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Rasch analysis of alcohol abuse and dependence diagnostic
criteria in persons with spinal cord injury

S Reslan1, CZ Kalpakjian2, RA Hanks1,3, SR Millis3 and CH Bombardier4

Study design: Cross-sectional.
Objective: The objective of the study is to examine whether alcohol use disorders should be conceptualized categorically as abuse and
dependence as in the 'Diagnostic and Statistical Manual of Mental Disorders' 4th edition or on a single continuum with mild to severe
category ratings as in the 'Diagnostic and Statistical Manual of Mental Disorders' 5th edition in people with spinal cord injury (SCI).
Setting: United States of America.
Methods: Data from 379 individuals who sustained SCI either traumatically or non-traumatically after the age of 18 and were at least
1 year post injury. Rasch analyses used the alcohol abuse and dependence modules of the Structured Clinical Interview for DSM-IV-TR
Axis I Disorders Non-patient Edition (SCID-I/NP).
Results: Fifty-seven percent (n=166) of the entire sample endorsed criteria for alcohol abuse, and 25% (n=65) endorsed criteria for
alcohol dependence. Fit values were generally acceptable except for one item (for example, alcohol abuse criterion 2), suggesting that
the items fit the expectation of unidimensionality. Examination of the principal components analysis did not provide support for
unidimensionality. The item–person map illustrates poor targeting of items.
Conclusions: Alcohol abuse and dependence criterion appear to reflect a unidimensional construct, a finding that supports a single
latent construct or factor consistent with the DSM-5 diagnostic model.
Spinal Cord (2017) 55, 497–501; doi:10.1038/sc.2016.146; published online 28 February 2017

INTRODUCTION

Globally, between 250 000 and 500 000 people sustain a spinal cord
injury (SCI) annually, and the primary causes of SCI are motor vehicle
collisions, falls and violence.1 Preinjury alcohol use problems have
been identified as a common comorbid condition associated with SCI
as well as obstacles to rehabilitation (for example, see refs 2–8).
Given that alcohol problems are common and potentially disabling in
persons with SCI, it is important to examine how these problems are
formally diagnosed and categorized in this population. How alcohol
use disorders (AUDs) are categorized may have implications for
secondary prevention or intervention research in persons with SCI.
Without an easily measured physiological marker for severity of
alcohol use, diagnostic criteria are the only gold standard for
clinical diagnosis. Criteria have been evolving through iterations of
different diagnostic classification systems. But, iterations of diagnostic
classification systems may result in different diagnoses in patient
populations. The purpose of this manuscript was to help lend
guidance to whether the new diagnostic classification scheme for
alcohol use is appropriate for individuals who have suffered a SCI.
The goal of this investigation was to examine whether AUDs are

more accurately conceptualized categorically as abuse and dependence
as in the Diagnostic and Statistical Manual of Mental Disorders 4th
edition (DSM-IV9) and Diagnostic and Statistical Manual of Mental
Disorders 4th edition -Text Revision (DSM-IV-TR10) or on a single
continuum with mild to severe category ratings as in the Diagnostic

and Statistical Manual of Mental Disorders 5th edition (DSM-511).
According to both the DSM-IV and DSM-IV-TR, alcohol abuse was
defined as a maladaptive pattern of chronic alcohol use accompanied
by psychosocial consequences, whereas alcohol dependence was
defined as the combination of cognitive, behavioral and physiological
symptoms resulting from alcohol use despite the experience of
adverse consequences.9,10 Alcohol dependence requires the experience
of tolerance, withdrawal and/or compulsive drug use. Compulsive
drug use includes behaviors such as increased consumption of alcohol
in larger quantities over time, unsuccessful quit attempts, spending a
great deal of time obtaining alcohol, using it, or recovering from its
effects, and/or continued use despite social, occupational, physical or
psychological consequences. The current diagnostic classification
system, DSM-5, integrates the two DSM-IV disorders, alcohol abuse
and dependence, into a single disorder called AUD with mild,
moderate and severe sub-classifications (Table 1).
Research using population-based and clinical samples of adults and

adolescents has provided mixed support for the dichotomous
categorical structure of DSM-IV AUDs (for example, see
refs 12–16). Test–retest reliabilities have been found to be moderate
to high for alcohol dependence, but lower for alcohol abuse
(for example, see refs 17,18). Factor analytic studies of AUDs have
produced inconsistent findings. Some studies indicate better fit for a
two-factor model, supporting the DSM-IV diagnostic structure
(for example, see refs 19,20). In other studies, a dominant single
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factor emerges that is consistent with the DSM-511 diagnostic
classification (for example, see refs 15,16,21). Overall, findings from
test–retest and factor analytic studies provide inconclusive evidence
with respect to the structure of DSM-IV AUD criteria.
In response to evidence that the DSM-IV AUD criteria do not

represent distinct diagnostic categories entities (for example, see refs
15,16,21), the current edition of the DSM, DSM-5,11 has combined
alcohol abuse and alcohol dependence into one diagnostic entity, AUD,
with associated severity indicators (Table 1). Despite the fact that
~ 48% of persons at least 1 year following SCI engage in moderate to
heavy drinking,23 and ~14% of persons 10 years following SCI screen
positive for alcohol abuse,8 no research has examined the proposed
factor structure of AUD criteria using a sample of individuals with SCI.
Previous studies have examined the factor structure of DSM-IV

AUD criteria in other clinical samples (for example, see ref. 21), but
none have examined the dimensionality of these criteria using Rasch
analysis in individuals with SCI. The goal of this study was to examine
the dimensionality and other psychometric characteristics of DSM-IV
AUD symptoms in a sample of individuals with SCI. We hypothesized
that the Structured Clinical Interview for DSM-IV-TR Axis I Disorders
Non-patient Edition (SCID-I/NP) will be unidimensional in our
sample of individuals with SCI, reflecting a single latent construct or
factor consistent with the DSM-511 diagnostic model.

MATERIALS AND METHODS

Study design
Data for this study were drawn from a multi-center (that is, University of
Michigan, University of Washington, Rehabilitation Institute of Michigan and

Santa Clara Valley Medical Center) investigation of risk factors associated with
post-injury depression. Informed consent procedures were completed
according to institutional review board guidelines. Participants completed an
in-depth, structured interview that involved the assessment of early childhood
exposure to adversity, stressful life events, social support, current depressive
symptoms and injury-related factors. Participants also completed a telephone
interview lasting 30–40 min. Data used in this current analysis were
demographic and injury-related characteristics (that is, cause of injury, date
of injury, injury level and severity), as well as the alcohol abuse and dependence
modules of the SCID-I/NP22. We certify that all applicable institutional and
governmental regulations concerning the ethical use of human volunteers were
followed during the course of this research.

Participants
Data from 379 individuals who sustained SCI either traumatically or non-
traumatically after the age of 18 and were at least 1 year post injury were used for
this investigation. There were no exclusions based on level, severity or etiology
of SCI, with the exception of individuals who incurred their SCI because of
terminal disease or other chronic disease with gradual onset of impairment.

Measures
Demographic and injury characteristics. Participants provided demographic
information including gender, age, racial background, time since injury, type
and cause of injury (for example, paraplegic, tetraplegic, complete vs incomplete)
and highest education level via telephone interview or medical record review.

Alcohol use. AUD symptoms were assessed using the SCID-I/NP;22 a
semi-structured clinical interview designed to be administered by mental health
professionals was completed via telephone. The SCID-I/NP22 includes modules
specifically dedicated to assess alcohol abuse and dependence according to the
DSM-IV-TR diagnostic criteria (Table 1). Only participants who meet screening

Table 1 Comparing DSM-IV-TR with DSM-5 alcohol use disorder criteria

DSM-IV-TR DSM-5

1 Recurrent alcohol use resulting in a failure to fulfill major role obligations at work,

school or home

Alcohol is taken in larger amounts or over a long period than was intended

2 Recurrent alcohol use in situations in which it is physically hazardous Persistent desire or unsuccessful efforts to cut down or control alcohol use

3 Recurrent alcohol-related legal problems (this criterion is eliminated from DSM-5) Great deal of time is spent in activities necessary to obtain alcohol, use alcohol

or recover from its effects

4 Continued alcohol use despite having persistent or recurrent social or interpersonal

problems caused or exacerbated by the effects of alcohol

Craving or strong desire or urge to use alcohol (this criterion is new to DSM-5)

5 Tolerance, or the body’s physiological adaptation to alcohol resulting in the need to

consume a greater amount to experience the same effect

Recurrent alcohol use resulting in failure to fulfill major role obligations at work,

school or home

6 Withdrawal, or the maladaptive behavioral, physiological and/or cognitive changes

that occur when blood concentration of alcohol declines after prolonged heavy usage

Continued alcohol use despite having persistent or recurrent social or inter-

personal problems caused or exacerbated by effects of alcohol

7 Alcohol taken in larger amounts or over longer period than was intended Important social, occupational or recreational activities are given up or reduced

because of alcohol use

8 Persistent desire or unsuccessful efforts to cut down or control alcohol use Recurrent alcohol use in situations in which it is physically hazardous

9 Great deal of time is spent in activities necessary to obtain alcohol Alcohol use is continued despite knowledge of having a persistent or recurrent

physical or psychological problems that is likely to have been caused or

exacerbated by alcohol

10 Important social, occupational or recreational activities are given up or reduced

because of alcohol use

Tolerance (see DSM-IV-TR criterion 5 for definition)

11 Alcohol use is continued despite knowledge of having a persistent or recurrent

physical or psychological problems that is likely to have been caused or exacerbated

by alcohol

Withdrawal (see DSM-IV-TR criterion 6 for definition)

Abbreviations: AUD, alcohol use disorders; DSM-IV-TR, Diagnostic and Statistical Manual of Mental Disorders 4th edition-Text Revision.
Note: DSM-IV-TR diagnosis for alcohol abuse met if at least one of criteria 1–4 endorsed as yes in the past 12 months. DSM-IV-TR diagnosis for alcohol dependence met if at least three of seven
of criteria 5–11 endorsed as yes in the past 12 months. According to DSM-5, individuals who endorse at least two symptoms within the same 12-month period meet diagnostic criteria for an AUD.
Those who endorse two to three symptoms, four to five symptoms or six or more symptoms will receive an AUD severity rating of ‘mild,’ ‘moderate,’ or ‘severe,’ respectively.
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criterion for the lifetime assessment of AUDs according to the SCID-I/P NP
completed alcohol abuse and dependence modules. Screening criterion was a
question assessing lifetime use of five or more drinks in one occasion.
If participants responded yes, they completed the lifetime assessment of alcohol
use module. Training for the SCID was coordinated between centers to ensure
that research assistants administered the instrument in a standardized fashion.

Data analysis
Descriptive statistics for the sample and endorsement of the SCID-I/NP alcohol
abuse and dependence criteria were examined to assess prevalence statistics in
this sample. The Rasch rating scale model was used to evaluate dimensionality
of the SCID-I/NP alcohol abuse and dependence criteria. The Rasch rating scale
model rather than the partial credit model was used because the SCID-I/NP
alcohol abuse and dependence items all share the same rating scale structure.
Rasch analysis is a probabilistic mathematical model that estimates
item difficulty, person ability and threshold for each response category on a
single continuum logit scale (log-odds units). Rasch analysis was conducted
using Winsteps 3.80.1 software.24 To evaluate the SCID-I/NP items,
unidimensionality, reliability and targeting were examined.
Unidimensionality indicates that a score produced by a measure represents a

single concept. To assess unidimensionality, infit and outfit mean squares
statistics were examined.25,26 Infit means inlier-sensitive, whereas outfit means
outlier-sensitive fit. Infit and outfit mean-square ranges of 0.6–1.4 are
considered reasonable for rating scales.26–28 Unidimensionality was also assessed
using a principle component analysis of Rasch residuals, where residuals can be
understood as the difference between observed and expected values. Rasch rating
scale structure parameters were examined via Andrich thresholds.
Internal consistency of person and item performance on the SCID-I/NP was

evaluated by examining separation reliability estimates and separation ratios.26

Separation reliability for persons refers to the consistency of person response

across items, whereas the separation reliability for items refers to the consistency
of item performances across persons. Similar to Cronbach alpha, separation
reliability estimates the ratio of the true score variance to the observed score
variance, and its value ranges from 0 to 1. To overcome the potential for ceiling
effect in separation reliability, each separation reliability estimate has a
corresponding separation ratio (theoretical value ranging from 0 to infinity),
which is the ratio of the true adjusted s.d. of measures to the average s.e. of
measures. Separation ratios 42 provide evidence of internal consistency.27

Targeting of item endorsability was assessed by comparison of the distribution
and spread of items and persons along a common logit scale of the latent
construct (for example, examination of the item-person map28). Item targeting is
represented by a person–item map that provides visual observation of the relative
position of item difficulty to a person's ability. Targeting refers to how well item
difficulty matches the participant's ability. Similar to the Rasch model for
dichotomous items, the Rasch rating scale model reports both item difficulties
and person abilities, and it also provides a single set of thresholds for the rating
scale that is common to all the items. These thresholds represent the point or
boundary at which the likelihood of being observed in a given response category
is exceeded by the likelihood of being observed in the next higher category.28 For
a well-targeted instrument, mean item difficulty is usually set at zero; the greater
the difference of item and participant parameters, the poorer the targeting.

RESULTS

Sixty-six percent of this sample were male. Seventy-seven percent were
Caucasian, 13% were African American, 4% were Hispanic and 2%
were Asian. Thirty-four percent earned a college degree, 30%
completed some college, 16% earned a graduate degree and
16% earned a high school diploma. The average age was 49 years
(s.d.= 13.3 years), and the average age at injury was ~ 34
years (s.d.= 14.4 years). The average time since injury was 15 years

Table 2 SCID-I/NP alcohol abuse and dependence items: item level statistics

No Item Item difficulty (logits)
Item fit

(mean

squares)

Response

categories endorsed

Infit Outfit 1 (%) 2 (%) 3 (%)

Abuse 2 Recurrent alcohol use in situations in which it is physically hazardous −1.42 1.27 2.44 44 6 49

Dep 1 Alcohol is often taken in larger amounts or over a longer period than was intended −0.93 1.03 0.93 46 10 44

Dep 3 Great deal of time is spent in activities necessary to obtain alcohol, use alcohol or recover

from its effects

−0.26 0.76 0.74 64 5 30

Abuse 4 Continued alcohol use despite having persistent or recurrent social or interpersonal problems

caused by the effects of the alcohol

−0.19 0.89 0.74 70 5 3

Dep 6 Tolerance, as defined by either of the following: a need for markedly increased amounts

of alcohol to achieve intoxication or desire effect; or markedly diminished effect with continued

use of the same amount of alcohol

−0.06 1.13 1.07 71 2 27

Dep 5 Alcohol use is continued despite knowledge of having persistent or recurrent physical or

psychological problems that is likely to have been caused or exacerbated by the substance

0.01 0.92 0.82 71 4 25

Abuse 1 Recurrent alcohol use resulting in a failure to fulfill major role obligations at work, school or home 0.13 1.06 1.07 77 3 20

Dep 2 Persistent desire or unsuccessful efforts to cut down or control alcohol use 0.49 0.97 0.91 80 5 15

Abuse 3 Recurrent alcohol-related legal problems 0.60 1.30 1.04 84 3 12

Dep 4 Important social, occupational or recreational activities are given up reduced because of alcohol use 0.68 0.78 0.52 83 4 13

Dep 7 Withdrawal, as manifested by either of the following: the characteristic withdrawal syndrome

for alcohol or alcohol is taken to relieve; or avoid withdrawal symptoms

0.93 0.76 0.54 89 0 11

Abbreviation: Dep, dependence; SCID-I/NP, Structured Clinical Interview for DSM-IV-TR Axis I Disorders Non-patient Edition.
Note: items are shown in the order of ascending difficulty. DSM-IV diagnosis for alcohol abuse met if at least one of four items endorsed as yes in the past 12 months. Alcohol dependence
diagnosis met if at least three of seven items endorsed as yes in the past 12 months.

Alcohol abuse and dependence following SCI
S Reslan et al

499

Spinal Cord



(s.d.= 11.2 years). Fifty-two percent (n= 190) of this sample was
diagnosed with paraplegia (48% diagnosed with tetraplegia), and
approximately half of the entire sample (51%; n= 184) had
incomplete injuries. Fifty percent of the entire sample (n= 183) were
injured by vehicular collision, 21% were injured by falling, 11% were
injured by violence and 9% were injured by playing sports. Fifty-seven
percent (n= 166) of the entire sample endorsed criteria for alcohol
abuse, and 25% (n= 65) endorsed criteria for alcohol dependence.
Overall, fit values were generally acceptable except for one item

(that is, alcohol abuse criterion 2), suggesting that the items fit the
expectation of unidimensionality (Table 2). Infit mean-square
values ranged from 0.76 to 1.30, which is considered to be
‘very good.’ Outfit mean-square values ranged from 0.52 to 2.44.
Alcohol abuse criterion 2’s outfit mean-square was 2.44, which
suggested item misfit (Table 2). The outfit mean-square values of
the remaining items ranged from 0.52 to 1.07. Given that infit and
outfit mean-square statistics for alcohol abuse and dependence items
were generally acceptable, these results support that the items
represent a unidimensional construct.
Examination of the principal components analysis, however, did not

provide support for unidimensionality. Variance explained by the scale
was only 42.9%. Modeled variance, or the variance that would be
explained if the data exactly fit the Rasch model, was 43.4%.

The person separation ratio was 0.99, with a corresponding person
reliability of 0.49. The item separation ratio was 6.19, with a
corresponding item reliability of 0.97. The item–person map is shown
in Figure 1. An item–person map with good targeting would be
symmetric along the vertical axis with items and persons clustered in a
similar fashion with a similar range. These was not the case for the
SCID-I/NP alcohol abuse and dependence items, where item measures
ranged from − 1.42 to 0.93 logits, whereas person measures ranged
from − 2.93 to 2.80. As noted earlier, the item–person map illustrates
this poor targeting of items. Notably, items on the right side of the
map measure a narrower range of the construct of alcohol disorder
than would be necessary to adequately characterize the participants.

DISCUSSION

Results of Rasch analyses indicated that the data fit a unidimensional
model, which provides evidence that previously dichotomized alcohol
abuse and dependence symptoms reside on a continuum for persons
with SCI. Results of the principle components analysis did not provide
support for unidimensionality. This pattern of findings may be due to
the following:22 the SCID-I/NP is short with only 11 items,1 the
item–person map (Figure 1) reveals poor targeting, and2 there was a
floor effect with 20% of the sample obtaining the minimum score.
Notably, item–person maps do not directly assess dimensionality,
item–person maps address whether the scale assesses the full ‘range’ of
the construct (that is, having enough items covering easy endorsibility
to infrequent endorsibility). Another problematic aspect of this scale is
its middle rating category, ‘sub-threshold.’ It was infrequently endorsed
by participants in our sample, which led to disordered Rasch–Andrich
thresholds. In addition, results revealed a low person reliability, which
also suggests that the SCID-I/NP needs many more items.
Without an easily measured biological marker for severity of alcohol

use, its diagnostic criteria are the only gold standard for clinical
diagnosis. Criteria have been evolving through iterations of different
diagnostic classification systems. This study examined the dimension-
ality of DSM-IV-Text Revision10 alcohol abuse and dependence criteria
in persons with SCI using data from the alcohol use and abuse modules
of the SCID-I/NP.22 In light of the recently published DSM-5,11 which
integrates the two DSM-IV-Text Revision alcohol-related disorders,
alcohol abuse and dependence, into a single disorder called an AUD, as
well as the controversy surrounding the factor structure of alcohol abuse
and dependence criteria (for example, see refs 12–16,21), this investiga-
tion is timely. Overall, the findings from this evaluation lend support for
the current diagnostic structure in the DSM-5.11 As noted by Saha
et al.,16 the development of measures of AUDs residing on a continuum
holds promise for research in the neurobiology and genetics of AUDs
given that previous categorical diagnostic phenotypes have posed
considerable challenges to those fields.29,30

Given the high rate of alcohol abuse and dependence among
persons with SCI found in this investigation as well as in previous
studies,8,23 accurately assessing alcohol use following SCI is
important. Given the paucity of literature on this subject matter,
no studies have been conducted to examine that different
conceptualizations of problematic alcohol use affect rate of diagnosis.
Thus, this is an important target for future research. The consequences
of poor identification of alcohol use conditions can negatively
impact treatment and subsequently the health of persons with SCI.
Crutcher et al.31 found that intoxication in persons with SCI at the
time of admission to the hospital was associated with extended length
of stay in the hospital, more days spent ventilated, and increased risk
for complications including pneumonia, deep vein thrombosis
and pulmonary embolism. Alcohol abuse following SCI has beenFigure 1 Item–person map. freq, frequent; M, mean; S, s.d.; T, 2 s.d.

Alcohol abuse and dependence following SCI
S Reslan et al

500

Spinal Cord



cited as an obstacle to rehabilitation and correlated with longer
hospital lengths of stays, poorer rehabilitation outcomes, decreased
life satisfaction, depression, anger, anxiety, as well as poorer ratings of
health and impaired self-care.32–37 Problematic alcohol use is likely to
negatively affect rehabilitation outcomes such as community
integration, return to work, as well as basic/instrumental activities
and self-care. Thus, assessment of appropriate diagnostic criteria will
guide the rehabilitation specialist to the appropriate intervention and
awareness of potential barriers to maximizing rehabilitation.

CONCLUSION

In summary, the SCID-I/NP alcohol abuse and dependence items
appear to be a reasonably unidimensional scale, which reflects a single
latent construct or factor consistent with the DSM-511 diagnostic
model. One important caveat is that the SCID-I/NP22 appears to have
too few items to adequately assess the latent construct of alcohol abuse
or dependence. Additional limitations of this investigation include
floor effects, poor item–person map targeting and disordered
Rasch–Andrich thresholds. Moreover, the ‘sub-threshold’ rating
category adds ‘noise’ to the instrument; binary rating of the items (that
is, symptom present/absent) should be considered in future revisions of
the scale. Thus, the results of this investigation are important but should
be replicated in the absence of the aforementioned limitations. To our
knowledge, this study includes the largest sample of completed SCID-I/
NPs in people with SCI from diverse geographic backgrounds, which
are important strengths of this investigation.
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