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Abstract
Purpose of review: The 5th edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5) categorizes gambling disorder in the section on substance-related and
addictive disorders and the 11th revision of the International Classification of Diseases (ICD11) includes both gambling and gaming disorder as disorders due to addictive behaviors.
However, there is less evidence for other putative behavioral addictions. This review focuses
on requirements for epidemiological studies of disorders that may be considered as
behavioral addictions and compares the current state of research with principles of sound
epidemiological research.
Recent findings: In studies of behavioral addictions, samples are often quite small, which
may lead to increased random error. The lack of sound assessment tools - particularly the
lack of agreed-upon diagnostic criteria and standardized diagnostic interviews - may also
increase systematic error. Other concerns related to systematic bias include the use of
convenience samples, lack of pro-active recruitment, inadequate assessment of confounding
variables, and a dearth of representative and longitudinal studies.
Summary: This review recommends that future studies of putative behavioral addictions
should more closely adhere to methodological standards of epidemiological research to
reduce random and systematic error. Specific recommendations are detailed to advance
epidemiological research in this area with the aim of improving the evidence base and
generating more refined public health recommendations and policies.

Introduction
While multiple behaviors have been identified as potentially being addictive, for many there is
a lack of empirical evidence that they may develop into a disorder. Some are based on a
solid evidence, while for others the literature is scanty and unconvincing. Of the proposed
behavioral addictions, only gambling disorder and gaming disorder have been identified as
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valid conditions in the main psychiatric nomenclature systems. Gambling disorder has been
accepted as a diagnostic entity for some decades and was formerly named “pathological
gambling”. It was moved from the section on impulse control disorders to the section on
substance-related and addictive disorders in DSM-5 [1]. Gambling disorder is a condition in
the section of disorders due to addictive behaviors in the 11th revision of the International
Classification of Diseases (ICD-11) [2].
With respect to gaming, Internet Gaming Disorder was included in section III of DSM-5 as a
condition requiring further study and gaming disorder was included in the section of disorders
due to addictive behaviors in ICD-11 [1]. This decision of the WHO working groups and
advisory bodies responsible for ICD-11 development was based in part on a series of annual
expert meetings on the public health implications of behavioral addictions held under the
auspices of the World Health Organization (WHO) since 2014. Careful consideration of the
existing literature by 66 researchers from 25 countries resulted in a conclusion that gaming
disorder is an independent behavioral disorder and that a meaningful proportion of the
general population suffers from this condition and exhibits functional impairment [3, 4].
Besides gambling and gaming, evidence for other putative behavioral addictions is more
limited. Multiple studies use an umbrella construct of “internet addiction,” covering activities
such as gaming, social network use, pornography viewing, or online buying or shopping.
Although the term internet addiction is relatively non-specific and so may have conceptual
problems [5], it may well point to an array of prevalent and problematic behaviors, and
research on the topic has been rapidly growing. On the other hand, some putative conditions
(e.g., “love addiction”) seem speculative, and are based on very few publications [6].
The issues raised in this review are of relevance for the precision and validity of
epidemiological studies of behavioral addictions, and so ultimately for nosological and public
health decision-making. Our focus is on what may be considered as emerging conditions;
therefore, we will not include gambling disorder given the long history of high-quality
research on this condition which encompasses epidemiological studies [e.g. 7, 8, 9]. Since
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the largest body of literature has been published on gaming disorder or “internet addiction,”
we will focus on these conditions. However, issues discussed may have relevance for other
putative behavioral addictions.
What are the general aims of epidemiological studies?
In general, epidemiology is defined as investigations on the distribution and determinants of
health conditions in populations or subgroups [10]. Such investigations may be descriptive or
analytical in nature. Two of the most important measures of descriptive epidemiology are
prevalence (proportion of a population affected at a particular point in time) and incidence
(proportion of new cases among unaffected individuals during a specific period of time). Such
measures are needed to estimate the public health implications of disorders and the need for
treatment and prevention. These measures are important to compare across countries or
regions and to examine changes over time and estimations of trends and future
developments.
Analytical epidemiology goes on to consider potential risk factors and their interactions. Risk
factors may be related to individual (internal) or environmental (external) variables and may
operate at macro (e.g. from society) and micro (e.g. genetics) levels [10]. Knowledge of risk
factors is important to inform prevention measures and treatment approaches. In addition,
epidemiological findings provide the basis for developing and improving theoretical models of
behavioral addictions. One current approach is the Interaction of Person-Affect-CognitionExecution (I-PACE) model [11]. The accuracy of this and other models depends on the
precision and validity of the potential risk factors identified in epidemiological studies.
A sample is always a small part of reality, and thus the reliability and validity of data are often
limited. As Kenneth Rothman stated: “An epidemiological study is properly viewed as an
exercise in measurement, with accuracy as the goal. Design strategies are intended to
reduce the sources of error, both systematic and random. Reduction of random error
improves the precision of the measurement, whereas reduction of systematic error improves
the validity of measurement” [12; p. 99].
6
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Random error refers mainly to the process of selecting study subjects (sampling) and is often
called sampling error. Random error is related to sample size, magnitude of effect, disease
rate, and the relative size of the compared groups [12]. Systematic error is related to internal
validity and depends on the accuracy of information on the samples under study. Ways of
increasing internal validity include: (1) using accurate instruments and (2) undertaking steps
to reduce the occurrence of selection bias, information bias (e.g. recall bias), and biases
relating to confounding (two factors being associated). External validity indicates how
generalizable findings are to other populations. External validity may be improved by
increasing representativeness by careful sample selection and use of statistical weightings
so that the sample is representative of the surveyed population (when possible).
Population-based epidemiological surveys are typically the most comprehensive and useful
sources of information. In particular, longitudinal studies investigating the natural history of a
disease/disorder may provide a wide range of information on incidence, average duration,
severity distribution, remission and case fatality. Epidemiological surveys may cover the
spectrum of severity and represent a random sample of those affected in the population, and
the results obtained may be representative of the population and not just a particular setting;
thus, they may allow considerable generalization.
With these considerations in mind, we will examine current epidemiological knowledge and
methods in the context of behavioral addictions, and specifically gaming disorder.

How accurate are the epidemiological data on behavioral addictions?
In general, the quality of epidemiological studies in the area of behavioral addictions is often
below standards that have been employed in studies of other psychiatric disorders. For
example, at the time of writing, there are few published nationally representative general
population studies on behavioral addictions using sound diagnostic methods. Several notable
exceptions in the United States would include the National Epidemiologic Survey on Alcohol
and Related Conditions (NESARC) [13] and National Comorbidity Survey Replication (NCS7

Accepted manuscript of article accepted for publication in Current Addiction Reports.
R) [14], both of which assessed DSM-IV pathological gambling but not gaming disorder. With
respect to gaming disorder, the field has often relied on small, convenience and online
samples of students, children, adolescents or adults. However, the quality of studies often
differs [15]. Below, we discuss key epidemiological principles, the extent to which they are
present in existing studies, and their importance.
Random error
Multiple epidemiological studies in the area of behavioral addictions are based on small
sample sizes which increases the probability of random error. The magnitude of effects
found in studies on behavioral addictions and mental disorders often range between small to
medium and the disease rate has been suggested to be at the lower level. Prevalence
estimates for gaming disorder and related conditions differ widely and range from 0.8% to
26.7% for “internet addiction” according to one review [16] and from 0.7% to 27.5% for
gaming disorder in another review [17]. A meta-analysis including 16 studies of gaming
disorder in adolescents found a pooled estimate of 4.6% [15]. In sum, expectable effect sizes
and disease rates highlight the need for large, representative samples from multiple
jurisdictions.
Based on these observations, many empirical studies of putative behavioral addictions are
flawed by random error limitations. In general, the accuracy of findings may be increased by
replications in other studies/settings and random error may be decreased by conducting
meta-analyses. As noted above, a meta-analysis of the prevalence of gaming disorder in
adolescents has been conducted recently [15]. However, the precision of findings in metaanalyses depends on the quality of studies included.

Systematic error
As described above, systematic error relates to internal as well as external validity. When
focusing on internal validity, the accuracy of measurements in the area of behavioral
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addictions warrants consideration. For this purpose, the behavior under study should be
defined precisely. Validity may be increased by avoiding “umbrella terms” like “internet
addiction” that encompass different behaviors such as gaming, social network use and
others. In addition, in order to establish a disorder, functional impairment should be evident,
which is - for example - the case for gaming disorder [18, 4, 3]. Putative new behavioral
addictions should be justified by evidencing functional impairment. In addition, it has to be
taken into account that functional impairment depends on age and measurements should be
adjusted accordingly. In young age groups, a delay of mental developmental goals should be
considered as a significant impairment.
With respect to the assessment of specific putative behavioral addictions, the number of
instruments is large, and the tools may relate to different theories, models or concepts [19].
Two reviews of “internet addiction” in 2014 identified 21 [20] and 45 assessment tools [21],
respectively. Of the 45 instruments found in the latter review, only 17 were evaluated more
than once. Focusing more specifically on gaming disorder, 18 instruments were identified by
King et al. [22] in a review published in 2013. The authors highlighted multiple limitations
including the inconsistent coverage of core addiction indicators, a lack of agreement or
scientific basis for cut-off scores, questionable dimensionality, and inadequate data on
predictive validity and inter-rater reliability. Since the publication of DSM-5, multiple new
instruments have been developed that are based on criteria for internet gaming disorder [e.g.
23, 24-28].
All assessment tools found in the above reviews are based on questionnaires, whereas fully
structured and standardized interview studies are rare [29]. Most questionnaires used in
epidemiological studies may be regarded as screening instruments which tend to overestimate prevalence rates [30]. In other words, the marked differences in prevalence
estimates between studies [17, 15, 16] may be greatly influenced by the use of different tools
and thresholds. In addition, differences may relate to different population groups under study
and different timeframes used (e.g. lifetime, 12-month, 30-day). One study found substantial
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discordance between self-report data and clinical diagnosis of Internet Gaming Disorder [31]
which highlights the limits of questionnaire data in surveys.
With respect to limiting selection bias as another approach for increasing internal validity, it
should be emphasized that many studies use convenience samples (e.g., online surveys);
this situation represents a serious concern. Such samples differ from the general population
and such studies may lead to distorted findings as a consequence of sample selection bias
[32, 33]. This consideration is not only related to prevalence estimates but also to potential
risk factors. Similar concerns relate to samples recruited through media solicitation [34]. Few
studies are based on general populations or well described, representative subpopulations
recruited pro-actively [17, 15, 20]. In addition, most studies are cross-sectional, which may
introduce information bias (such as recall bias), and many do not adequately address
potentially confounding factors by assessing relevant variables in a sound manner – e.g. cooccurring disorders - and controlling for them in respective analyses. Finally, external validity
in many epidemiological studies of gaming disorder and internet addiction is limited by the
use of non-representative samples. Therefore, results may not be generalized.

Conclusions
Random error and systematic error differ between conditions under study. Many current
studies of putative behavioral addictions are limited by weak theoretical underpinnings, poor
assessment instruments, selective samples, exclusively cross-sectional observations,
incomplete control of confounding, and non-representative approaches [35]. Conditions like
gambling disorder and gaming disorder have been better studied and are more evidencebased. Currently, there is a dearth of sound epidemiological studies on many other putative
behavioral addictions. Studies that have been conducted to date have often lacked precision,
in part due to the relative infancy of the field. Related to this, agreed-upon criteria and
standard assessment tools have not yet been developed. In gaming disorder, an upsurge in
research was observed following the inclusion of internet gaming disorder as a condition for
10
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further study in the DSM-5. A similar pattern is expected with the inclusion of gaming
disorder in the ICD-11. It is especially timely that work is currently underway at the WHO to
develop a clinical diagnostic and fully structured interview and a screening measure for
gaming disorder. The availability of such valid and reliable instruments will give impetus to
high quality epidemiological studies that may in turn inform future nosological efforts. Such
work should in turn help advance public health, prevention and treatment efforts.

- Insert Table 1 about here –

Future studies examining possible disorders due to addictive behaviors should follow
recommendations summarized in Table 1. Of note, while this article has focused on gaming
disorder and internet addiction, many of the considerations may apply to a broader range of
putative behavioral addictions, and such conditions warrant further consideration in separate
reviews. Sample sizes should be based on power calculations that consider expected effect
sizes, expected disorder rates, and analyses of subgroups. Such an approach should result
in a reduction of random error. In order to reduce systematic error, a sound theoretical
conceptualization is important. In addition, a clear description of the behavior under study is
needed and should replace blurred concepts like internet addiction. Furthermore, sound
assessment instruments which should include standardized clinical interviews are of special
importance. For the purpose of data collection in large studies, fully structured and
standardized interviews should be available that can be conducted by lay interviewers, which
is, for example, the case with the Composite International Diagnostic Interview [36]. The
development of such instruments should include validation by clinician-administered
structured diagnostic interview. All studies should use measures of functional impairment to
evaluate the clinical relevance of the respective condition. Moreover, systematic error may
be reduced by careful consideration of recruitment procedures. Studies employing
convenience samples should be avoided. Although such studies may be a useful starting
11
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point for examining a potentially new condition and for developing hypotheses, subsequent
data should be gathered by pro-active recruitment to avoid bias related to self-selection. In
addition, these samples should be large-scale and representative of the respective
population under study (e.g. general population, children and adolescents, etc.) to increase
generalizability. In order to improve representativeness, weighted analysis procedures may
be used. However, this approach may be limited and result in diminished statistical power. It
should be emphasized that weightings may be used for a limited number of sociodemographic characteristics; however, they are typically not applicable to convenience
samples. Moreover, studies should be carefully designed to assess relevant confounding
variables - like co-occurring disorders - in a sound manner. These variables may then be
considered as covariates in statistical analyses. Finally, evidence from cross-sectional
studies requires validation in longitudinal research designs to avoid systematic error such as
recall bias and to permit possible causal inferences.
Recommendations outlined in this review are of special importance for the improvement of
studies in the area of behavioral addictions and for networked research more generally.
Using a common framework increases the potential for reliable pooled sampling and thus
may lead to improved statistical power. For example, the COST (Collaboration in Science
and Technology) Action “European Network for Problematic Usage of the Internet”
puts special emphasis on generating well-designed studies [37] from which meaningful
findings may be obtained. This and other collaborations could profit from high methodological
standards and harmonization of designs. In addition, research collaborations should include
a cross-cultural dimension.

Following the recommendations described above will bring the evidence of epidemiological
findings of behavioral addictions to the level that is common in other areas of mental
disorders. This level of evidence is needed to increase the precision and validity of
considerations related to public health consequences and for developing measures to aid
prevention and treatment. This process may include development of models, comparisons
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between countries or regions and monitoring of trends. For this purpose, harmonization of
assessment instruments and fulfillment of high standards to reduce random and systematic
error are important. We call upon researchers to apply the recommendations outlined in this
review.
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Table 1: Recommendations for future studies
Reducing random error
•

•

Sample sizes based on power

•

Sound theoretical conceptualization

calculations according to the

•

Sound assessment based on

expected magnitude of effects

agreed-upon criteria and rigorous

Sample sizes based on power

examination according to validity

calculations according to the

and reliability

expected disorder rate
•

Reducing systematic error

•

Standardized clinical diagnostic

Sample sizes based on power

interviews, fully structured interviews

calculations according to sub-

for lay administration, and screening

populations

instruments
•

Avoidance of selection bias by proactive recruitment

•

Longitudinal studies to permit
possible causal inferences

•

Sound assessment of confounding
variables

•

Representative samples to allow for
generalizability
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