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Abstract

Objective—Substance use disorders and major psychiatric disorders are common, highly
comorbid with each other, and familial. However, the extent to which comorbidity is itself familial
remains unclear. The purpose of this study is to investigate associations between comorbidity
among respondents with family history of comorbidity.

Methods—We analyzed data from the National Epidemiologic Survey on Alcohol and Related
Conditions-I11 to study the associations of family history (FH) of comorbidity among alcoholism,
drug problems, depression, antisocial behavior, and anxiety disorders in parents and maternal and
paternal grandparents with corresponding DSM-5 diagnostic comorbidity among respondents. We
utilized multivariable multinomial logistic regression models controlling for age, sex, race,
education, family income, marital status, and adverse childhood experiences (ACES).

Results—All comorbid associations of any two disorders with FH were statistically significant;
almost all adjusted odds ratios (ORs) for respondent comorbidity in the presence of FH of the
parallel comorbidity exceeded 10. ORs involving antisocial behavior in relatives and antisocial
personality disorder in respondents were consistently larger than any other pairs of disorders. After
further adjustment for ACEs, most patterns of association were similar but the ORs were reduced
two to threefold. ACEs may be mediators in relationships between familial and respondent
comorbidities.
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Conclusion—Further investigations of relationships among familial comorbidity, ACEs, and
respondents’ diagnoses may improve understanding of comorbidity.

Keywords

family history; comorbidity; psychiatric epidemiology; alcohol use disorder; drug use disorder;
major depression

1. Introduction

Substance use disorders and major psychiatric disorders, including mood, anxiety, and
personality disorders, are common and highly comorbid with each other [1-4]. Such
comorbidity is associated with greater clinical severity and complexity, as well as poor
treatment outcomes [1, 5,6]. In addition, all substance use disorders and major psychiatric
disorders are familial [7, 8]. However, the extent to which comorbidity between specific
disorders (e.g., alcohol (AUD) and drug use disorders (DUD) and antisocial personality
disorder (ASPD), and borderline personality disorder) is itself familial and, if so, via what
underlying mechanisms, remains unclear. Drawing on the work of Klein and Riso (1994)
[9], Neale and Kendler (1995) [10] elaborate a range of theoretical models of comorbidity.
In addition to chance, sampling bias, and population stratification, these include alternate
form (two disorders as alternate manifestations of a single underlying liability), multiformity
(having one disorder can generate symptoms of the other) correlated liability, causation, and
the comorbid condition as a distinct clinical entity.

Weissman et al. [11] found that comorbid panic disorder plus MDD reflected two separate
disorders that are highly comorbid within individuals and independently transmitted in
families, with the comorbid state representing a clinically heterogeneous entity, rather than a
distinct, specifically transmitted syndrome. Findings reported by Horwath et al. [12]
suggested that elevated rates of social phobia in relatives of probands with panic disorder
reflected the combination of high familiality of panic disorder plus the tendency for panic
disorder to occur with social phobia in individuals. Both these sets of findings appear
compatible with multiformity models. Twin studies suggest that correlated liabilities, MD as
a cause of GAD, and reciprocal causation best account for comorbidity between these two
disorders [10]. Conversely, there is evidence suggesting that at least some subsets of co-
occurring conditions such as AUD and DUD (e.g., [13]), DUD plus ASPD (e.g., [14]), and
attention-deficit/hyperactivity disorder plus conduct disorder [15,16] may be specifically
transmitted, distinct clinical entities. Among clinically ascertained adolescents, Rhee et al.
[17] found strongest support for alternate form and correlated liabilities models of the
comorbidity between alcohol and illicit drug dependence.

Previous studies addressing the familiality of comorbidity have been generally drawn on
clinically ascertained, adoptee, twin, or otherwise highly selected samples. To our
knowledge, no study has yet investigated whether particular constellations of comorbidity
are specifically transmitted within families among the general population. Findings that
comorbidity is itself familial may reflect familial environmental, nonfamilial environmental,
or genetic or epigenetic factors associated with vulnerability to one or both disorders. Each
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of these mechanisms carries potential implications for revisions to diagnostic classifications.
In addition, the results of this study may inform the design of new studies that could
generate new knowledge about etiology. Both in their own right and by informing new
etiologic research, they could also contribute to the development of improved prevention and
treatment approaches, and the tailoring of existing ones, to take account of both
intraindividual and within-family comorbidities, e.g. to extent that interventions might be
differentially effective for individuals at familial risk for pure versus comorbid presentations
of specific disorders.

Accordingly, the goal of this study was to investigate associations of family history (FH) of
comorbidity among alcoholism (ALC), drug problems (DP), depression (DEP), antisocial
behavior (ASB), and anxiety disorder (ANX) with the corresponding DSM-5 diagnostic
comorbidity among respondent probands in the 2012-2013 National Epidemiologic Survey
on Alcohol and Related Conditions-111 (NESARC-I11) after controlling for
sociodemographics and adverse childhood experiences. We hypothesized that comorbidity
of any two psychiatric disorders is positively associated with FH of comorbidity involving
the corresponding pairs, and also is positively associated with a family history of each
disorder occurring singly.

The NESARC-III is a nationally representative survey of the non-institutionalized civilian
U.S. adult population 18 years and older. Multistage probability sampling was used to select
respondents. Primary sampling units (PSUs) were individual counties or groups of
contiguous counties, secondary sampling units (SSU) were groups of Census-defined blocks,
and tertiary sampling units were households within SSUs. Finally, eligible adults within
sampled households were randomly selected. Hispanics, Blacks, and Asians were
oversampled, and in households with >4 eligible minority persons (n=1661), 2 respondents
were selected. The total sample size was 36,309. Data were adjusted for oversampling and
nonresponse, then weighted to represent the US civilian population based on the 2012
American Community Survey [18]. When participants were compared to the total eligible
sample, including nonrespondents, no significant differences were found in percent
Hispanic, Black, or Asian population subgroups, population density, vacancy rate,
proportion of population in group quarters or proportion of renters at the segment level. At
the individual level, there were no differences between respondents and the total eligible
sample on Hispanic ethnicity. Respondents included a slightly higher percentage of men
than the total eligible sample (48.1% versus 46.2%, p<0.01). NESARC-III respondents also
included a significantly greater percentage of those aged 60-69 years (13.7% versus 12.6%)
and smaller percentages of those aged 40-49 (18.1% versus 18.3%) and 30-39 (16.7%
versus 17.4%) than the total eligible sample. Protocol and consent procedures were approved
by the institutional review boards of the National Institutes of Health and Westat, Inc.
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2.2. Assessment

The diagnostic interview was the NIAAA Alcohol Use Disorder and Associated Disabilities
Interview Schedule-5 (AUDADIS-5), designed to measure DSM-5 alcohol (AUD), nicotine
(NUD), other specific drug use disorders (DUDs), and selected mood, anxiety, trauma-
related, eating and personality disorders (PDs). For the present study, respondent diagnoses
of lifetime AUD, DUD (sedatives/tranquilizers, cannabis, amphetamine, cocaine, club drug,
opioid, heroin, hallucinogens, solvents/inhalants, other drug use disorders), major depressive
disorder (MDD), any anxiety disorder, and antisocial personality disorder (ASPD) were
considered.

Test-retest reliability of DSM-5 AUD and DUD diagnoses (kappa (x) =0.40-0.62) and
corresponding dimensional scales (intraclass correlation coefficient (ICC) =0.45-0.85) were
fair to excellent in a large general population sample. Test-retest of MDD diagnoses
(x=0.40) and its associated dimensional scale (ICC=0.59) were fair to good as were
reliabilities for anxiety disorder diagnoses (x=0.35-0.51) and their dimensional counterparts
(ICC=0.74-0.79). Reliability of the ASPD diagnoses was fair (x=0.46), but higher for its
dimensional counterpart (ICC=0.60) [19]. Procedural validity of DSM-5 diagnoses was
assessed through blind clinical reappraisal using the clinician-administrated semi-structured
psychiatric research interview, DSM-5 (PRISM-5) version [20]. The clinical reappraisal,
conducted in a large general population sample showed fair to good concordance for AUD
and DUD (x=0.36-0.58), MDD (x=0.35-0.36), and anxiety disorders (x=0.20-0.56) and
generally greater concordance for their dimensional scales (ICC>0.64) [20, 21].

2.3. Family History

The AUDADIS-5 also assessed family history of alcoholism (ALC), drug problems (DP),
depression (DEP), antisocial behavior (ASB), and anxiety (ANX) among six categories of
respondent probands’ biologic relatives: father, mother, and maternal and paternal
grandfathers and grandmothers using the family history method. Family history of each
condition was assessed using a single question applicable to each type of relative. For
example, family history of alcohol problems was assessed with the following question: “Has
your [RELATIVE] been an alcoholic or problem drinker at any time in his life?” A relative
was considered an “alcoholic or problem drinker” if a respondent answered affirmatively to
questions operationalizing DSM-5 AUDs: whether the relative had physical or emotional
problems because of drinking; problems with a spouse, family, or friends because of
drinking; problems at work or school because of drinking; problems because of driving after
drinking or seemed to spend a lot of time drinking or being hung over.

Analogously, DEP was considered positive among a relative if the respondent answered
affirmatively a question about whether that relative felt down, sad, blue or didn’t care about
things and also ate or slept too little or too much, moved more slowly than usual, were tired
or agitated, had trouble concentrating, making decisions or doing things, or felt worthless or
thought about suicide. Test-retest reliability of the DEP family history question among
parents and grandparents ascertained in a large general population sample were good to
excellent (x =0.56-0.78) [22]. Family history of any anxiety disorder was considered
positive if the respondent answered affirmatively to the question about whether the relative
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had times when they were tense, nervous or anxious for at least three months, had panic
attacks, were very frightened of objects or situations or avoided them, or had bad reactions
to a traumatic or stressful event. Relatives were considered positive for ASPD if the
respondent answered affirmatively to the DSM-5 ASPD question about whether the relative
was cruel to people or animals, fought or destroyed property, had trouble keeping a job or
paying bills, was impulsive, reckless or did not plan ahead, lied or conned people or got
arrested, did not seem to care if they hurt others and had problems at an early age such as
truancy, staying out all night or running away.

A positive FH of comorbidity was indicated by any one person in any of the six categories of
relatives having lifetime histories of both conditions of interest, e.g., ALC and DEP. While
family histories were assessed individually for each parent and grandparent, those of
siblings, offspring, and maternal and paternal aunts and uncles were each queried in the
aggregate (“How many [RELATIVES] are now, or were in the past, alcoholics or problem
drinkers?”). Because we could not determine comorbidity within individual relatives in these
categories, we excluded them from the present analyses. We classified three additional
groups according to family history status: two disorders without comorbidity (e.g., ALC in
mother and DEP in paternal grandfather), either single disorder of interest in any family
members but no instance of the other (e.g., ALC in one or more relatives but none with
DEP), and neither disorder of interest. The same classification was applied to pairs of these
five disorders.

2.4. Statistical Analysis

Weighted cross-tabulations estimated prevalences of lifetime DSM-5 disorders of interest
and their corresponding FH designations adjusted for sociodemographic characteristics.
Adjusted odds ratios (ORs) were derived from multivariable multinomial logistic regression
models that test for associations between explanatory variables (e.g., family history of
particular types of problems) and a response variable (e.g., respondent diagnostic status)
with more than two levels. To illustrate, and as described above, analyses of comorbid AUD
and DEP in respondents and FH of ALC and DEP categorized respondent diagnosis as
comorbid AUD + DEP, AUD (Disorder X) and DEP (Disorder Y) occurring singly, with
respondents diagnosed as having neither as the referent group. In parallel, FH was
categorized as comorbid ALC plus DEP, both ALC (Disorder X) and DEP (Disorder Y)
within the family but not comorbid in any one relative, ALC only, and DEP only, with
family history of neither ALC nor DEP as the FH referent group. Multinomial models
adjusted for sociodemographic characteristics such as age, sex, race, education, family
income, and marital status.

In addition, adverse childhood experiences (ACE), including sexual, physical, and verbal
abuse, physical and emotional neglect, and having a battered mother, and a household
member with a mental health or substance use disorder or who was incarcerated, or who
attempt/commit suicide, when respondents were younger than 18 years old, constitute strong
risk factors for a broad range of substance use disorders and other psychiatric disorders [23—
25] and associated with family histories of psychopathology [26]. Therefore, we fit
additional models in which we further adjusted for ACE as well as sociodemographic
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characteristics to examine the extent to which ACE explained associations of FH
comorbidity with respondent comorbidity. We assessed childhood abuse and neglect using
items adapted from the Conflict Tactics Scale and the Childhood Trauma Questionnaire [27,
28]. Respondents were considered positive for physical abuse if they reported that a parent
or caregiver had at “sometimes,” “fairly often,” or “very often” physically harmed or injured
them. Respondents were analogously considered positive for emotional abuse, sexual abuse,
physical neglect, and exposure to a battered mother if the respective harmful behaviors
occurred at least “sometimes.” Emotional neglect was considered positive if respondents’
family never, rarely, or only sometimes encouraged their success, made them feel special,
was a source of strength and support, believed in them, or if it was never, rarely, or only
sometimes true that the family was close-knit. Parental suicide or attempt, mental health
disorder, substance use disorder, and incarceration of adult household members when
respondents were younger than 18 were queried dichotomously. The sum of ACEs coded
positive was converted into a categorical variable based on the empirical distribution: none,
1, 2 or 3, and 4 or more [29, 30].

All analyses examined comorbidity among respondents and family history of comorbidity
among parents and grandparents. When analyses were restricted to comorbidity among
parents only, the results were remarkably consistent with slight attenuation of the observed
odds ratios (analytic results available upon request). All analyses utilized SUDAAN, version
11.0, which accounts for the NESARC-I1I's complex sample design.

3.1. Prevalences of comorbid disorders with family history of comorbidity

Table 1 shows the prevalence of lifetime comorbidity of respondents with family history of
parallel comorbidity by sociodemographic characteristics. Prevalences of lifetime AUD and
other four comorbid disorders among respondents with FH of the corresponding comorbid
disorders are about 2%, AUD + DEP being the most prevalent. Prevalences of DUD and
other comorbid disorders are less than 1% except for DUD + AUD. The prevalence of
comorbid DEP plus ANX among respondents with FH of this comorbidity is 4%, the highest
across all pairs. The rates of comorbid substance use disorder plus ASPD were greater
among males. Native Americans have the highest prevalence rates across all combinations of
comorbid disorders, in turn Whites were higher than Blacks and Asians. Overall,
respondents in the youngest age group and those with annual incomes <$20,000 has the
highest prevalence. Those never married or those with < high school education show higher
prevalences for most pairs of disorders.

3.2. Association of psychiatric disorders and their comorbidity with family history

Table 2 shows adjusted odds ratios (ORs) derived from multivariable multinomial logistic
regression models controlling for age, sex, race, education, family income, and marital
status. All comorbid associations of any two disorders with FH were statistically significant.
Except in the cases of respondent DUD without AUD, DEP without AUD, and ASPD
without DUD, in which the largest ORs were associated with both singly occurring disorders
among different relatives, the largest ORs for both comorbid and singly occurring
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respondent disorders were observed in the presence of comorbidity in one or more of the
queried relatives. All but one OR (DEP plus ANX) for respondent comorbidity in the
presence of FH comorbidity exceeded 10, and those for comorbidity involving ASPD in
respondents and ASB in relatives were the largest. ORs associated with FH of both singly
occurring disorders among different relatives were smaller than those for FH of comorbidity,
and higher than having only one of the two disorders occurring among the assessed relatives.
For each of the two disorders occurring singly in the respondent, ORs were higher with FH
of the parallel singly occurring disorder, absent FH of the other, than for FH of the other
singly occurring disorder: i.e., Disorder X without Disorder Y in the respondent, and parallel
FH of Disorder X without Disorder Y; and similarly, Disorder Y without Disorder X in the
respondent, and parallel FH of Disorder Y without Disorder X.

Table 3 illustrates adjusted odds ratios (ORs) derived from multinomial regression models
controlling for ACE in addition to the sociodemographic variables. Most patterns of
associations were similar to those shown in Table 2 except that ORs were two- to threefold
smaller than those in models adjusting only for sociodemographic variables. Furthermore,
ORs of respondent ASPD plus AUD, ASPD plus DEP were modestly larger in FH for the
two disorders occurring singly than in FH of comorbidity, while those of respondent ASPD
with DUD, and ASPD with ANX remained largest among four groups of FH. In addition,
ORs of AUD plus ASPD occurring singly in a relative were highest for respondents with
ASPD occurring singly. Association involving FH of ASB were more strongly attenuated by
adjustment for ACE.

4. Discussion

The purpose of this study was to investigate familial comorbidity involving ALC, DP, DEP,
ASPD, and ANX as a risk factor for comorbidity of parallel pairs of DSM-5 psychiatric
disorders in a national survey of the general adult US population. Having a FH of two
comorbid disorders had the highest ORs with the corresponding respondent comorbidity,
followed by both disorders occurring singly in different relatives after adjustment only for
sociodemographic variables. FH involving comorbidity with ASPD was consistently more
strongly associated with the corresponding comorbidity than FH of DEP and ANX or that of
substance disorders and other psychiatric disorders. After adjustment for ACE in addition to
sociodemographic variables, most patterns of associations were similar, but ORs of
respondents with ASPD and AUD and ASPD plus DEP were higher when FH for the two
disorders occurred singly than with FH for comorbidity of the disorders. One possible
explanation for the strong associations involving ASPD is that children with antisocial
parents or grandparents may be more likely to experience maltreatment, or may witness
violence in the home [31]. More generally, however, ACEs constitute risk factors for many
psychiatric disorders. The reductions in ORs after adjustment for ACEs, combined with
highly significant log-likelihood ratio test (LRT) statistics comparing models with and
without ACE variables across any pairs of disorders of interest, suggest that ACEs may
constitute intervening variables in relationships between familial and respondent
comorbidities.
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Our findings with respect to associations of FH of comorbid alcohol and drug problems with
comorbidity of AUD and DUD in respondents, and drug problems and ASPD with comorbid
DUD plus ASPD in respondents, are compatible with those reported previously by Dick et
al. [13] and Van den Bree et al. [14], respectively, suggesting that at least some subsets of
comorbid cases of these pairs of disorders may reflect specifically transmitted, distinct
clinical entities. However, our findings of familial comorbidity contrast with those reported
by, for example, Weissman et al. [11] with respect to comorbid panic disorder plus MDD,
Horwath et al. [12] regarding comorbid panic disorder plus social phobia, and Coelho et al.
[32] with respect to comorbid generalized social phobia plus generalized anxiety disorder in
all-female sample. We are unable to utilize the study designs reported by Weissman et al.
[11] and Coelho et al. [32] in part due to lack of family history ascertained, for example, for
specific anxiety disorders versus anxiety disorders in the aggregate. More generally,
discrepancies between present findings and those from both family history and family study
designs [33, 34] identifying specific and independent transmission of disorders that may be
highly comorbid within individuals may be explained by methodological differences,
including sample ascertainment. For example, our study is based on a large, nationally
representative epidemiologic survey, rather than ascertainment of probands specifically for
having particular disorders. The large sample size affords power to investigate FH of singly
and comorbidly occurring disorders and eliminates potential biases resulting from samples
selected for psychiatric morbidity, comorbidity, family affectedness, or treatment seeking.

We used the family history method (FHM) of investigating psychopathology in relatives in
which NESARC-I111 respondents were interviewed about DSM-5 symptoms of AUD, DUD,
MDD, any anxiety disorder, and ASPD among their parents and grandparents. In contrast,
the family study method (FSM) entails direct interviews with all available relatives. In
general, the FHM has shown good interrater and test-retest reliability and concordance with
clinical reappraisals, and when compared with FSMs, show good to excellent specificity but
modest sensitivity for AUD, DUD, MDD, anxiety disorders, and ASPD [34-42]. Although
modest sensitivity suggests the possibility of underreporting by the FHM used in this study,
the FHM of investigating psychopathology in relatives is far more cost- and time-efficient
than the family study method (FSM), in which all available relatives are directly assessed
[33, 34, 43]. Indeed, the FSM would be both prohibitively resource intensive and logistically
infeasible in a nationally representative general population survey [8]. Further, when parents,
and especially grandparent, are deceased, or otherwise unavailable, for interview, the FHM
is the only available method. Importantly, associations of FH of comorbid disorders and
comorbidity among NESARC-I1I respondents were strong, suggesting that the potential for
underreporting in the FHM likely attenuated the associations found in this study.

5. Conclusions

In conclusion, we found that respondent-probands’ psychiatric comorbidity was strongly
associated with parallel comorbidity as ascertained by the FHM in six categories of relatives.
All comorbid associations of any two disorders with FH were statistically significant.
Childhood adversity appear to explain some of the association between FH and respondent
comorbidity, but significant and generally moderate to substantial associations between FH
and respondent status persisted after adjustment for ACEs. These results lay the groundwork
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for further large general population studies testing alternative models of respondent-
probands and familial comorbidity that incorporate covariates including childhood adversity
[44] to improve understanding of etiologic factors underlying comorbidity. The findings also
suggest the future need to develop family-based prevention and intervention program for
comorbid disorders.
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