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A B S T R A C T

Background: Studies consistently report a higher prevalence of substance use disorders (SUDs) among women
with eating disorders than control women. However, limited research exists on the prevalence of eating disorder
symptoms and diagnoses in women with SUDs, especially in community-based populations. We examined the
prevalence of eating disorder symptoms and diagnosis by the presence or absence of lifetime alcohol use disorder
(AUD) and/or nicotine dependence (ND) in a community-based sample of women.
Methods: 3756 women (median age = 22 years) from the Missouri Adolescent Female Twin Study completed a
modified semi-structured interview assessing lifetime DSM-IV psychiatric disorders and SUDs. Logistic regression
models adjusted for demographic characteristics and other psychopathology, and robust standard errors ac-
counted for the non-independence of twin data.
Results: In general, women with comorbid AUD and ND had a higher prevalence of eating disorder symptoms
and diagnoses than women with AUD or ND Only, who in turn had a higher prevalence than those without either
SUD. After adjustment for covariates, women with AUD and ND had significantly greater risk of broad anorexia
nervosa (RRR = 3.17; 99 % CI = 1.35, 7.44), purging disorder (2.59; 1.24, 5.43), and numerous eating disorder
symptoms than women with neither disorder. Significant differences emerged between individuals with both
AUD and ND versus women with AUD Only or ND Only for some eating disorder symptoms.
Conclusions: Women with lifetime AUD or ND diagnoses are at high risk for eating disorder symptoms and
diagnoses, underscoring the importance of assessing eating disorder symptoms among women with these dis-
orders.

1. Introduction

The association of alcohol abuse or dependence (alcohol use dis-
order; AUD) with nicotine dependence (ND) is well established. The
National Epidemiologic Study of Alcohol and Related Conditions esti-
mates that 34.5 % of adults with past 12-month DSM-IV AUD met
criteria for past 12-month DSM-IV ND, and 22.8 % of those with past
12-month ND also met past 12-month criteria for AUD (Grant et al.,
2004a). Eating disorders frequently co-occur with both AUD (Gadalla
and Piran, 2007; Holderness et al., 1994; Hudson et al., 2007; Root
et al., 2010) and ND (Anzengruber et al., 2006; Holderness et al., 1994;
Solmi et al., 2016), especially in women. Indeed, AUD and ND have

been most closely associated with forms of eating disorders that feature
binge eating (i.e., eating a large amount of food in a short period of time
while experiencing loss of control) and/or compensatory behaviors
(e.g., self-induced vomiting, laxative misuse), such as bulimia nervosa
(BN) and the binge-eating/purging subtype of anorexia nervosa (AN)
(Anzengruber et al., 2006; Peveler and Fairburn, 1990; Schuckit et al.,
1996; Smink et al., 2012). Numerous mechanisms underlying this co-
morbidity have been proposed, including impulsivity and trauma
(Wolfe and Maisto, 2000). Recent studies indicate shared genetic risk
for AUD and ND with binge eating (see Munn-Chernoff and Baker, 2016
for a review) and AN (Munn-Chernoff et al., in press), and similar
patterns of brain activation between individuals with substance use
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disorders (SUDs) and eating disorders have emerged (Kaye et al., 2013;
Volkow et al., 2013). Finally, emotion dysregulation—the inability to
effectively regulate emotional stimuli or negative affect—is present in
individuals with SUDs and eating disorders, and may contribute to their
comorbidity (Prefit et al., 2019; Sloan et al., 2017). Thus, under-
standing specific associations and, ultimately, possible mechanisms
influencing the comorbidity between AUD/ND and eating disorders,
will assist in refining the treatment of this comorbid presentation.

Several gaps remain in the literature on AUD, ND, and comorbid
AUD and ND in relation to eating disorders. First, few studies have
comprehensively examined associations of AUD or ND with eating dis-
order symptoms rather than with diagnoses (Baker et al., 2010; von
Ranson et al., 2002). Although a higher prevalence of AUD and ND has
been reported in individuals with BN and with the binge-eating/pur-
ging type of AN (Root et al., 2010), associations of AUD and/or ND with
specific eating disorder symptoms may have gone undetected in studies
solely focusing on eating disorder diagnoses. Indeed, prior studies have
not included individuals with an otherwise specified feeding or eating
disorder, which is the most frequent eating disorder diagnosis (Le
Grange et al., 2012; Thomas et al., 2009). Second, with one exception
(Sinha et al., 1996), research has only examined associations of eating
disorder diagnoses and symptoms with either AUD or ND alone, in-
dependent of the other diagnosis. Given that AUD and ND frequently
co-occur, it is important to understand if eating disorder diagnoses and
symptoms are associated with AUD or ND specifically or with SUDs in
general. Finally, prior studies have not accounted for comorbid psy-
chopathology in examining associations of eating disorders with AUD
or ND. Major depression, anxiety disorders, other SUDs (e.g., cannabis
use disorder), and conduct disorder are overrepresented among in-
dividuals with eating disorders (Dani and Harris, 2005; Grant et al.,
2004b,Grant et al., 2004; Hasin et al., 2007; Hudson et al., 2007;
Swanson et al., 2011). Therefore, without considering comorbid psy-
chopathology, it is difficult to determine whether associations of eating
disorder symptoms/diagnoses with AUD and/or ND are specific to these
SUDs or instead reflect a general propensity for people with eating
disorder symptomatology to have additional psychiatric diagnoses.

Information about the co-occurrence of SUDs and eating disorders is
critical for treatment and prevention efforts, since the co-occurrence of
AUD/ND and eating disorders is associated with increased morbidity
and mortality (Duncan et al., 2006; Franko et al., 2005, 2013), and
improvement in one disorder may influence the symptom severity of
the other disorder (Center on Addiction and Substance Abuse, 2003).
Thus, we comprehensively explored interrelationships of AUD and ND
with eating disorder symptoms and diagnoses by investigating the
prevalence and risk of eating disorder symptoms and diagnoses among
individuals with AUD and/or ND in a population-based sample of
women. We investigated AUD and ND because they frequently co-occur
(Falk et al., 2006), were legal substances in all 50 states in the United
States at the time of data collection, and are the SUDs most frequently
examined for their association with eating disorders (Gadalla and Piran,
2007; Solmi et al., 2016). Furthermore, we examined whether addi-
tional psychiatric and SUD diagnoses influenced the association be-
tween AUD/ND and eating disorder symptoms and diagnoses. Since a
substantial proportion of individuals who present with psychiatric
disorders, including SUDs and eating disorders, do not receive treat-
ment (Grant et al., 2004b; Hasin et al., 2007; Hudson et al., 2007),
using data from a community-based sample may more accurately ex-
plicate the nature of these associations and increase generalizability to
a broader population. Because the majority of previous studies on this
comorbidity have included young adult or adult women, our findings
will allow for a comparison to and extension of prior research, pro-
viding an avenue to home in on possible mechanisms underlying SUD
and eating disorder comorbidity.

2. Materials and methods

2.1. Participants

Participants were 3756 young adult female twins from the Missouri
Adolescent Female Twin Study (MOAFTS) with data on lifetime DSM-IV
alcohol abuse/dependence and ND (Heath et al., 2002; Waldron et al.,
2013). The MOAFTS is a population-based longitudinal survey of fe-
male twins born between July 1st 1975 and June 30th 1985 in the state
of Missouri to a state resident mother. Twins were recruited using a
cohort sequential sampling design, with ascertainment of successive 6-
month cohorts of 13-, 15-, 17-, and 19-year-old twin pairs over a two-
year period and continued recruitment of 13-year-olds over several
years. The MOAFTS sample is demographically representative of the
Missouri population during the years the twins were born, with ap-
proximately 15 % of twins being African American and nearly all re-
maining twins being of European descent, as reported by the mother at
the time of birth. A baseline interview was conducted with twins in
1995 (median age = 15 years; IQR: 13–17 years; range: 12–23 years).
When possible, interviews were also conducted with at least one parent
(usually the mother) at the time the twins entered the study. The first
full-length young adult follow-up interview (Wave 4; median age = 22
years; IQR: 19–24 years; range: 18–29 years) was conducted an average
of six years after the baseline assessment. Since all members of the
target cohort were ≥18-years-old and study participation was no
longer contingent upon parental consent at the time of the Wave 4 data
collection, all twins from the original sampling frame were invited to
participate, even if they had not participated at baseline. Only those
twins who themselves had refused future contact or whose parents had
refused all future contact with family members were excluded from
being recontacted at Wave 4. A summary of response rates is provided
elsewhere (Waldron et al., 2013). The Washington University School of
Medicine Institutional Review Board approved the study protocol, and
all twins gave verbal informed consent before study participation.

2.2. Measures

The baseline assessment did not include eating disorders; hence, we
used Wave 4 data for the current analyses. A modified version of the
Semi-Structured Assessment for the Genetics of Alcoholism (SSAGA;
Bucholz et al., 1994) was administered to participants via telephone.
The SSAGA assessed alcohol and nicotine use, eating disorders, and
other psychiatric disorders. In this study, lifetime assessments of DSM-
IV (American Psychiatric Association, 1994) AUD and ND—the primary
substance use outcomes—and eating disorder symptoms and diagnoses
were included. Importantly, for specific eating disorder symptoms, this
section of the interview did not include skip patterns, allowing for
ample investigation of all symptoms regardless of the presence of
clinical diagnosis. AN symptoms included having a lifetime body mass
index (BMI) less than minimally expected (i.e., a BMI in the 10th per-
centile based on age- and sex-specific percentiles from the Center for
Disease Control and Prevention; Kuczmarski et al., 2002); intense fear
of gaining weight; weight and shape disturbance, undue influence of
body weight or shape, or denial of the seriousness of the disorder; and
amenorrhea. BN symptoms included ever engaging in binge eating
(overeating and loss of control); purging type (i.e., self-induced vo-
miting and laxative and diuretic misuse) and non-purging type (i.e.,
strict dieting, fasting, and excessive exercise) compensatory behaviors;
and undue influence of body weight and shape (see Duncan et al., 2007
and Munn-Chernoff et al., 2015 for details).

We also included the eating disorder diagnoses of narrow AN, loose
AN, narrow BN, loose BN, and purging disorder (PD). Narrow AN and
BN were defined as meeting all DSM-IV AN or BN diagnostic criteria,
respectively. Loose AN was defined as meeting DSM-IV AN criteria
except amenorrhea, which was removed from the definition of AN in
the DSM-5 (American Psychiatric Association, 2013), and loose BN had
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a self-reported frequency of binge eating a minimum of one day per
week, consistent with the DSM-5, and compensatory behaviors reported
as “sometimes” or “often” for a minimum of three months. PD, an
otherwise specified feeding or eating disorder in the DSM-5, was de-
fined as: 1) recurrent self-induced vomiting, laxative use, or diuretic use
in the absence of binge eating; 2) an intense fear of weight gain or
becoming fat; 3) overeating less than one day per month; and 4) no
lifetime diagnosis of DSM-5 AN or BN. Binge-eating disorder was not
included due to low prevalence (n = 4). Ages of onset were not
available for some eating disorder symptoms and diagnoses so we could
not examine temporal patterns of onset with either SUD.

Multiple covariates were included in this study. Demographic
variables included age, African American race, BMI (calculated as
weight [in kilograms] / height [in meters] squared), early menarche
(defined as onset before age 12 years; Anderson et al., 2003), and
maternal educational level (a proxy for socioeconomic status). Diag-
noses, rather than symptom counts, of additional lifetime DSM-IV
psychiatric disorders assessed by the interview (major depression, so-
cial phobia, panic disorder, conduct disorder, and cannabis use dis-
order) were included as covariates in the analyses.

2.3. Statistical analyses

Data preparation was conducted in SAS (SAS, 1999), and analyses
were performed in Stata (StataCorp, 2005) using a robust variance es-
timator to adjust for the non-independence of twin data (Rao and Scott,
1984). Multinomial logistic regression models were used to obtain re-
lative risk ratios (RRR) for a four-level AUD/ND dependent variable
(i.e., comorbid AUD and ND [AUD + ND], AUD Only, ND Only, and
neither AUD or ND [referent group]) for each eating disorder symptom
and diagnosis independent variable. We tested two models for each
independent variable: Model 1 was an unadjusted model, whereas
Model 2 adjusted for demographic characteristics (i.e., age at interview,
African American race, BMI, early menarche, and maternal educational
level) and lifetime psychopathology (i.e., major depression, social
phobia, panic disorder, conduct disorder, and cannabis use disorder).
Post hoc tests for each model indicated whether significant differences
between the three substance use groups for any eating disorder variable
existed. Given the large number of tests performed, we used a threshold
of p<0.01 for statistical significance and reported 99 % confidence
intervals (CIs) for the multinomial logistic regression models.

3. Results

Two hundred and seventy-nine (7.42 %) women met criteria for
both lifetime AUD and ND (AUD + ND), 508 (13.52 %) met criteria for
lifetime AUD Only, 375 (9.98 %) reported lifetime ND Only, and 2594
(69.06 %) women did not meet criteria for a lifetime diagnosis of either
AUD or ND. With the exception of early onset menarche (omnibus p =
0.013; Table 1), significant differences between groups emerged for all
demographic characteristics, as well as psychiatric disorders and SUDs
(omnibus p-values< 0.01; Table 1).

The prevalence of all eating disorder symptoms and diagnoses dif-
fered significantly by lifetime AUD/ND group (omnibus p-values<
0.01; Table 2). For each symptom or diagnosis, the prevalence was
highest among women with AUD + ND and lowest among those with
neither disorder, with prevalence among those in the AUD Only and ND
Only groups in between and more similar to one another than to the
prevalence in the AUD + ND and no AUD or ND groups. There was
large (r≥0.60) overlap of some eating disorder symptoms, and the
correlations between these symptoms and the two SUDs were small to
moderate, ranging from 0.09 to 0.28 (Table S1). Correlations between
eating disorder diagnoses and AUD ranged from 0.17 to 0.28, and those
of eating disorder diagnoses with ND ranged from 0.14 to 0.28 (Table
S2).

In unadjusted multinomial logistic regression models (Table 3;

Model 1), all AN symptoms were significantly positively associated with
lifetime AUD+ ND, AUD Only, and ND Only, relative to no AUD or ND.
The lone exceptions were intense fear of gaining weight predicting AUD
Only (RRR = 1.32, 99 % CI: 0.94, 1.86) and amenorrhea predicting ND
Only (RRR = 1.64, 0.85, 3.17). Based on post hoc test results, the RRRs
predicting AUD + ND were significantly greater than those predicting
AUD Only for all symptoms of AN except amenorrhea and significantly
greater than those for ND Only for weight/shape disturbance, undue
influence or denial, which also differed significantly from that pre-
dicting AUD Only, and amenorrhea. All BN symptoms were significantly
positively associated with AUD + ND and AUD Only, whereas these
symptoms were not consistently associated with ND Only. Binge eating,
laxative use, diuretic use, and excessive exercise (RRRs ranged from
1.32 to 2.04) were not associated with ND Only. Finally, for eating
disorder diagnoses, all five disorders were significantly associated with
AUD + ND, whereas loose AN was associated with AUD Only (RRR =
2.48; 1.19, 5.15) and ND Only (RRR = 2.70; 1.23, 5.95) and loose BN
was associated with AUD Only (RRR = 3.08; 1.03, 9.22).

After adjusting for covariates, the RRRs for AUD + ND for all AN
and BN symptoms, with the exception of binge eating and certain types
of compensatory behaviors (laxative use, strict dieting, excessive ex-
ercise), were attenuated but remained statistically significant. Loose AN
(RRR = 3.17; 1.35, 7.44) and PD (RRR = 2.59; 1.24, 5.43) were the
only ED diagnoses significantly associated with AUD + ND after ad-
justing for covariates. Although not statistically significant, there was a
two-fold risk of AUD + ND for narrow AN, suggesting a lack of sta-
tistical power. The RRRs for both narrow and loosely defined BN were
not significant and close to the null value (1.00), indicating that there
was truly no association. All AN symptoms except amenorrhea re-
mained significantly associated with ND Only in the adjusted models;
however, associations of BN symptoms and eating disorder diagnoses
with ND Only were no longer significant. Only purging type compen-
satory behaviors (RRR = 1.80; 1.14, 2.86) and diuretic use (RRR =
2.43; 1.22, 4.85) remained significantly associated with AUD Only.

Post hoc tests of differences in RRRs predicting different SUD groups
revealed significant differences for AN symptoms, BN symptoms, and
eating disorder diagnoses after adjusting for covariates (Table 3, Model
2). For AN symptoms, there was a significantly elevated risk of reporting
BMI less than minimally expected (Model 2 RRR [99 % CI]: 2.86 [1.67,
4.90] vs. 1.36 [0.84, 2.20]) and weight/shape disturbance (Model 2
RRR [99 % CI]: 2.40 [1.65, 3.49] vs. 1.32 [0.99, 1.76]) in AUD + ND
versus AUD Only, as well as weight/shape disturbance in AUD + ND
versus ND Only (Model 2 RRR [99 % CI]: 2.40 [1.65, 3.49] vs. 1.49
[1.09, 2.03]). For BN symptoms, there was a significantly increased
likelihood of any compensatory behavior (Model 2 RRR [99 % CI]: 2.09
[1.38, 3.17] vs. 1.34 [0.98, 1.85]) and diuretic use in the AUD + ND
versus AUD Only group (Model 2 RRR [99 % CI]: 5.39 [2.68, 10.87)]
vs. 2.43 [1.22, 4.85]). Further, there was greater risk for any com-
pensatory behavior (Model 2 RRR [99 % CI]: 2.09 [1.38, 3.17] vs. 1.21
[0.84, 1.74]), purging type compensatory behavior (Model 2 RRR [99
% CI]: 2.79 [1.64, 4.75] vs. 1.26 [0.77, 2.05]), and diuretic use (Model
2 RRR [99 % CI]: 5.39 [2.68, 10.87] vs. 1.92 [0.94, 3.96]) in AUD +
ND versus ND Only groups. No significant differences between the AUD
Only and ND Only groups for any eating disorder symptom or among
the three substance groups for eating disorder diagnoses emerged.

To investigate the role of demographic characteristics and comorbid
psychiatric disorders on the association between eating disorder
symptoms/diagnoses and SUD groups, we conducted multinomial lo-
gistic regression analyses in a stepwise manner (Table S3). All demo-
graphic characteristics were initially included, followed separately by
major depressive disorder, social phobia, panic disorder, and conduct
disorder. The pattern of results for demographic-adjusted models re-
mained similar to the unadjusted models, and in general, the individual
inclusion of each additional psychiatric disorder did not affect the
overall association between eating disorder symptoms/diagnoses and
AUD and ND groups.
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Table 1
Descriptive information on demographic and psychiatric and substance use variables included as covariates by lifetime alcohol use disorder (AUD) and nicotine
dependence (ND) status [results shown as n (%)].

Total Sample AUD + ND
(n = 279)

AUD Only
(n = 508)

ND Only
(n = 375)

No AUD or ND
(n = 2594)

Omnibus p-value

Demographics
Monozygotic 2013 (53.61) 157 (56.27) 269 (52.95) 208 (55.47) 1379 (53.18) .717
African American 548 (14.59) 18 (6.45) 45 (8.86) 30 (8.00) 455 (17.55) <0.001
Current BMI 0.002
Underweight 244 (6.52) 20 (7.19) 26 (5.13) 22 (5.91) 176 (6.81)
Normal weight 2332 (62.30) 169 (60.79) 355 (70.02) 211 (56.72) 1597 (61.76)
Overweight 677 (18.09) 53 (19.06) 80 (15.78) 68 (18.28) 476 (18.41)
Obese class I 287 (7.64) 15 (5.40) 31 (6.11) 35 (9.41) 206 (7.97)
Obese class II 118 (3.14) 12 (4.32) 6 (1.18) 22 (5.91) 78 (3.02)
Obese class III 85 (2.26) 9 (3.24) 9 (1.78) 14 (3.76) 53 (2.05)

Early menarche (before age 12) 744 (19.94) 52 (18.64) 89 (17.62) 97 (26.15) 506 (19.64) 0.013
Maternal education <0.001
Less than high school 400 (10.65) 34 (12.19) 45 (8.86) 82 (21.87) 239 (9.21)
High school or college 3269 (87.03) 239 (85.66) 454 (89.37) 282 (75.20) 2294 (88.43)
Missing 87 (2.32) 6 (2.15) 9 (1.77) 11 (2.93) 61 (2.35)

Psychiatric and Substance Use Disorder History (Lifetime)
Major depression 737 (19.64) 137 (49.46) 117 (23.03) 118 (31.47) 365 (14.08) <0.001
Social phobia 481 (12.81) 60 (21.51) 57 (11.22) 101 (26.93) 263 (10.14) <0.001
Panic disorder 92 (2.45) 26 (9.32) 16 (3.16) 18 (4.80) 32 (1.23) <0.001
Conduct disorder 76 (2.02) 25 (9.03) 20 (3.94) 13 (3.47) 18 (0.69) <0.001
Cannabis use disorder 139 (3.70) 56 (20.14) 33 (6.50) 28 (7.47) 22 (0.85) <0.001

Note: BMI = body mass index. Obese class I includes individuals with a BMI of 30 to< 35, obese class II includes individuals with a BMI of 35 to<40, and obese
class III includes individuals with a BMI of 40 or higher. Survey commands in Stata (StataCorp, 2005) were used for analyzing bivariate associations. Under the
survey command, the Pearson chi-square statistic is corrected for the twin sampling design using the Rao and Scott (Rao and Scott, 1984) second order correction,
converting the Pearson chi-square into an F statistic. Significant differences among groups are indicated by bold type.

Table 2
Number (%) of women reporting lifetime eating disorder symptoms and diagnoses by lifetime alcohol use disorder (AUD) and nicotine dependence (ND) status.

Total Sample AUD + ND
(n = 279)

AUD Only
(n = 508)

ND Only
(n = 375)

No AUD or ND
(n = 2594)

Omnibus p-value

Anorexia Nervosa Symptoms
BMI less than minimally expected 336 (8.98) 54 (19.57) 52 (10.26) 53 (14.21) 177 (6.85) <0.001
Intense fear of gaining weight 604 (16.11) 83 (29.96) 86 (16.93) 89 (23.73) 346 (13.36) <0.001
Weight/shape disturbance, undue influence, or denial 1129 (30.17) 149 (53.79) 174 (34.32) 145 (38.87) 661 (25.57) <0.001
Amenorrhea 174 (4.64) 32 (11.55) 36 (7.09) 20 (5.33) 86 (3.32) <0.001

Bulimia Nervosa Symptoms
Binge eating 106 (2.84) 15 (5.43) 23 (4.54) 14 (3.76) 54 (2.10) <0.001
Any compensatory behavior 794 (21.16) 116 (41.73) 128 (25.20) 99 (26.40) 451 (17.40) <0.001
Purging type 331 (8.82) 63 (22.66) 62 (12.20) 40 (10.67) 166 (6.40) <0.001
Vomiting 212 (5.65) 40 (14.39) 39 (7.68) 28 (7.47) 105 (4.05) <0.001
Laxative use 88 (2.34) 14 (5.04) 20 (3.94) 9 (2.40) 45 (1.74) <0.001
Diuretic use 132 (3.52) 31 (11.15) 25 (4.92) 17 (4.53) 59 (2.28) <0.001

Non-purging type 698 (18.59) 96 (34.53) 110 (21.65) 88 (23.47) 404 (15.58) <0.001
Strict dieting 388 (10.34) 49 (17.63) 70 (13.78) 48 (12.80) 221 (8.52) <0.001
Fasting 322 (8.58) 57 (20.50) 55 (10.83) 45 (12.00) 165 (6.36) <0.001
Excessive exercise 408 (10.87) 51 (18.35) 69 (13.58) 45 (12.00) 243 (9.37) <0.001

Undue influence of weight/shape 1052 (28.01) 124 (44.60) 155 (30.51) 136 (36.27) 637 (24.58) <0.001

Eating Disorder Diagnoses*
Narrow anorexia nervosa 43 (1.15) 11 (4.01) 9 (1.78) 4 (1.07) 19 (0.74) <0.001
Loose anorexia nervosa 100 (2.68) 22 (8.03) 20 (3.95) 16 (4.29) 42 (1.63) <0.001
Narrow bulimia nervosa 26 (0.70) 6 (2.17) 6 (1.18) 3 (0.81) 11 (0.43) 0.004
Loose bulimia nervosa** 34 (0.91) 6 (2.18) 9 (1.78) 4 (1.08) 15 (0.58) 0.007
Purging disorder*** 133 (3.57) 24 (8.76) 20 (3.95) 16 (4.29) 73 (2.84) 0.001

Note: BMI = body mass index. BMI less than minimally expected was defined as a lifetime BMI in the 10th percentile based on age- and sex-specific percentiles from
the Center for Disease Control and Prevention (Kuczmarski et al., 2002). *There was an insufficient sample size of binge-eating disorder (n = 4) to examine among
the substance use disorder groups. **Self-reported frequency of binge eating on at least one day per week and compensatory behaviors “sometimes” or “often” for a
duration of at least three months. ***Defined as (1) recurrent self-induced vomiting, laxative use, or diuretic use in the absence of binge eating; (2) an intense fear of
weight gain or becoming fat; (3) overeating< 1 day per month; and (4) no lifetime diagnosis of DSM-5 anorexia nervosa or bulimia nervosa. Survey commands in
Stata (StataCorp, 2005) were used for analyzing bivariate associations. Under the survey command, the Pearson chi-square statistic is corrected for the twin sampling
design using the Rao and Scott (Rao and Scott, 1984) second order correction, converting the Pearson chi-square into an F statistic. Significant differences among
groups are indicated by bold type.
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Finally, we conducted sensitivity analyses including only in-
dividuals who had tried alcohol and nicotine in their lifetime (N =
2569; Tables S4-S6). In general, the pattern of associations between the
four SUD groups were the same as the full sample. Notably, the overall
prevalence of eating disorder symptoms and diagnoses was higher in
the restricted sample than the full sample, indicating that individuals
who have at least tried alcohol or nicotine may also engage in dis-
ordered eating behaviors more frequently than individuals who have
not tried alcohol or nicotine in their lifetime.

4. Discussion

In this community-based sample of young adult women, women
who met criteria for a lifetime diagnosis of both AUD and ND had the
highest prevalence of all eating disorder symptoms and diagnoses.
Conversely, women who met criteria for neither AUD nor ND had the
lowest prevalence of all eating disorder symptoms and diagnoses. The
prevalence of eating disorder symptoms and diagnoses among women
with AUD Only was generally similar to that among women with ND
Only. However, relative to no AUD or ND, AN symptoms were also
associated with ND Only but not AUD Only, whereas purging-type

Table 3
Multinomial logistic regression models (RRR (99 % CI)) for associations between lifetime eating disorder symptoms and diagnoses and lifetime alcohol use disorder
(AUD) and/or nicotine dependence (ND).

Model 1A Model 2B

AUD + ND AUD Only ND Only AUD + ND AUD Only ND Only

Anorexia Nervosa Symptoms
BMI less than minimally expected 3.31a

(2.11, 5.18)
1.55a

(1.01, 2.40)
2.25
(1.47, 3.46)

2.86a

(1.67, 4.90)
1.36a

(0.84, 2.20)
2.26
(1.38, 3.69)

Intense fear of gaining weight 2.77a

(1.90, 4.04)
1.32a

(0.94, 1.86)
2.02
(1.42, 2.86)

1.93
(1.24, 3.01)

1.21
(0.83, 1.75)

1.50
(1.04, 2.16)

Weight/shape disturbance, undue influence, or denial 3.39ab

(2.43, 4.73)
1.52a

(1.16, 1.99)
1.85b

(1.38, 2.49)
2.40ab

(1.65, 3.49)
1.32a

(0.99, 1.76)
1.49b

(1.09, 2.03)
Amenorrhea 3.81b

(2.17, 6.69)
2.23
(1.30, 3.80)

1.64b

(0.85, 3.17)
2.06
(1.04, 4.08)

1.78
(0.97, 3.27)

1.15
(0.58, 2.29)

Bulimia Nervosa Symptoms
Binge eating 2.69

(1.23, 5.84)
2.22
(1.17, 4.23)

1.83
(0.83, 4.03)

1.13
(0.45, 2.84)

1.84
(0.89, 3.82)

1.02
(0.43, 2.43)

Any compensatory behavior 3.40ab

(2.38, 4.86)
1.60a

(1.19, 2.15)
1.70b

(1.21, 2.39)
2.09b

(1.38 3.17)
1.34
(0.98, 1.85)

1.21b

(0.84, 1.74)
Purging type 4.28ab

(2.75, 6.67)
2.03a

(1.34, 3.09)
1.75b

(1.09, 2.80)
2.79b

(1.64, 4.75)
1.80
(1.14, 2.86)

1.26b

(0.77, 2.05)
Vomiting 3.98ab

(2.32, 6.82)
1.97a

(1.19, 3.26)
1.91b

(1.09, 3.36)
2.08
(1.11, 3.92)

1.58
(0.90, 2.78)

1.21
(0.67, 2.21)

Laxative use 3.00
(1.29, 7.01)

2.32
(1.11, 4.84)

1.39
(0.54, 3.59)

1.42
(0.53, 3.81)

1.70
(0.73, 3.96)

0.80
(0.30, 2.16)

Diuretic use 5.39ab

(2.91, 9.98)
2.22a

(1.18, 4.20)
2.04b

(0.99, 4.20)
5.39ab

(2.68, 10.87)
2.43a

(1.22, 4.85)
1.92b

(0.94, 3.96)
Non-purging type 2.86ab

(1.99, 4.11)
1.50a

(1.09, 2.05)
1.66b

(1.17, 2.37)
1.63
(1.06, 2.51)

1.20
(0.85, 1.68)

1.14
(0.78, 1.66)

Strict dieting 2.30
(1.45, 3.64)

1.72
(1.17, 2.52)

1.58
(1.01, 2.47)

1.34
(0.79, 2.28)

1.32
(0.87, 1.98)

1.11
(0.69, 1.77)

Fasting 3.80ab

(2.46, 5.84)
1.79a

(1.17, 2.72)
2.01b

(1.27, 3.18)
1.92
(1.11, 3.30)

1.42
(0.89, 2.27)

1.28
(0.79, 2.07)

Excessive exercise 2.17
(1.38, 3.43)

1.52
(1.04, 2.23)

1.32
(0.83, 2.09)

1.34
(0.78, 2.28)

1.26
(0.84, 1.88)

0.96
(0.59, 1.56)

Undue influence of weight/shape 2.47a

(1.76, 3.46)
1.35a

(1.02, 1.77)
1.75
(1.28, 2.38)

1.80
(1.21, 2.69)

1.29
(0.96, 1.73)

1.31
(0.94, 1.82)

Eating Disorder Diagnoses*
Narrow anorexia nervosa 5.63

(2.02, 15.69)
2.44
(0.86, 6.93)

1.46
(0.34, 6.19)

2.15
(0.60, 7.65)

1.67
(0.52, 5.37)

0.89
(0.19, 4.21)

Loose anorexia nervosa 5.27
(2.56, 10.81)

2.48
(1.19, 5.15)

2.70
(1.23, 5.95)

3.17
(1.35, 7.44)

1.98
(0.91, 4.32)

2.22
(0.97, 5.08)

Narrow bulimia nervosa 5.18
(1.38, 19.37)

2.79
(0.75, 10.40)

1.89
(0.35, 10.21)

1.04
(0.17, 6.43)

1.39
(0.32, 6.14)

0.66
(0.11, 3.83)

Loose bulimia nervosa** 3.80
(1.08, 13.36)

3.08
(1.03, 9.22)

1.85
(0.43, 7.96)

0.93
(0.18, 4.91)

1.71
(0.48, 6.14)

0.71
(0.15, 3.43)

Purging disorder*** 3.29a

(1.73, 6.26)
1.41a

(0.73, 2.72)
1.53
(0.75, 3.14)

2.59
(1.24, 5.43)

1.24
(0.60, 2.56)

1.21
(0.59, 2.50)

Note: RRR = relative risk ratios; BMI = body mass index. BMI less than minimally expected was defined as a lifetime BMI in the 10th percentile based on age- and
sex-specific percentiles from the Center for Disease Control and Prevention (Kuczmarski et al., 2002). Significant RRR relative to the no AUD or ND group are
indicated by bold type. aAcross rows and within model type, AUD + ND and AUD Only groups are significantly different from each other at p<0.01. bAcross rows
and within model type, AUD + ND and ND Only groups are significantly different from each other at p<0.01. There were no significant differences between the
AUD Only and ND Only groups. *Unfortunately, there was an insufficient sample size of binge-eating disorder (n = 4) to examine among the substance use disorder
groups. **Self-reported frequency of binge eating on at least one day per week and compensatory behaviors “sometimes” or “often” for a duration of at least three
months. ***Defined as (1) recurrent self-induced vomiting, laxative use, or diuretic use in the absence of binge eating; (2) an intense fear of weight gain or becoming
fat; (3) overeating< 1 day per month; and (4) no lifetime diagnosis of DSM-5 anorexia nervosa or bulimia nervosa. AUnadjusted model. BAdjusted for age at
interview, African American race, BMI, early menarche, maternal educational level, major depression, social phobia, panic disorder, conduct disorder, and cannabis
use disorder.
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compensatory behaviors were associated with AUD Only but not ND
Only. After adjusting for covariates, the greatest risks were for women
with both AUD and ND relative to those with neither disorder, and
RRRs for AUD + ND in some instances were significantly greater than
the AUD Only and ND Only groups. Although these findings may reflect
a general comorbidity issue, such that individuals with two SUDs could
have more additional psychopathology than those with only one SUD,
they also highlight the importance of screening for eating disorder
symptoms and diagnoses among individuals with AUD who are also
heavy smokers. This is especially critical in treatment settings, where
changes in SUD symptoms may exacerbate or weaken symptoms of an
eating disorder (Center on Addiction and Substance Abuse, 2003).

These findings corroborate existing research suggesting that the
association between SUDs and some eating disorder pathology may be
partly due to other psychiatric disorders (e.g., Baker et al., 2007; Bulik
et al., 2004; Dansky et al., 2000), as seen by the attenuation of the
magnitude of the RRRs after adjusting for demographic characteristics
and comorbid psychopathology. For example, loosely defined AN was
significantly associated with all three SUD groups before adjusting for
demographic characteristics and additional psychopathology; however,
after adjusting for these comorbidities, the RRRs decreased in strength
and only the association with AUD + ND remained statistically sig-
nificant. The same pattern held true for PD, consistent with prior work
(Munn-Chernoff et al., 2015) suggesting that the elevated risk for
combined AUD and ND among women with PD is independent of ad-
ditional psychiatric comorbidities. The current findings further support
the importance of examining compensatory behaviors as key eating
disorder symptoms driving the association between SUDs and eating
disorders, whereas little support for binge eating as a key symptom in
this association emerged after adjusting for additional psycho-
pathology. Although this latter finding was unexpected, findings from
our unadjusted models were consistent with those of previous studies
that did not adjust for comorbid psychopathology (Gadalla and Piran,
2007; Holderness et al., 1994). Thus, these results suggest that addi-
tional psychopathology does not fully account for the relationship,
since some eating disorder symptoms and diagnoses remained sig-
nificantly associated with AUD and ND ever after adjusting for these
additional psychiatric disorders.

In general, women in the ND Only group had significantly greater
risk of AN symptoms but not binge eating or any compensatory beha-
viors, the hallmark features of BN. This is consistent with research
showing that women use nicotine as a means to control weight (White,
2012) and suppress appetite. Our findings are in slight contrast with a
recent meta-analysis reporting an increased prevalence of lifetime ni-
cotine use among individuals with BN or binge-eating disorder than AN
(Solmi et al., 2016). The difference in results indicate that the asso-
ciation could be reflective of the presence of an AUD, as we found a
significant association for both AUD and ND with specific BN symp-
toms.

This study significantly expands our understanding of the comorbid
presentation of SUDs and eating disorders. Use of a female-specific
sample is consistent with prior studies on this comorbidity, which al-
lowed us to compare and expand our findings to obtain a more detailed
description of associations of AUD and ND with eating disorder diag-
noses and symptoms in women. We compared two SUDs to evaluate
whether associations with eating disorder pathology were similar
across substances. Further, we included a range of eating disorder di-
agnoses as well as symptoms, providing tailored information for pre-
vention and treatment programs. No skip patterns were included in the
diagnostic interview; thus, eating disorder symptoms were asked re-
gardless of eating disorder diagnosis. Nonetheless, there were some
limitations. Although this study was one of the largest to examine the
prevalence and risk of eating disorder symptomatology and diagnoses
in individuals with SUDs, we may have been underpowered to detect
some significant associations. Second, because the data for this study
came from a population-based sample, findings may not generalize to a

clinical population, as only a fraction of persons with eating-related
pathology receive treatment (Hudson et al., 2007). Similarly, these
findings may not generalize to men or other age groups. Third, these
data reflect lifetime symptoms and diagnoses, and temporal assessment
of symptom onset is unclear. Thus, it is unknown whether the presence
or severity of eating disorder symptoms fluctuated with onset of AUD or
ND. Finally, we could not examine binge-eating disorder due to the
small sample size (n = 4).

In sum, women who reported lifetime AUD and ND had the highest
prevalence of eating disorder symptoms and diagnoses. Women with
both AUD and ND had an increased risk of reporting loosely defined AN
and PD, as well as other AN and BN symptoms, than control women.
Women with ND only were more likely to report AN symptoms,
whereas women who had AUD only were more likely to report engaging
in any compensatory behaviors than women with neither AUD or ND.
These findings indicate that eating disorders and their symptoms are
prevalent among individuals with SUDs and substance-specific asso-
ciations with individual eating disorder symptoms exist. This informa-
tion is critical for treatment by reinforcing the need for assessing eating
disorder pathology among individuals with an AUD or ND. For ex-
ample, these findings may provide additional support for the use of
Dialectical Behavior Therapy in treating comorbid AUD/ND and eating
disorders. This therapy, which focuses on improving emotion regulation
and distress tolerance, has been shown to be effective for SUDs (Maffei
et al., 2018), eating disorders (Pisetsky et al., 2019), and possibly their
comorbid presentation (Cavicchioli et al., n.d.; Courbasson et al., 2012;
Grilo et al., 2002). Future studies should use alternative methods, in-
cluding identifying latent dimensions of AUD, ND, and eating disorder
comorbidity, to explicate which symptom profiles may co-occur, as well
as how these profiles may be associated with comorbid psychiatric
symptoms and personality traits associated with SUD and eating dis-
order comorbidity. More targeted research on eating disorder symp-
toms and substance-specific associations will allow clinicians and
treatment providers to be vigilant for screening of eating disorders
among individuals with substance use problems.
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