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Logistic Regression With Machine Learning Sheds Light on
the Problematic Sexual Behavior Phenotype

Shui Jiang, MSc, Keanna Wallace, BSc, Esther Yang, MSc, Leslie Roper, MSc, Garima Aryal, MSc,
Dawon Lee, MD, Rohit J. Lodhi, MD, PhD, MRCPsych, FRANZCP, Randolph Arnau, PhD,

Rick Isenberg, MD, Bradley Green, PhD, David Wishart, PhD,
and Katherine J. Aitchison, BM BCh, PhD, FRCPsych

Objectives: There has been a longstanding debate about whether the
mechanisms involved in problematic sexual behavior (PSB) are similar to
those observed in addictive disorders, or related to impulse control or to
compulsivity. The aim of this report was to contribute to this debate by in-
vestigating the association between PSB, addictive disorders (internet ad-
diction, compulsive buying),measures associatedwith the construct known
as reward deficiency (RDS), and obsessive-compulsive disorder (OCD).
Methods:ACanadian university Office of the Registrar invited 68,846
eligible students and postdoctoral fellows. Of 4710 expressing interest
in participating, 3359 completed online questionnaires, and 1801 com-
pleted the Mini-International Neuropsychiatric Interview. PSB was
measured by combining those screeningpositive (score at least 6) on theSex-
ual Addiction Screening Test—Revised Core with those self-reporting
PSB. Current mental health condition(s) and childhood trauma were
measured by self-report. OCD was assessed by a combination of
self-report and Mini-International Neuropsychiatric Interview data.
Results: Of 3341 participants, 407 (12.18%) screened positive on the
Sexual Addiction Screening Test—Revised Core. On logistic regres-
sion, OCD, attention deficit, internet addiction, a family history of PSB,
childhood trauma, compulsive buying, and male gender were associ-
ated with PSB. On multiple correspondence analysis, OCD appeared

to cluster separately from the other measures, and the pattern of data
differed by gender.
Conclusions: In our sample, factors that have previously been associ-
ated with RDS and OCD are both associated with increased odds of
PSB. The factors associated with RDS appear to contribute to a sepa-
rate data cluster from OCD and to lie closer to PSB.

Key Words: addictive disorders, compulsivity, reward deficiency
syndrome, obsessive-compulsive disorder, logistic models

(J Addict Med 2023;17: 174–181)

A theory of hypersexuality with dependence was first pro-
posed by Orford1 in 1978. The term sex addiction was

used by Carnes2 in 1983, 1990, and 1991 and by Goodman3

in 1998. Continuation of a sexual behavior despite adverse con-
sequences and/or distress caused or worsened by the sexual be-
havior has been a consistent theme in the literature,1,3,4 despite
differences of opinion as to whether the condition should be
classified as an addiction or as an impulse control disorder. Di-
agnostic criteria proposed by Carnes4 in 2005 led to sex addic-
tion being included in the Diagnostic and Statistical Manual of
Mental Disorders (Third Edition Revised) (302.87). However,

From the Department of Medical Genetics, Faculty of Medicine and Dentistry, College
ofHealthSciences,UniversityofAlberta, Edmonton,AB,Canada (SJ,KW,EY,LR,
GA, DL, KJA); Department of Psychiatry, Faculty of Medicine and Dentistry, Col-
lege of Health Sciences, University of Alberta, Edmonton, AB, Canada (KW, EY,
LR,GA,DL,RJL,KJA);Department ofEmergencyMedicine, FacultyofMedicine
andDentistry, College ofHealth Sciences, University of Alberta, Edmonton, AB,
Canada (EY); Department of Medicine, Faculty of Medicine and Dentistry, Col-
lege of Health Sciences, University of Alberta, Edmonton, AB, Canada (DL);
Department of Psychiatry, University of Western Ontario, London, ON,Canada
(RJL); Department of Psychiatry, Schulich School of Medicine & Dentistry,
Western University, London, ON, Canada (RJL); Department of Psychiatry, Col-
lege ofMedicine, University of Saskatchewan, Saskatoon, Saskatchewan, Canada
(RJL); School of Psychology,University of SouthernMississippi,Hattiesburg,MS
(RA); Psychological Counselling Services, Ltd., Scottsdale, AZ (RI); Department
of Psychology and Counseling, University of Texas at Tyler, Tyler, TX (BG); De-
partment of Biological Sciences, Faculty of Science, College of Natural and Ap-
plied Sciences, University of Alberta, Edmonton, AB, Canada (DW); Neurosci-
ence and Mental Health Institute, University of Alberta, Edmonton, AB, Canada
(KJA); Women and Children's Health Research Institute, University of Alberta,
Edmonton, AB,Canada (KJA); andDivision of Clinical Sciences, Psychiatry Sec-
tion, Northern Ontario School of Medicine, Sudbury, ON, Canada (KJA).

Received for publication April 30, 2022; accepted July 23, 2022.
Supplemental digital content is available for this article. Direct URL citation appears

in the printed text and is provided in the HTML and PDF versions of this
article on the journal’s Web site (www.journaladdictionmedicine.com).

Supported by an Alberta Centennial Addiction and Mental Health Research Chair
and transitional funding (to KJA) and the American Foundation for Addiction
Research (to KJA). Several scholarships, including a University of Alberta
Dean's Doctoral Student Award 2021–2022, a University of Alberta Medical
Science Graduate Program Scholarship 2020, a University of Alberta
Doctoral Recruitment Scholarship 2017, and an Alberta Graduate Excellence
Scholarship 2020 provided additional funding for the first author (SJ). A
Fulbright-Canada-Palix Foundation grant to Dr. Patrick Carnes facilitated his
contributions to study design.

KJA has received 2 research grants from Janssen Inc., Canada (fellowship
grants for trainees). The analysis and data interpretation were conducted
independently.

Send correspondence to Katherine J. Aitchison, BM BCh, PhD, FRCPsych,
Departments of Psychiatry and of Medical Genetics, College of Health
Sciences, Faculty of Medicine and Dentistry, University of Alberta, 116 St
& 85 Ave, Edmonton, AB T6G 2R3, Canada. E-mail: kaitchis@ualberta.ca.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on
behalf of the American Society of AddictionMedicine. This is an open-access
article distributed under the terms of the Creative Commons Attribution-Non
Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is per-
missible to download and share the work provided it is properly cited. The work
cannot be changed in any way or used commercially without permission from
the journal.

ISSN: 1932-0620/23/1702-0174
DOI: 10.1097/ADM.0000000000001078

ORIGINAL RESEARCH

174 J Addict Med • Volume 17, Number 2, March/April 2023

D
ow

nloaded from
 http://journals.lw

w
.com

/journaladdictionm
edicine by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 10/31/2023

http://www.journaladdictionmedicine.com
mailto:kaitchis@ualberta.ca
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


despite draft proposed criteria for the inclusion of sex addiction
and internet addiction in Diagnostic and Statistical Manual of
Mental Disorders (Fifth Edition) (DSM-5),5 the only behav-
ioral addiction currently included in the main body of DSM-5
(American Psychiatric Association 2013) is gambling disorder
(312.31), which was first included in DSM as an impulse con-
trol disorder.6 In the International Statistical Classification of
Diseases, compulsive sexual behavior disorder was proposed
for inclusion as an impulse control disorder in 2014,7 which oc-
curred in 2018.8 However, the scientific discussion about whether
compulsive sexual behavior disorder could constitute a mani-
festation of a behavioral addiction was acknowledged,9 and it
was predicted (as in the case of problematic gambling)6 that un-
derstanding would evolve as research elucidated the phenome-
nology and neurobiological underpinnings of the condition.

Sex addiction is defined as a model for understanding
egodystonic hypersexuality characterized by preoccupation (be-
havioral salience) with and narrowing of the repertoire of sexual
activity, an inability to stop (i.e., compulsion aspect) or decrease
in both internal (e.g., fantasy) and external behaviors despite un-
wanted consequences, tolerance (here defined as resulting in in-
creased frequency, duration, or risk associated with behaviors),
and withdrawal (e.g., dysphoric mood when the behavior is
stopped), with reinstatement of behaviors to compensate for
the dysphoric mood.5 Compulsive sexual behavior disorder is
characterized by a persistent pattern of failure to control intense,
repetitive sexual impulses or urges, resulting in repetitive sexual
behavior over an extended period (e.g., 6 months or more) that
causes marked distress or impairment in personal, family, social,
educational, occupational, or other important areas of function-
ing.8 The term problematic sexual behavior (PSB) is used be-
cause it focuses on a potentially broader range of behaviors and
their problematic outcomes rather than on the heterogeneous etiol-
ogy and pathology.10 PSB is characterized by repetitive sexual be-
haviors, and it is associated with uncontrolled sexual urges/
impulses and distress,11 and social and functional impairments.8,11

It has been estimated that the prevalence of PSB is 3% to 6% in
adults,4,12–14 with higher frequencies in specific populations.
Reid15 reported that 19% of college men met the criteria for PSB,
whereas Giordano and Cecil16 found that 11.1% of men and
women in an undergraduate sample met these criteria. Cashwell
et al.17 reported that, of 379 undergraduates, 21.2% of men and
6.7% of women screened positive, that is, scored in a range in-
dicating that they should be offered further assessment for PSB.

Various risk factors have been associated with PSB, in-
cluding those previously associated with the construct known
as reward deficiency syndrome (RDS) (e.g., substance18 and
nonsubstance use disorders,19 attention-deficit/hyperactivity
disorder [ADHD],20 and personality disorder),21 other psychiat-
ric disorders,22 and childhood trauma.23 Mick and Hollander24

hypothesized that impulsivity initiated the early stage of PSB,
with compulsivity being involved in repetitive behaviors and
hence in the maintenance of PSB. Owing to the classification
of PSB within International Statistical Classification of Dis-
eases, Tenth Revision, as an impulse control disorder, we specif-
ically included obsessive-compulsive disorder (OCD) in our
study. The magnitude of the contribution of the various different
postulated mechanisms and whether PSB encompasses various

syndromes with different etiologies are not known at present.
Moreover, systematic data on the prevalence of PSB and associ-
ated sociodemographic factors across diverse populations, in-
cluding nontreatment seekers, remain to be provided.8

In light of the above, this paper aims to further explore the
prevalence, sociodemographic features, and nosology of the con-
struct known as PSB in a diverse sample of adults in postsecond-
ary education. We hypothesized that, first, screening positive for
factors previously associated with RDS (e.g., internet addiction,
compulsive buying, nicotine dependence, and pathological gam-
bling), and second, OCD and childhood traumawould be associ-
ated with PSB in this sample derived from a Canadian postsec-
ondary education institution.

METHODS
The study inclusion criteriawere as follows: at least 18 years

of age, undergraduates, graduates, postdoctoral fellows, and re-
cently convocated students registered in at least 1 course in the pre-
ceding year, except for those who had completely withdrawn after
registration without any reasons to not return in the next academic
term or not be on campus (such as suspension), and being able to
answer in English. A Canadian university Office of the Registrar
invited 68,846 eligible students and postdoctoral fellows by email
(all available students registered 2016–2019). Students interested
in participating emailed the study team. These students were then
sent an email invitation to review the participant information and
complete consent online, followed by the screening measures
(hosted by the Qualtrics platform), with a subsequent email in-
viting them to complete the Mini-International Neuropsychiat-
ric Interview (MINI) version 7.0.2 online.

Measures
The Sexual Addiction Screening Test—Revised (SAST-R)

is a 45-item screening tool comprising several subscales designed
to detect potential hypersexuality of an addictive nature. The
20-item SAST-RCore subscalewas used as a screener for the char-
acteristics associated with PSB with positive screen indicated by a
score of 6 or greater (the cutoff for the general population).25 Each
question is answered in a binary manner (yes/no = 0/1). Sexual ac-
tivities deemed to be problematic by participants in the past 30 days
were also separately assessed by asking the following question:
“Within the last 30 days, how often have you participated in activ-
ities of a sexual nature that you would regard as problematic?”

Measures used to screen for internet addiction, compul-
sive buying, personality disorders, ADHD, nicotine depen-
dence, and pathological gambling were as follows: the Internet
Addiction Test (IAT),26 the Richmond Compulsive Buying
Scale (RCBS),27 the 8-item Standardized Assessment of
Personality—Abbreviated Scale as a Self-Administered Screen-
ing Test (SA-SAPAS),28 the full Adult ADHD Self-Report
Scale (ASRS) version 1.1,29 the Fagerström Test for Nicotine
Dependence,30 and the DSM-5 Pathological Gambling Diag-
nostic Form,31 respectively. Sex, sexual orientation, a family
history of domestic violence or of sex addiction, having re-
ceived a diagnosis of OCD or any other mental health condi-
tion(s), and childhood trauma were additionally collected by
self-report. The MINI was used to output psychiatric disorders
by DSM-5 criteria.
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Data Analysis
Demographic Data and Logistic Regression

Datawere analyzed by STATA (Stata/SE 16) and R (version
3.6.3) after dropping the missing data. (Supplemental Digital Con-
tent, http://links.lww.com/JAM/A387). The PSB variable was cre-
ated by combining those screening positive on the SAST-R Core
with those endorsing self-reported PSB, after subtracting the two
SAST-R Core questions referred to below. Childhood trauma
(275 of 3347 [8.22%]), a family history of domestic violence
(387 of 3288 [11.77%]), and SAST-R Core question 1 (which en-
quires about a history of sexual abuse in childhood or adolescence)
were combined as childhood trauma. Self-reported family history
of sex addiction (“yes”/“no”) data were combined with SAST-R
Core question 2 (which enquires about parental troublewith sexual
behavior) to create a new family history of PSB variable. IATwas
regrouped as “yes” (n = 1174, the mild, moderate, and severe
groups) and “no” (n = 2160, the normal group).

Differences in data distributions between those with and
without PSB were assessed by Pearson χ2 test for categorical
variables and by nonparametric testing (Mann-Whitney U test).
Tetrachoric (for binary variables) and Kendall τ (for categorical
variables) correlations were used for data correlation. SA-SAPAS,
OCD, ASRS, IAT, childhood trauma, a family history of PSB,
and gender were used as covariates in logistic regression analy-
ses with PSB as the dependent variable. Machine learning (ML)
logistic regression as well as conventional was used to enhance
the robustness of the models and to address the data distribution
imbalance (a relatively low frequency of PSB). Sensitivity anal-
yses were conducted to ascertain whether using the unadjusted

SAST-RCore, childhood trauma, and a family history of PSB as
the dependent resulted in similar predictors for the logistic regres-
sion (Supplemental Digital Content, Supplementary Figs. 3 and 4,
http://links.lww.com/JAM/A375). All reported P values are un-
adjusted for multiple testing.

ML Approaches
The “Haven” and “dplyr” packages, and the “forcats” and

“creditmodel” packages in R were used for data input, encoding
and splitting the data set (into 80% training and 20% testing), re-
spectively. The Synthetic Minority Oversampling Technique
from the “Caret” package was used to address data imbalance
in the training set.32 Leave-one-out cross-validation in the “Caret”
package was used for resampling in the training set.33 Logistic re-
gression in the “caret” package was used for regression. Accuracy,
area under the receiver operating characteristic (ROC) curve, sen-
sitivity, specificity, and F score were used to evaluate the models.
The “pROC” packagewas used for the area under the ROC curve.

Multiple Correspondence Analysis
Multiple correspondence analysis (MCA) was used for

analyzing the pattern of relationships between multiple categor-
ical variables in terms of how they are geometrically positioned
in relation to latent dimensions. MCAwas conducted on OCD,
RCBS, SA-SAPAS, ASRS, IAT, and childhood trauma, stratify-
ing by gender (women, n = 2084; men, n = 1012). Because a
family history of PSB was correlated with the combined child-
hood traumavariable (tetrachoric ρ = 0.69, P < 0.001, n = 3019;
Fig. 1; Supplemental Digital Content, Supplementary Table 3,

FIGURE 1. Correlation matrix for PSB with demographic and clinical variables. P values are provided in Supplemental Digital Content,
Supplementary Table 3, http://links.lww.com/JAM/A375. MH_condition indicates mental health condition; CT_FHDV, childhood
trauma and a family history of domestic violence (including physical, verbal/emotional and sexual childhood trauma and SAST-R
Core question 1); FHPSB, a family history of problematic sexual behavior (including a family history of sexual addiction and SAST-R
Core question 2).
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http://links.lww.com/JAM/A375), these variables were combined
as a supplementary childhood trauma-related variable. The
“FactoMineR,” “factoextra,” and “GDAtools” packages in R
were used for analysis and data visualization.

RESULTS
Of 4710 interested in participating, 237 withdrew from

the study, 3359 completed online questionnaires using the
Qualtrics platform, and 1801 completed the MINI (Supple-
mental Digital Content, Supplementary Fig. 1, http://links.lww.
com/JAM/A375).

Demographic Data
The mean score on the SAST-R Core scale among all par-

ticipants was 2.23 (SD, 2.73), with 12.18% (407 of 3341) of par-
ticipants scoring above the threshold for screening positive in
the general population.25 The frequency of PSB was 16.53%
(532 of 3219). There was a significant difference in the distribu-
tion of the following variables by those with and without PSB:
sex, sexual orientation, OCD, RCBS, a family history of PSB,
SA-SAPAS, current mental health condition(s), childhood trauma,
ASRS, and IAT (Table 1; Supplemental Digital Content, Sup-
plementary Table 2, http://links.lww.com/JAM/A375).

TABLE 1. Distribution of Demographic and Clinical Variables by Problematic Sexual Behavior (PSB) Group

Categories
PSB “Yes”

532/3219 (16.53%)
PSB “No”

2687/3219 (83.47%) Total Number P Value

SAST-R Core score 6.58 ± 3.22 (N = 532) 1.38 ± 1.56 (N = 2687) 3219 P < 0.001*
Age 22.32 ± 5.13 (N = 532) 22.34 ± 5.05 (N = 2686) 3218 P = 0.81*
Gender
Women 232 (10.82%) 1913 (89.18%) 2145 P < 0.001†

Men 290 (28.27%) 736 (71.73%) 1026
Total 522 (16.46%) 2649 (83.54%) 3171

Sexual Orientation
Heterosexual 420 (15.85%) 2230 (84.15%) 2650 P = 0.034†

Non-heterosexual 110 (19.50%) 454 (80.50%) 564
Total 530 (16.49%) 2684 (83.51%) 3214

OCD
No 490 (15.88%) 2596 (84.12%) 3086 P < 0.001†

Yes 40 (33.33%) 80 (66.67%) 120
Total 530 (16.53%) 2676 (83.47%) 3206

RCBS
No 471 (15.54%) 2559 (84.46%) 3030 P < 0.001†

Yes 61 (32.28%) 128 (67.72%) 189
Total 532 (16.53%) 2687 (83.47%) 3219

FHPSB
No 453 (15.38%) 2492 (84.62%) 2945 P < 0.001†

Yes 71 (34.63%) 134 (65.37%) 205
Total 524 (16.63%) 2626 (83.37%) 3150

SA-SAPAS
No 425 (14.76%) 2454 (85.24%) 2879 P < 0.001†

Yes 107 (31.47%) 233 (68.53%) 340
Total 532 (16.53%) 2687 (83.47%) 3219

Mental health condition(s)
No 399 (15.35%) 2200 (84.65%) 2599 P < 0.001†

Yes 131 (21.87%) 468 (78.13%) 599
Total 530 (16.57%) 2668 (83.43%) 3198

Childhood trauma
No 339 (13.94%) 2092 (86.06%) 2431 P < 0.001†

Yes 185 (25.45%) 542 (74.55%) 727
Total 524 (16.59%) 2634 (83.41%) 3158

ASRS
No 321 (12.97%) 2153 (87.03%) 2474 P < 0.001†

Yes 211 (28.32%) 534 (71.68%) 745
Total 532 (16.53%%) 2687 (83.47%) 3219

IAT
Normal (No) 241 (11.50%) 1855 (88.50%) 2096 P < 0.001†

Mild, moderate or severe (Yes) 291 (25.91%) 832 (74.09%) 1123
Total 532 (16.53%) 2687 (83.47%) 3219

*Mann-Whitney U test.
†Pearson’s χ2 test.
OCD indicates obsessive-compulsive disorder (including self-reported and MINI-diagnosis); RCBS, Richmond Compulsive Buying Scale; FHPSB, a family history of problematic sexual

behavior (including a family history of sex addiction and SAST Core question 2); SA-SAPAS, Standardized Assessment of Personality–Abbreviated Scale as a Self-Administered Screening Test;
Childhood trauma, childhood trauma (including physical, verbal/emotional and sexual childhood trauma and SAST Core question 1) and a family history of domestic violence; ASRS, the
Adult ADHD Self-Report Scale (v1.1); IAT, the Internet Addiction Test.
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Correlational analyses showed that PSBwas correlated with
nonheterosexual sexual orientation, current mental health condi-
tion(s), childhood trauma, RCBS, OCD, SA-SAPAS, a family his-
tory of PSB, ASRS, IAT, and gender (men) (Fig. 1; Supplemental
Digital Content, Supplementary Table 3, http://links.lww.com/
JAM/A375). Interestingly, a family history of PSB was strongly
correlated with childhood trauma (tetrachoric ρ = 0.69, P < 0.001,
n = 3019), and both were correlated with PSB. Of those responding
“yes” to a family history of sex addiction, 32.65% (16 of 49)
screened positive on the SAST-R Core. Our data also showed
that (a) PSB was correlated with unadjusted SAST-R Core
(tetrachoric ρ = 0.97, P < 0.001, n = 3219) and self-reported PSB
(tetrachoric ρ = 0.70, P < 0.001, n = 3271), and (b) self-reported
OCD was correlated with OCD MINI diagnosis (tetrachoric
ρ = 0.47, P < 0.001, n = 1785; Supplemental Digital Content,
Supplementary Table 4, http://links.lww.com/JAM/A375).

Regression Models
Logistic Regression

Outliers were removed from the logistic regression (n = 47,
with 8 categorized as “yes” to having PSB; Supplemental Digital
Content, Supplementary Fig. 2, http://links.lww.com/JAM/A375)
if their Pearson standardized residual had an absolute value ofmore
than 2,34 or Hosmer-Lemeshow Δβ̂ more than 4.35 The following
variables were associated with PSB: OCD, ASRS, IAT, a family
history of PSB, SA-SAPAS, childhood trauma, RCBS, and gender
(men) (odd ratios and P values are provided in Fig. 2A).

ML Logistic Regression
ML logistic regression showed that RCBS, SA-SAPAS,

OCD, a family history of PSB, ASRS, childhood trauma, IAT, and
gender (men) were associated with PSB (odd ratios and P values
are provided in the Fig. 2B). Avalidation of the aforementioned
model was undertaken. The validation model was trained with
adjusted SAST-R Core (n = 3141) and tested with self-reported

PSB (n = 3145, odd ratios and P values are provided in the
Fig. 2C). Sensitivity analyses were performed using unadjusted
SAST-R Core and a family history of sexual addiction (Supple-
mental Digital Content, Supplementary Figs. 3 and 4, http://
links.lww.com/JAM/A375).

Multiple Correspondence Analysis
The MCA results showed that, in both women and men,

the first 2 dimensions accounted for more than 50% of explained
variance (scree plots are provided in Supplemental Digital Con-
tent, Supplementary Fig. 5, http://links.lww.com/JAM/A375).
PSB showed slightly different data clustering patterns by gender
in these dimensions. In dimensions 1 and 2, PSB was closer to
SA-SAPAS, IAT, and ASRS (and RCBS in women) but not
OCD (or RCBS inmen). Interestingly, RCBS showed a stronger
association with OCD in men than with other variables. In addi-
tion, OCD (and RCBS in men) showed higher representation in
dimension 2 than in dimension 1. In dimensions 4 and 5, in women,
PSB showed an equivalent representation in dimensions 4 and 5 and
displayed a stronger association with SA-SAPAS. In men, PSBwas
onlywell represented in dimension 5 and locating further away from
the other variables (Figs. 3, 4; Supplemental Digital Content,
Supplementary Figs. 6 and 7, http://links.lww.com/JAM/A375).

DISCUSSION
The frequency of PSB, as defined by screening positive

on the SAST-R Core, was 8.49% in the women and 19.7% in
the men in our sample, consistent with prior reports in this
population.15–17 Factors consistently associated with PSB were
sex, ADHD, personality disorder, OCD, internet addiction and
compulsive buying, childhood trauma, and a family history of
PSB. Our results also showed that the self-reported data were
correlated with the screening tool (in the case of the SAST-R
and PSB) or data viaMINI (Supplemental Digital Content, Sup-
plementary Table 4, http://links.lww.com/JAM/A375).

FIGURE 2. Forest plots of PSB logistic regression analysis. A, By conventional logistic regression. B, By ML logistic regression. C,
Validation ML logistic regression model. A, The log likelihood of the model was −1149.98 (n = 3049, after removing outliers, with a
pseudo R2 = 0.16, P < 0.00001). The model passed the link test with a significant P(hat) ( P < 0.001) and a nonsignificant P(hatsq)
(P = 0.12). The probability of the Hosmer-Lemeshow χ2 test was insignificant (P = 0.64), suggesting a good model fit. The mean VIF
and the condition number were 1.08 and 6.95, respectively. The model accuracy, area under the ROC curve, sensitivity, specificity,
and F score were 84.32%, 77.37%, 14.46%, 98.19%, and 0.23, respectively. B, Machine learning logistic regression was conducted
on the data set without removing the outliers (training, n = 2477; testing, n = 619; train to test ratio, 0.80). The model accuracy,
area under the ROC curve, sensitivity, specificity, and F score were 74.64%, 73.90%, 53.55%, 79.76%, and 0.45, respectively. C,
The validation model was trained using adjusted PSB, n = 3141, and was tested by monthly PSB, n = 3145. The model accuracy,
area under the ROC curve, sensitivity, specificity, and F score were 75.04%, 74.26%, 59.11%, 76.97%, and 0.34, respectively.
FHPSB includes a family history of problematic sexual behavior (including a family history of sex addiction and SAST-R Core question
2); CT_FHDV, childhood trauma and a family history of domestic violence (including physical, verbal/emotional and sexual
childhood trauma and SAST-R Core question 1); VIF, variance inflation factor.
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Model validation (training with SAST-R Core subtracting
the first 2 questions and testing with self-reported PSB) resulted
in very similar predictors (Figs. 2B, C). This means that (1) the
original dependent variable (PSB measured by SAST-R Core
subtracting the first 2 questions and adding in the self-report
data) performs similarly to using SAST-R Core subtracting the
first 2 questions as the dependent variable, and (2) splitting the
original data set into training and test gives comparable results
to using only self-reported PSB as the dependent variable in the
test set. A sensitivity analysis (Supplemental Digital Content,
Supplementary Figs. 3 and 4, http://links.lww.com/JAM/A375)
was undertaken using the original variables, namely, unadjusted
SAST-R Core, childhood trauma, and a family history of sex ad-
diction. The logistic regression model using these variables
(pseudo R2 = 0.13) revealed that RCBS, ASRS, IAT, OCD,
childhood trauma, and gender (men) remained significant. A
family history of sex addiction was the only variable that be-
came nonsignificant (P = 0.17), probably because of the lower
frequency of endorsement of this variable (n = 49) compared
with that of SASTC2 (endorsement, 214 of 3268 [6.55%]).
Using the new PSB variable, including childhood trauma and
a family history of PSB but excluding sexual orientation as well
as current mental health condition(s) improved the model fit
slightly in the logistic regression model (e.g., sensitivity: unad-
justed 77.20% vs. adjusted 79.70%; F score: unadjusted 0.42
vs. adjusted 0.45). The ML logistic regression models showed
higher sensitivity and F scores compared with the conventional
logistic regression.

The variables previously associated with the RDS con-
struct, such as SA-SAPAS, ASRS, and IAT, were associated with
PSB. In the final logistic (Fig. 2) and ML logistic regressions
(Fig. 2), RCBS was associated with PSB. Of note, there were
gender differences regarding RCBS: RCBS was negatively
correlated with men (Fig. 1). In addition, the distribution of
PSB differed significantly between OCD-positive and -negative
groups (P < 0.001, Table 1), and PSB was correlated with
OCD (ρ = 0.27, P < 0.001; Fig. 1; Supplemental Digital Content,
Supplementary Table 3, http://links.lww.com/JAM/A375). Our
regression results showed that OCD was associated with PSB
(OR of 1.79,P = 0.015, andOR of 1.85,P = 0.013 for conventional
andML logistic regression, respectively; sensitivity models: OR of
2.28, P < 0.001, and OR of 1.73, P = 0.033, respectively).

The goal of the MCA is to investigate the complex rela-
tionships between these variables and PSB, without making

any prior assumptions. MCA considers the geometric definition
of the data rather than the statistical definition. OurMCA results
showed that all the predictors displayed associations with PSB
in the first 2 dimensions, with OCD (and RCBS in men) dis-
playing a weaker association with PSB (Figs. 3A, B; Supple-
mental Digital Content, Supplementary Fig. 6, http://links.
lww.com/JAM/A375). These findings are consistent with those
in our regression (Fig. 2) and correlation analyses (Fig. 1). Al-
though the other 3 dimensions did not achieve higher eigen-
values, they still accounted for around 40% of the explained var-
iance. Therefore, to prevent possible loss of information, we
retained the data up to dimension 5 (Fig. 4). In dimensions 4
and 5, PSB had a good quality of representation and a relatively
high contribution to the dimensions (Supplemental Digital Content,
Supplementary Tables 5 and 6, http://links.lww.com/JAM/A375).
Data from dimensions 4 and 5 showed that there were gender
differences regarding the association/correlation patterns
among the data; for example, in women, PSB and SA-SAPAS
were grouped relatively closely, but in men, PSB and SA-SAPAS
were clustered far apart (Figs. 4A, B; Supplemental Digital Con-
tent, Supplementary Fig. 7, http://links.lww.com/JAM/A375).
Interestingly, PSB exhibited a weaker association with all other
variables in men in dimension 5, implying that there may be a
subset of PSB that is not explained by the hypotheses of RDS
or of OCD.

Limitations
Limitations of this study include the following. First, the

self-selection recruitment strategy may have impacted sample
characteristics; hence, our findings should be interpreted with
caution and require replication. In addition, although all eligible
participants were given an equal chance to participate in the re-
search, data collected using a “voluntary response”methodmay
not be representative. However, of note, the frequency of PSB in
our data set was comparable with that seen in other studies of
adults in postsecondary education as mentioned previously.12,17

Moreover, the purpose of participation in this study as outlined
to the students was to act as “a healthy control subject in a
three-phase study about genes associated with sexual addiction
and related conditions.”Given this, it could be expected that the
frequency of problematic behaviors and addictions and related
conditions (the reward deficiency construct) might be expected
to be lower, not higher, than the general population frequencies

FIGURE 3. Results of MCA (dimensions 1 and 2) in women (A) and men (B). The maps of data binarized into 2 categories (yes/no, for
each variable) in dimensions 1 and 2 in women and men are shown. CT_FHPSB includes childhood trauma and a family history of
problematic sexual behavior.
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of these. Therefore, if there is any bias in the sample, it might
trend toward the absence of an association between PSB and
RDS. Subsample sizes were another limiting factor. Specifi-
cally, because the frequency of endorsement of OCD was rel-
atively low (120 of 3206 [3.74%]), although it appears on the
MCA that PSB clusters more closely to the measures of reward
deficiency than to OCD, this should not be overinterpreted.
For sexual orientation and sex, the smaller groups were com-
bined in the former case and dropped in the latter. For the former,
bisexual (366 of 3371 [10.86%]), homosexual (129 of 3371
[3.83%]), and other (91 of 3371 [2.70%]) were regrouped as
“nonheterosexual sexual orientation.” Because of the small num-
bers in the gender minority groups (trans and other, 47 of 3375
[1.39%]), only men and women were included in the logistic re-
gression analysis. Another potential limitation is that we dropped
missing values. However, because the proportion of missing data
was relatively small (5% or less, descriptions of missing data are
provided in the Supplemental Digital Content, Supplementary
Tables 7 and 8, http://links.lww.com/JAM/A375), this should
not be problematic.36 Although various methods may be used
to impute Although various methods may be used to impute data,
some such methods (e.g., monotone imputation or chained equa-
tions) may introduce bias and perfect (inaccurate) predictions,
as the methods themselves involve the fitting of a regression
model to a categorical outcome.37 We also dropped 2 measures,
the Fagerström Test for Nicotine Dependence (15 of 3332
[0.45%]) and the Pathological Gambling Diagnostic Form
(76 of 3332 [2.28%]), because of very low endorsement rates
(which were lower than in another university student sam-
ple).38 Another limitation is that logistic regression is sensi-
tive to high correlations between predictor variables. In our
data set, the correlation coefficients were less than 0.80,39

and the mean variance inflation factor and the condition num-
ber were at acceptable levels (variance inflation factor, <10;
condition number, <10) in our final models,40 indicating that
multicollinearity was not a significant concern. A power calcu-
lation using STATA used the parameters for OCD (the weakest
predictor, P1 = 0.16, P2 = 0.24, pseudo R2 = 0.16) that, for an α
of 0.05, a sample size of only 264 would give a power of 0.8.
Finally, the proportion of the variance (pseudo R2 = 0.16,
Fig. 2) explained by our analysis was relatively low. Of note,
the variables that we included in our models were driven by
the prior literature. Future research could include feature selec-
tion techniques, alternative ML models, and consideration of ge-
netic and other biological variables. Validation through additional

independent data sets with overlapping variables would also
be advantageous.

CONCLUSIONS
In summary, we have identified associations between

PSB in adults in our sample derived from individuals in postsec-
ondary education and the following: compulsive buying, per-
sonality disorder, OCD, ADHD, childhood trauma, a family his-
tory of PSB, internet addiction, and gender (men). Our results
suggest not only that measures associated with RDS are associ-
ated with PSB but also that OCD is a vulnerability factor. Our
data are consistent with different subgroups within PSB with
slightly somewhat contrasting etiological mechanisms by sex.
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