent risk factor

for incident DD and for incident AUD, and that the strength of the association between
AUD and DD did not vary between low or high SES. Our results are consistent with a
meta-analysis of ten cross-sectional and longitudinal studies which supported the hypothesis
of AUD as a precursor of DD (Boden and Fergusson, 2011), as well as with a recent

large genomic study (Grotzinger et al., 2020) which showed a causal association between
problematic alcohol use and depression using Mendelian randomization. Examining the
older adults (60+) of the same NESARC sample, Chou et al. (2011) did not find any
prospective association between AUD and major depressive disorder, in either direction.
This might be explained by a decreasing risk of DD with age and by the manner in which
the two disorders were measured—as being either present or absent—without accounting for
their independent severity levels. Boschloo et al. (2012) used the number of AUD symptoms
during the past 12 months as the exposure variable and also found a linear dose-response
association with incident DD. We found no significant association between DD and the risk
of developing an AUD, consistent with most (Boden and Fergusson, 2011; Fergusson et al.,
2009), but not all, prior studies (Turner et al., 2018). The association between SES and DD
is consistent with previous studies showing a social gradient in the incidence of depression
(Grant et al., 2009; Melchior et al., 2013). Consistent with our results, the association
between SES and AUD is more widely debated than the one between SES and DD (Grant et
al., 2009; Lund et al., 2018).

Our finding that SES did not modify the association of AUD with DD is unexpected, given
the literature on the alcohol harm paradox, according to which people of low SES experience
greater alcohol-related harm than those of high SES for the same or lower level of alcohol
consumption (Hall, 2017; Probst et al., 2020; Probst et al., 2014). A meta-analysis of

133 million people compared socioeconomic inequality in alcohol-attributable and all-cause
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mortality and found a relative risk of dying from alcohol-attributable causes of 1.7-fold the
relative risk of all-cause mortality (Probst et al., 2014). However, to our knowledge, no
study has examined the potential influence of SES on the prospective association between
AUD and DD (i.e., the interaction between SES and AUD). Two cross-sectional studies
have examined whether SES influenced the association between alcohol use and depressive
symptoms and found conflicting results (Assanangkornchai et al., 2020; Martinez et al.,
2015). In a Norwegian sample of more than 10 000 adults, Martinez et al. (2015) found

an interaction between employment and depressive symptoms on the risk of heavy episodic
drinking, but no interaction between education level and depressive symptoms regarding
alcohol use. In a Thai sample of more than 13 000 participants, Assanangkornchai et

al. (2020) found an association between major depressive episodes and AUD, which was
modified by wealth and education, but not employment status. Patterns of drinking seem to
vary across low-, middle-, or high-income countries and cultures and might affect possible
interactions with SES (Grittner et al., 2013; Rehm et al., 2017).

This study has several limitations. First, we could not take craving—which is the only
DSM-5 criteria that differs from DSM-1V in the assessment of AUD severity—because

it was not assessed in the AUDADIS-IV interview. Craving has been shown to be well
correlated with the other DSM criteria, but this symptom is rarely present and does not
have much impact on the descriptive epidemiology of AUD (Keyes et al., 2011; Saha et

al., 2006). Thus, missing the craving criteria could have led us to an underestimation of the
AUD severity, and consequently of the observed effects, but is not likely to have modified
the observed associations. Second, this survey was conducted in the first decade of the 215t
century, prior to the decrease in life expectancy due to “deaths of despair”. However, the
trends in substance use poisoning, liver cirrhosis deaths, and suicide began before the effect
on life expectancy was manifest (Shiels et al., 2020). Moreover, AUD and DD are often
relapsing disorders persisting over long periods of time, leading to an increased mortality
after many years (Carvalho et al., 2019; Gilman et al., 2017). Third, we had no information
about adverse childhood events or other traumatic experiences at baseline, which have been
associated with both AUD and DD (Capusan et al., 2021; Caspi et al., 2014; Gilbert et

al., 2015). However the nature of the association between adverse childhood events and
mental health is still debated and disentangling these complex interrelationships would go
beyond the present study (Danese and Widom, 2021). Fourth, we have not included anxiety
disorders or cigarette smoking in our models, despite their possible association with AUD
and DD. Considering the high correlations between anxiety disorders and DD, and cigarette
smoking and AUD, including such variables in our models would have blurred the observed
association with an overadjustment. Moreover, a previous publication on NESARC data
among older adults has already shown models of prospective associations, including all
measured psychiatric disorders (Chou et al., 2011). And, finally, our findings of an absence
of interaction between SES and moderate or severe AUD for the incidence of DD must

be considered with caution due to the small numbers of DD cases reported in these AUD
categories.

The major role played by low SES and AUD on the incidence of DD is likely to be
multifactorial. The experience of deprivation, especially when compared to other people,
and the limited access to health care are likely to adversely affect mental health (Lund
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et al., 2018). Low SES also impacts the living conditions and might increase the risk of
being confronted by violence. For example, more walkable neighborhoods with leisure
opportunities are associated with a reduced prevalence of DD and AUD (Peen et al.,

2010). Regarding AUD, addiction dramatically alters motivational circuits through multiple
changes in neurotransmitter function, which could affect mood (Koob and Volkow, 2016).
The direct neurotoxicity of alcohol might also result in an increased risk of DD. The
consequences of AUD on multiple aspects of social life, such as a disruption of affective
relationships, employment-related difficulties or legal problems are causes for a deteriorated
mood as well (Carvalho et al., 2019). Our results seem to exclude the self-medication
hypothesis of DD as a precursor to AUD (Turner et al., 2018). Regarding the hypothesis of a
shared genetic susceptibility, which could not be explored within our data, genetic studies on
large samples have demonstrated that AUD and DD arise from two distinct genetic factors
(Grotzinger et al., 2020; Kendler et al., 2003). Finally, our results moderately support the
hypothesis of shared risk factors between AUD and DD, in particular factors related to SES.

The conjugated effect of SES and AUD on DD contribute to the development of a vulnerable
population with cumulating disorders with severe consequences on health and social well-
being. The deaths of despair (Case and Deaton, 2015, 2017; Case and Deaton, 2020; Case
and Deaton, 2021; Sasson and Hayward, 2019) —a decrease in life expectancy in the US
characterized by increases in substance use poisoning, alcohol-related liver mortality, and
suicides among the lower socioeconomic stratum—is a striking example of the development
of a vulnerable population and its consequences. This shift in life expectancy has been
described from a social and economic perspective. However, it is worth noting that the
‘deaths of despair’ are all closely linked to mental health, and particularly to depression.
Our results show that depression might have been underestimated as an underlying cause

in deaths of despair. Better capturing and measuring “despair” might help mental health
specialists to study the deaths of despair as well, which could bring a more thorough
understanding of this phenomenon (Shanahan and Copeland, 2021; Shanahan et al., 2019).
Moreover, as AUD prevalence has increased in the last decades in the US population,
especially among the socioeconomically disadvantaged subgroups of the population (Grant
etal., 2017), the observed effects of low SES and AUD on the incidence of DD twenty
years ago might even be of more importance today. Studies examining the long-term effects
of SES and various degrees of AUD severity on mental health are urgently needed and
might help us better understand the “deaths of despair” phenomenon. Adding a mental
health perspective to the social and economic perspectives on deaths of despair could help
in capturing the complex interconnection of environmental, social, and biological pathways
to the current increase in suicide, drug- and alcohol-related mortality rates. Targeting the
lower SES groups of the population in AUD prevention strategies might help reduce these
disparities in mental health and have a beneficial effect on the incidence of depression as
well.
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Highlights
. Alcohol use disorder increased the risk for incident depressive disorders, but
not the reverse.
. The more severe was the alcohol use disorder, the higher was the risk of
depression.
. Lower socioeconomic status independently increased the risk of both
disorders.
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Incidence of depressive disorders (DD) between Waves 1 and 2, according to alcohol use disorders (AUD)
categories and socioeconomic status (SES) at Wave 1.

N % (SE) NwithDD % (SE) OR (95% CI)
AUD categories
Lifetime abstainer 5420 18.2(0.7) 381 17.3(1.5) 1 (ref.)
Drinker without AUD 14 061  50.8 (0.6) 905 50.5(1.6) 1.20 (1.01-1.41)
Remitted AUD 6123  23.3(0.6) 384 21.0(14) 1.28 (1.04-1.57)
Mild AUD 1355  5.2(0.2) 104 6.9(0.9) 1.68 (1.22-2.32)
Moderate AUD 412 1.7(0.1) 43 2.7(0.4)  1.92(1.31-2.81)
Severe AUD 200 0.9(0.1) 22 1.6 (0.6) 2.35(1.07-5.14)
SES (educational attainment)
High 6817  26.0(0.7) 359 19.6 (1.3) 1 (ref.)
Medium 8988  33.1(0.4) 631 35.4(1.2) 1.35(1.15-1.58)
Low 11766  40.9 (0.6) 849 450 (1.5) 1.52 (1.27-1.81)
Sex
Male 12260 50.5 (0.4) 546 35.2 (L.5) 1 (ref.)
Female 15311 495 (0.4) 1293 64.8 (1.5) 2.15 (1.89-2.45)
Age [Mean (SE)] 27571 45.9(0.2) 1839 41.9(0.5) 0.9 (0.98-0.99)
Race/ethnicity
White 15611  69.7 (1.6) 968 66.2 (2.2) 1 (ref.)
Black 5511  11.6(0.7) 367 11.8 (1.0)  0.96 (0.82-1.13)
AI/AN 397 1.9(0.2) 43 3.3(0.6) 1.82(1.27-2.61)
Asian/NH/P| 834  4.6(0.5) 45 3.8(0.9) 0.89 (0.59-1.35)
Hispanic 5218  12.2(1.3) 416 15.0 (1.7)  1.15 (0.97-1.36)

Al/AN:American Indian/Alaska Native, NH/PI:Native Hawaiian/Pacific Islander
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Incidence of alcohol use disorders (AUD) between Waves 1 and 2, according to depressive disorders (DD)

categories and socioeconomic status (SES) at Wave 1.

N % (SE) N with AUD % (SE) OR (95% CI)
DD categories
Neverhad DD 19373  88.5 (0.3) 1289 88.8 (1.2) 1 (ref.)
Remitted DD 1554 6.8 (0.2) 90 5.7(0.7)  1.01(0.76-1.35)
Mild DD 271 1.2(0.1) 15 1.0(0.3)  0.66 (0.34-1.30)
Moderate DD 540  2.2(0.1) 44 2.6(05) 1.7 (0.77-1.77)
Severe DD 328 1.4(0.1) 22 1.9(0.5)  1.39(0.85-2.28)
SES (educational attainment)
High 5110  245(0.7) 246 18.3 (1.8) 1 (ref.)
Medium 6974  32.2(0.5) 563 39.5(1.6) 1.38(1.11-1.70)
Low 0982  43.3(0.6) 651 422(1.9) 1.27 (1.00-1.61)
Sex
Male 7592 40.2 (0.5) 779 58.6 (1.5) 1 (ref.)
Female 14474 59.8 (0.5) 681 41.4(15) 0.47 (0.41-0.54)
Age [Mean] 22066 47.2(0.2) 1460 33.2(0.5) 0.94 (0.94-0.95)
Race/ethnicity
White 11872 67.2(1.8) 742 63.7 (2.2) 1 (ref.)
Black 4638 12.4(0.8) 331 14.8 (1.3) 0.94(0.78-1.13)
AI/AN 300  1.8(0.2) 23 2.2(0.6) 1.32(0.73-2.42)
Asian/NH/PI 760 5.5 (0.6) 32 3.8(1.1) 0.53(0.31-0.91)
Hispanic 4496  13.1(1.4) 332 15.4 (1.8)  0.75(0.63-0.90)

AI/AN:American Indian/Alaska Native, NH/P1:Native Hawaiian/Pacific Islander
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