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Abstract

BACKGROUND—AIthough the Brief Symptom Inventory-18 (BSI-18) has been widely used for
mental health screenings in both clinical and non-clinical populations, the validation of its
application to Chinese populations has been very limited. The objective of this research is to
assess the factorial structure of the BSI-18 within a Chinese drug using population.

METHODS AND RESULTS—A total sample of 303 drug users recruited via Respondent
Driven Sampling (RDS) from Changsha, China was used for the study. Our results show: 1) The
BSI-18 item scores are highly skewed; 2) With dichotomous items measures (1-problem at least
moderately caused respondent discomfort during the past week; 0-otherwise), our findings support
the designed 3-factor solution of the BSI-18 (somatization, depression, and anxiety); 3) The
BSI-18 has a hierarchical factorial structure with 3 first-order factors and an underlying second-
order factor (general psychological distress); 4) Tentative support should also be given to a single
dimension of general psychological distress in Chinese drug using populations. Our study
recommends a useful alternative approach for evaluating the factorial structure of the BSI-18 —i.e.
CFA with dichotomous item measures. Both the total BSI-18 score and the three subscales (SOM,
DEP, and ANX) can be used in applications of the BSI-18.

CONCLUSION—Overall, our findings suggest the BSI-18 is useful with Chinese drug users, and
shows potential for use with non-Western and substance using populations more generally.
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1. INTRODUCTION

Numerous epidemiological studies have demonstrated interconnections between substance
use and mental health (e.g. Kessler et al., 1996; Grant et al., 2004). Considering this, the
measurement of mental health within substance using populations remains a key issue.
Comprehensive assessments of psychiatric symptoms can be time-consuming and
burdensome. In some studies, such assessments also prove more extensive than necessary
for study completion. As such, effective, precise, and efficient measures of mental health are
of significant interest to substance use researchers throughout the world. Considering global
population trends and shifts in global drug markets, it is imperative to identify measures that
can be utilized within a variety of nations. While the BSI-18 has been increasingly utilized,
its application to populations outside Western nations is less well validated. Given the
increasing use of this measure in substance use research in other regions, it is important to
assess its factorial structure in other populations to more fully evaluate its validity.

1.1 Brief Symptom Inventory and Substance Use

The Brief Symptom Inventory (BSI; Derogatis and Spencer, 1983) has been widely used to
assess mental health in both clinical and non-clinical populations, including studies of drug
users. These focus on a wide range of substances from methamphetamine (Booth et al.,
2006) to cocaine (Magura et al., 1998) to ecstasy (Soar et al., 2006), and also studies of
residential therapeutic communities (Metrikin et al., 2003). Additionally, the BSI has been
used to assess mental health in varying types of drug use research including therapy for
couples in treatment (Li et al., 2007), clinical studies of pharmacotherapy for dependent
individuals (Meredith et al., 2007), and studies of anti-retroviral adherence among drug
users (Knowlton et al., 2006). It has also been useful for screening substance abuse
treatment clients for mental health symptoms (Royse and Drude, 1984). In sum, the BSl is a
widely adopted measure that has demonstrated considerable utility in research and clinical
practice related to substance use. The BSI-18 has demonstrated similar potential for drug
using populations (Wang et al., 2010).

1.2. Assessments of the BSI and BSI-18

Based upon clinical conceptualizations of psychological disorders, the original BSI has 53
items designed to assess nine distinctive psychological domains: (somatization, obsessive—
compulsive disorder, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety,
paranoid ideation, and psychoticism (Derogatis, 1993). However, studies have shown
inconsistent dimensional structures for the BSI with a varying number of dimensions
(Hayes, 1997; Johnson et al., 1996; Kellett et al., 2004; Ruiperez et al., 2001). For example,
Piersma and colleagues’ study (1994) with a sample size of 217 suggested that the BSI
provides only a unidimensional measure of general psychological distress.

While the original BSI has good psychometric properties including high internal consistency
and test-retest reliability (Derogatis and Spencer, 1983; Derogatis, 1993), its factorial
structure remains difficult to test. A commonly used rule of thumb for structural equation
modeling is 10 cases/observations per indicator variable (Nunnally, 1967) or 5-10 cases/
observations per free parameter (Hoogland and Boomsma, 1998). With 53 items, a large
sample is needed for factor analysis of the BSI. In addition, an instrument with multiple
scales and many items often proves difficult with validation of its factorial structure in CFA
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modeling. Even when Cronbach’s alphas are high for the scales under study, the CFA model
may not fit the data well unless some cross-factor loadings and error covariances are
specified. Theoretically speaking, in CFA modeling, each item should be loaded only on its
theoretical underlying factor(s) and items should be independent of each other once they are
loaded to their underlying factors. Cross-factor loadings and error covariances are allowable
only if they can be appropriately explained.

Similar concerns regarding these issues pertain less to the BSI-18, a shorter version used to
screen for the most common psychiatric problems: somatization (SOM), depression (DEP),
and anxiety (ANX), as the instrument has less heterogeneity (Derogatis, 2001). Indeed, the
reduction to its 18-item format was also intended to improve structural validity through an
instrument with fewer domains (Derogatis, 2001). Because of its simplicity, the BSI-18 is a
useful measure to screen for psychiatric symptoms in a wide range of populations. Three
theoretically defined dimensions of the BSI-18 were confirmed by Derogatis (2001) using
principal components analysis. Importantly, the BSI-18 also permits considerations of a
hierarchical structure, a matter of increasing interest for the assessment of mental health
(Watson, 2005), and health outcomes more generally (Reise et al., 2007). This permits the
consideration of generalized distress underlying the three specified psychiatric symptoms.

The three dimensions of the BSI-18 focus on the most commaonly experienced mental health
concerns (DEP, SOM, and ANX), thus making it useful for mental health assessments in
community samples. Given its efficiency, this streamlined instrument is particularly useful
for assessments in which mental health is not the primary outcome of interest, such as those
in which common psychiatric symptoms may be associated with substance use. Several
investigations of the BSI-18 have validated the originally designed three-dimensional
structure (Duré et al., 2006; Andreu et al., 2008; Franke et al., 2011; Petkus et al., 2010;
Wang et al., 2010; Wiesner et al., 2010). However, an alternative 4-factor model with
factors DEP, SOM, Agitation (AGI), and Panic (PAN) has been suggested, as well as a 4-
factor model that considers the original 3 dimensions plus suicidal ideation (Zabora et al.,
2001). Yet, some have indicated that support for this 4-factor model is weak, particularly
one with suicidal ideation given that it is based upon a single item, and thus the 3-factor
model is preferable (Recklitis et al., 2006). Others have suggested that the BSI-18 is best
used to measure a single dimension of general psychological distress (GPD; Asner-self et
al., 2006; Prelow et al., 2005). Many of these studies have focused on clinical samples (e.g.,
Andreu et al., 2008; Durd et al., 2006; Franke et al., 2011; Petkus et al., 2010; Recklitis et
al., 2006; Zabora et al., 2001); thus, further studies within community samples are
warranted. Given these considerations, it remains important to further investigate whether
the BSI-18 provides a hierarchical measure of both general psychological distress and
individual dimensions of mental health, particularly in community samples.

1.3 Current Study

To further strengthen efforts to address the methodological challenges related to the
measurement of mental health symptoms among substance users, the present study
addresses the properties of the BSI-18 within a Chinese drug using population. Specifically,
we report the details of an assessment of the factorial structure of this instrument in order to
evaluate the extent to which the BSI-18 provides a precise and robust means to measure
mental health among Chinese drug users in accordance with a hierarchical conceptualization
of mental health. Testing the measure within this population also allows us to assess the
validity of the BSI-18 within non-English speaking and non-Western populations.
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2. METHODS

2.1 Sample

A total of 303 drug users were recruited in Changsha, China during 2010 and 2011. Study
eligibility included: being 18 or older; methamphetamine use during the past 30 days;
residence in Changsha; and the capacity to consent to research participation. Respondent-
driven sampling (RDS), widely applied to hidden populations, was used for sample
recruitment (Heckathorn, 1997, 2002; Wang et al., 2005, 2007). To initiate the RDS process,
ethnographic methods were used to recruit 20 “seeds” within community settings. After
having finished the survey, each seed was provided three confidentially linkable referral
coupons in addition to the incentive received for their own participation (150 Yuan [ $23
USD]). Each time a network member enrolled and presented a numerically-coded coupon,
the “seed” received an incentive (50 Yuan [ $8 USD]) for facilitating participation. The
enrolled recruit then also received three referral coupons and was offered the same
incentives as the “seed” to stimulate enroliment among network members. Peer recruitment
with referral coupons and the dual incentives were employed to help reduce volunteerism
and masking effects during the recruitment process (Heckathorn, 1997, 2002). The process
continued through successive waves to build momentum within the networks to foster
participation. Assessments of sample composition indicate that the sample extended through
numerous waves and converged to equilibrium during the course of recruitment. All consent
procedures conformed to IRB approval.

2.2 Measures

The BSI-18 items were designed to measure three dimensions of psychiatric disorders:
somatization (SOM), depression (DEP), and anxiety (ANX). Each subscale included six
items. BSI-18 items are rated on a 5-point, Likert scale: 0- not at all; 1- a little bit; 2-
moderately; 3-quite a bit; 4-extremely. The items were translated from English to Chinese
by using the back translation method by bilingual research team members. In applications of
the BSI-18, item scores are usually treated as continuous measures to generate subscale
scores or conduct factor analysis. The BSI-18 items scores in the present study are highly
skewed with very few cases having responses 3 (quite a bit) or 4 (extremely; see Figure 1),
and our preliminary analyses show that no CFA models fit the data even though robust ML
estimator (e.g., MLR) was used to handle multivariate data non-normality in modeling. As
such, we recoded all items as dichotomous measures: item responses were coded 1 if the
problem at least moderately caused the respondent discomfort during the past week,
otherwise coded 0. The dichotomous measures are meaningful indicators of whether
symptoms caused at least moderate discomfort.

2.3 Analytical Methods

Having recoded the BSI-18 items as dichotomous measures, the Kuder-Richardson Formula
20 (KR-20), a non-parametric equivalent to Cronbach’s a, was used to evaluate their
internal consistency (Fleming et al.,1976; Ghiselli et al., 1981; Cortina, 1993). A KR-20
coefficient = 0.60 is considered to indicate that the measure is internally consistent (Allen et
al., 2000).

When categorical indicators/items are involved in CFA, instead of the variances/covariances
of the observed items, the correlations between the unobserved latent continuous variable
y"s underlying the observed categorical items are analyzed. When one of the items is
continuous and another is an ordered categorical measure, the latent correlation is polyserial
correlation; the latent correlation is polychoric correlation for two categorical indicators;
tetrachoric correlation for two dichotomous indicators; and biserial correlation for one
continuous and one dichotomous indicator (Jéreskog and Sérbom, 1988; Brown, 2006). For
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the CFA models in this study, tetrachoric correlations were analyzed, using WLSMV that
uses diagonal of the weight matrix (i.e., the inverse of the asymptotical variance/covariance
matrix of the latent correlations) for parameter estimation and the entire weight matrix for
standard error estimation. The estimated tetrachoric correlations ranged from 0.36 to 0.85.

Various factorial solutions, including a single factor, three factors, and four factors, were
tested. The first-order factors (e.g., SOM, DEP and ANX in the 3-factor CFA; SOM, DEP,
AGI, and PAN in the 4-factor CFA) were highly correlated with each other (the correlation
between the factors ranges from 0.88 to 0.98 in our sample). When a measurement
instrument assesses several highly related domains, two alternative approaches within
confirmatory factor analysis (i.e., the second-order CFA and the bifactor CFA) could be
applied for modeling. Bifactor moels have become increasingly used to resolve
dimensionality issues (Reise et al., 2007), yet secondorder models provide an appropriately
comparable approach. The second-order model is more familiar to researchers as they have
been applied in a wider variety of substantive areas, such as personality (DeYoung et al.,
2002), self-concept (Marsh et al., 2002), and psychological well-being (Hills and Argyle,
2002). In the present study, we hypothesize that general psychological distress would
account for the covariance among the first-order factors. Thus, second-order CFA models
based on the three- and four-factor models were then tested to account for a hierarchical
factorial structure of the BSI-18. A broader measure of GPD was specified as a second-order
factor underlying the first-order factors (see Figure 2). On the basis of second-order CFA
model, the relationships of the observed items with the first-order and second-order factors
were further evaluated using Schmid and Leiman (1957) transformation. The basic idea of
Schmid and Leiman transformation is to decompose the total explained item variance (as the
observed items are dichotomous measures, the explained variance in an item is not the
proportion of variance in the observed binary item, but in the corresponding latent reponse
variably y) into two components: variance explained by second-order factors, and variance
explained by first-order factors (Brown, 2006; Wang and Wang, 2012).

The CFA models with dichotomous indicators were estimated using WLSMV, and mean
and covariance structures (MACS) were analyzed. All models were estimated without
specifying cross-factor loadings and error covariances. For model fit evaluation, the chi-
square statistic is one conventional test of model fit in SEM. Because chi-square is defined
as a (N-1) times the fitting function (Jéreskog, 1969; in most SEM computer programs,
model chi-square is defined as x2 = fiy (N-1), but it is defined as X2 = fiy (N) in Mplus), it is
highly sensitive to sample size; i.e., the larger the sample size, the more likely model
rejection will occur. To address this limitation of the chi-square test, a number of model fit
indexes have been developed for model fit tests. In this study, we report several model fit
indices commonly reported in SEM applications: the comparative fit index (CFI; Bentler,
1990), the Tucker-Lewis index (TLI; Tucker and Lewis, 1973), the Nonnormed Fit Index
(NNFI; Bentler and Bonett, 1980), root mean square error of approximation (RMSEA,;
Steiger, 1990; Browne and Cudeck, 1992), and the weighted root-mean-square residual
(WRMR; Muthén and Muthén, 1998-2004). The cutoff value for CFl and TLI is usually
0.90, but higher values (e.g., =0.95) have been considered as the cutoff value in recent years.
WRMR value of 1.0 or lower is considered good fit (Yu, 2002). The values of RMSEA are
often interpreted as: O-perfect fit; <0.05=close fit; 0.05-0.08=fair fit; 0.08—-0.10=mediocre
fit; and >0.10=poor fit (Browne and Cudeck 1993; Byrne, 1998). Hu and Bentler (1999)
suggest RMSEA <= 0.06 as the cutoff for good model fit. RMSEA is the only model fit
index so far that provides a confidence interval around its calculated value. In a well-fitting
model, the lower 90% confidence limit includes or is close to 0, while the upper limit is less
than 0.08. In addition, a test of close-fit for null hypothesis (Hp: RMSEA <=0.05) is also
important. If the p-value of the close-fit test is greater than 0.05, then we cannot reject the
null hypothesis, therefore, the specified model has a “close fit.” It is notable that no single
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index should be relied upon exclusively for evaluating model fit. Instead, model fit
evaluation should be based on multiple indices in order to avoid inaccurate conclusions
(Bollent, 1989; Bentler, 2007). In this regard, we considred a broad array of fit indices to
assess model fit. All CFA models were estimated using Mpl/us 6.12 (Muthén and Mutheén,
1998-2010).

Kim’s method (Kim, 2005) that is based on testing model's overall fit was used to estimate
sample size for the CFA models under study (Kim’s equation of estimating sample size for

A
SEM based on model fit index RMSEA is: NRMSEA:RMSEAZ . df+1’ where d.f is model
degree of freedom, A the estimated chi-square noncentrality parameter given a d.f. and
statistical power; e.g., 0.80)

Though the sample size (N=303) is moderate, statistical power is large enough for our CFA
models to achieve a good model fit (RMSEA=0.05) given a statistical power of 0.80 at 0.05
level: the estimated sample size for the single-factor CFA, first- and second-order 3-factor
CFA (the d.f. is the same for the first- and second-order 3-factor CFA models), first-order 4-
factor CFA, and second-order 4-factor CFA models are n=137, 140, 141, and 139,
respectively.

3. RESULTS

Socio-demographic characteristics and recent drug use practices are shown in Table 1. The
sample was dominated by Han nationality (98%) and males (87.1%), which cohere with
many studies of drug users in China. The participants were relatively young with a mean age
of 29.9 (SD=7.6). A majority had less than a high school education (59.7%). In the sample,
42.6% were currently married, 44.2% had children, and only 38.6% were full-time
employees. In regard to frequency of recent methamphetamine use, 23.8% reported using
meth on more than 30 days, 31.4% used on 10-30 days, and 44.9% used meth on less than
10 days, thus indicating a range of drug use patterns within the sample.

Table 2 shows the descriptive statistics of the dichotomous measures of the BSI-18 items by
subscale and general psychological distress (GPD), as well as their internal consistency
measured by KR-20 (analogous to Cronbach's a). The KR-20 coefficients are high, ranging
from 0.76 to 0.83 for the composite measure of SOM, DEP, and ANX, and over 0.90 for
GPD, demonstrating good internal consistency. Our results show that the three original
scales and the total score of the BSI-18 had good reliability within the sample of Chinese
drug users.

Table 3 shows the model fit statistics/indexes for the single-factor, 3-factor (i.e., SOM, DEP,
and ANX) and 4-factor (i.e., SOM, DEP, ANX, and PAN) CFA models, as well as 3- and 4-
factor second-order CFA models. The results show that all models, including the single-
factor model, fit the data very well: CFI and TLI are above 0.95, RMSEA<0.06, Close-fit
test P-value>0.05, and WRMR<1.00. While a significant model x? statistic does not
necessarily indicate bad model fit, an insignificant chi-square statistic is appreciable. All our
model X? statistics, except for the single-factor CFA model, are not statistically significant.
Although the model x? of the single-factor CFA is statistically significant (P=0.033), its
other model fit indices (e.g., CFI1=0.99, TL1=0.99, RMSEA=0.03 (90% C.I.: 0.01, 0.04),
Close-fit test P =0.998, and WRMR=0.81) indicate the model fit is acceptable.

As other studies have shown (Derogatis, 2001; Recklitis et al., 2006; Wang et al., 2010), our
results support the original 3-factor design of the BSI-18 because: 1) conceptually speaking,
two factors (panic and agitation; in the 4-factor model, factor loadings of items of the panic
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factor were 0.91, 0.92 and 0.94 for Item 9 (Scared), Item 12 (Panic episodes) and Item 18
(Fearful), respectively, and another factor underlying agitation symptoms has factor loadings
of 0.90, 0.91, and 0.83 for Item 3 (Nervousness), Item 6 (Tense), and Item 15 (Restlessness),
respectively). In the 4-factor model can be considered anxiety (Derogatis, 2001); and 2)
there was hardly any difference between our 3- and 4-factor models regarding the model fit
indexes. Given similar model fit, the more parsimonious model is typically preferable.

Selected results of the second-order CFA model with 3 first-order factors are shown in Table
4. All the items are highly loaded onto their underlying first-order factors; and the first-order
factors (i.e., SOM, DEP, and ANX) are highly loaded onto the second-order factor (GPD).
The proportions of variance in the first-order factors explained by the second-order factors
are 0.82, 0.95, and 0.99, respectively, indicating that the higher-order solution provides a
good account for the covariances among the first-order factors.

Table 5 shows the Schmid-Leiman transformation of the second-order CFA model
estimates. Columns A and B are standardized first- and second-order factor loadings,
respectively, for each observed BSI-18 item. Column C, the squared value of Column A,
represents the total variance of the unobserved response variable y” explained by the factors.
The factor loading of an item onto the second-order factor can be calculated as the product
of the standardized first- and second-order factor loadings; and the squared value of this
product is the variance of y* explained by the second-order factor (Column D). Knowing the
total explained variance and the variance explained by the second-order factor, the variance
of y* explained by the first-order factor can be readily calculated (Column G); and (one
minus the total explained variance) is the residual variance (Column H). As such, the
variance of the unobserved response variable y” is decomposed into three components:
variance explained by the second-order factor (GPD), variance explained by a first-order
factor (SOM, DEP, or ANX), and residual variance. The results show that a substantial
portion of the variance of y* corresponding to each BSI-18 item was explained by its
underlying factors: 44% to 98% for the SOM items, 66% to 83% for the DEP items, and
69% to 83% for the ANX items (see Column C). However, the variances of y” were not
much explained by the first-order factors (SOM, DEP, or ANX), but by the secondorder
factor, general psychological distress. For example, 78 % (Column D) of the variance of y*
corresponding to Item Y3 were explained by the second-order factor, only 3% (Column G)
were explained by its underlying first-factor (i.e., ANX), and the unexplained variance or
residual variance of Y3 is 19% (Column H).

4. DISCUSSION

Although the BSI-18 has been widely used, the validation of its application to Chinese
populations and to substance using populations in non-Western settings has been limited,
e.g., one study of patients undergoing renal transplantation (Liang and Gou, 2006), and
another focused on elderly inpatients (Yang et al., 2012). Although the global BSI-18 and its
three subscales all demonstrated appropriate Cronbach’s a in these studies, its factorial
structure was not examined. The relatively low use of the BSI-18 in China indicates that
proper validation of the BSI-18 in Chinese may be necessary prior to wider use. The present
study is the first time, to our knowledge, to conduct a systematic test of the factorial
structure of the BSI-18 among individuals in a health study in China. It is also an important
step in the validation of the BSI-18 for substance using populations in other non-Western
settings.

By decomposing the variance of the unobserved response variable y*, we found that the
variance of y* corresponding to the BSI-18 items were not much explained by the first-order
factors (SOM, DEP, or ANX), but primarily by the second-order factor. Similar to the
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findings of some other studies (Asner-self et al., 2006; Prelow et al., 2005), our results imply
that the BSI-18 items lie more in their contribution to the general psychological distress.
Thus, tentative support may be given to a single dimension of general psychological distress
in this sample of drug users in China. As a matter of fact, the single-factor solution has good
fit to the data in our study. In this regard, while the individual sub-scales retain utility within
these populations, the BSI-18 may contribute more to the assessment of general mental
health impairment, as the generalized psychological distress underlies the three specified
psychiatric symptoms. Overall, our results indicate that the BSI-18’s focus on the most
commonly experienced mental health concerns (DEP, SOM, and ANX) and the ability to
assess a broader dimension of mental health impairment, make it useful for mental health
assessments in community samples.

Importantly, our study also recommends a useful alternative approach for evaluating the
factorial structure of the BSI-18. The BSI-18 items are measured on a 5-point Likert scale,
and are often not normally distributed (e.g., Recklitis et al., 2006; Wang et al., 2010). Our
findings demonstrate the utility of dichotomous indicators in such instances. When items are
moderately skewed, the maximum likelihood (ML) method will produce biased estimates of
fit (Chou et al., 1991; Curran et al., 1996; Muthén and Kaplan, 1985). To accommodate data
non-normality, robust maximum likelihood estimators (e.g., MLR, MLM) can be used to
adjust the model chisquare and provide robust standard errors that are used to conduct
significance testing for individual parameter estimates (Muthén and Muthén, 1998-2010).
Studies of the factorial structure of the BSI-18 have shown that using robust estimator for
model estimation improves model fit (Wang et al., 2010; Wang and Wang, 2012). However,
with highly skewed BSI-18 measures in the present study (see Figure 1), none of the CFA
models with the original BSI-18 measures, including the single factor, 3-, and 4-factor CFA
models, fit the data well, even with the robust estimator for model estimation. Thus, in the
present study, CFA with dichotomous items were used to test the factorial structure of the
BSI-18, and the models fit the data very well. Our results support the findings of a similar
application of the BSI-18 to drug users in the U.S. (Wang et al., 2010); that is, the BSI-18
has a 3-factor structure (SOM, DEP, and ANX) with an underlying second-order factor
(GPD).

4.1 Limitations

Although our findings demonstrate the BSI-18’s potential utility with drug using populations
and non-Western populations, we must consider some limitations. First, though statistical
power is large enough for the CFA model under study, the sample size is moderate and may
limit our practice of structural equation modeling where the CFA model is used as a
measurement model. Second, RDS was used for participant recruitment. Though RDS is a
widely used sampling method for hidden populations and is better than convenience
sampling (Heckathorn, 1997, 2002), a RDS sample is not a random sample; thus, our sample
may not be totally representative of the target population. Third, the data used for analysis
were self-reported, and thus might contain potential information bias. Fourth, the BSI-18
items were recoded as dichotomous measures in this study because the BSI-18 item
responses in our sample were highly skewed with empty cells or small cell frequencies in
some items. The factors that account for the skewness of the distributions are unclear and
need to be further explored. Although it is sometimes desirable or useful to transform
continuous or ordinal measures into dichotomous measures for analysis (McFall and Treat,
1999), such transformation may result in losing information (Watson, 2005). However,
studies that have used the BSI-18 with Chinese students suggest no culturally influenced
response patterns (Wang and Mallinckrodt, 2006; Wang et al., 2012), and we are unaware of
response styles unique to Chinese individuals that would yield such results. Finally, the
present study was based on one sample of drug users from central China. More studies using
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samples from different populations are needed to confirm our findings and have a better
understanding of its factorial structure. In future studies, scholars should examine factorial
structure invariance of the BSI-18, using multi-group CFA models, to confirm that the
instrument is valid in drug-using populations in different locations.

4.2 Conclusions

Our analyses present several interesting findings with respect to the utility of the BSI-18
with Chinese drug using populations. First, our study recommends a useful alternative
approach for evaluating the factorial structure of the BSI-18; that is, CFA with dichotomous
item measures when CFA with the original ordinal item measures does not fit data. Second,
although the BSI-18 has valid factorial structure with 3 factors, it is also intended to measure
general psychological distress. As such, both the total BSI-18 score and the three subscales
(SOM, DEP, and ANX) can be used in applications of the BSI-18. Overall, our findings
indicate that the BSI-18 is useful within Chinese populations, and shows great potential for
use with non-Western substance using populations more generally.

Acknowledgments

The authors acknowledge the contributions of other members of the project team at Central South University,
especially the recruitment staff who collected the field surveys.

Author Disclosures

Role of Funding Source: This study was partially supported by a grant from the National Institute on Drug Abuse

(R21 DA026772, Brian C Kelly, P.1.). The funding agency had no role in the design and conduct of this study and
the views expressed in this paper do not expressly reflect the views of the National Institute on Drug Abuse or any
other governmental agency.

REFERENCES

Allen RM, Abdulwadud OA, Jones MP, Abramson M, Walters H. A reliable and valid asthma general
knowledge questionnaire useful in the training of asthma educators. Patient Educ. Couns. 2000;
39:237-242. [PubMed: 11040723]

Andreu Y, Galdon MJ, Dura E, Ferrando M, Murgui S, Garcia A, Ibafiez E. Psychometric properties of
the Brief Symptoms Inventory-18 (BSI-18) in a Spanish sample of outpatients with psychiatric
disorders. Psicothem. 2008; 20:844-850.

Asner-self KK, Schreiber JB, Marotta SA. A cross-cultural analysis of the Brief Symptom
Inventory-18. Cult. Divers. Ethnic Minor. Psychol. 2006; 12:367-375.

Bentler PM, Chou C. Practical issues in structural modeling. Soc. Methods Res. 1987; 16:78-117.

Bentler PM. On tests and indices for evaluating structural models. Pers. Individ. Diff. 2007; 42:825-
829.

Booth B, Leukefeld C, Falck R, Wang J, Carlson R. Correlates of rural methamphetamine and cocaine
users: results from a multisite community study. J. Stud. Alcohol. 2006; 67:493-501. [PubMed:
16736068]

Browne MW, Cudeck R. Alternative ways of assessing model fit. Soc. Methods Res. 1992; 21:230-
258.

Brown, TA. Confirmatory Factor Analysis for Applied Research. New York, NY: The Guildford
Press; 2006.

Chou CP, Bentler PM, Satorra A. Scaled test statistics and robust standard errors for non-normal data
in covariance structure models: a Monte Carlo study. Br. J. Math. Stat. Psychol.v. 1991; 44:347—
357.

Cortina JM. What Is coefficient alpha? An examination of theory and applications. J. Appl. Psychol.

1993; 78:98-104.
Derogatis, LR. The Brief Symptom Inventory (BSI): Administration, Scoring and ProceduresManual.
3rd Ed.. Minneapolis, MN: National Computer Systems; 1993.

Drug Alcohol Depend. Author manuscript; available in PMC 2014 December 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wang et al.

Page 10

Derogatis, LR. The Brief Symptom Inventory-18 (BSI-18): Administration, Scoring and Procedures
Manual. Minneapolis, MN: National Computer Systems; 2001.

Derogatis, LR.; Spencer, MS. The Brief Symptoms Inventory (BSI): Administration, scoring, and
procedures manual. Baltimore: Johns Hopkins University School of Medicine, Clinical
Psychometrics Unit; 1983.

DeYoung CG, Peterson JB, Higgins DM. Higher-order factors of the big five predict conformity: are
there neuroses of health? Pers. Individ. Diff. 2002; 33:533-552.

Dura E, Andreu Y, Galdén MJ, Ferrando M, Murgui S, Poveda R, Jimenez Y. Psychological
assessment of patients with temporomandibular disorders: confirmatory analysis of the
dimensional structure of the Brief Symptoms Inventory. 18. J. Psychosom. Res. 2006; 60:365-370.
[PubMed: 16581360]

Franke GH, Ankerhold A, Haase M, Jager S, Tdgel C, Ulrich C, Frommer J. The usefulness of the
Brief Symptom Inventory 18 in psychotherapeutic patients. Psychother. Psychosom. Med.
Psychol. 2011; 61:82—-86. [PubMed: 21337286]

Ghiselli, EE.; Campbell, JP.; Zedeck, S. Measurement Theory for the Behavioral Sciences. San
Francisco: W. H. Freeman; 1981.

Grant BF, Stinson FS, Dawson DA, Chou P, Dufour MC, Compton W, Pickering RP, Kaplan K.
Prevalence and co-occurrence of substance use disorders and independent mood and anxiety
disorders: results from the National Epidemiologic Survey on Alcohol and Related Conditions.
Arch. Gen. Psychiatry. 2004; 61:807-816. [PubMed: 15289279]

Hayes JA. What does the Brief Symptom Inventory measure in college and university counseling
center students? J. Counsel. Psychol. 1997; 44:360-367.

Heckathorn DD. Respondent-driven sampling: a new approach to the study of hidden populations. Soc.
Probl. 1997; 44:174-199.

Heckathorn DD. Respondent-driven sampling 11: deriving valid population estimates from chain-
referral samples of hidden populations. Soc. Probl. 2002; 49:11-34.

Hills P, Argyle M. The Oxford Happiness Questionnaire: a compact scale for the measurement of
psychological well-being. Pers. Individ. Diff. 2002; 33:1071-1082.

Holzinger, KJ.; Swineford, F. Supplementary Education Monographs. Chicago: The University of
Chicago Press; 1939. A Study in Factor Analysis: The Stability of a Bi-Factor Solution.

Hoogland JJ, Boomsma A. Robustness studies in covariance structure modeling: an overview and a
meta-analysis. Soc. Methods Res. 1998; 26:329-367.

Hu L, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: conventional criteria
versus new alternatives. Struct. Equat. Model. 1999; 6:1-55.

Hu L, Bentler PM, Kano Y. Can test statistics in covariance structure models be trusted? Psychol. Bull.
1992; 112:351-362. [PubMed: 1454899]

Johnson LC, Murphy SA, Dimond M. Reliability, construct validity, and subscale norms of the Brief
Symptom Inventory when administered to bereaved parents. J. Nurs. Measure. 1996; 4:117-127.

Joreskog, KG.; Sérbom, D. PRELIS: A Program for Multivariate Data Screening and Data
Summarization - A Preprocessor for LISREL. Mooresville, IN: Scientific Software, Inc; 1988.

Kellett S, Beail N, Newman DW, Hawes A. The factor structure of the Brief Symptom Inventory:
intellectual disability evidence. Clin. Psychol. Psychother. 2004; 11:275-281.

Kessler RC, Nelson CB, McGonacle KA, Edlund MJ, Frank RG, Leaf PJ. The epidemiology of co-
occurring addictive and mental disorders: implications for prevention and service utilization. Am.
J. Orthopsychiatry. 1996; 66:17-31. [PubMed: 8720638]

Kim KH. The relation among fit indexes, power, and sample size in structural equation modeling.
Struct. Equat. Model. 2005; 12:368-390.

Knowlton A, Arnsten J, Eldred L, Wilkinson J, Gourevitch M, Shade S, Dowling K, Purcell D.
Individual, interpersonal, and structural correlates of effective HAART use among urban active
Injection Drug Users. J. Acquir. Immune. Defic. Syndr. 2006; 41:486-492. [PubMed: 16652058]

Liang S, Gou X. Assessment of perioperative psychological distress in patients undergoing
renaltransplantation. J. Chongging Medical University. 2006; 31:414-416. in Chinese.

Drug Alcohol Depend. Author manuscript; available in PMC 2014 December 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wang et al.

Page 11

Li S, Armstrong MS, Chaim G, Kelly C, Shenfeld J. Group and individual couple treatment for
substance abuse clients: a pilot study. Am. J. Fam. Therapy. 2007; 35:221-233.

Magura S, Rosenblum A, Rodriguez EM. Changes in HIV risk behaviors among cocaine-using
methadone patients. J. Addict. Dis. 1998; 17:71-90. [PubMed: 9848033]

Marsh HW, Ellis LA, Craven RG. How do preschool children feel about themselves? Unraveling
measurement and multidimensional self-concept structure. Dev. Psychol. 2002; 38:376-393.
[PubMed: 12005381]

McFall RM, Treat TA. Quantifying the information value of clinical assessments with signal detection
theory. Ann. Rev. Psychol. 1999; 50:215-241. [PubMed: 15012460]

Meredith CW, Jaffe C, Yanasak E, Cherrier M, Saxon AJ. An open-label pilot study of risperidone in
the treatment of methamphetamine dependence. J. Psychoactive Drugs. 2007; 39:167-172.
[PubMed: 17703711]

Metrikin AS, Galanter M, Dermatis H, Bunt G. Somatization, anxiety and depression in a drug-free
residential therapeutic community. Am. J. Addict. 2003; 12:60-70. [PubMed: 12623741]

Muthén, B. Mplus Technical Appendices. Los Angeles, CA: Muthén & Muthén; 1998-2008.

Muthén B, Kaplan D. A comparison of some methodologies for the factor analysis of non-normal
Likert variables. Br. J. Math. Stat. Psychol. 1985; 38:171-189.

Muthen, L.; Muthén, B. Mplus User’s Guide. Los Angeles, CA: Muthén & Muthén; 1998-2010.
Nunnally, JC. Psychometric Theory. New York, NY: McGraw-Hill; 1967.

Petkus AJ, Gum AM, Small B, Malcarne VL, Stein MB, Wetherell JL. Evaluation of the factor
structure and psychometric properties of the Brief Symptom Inventory-18 with homebound older
adults. Int. J. Geriatr. Psychiatry. 2010; 25:578-87. [PubMed: 20013879]

Prelow HM, Weaver SR, Swenson RR, Bowman MA. A preliminary investigation of the validity and
reliability of the brief-symptom inventory-18 in economically disadvantaged Latina American
mothers. J. Community Psychol. 2005; 33(1):139-155.

Recklitis CJ, Parsons S, Shih MC, Mertens A, Robison L, Zeltzer L. Factor structure of the Brief
Symptom Inventory (BSI)-18 in adult survivors of childhood cancer: results from the childhood
cancer survivor study. Psychol. Assess. 2006; 18:22—-32. [PubMed: 16594809]

Ruiperez MA, Ibanez MI, Lorente E, Moro M, Ortet G. Psychometric properties of the Spanish version
of the BSI: contributions to the relationship between personality and psychopathology. Eur J.
Psychol. Assess. 2001; 17:241-250.

Royse D, Drude K. Screening drug abuse clients with the Brief Symptom Inventory. Int. J. Addict.
1984; 19:849-857. [PubMed: 6335710]

Schmid J, Leiman JM. The development of hierarchical factor solutions. Psychometrika. 1957; 22:53—
61.

Soar K, Turner JJD, Parrott AC. Problematic versus non-problematic ecstasy/ MDMA use: the
influence of drug usage patterns and pre-existing psychiatric factors. J. Psychopharmacol. 2006;
20:417-424. [PubMed: 16574716]

Wang CC, Mallinckrodt B. Acculturation, attachment, and psychosocial adjustment of Chinese/
Taiwanese international students. J. Couns. Psychol. v53. 2006:422-433.

Wang J, Carlson RG, Falck RS, Siegal HA, Rahman A, Li L. Respondent driven sampling to recruit
MDMA users: a methodological assessment. Drug Alcohol Depend. 2005; 78:147-157. [PubMed:
15845318]

Wang J, Falck RS, Li L, Rahman A, Carlson RG. Respondent-driven sampling in the recruitment of
illicit stimulant drug users in a rural setting: findings and technical issues. Addict. Behav. 2007;
32:924-937. [PubMed: 16901654]

Wang J, Kelly BC, Booth BM, Falck RS, Leukefeld C, Carlson RG. Examining factorial structure and
measurement invariance of the Brief Symptom Inventory (BSI)-18 among drug users. Addict.
Behav. 2010; 35:23-29. [PubMed: 19733442]

Wang, J.; Wang, X. Structural Equation Modeling: Applications Using Mplus. Chichester: John
Wiley; 2012.

Drug Alcohol Depend. Author manuscript; available in PMC 2014 December 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wang et al.

Page 12

Wang KT, Heppner PP, Fu CC, Zhao R, Li F, Chuang CC. Profiles of acculturative adjustment
patterns among Chinese international students. J. Couns. Psychol. 2012; 59:424-436. [PubMed:
22642268]

Watson D. Rethinking the mood and anxiety disorders: a quantitative hierarchical model for DSM-V.
J. Abnorm. Psychol. 2005; 114:522-536. [PubMed: 16351375]

Wiesner M, Chen V, Windle M, Elliott MN, Grunbaum JA, Kanouse DE. Factor structure and
psychometric properties of the Brief Symptom Inventory-18 in women: a MACS approach to
testing for invariance across racial/ethnic groups. Psychol. Assess. 2010; 22:912-922. [PubMed:
21133550]

Yang J, Yan X, Qin X. Correlation of loneliness, depression and anxiety symptoms of the older in-
patients. Studies Psychol. Behav. 2012; 10:172-176. (in Chinese).

Yu, CY. Unpublished doctoral dissertation. Los Angeles: University of California; 2002. Evaluating
cutoff criteria of model fit indices for latent variable models with binary and continuous outcomes.
http://www.statmodel.com/download/Y udissertation.pdf

Zabora J, BrintzenhofeSzoc K, Jacobsen P, Curbow B, Piantadosi S, Hooker C. A new psychosacial
screening instrument for use with cancer patients. Psychosomatics. 2001; 42:241-246. [PubMed:
11351113]

Drug Alcohol Depend. Author manuscript; available in PMC 2014 December 01.


http://www.statmodel.com/download/Yudissertation.pdf

Wang et al. Page 13
Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Item 9
Item 10 Item 11 Item 12 Item 13 Item 14 Item 15 Item 16 Item 17 Item 18
Figure 1.

Frequencies of the BSI-18 Item Scores.
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Figure 2.

Second order CFA of BSI-18.
Note: The latent response variable y™s, corresponding to the observed dichotomous items,
are not shown here for visual clarity.
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Table 1

Descriptive statistics of socio-demographics and current drug use (N=303)

Variable N (%)

Socio-Demographics

Age
<20 19 (6.3)
20-29 152 (50.2)
30-39 94 (31.0)
40+ 38 (12.5)
Gender
Male 264 (87.1)
Female 39 (12.9)
Ethnicity
Han 297 (98)
Ethnic Minority 6(2)
Employment Status
Full-time 117 (38.6)
Part-time 84 (27.7)
Student 7(2.3)
Unemployed 95 (31.4)
Relationship Status
Married 129 (42.6)
Domestic Partner 13 (4.3)
Steady Boyfriend/Girlfriend 75 (24.8)
Single 74 (24.4)
Divorced 11 (3.6)
Widowed 1(0.3)
Parental Status
Children 134 (44.2)
Without Children 169 (55.8)
Education
<High School 181 (59.7)
High School 75 (24.8)
Some College 33(10.9)
Bachelor's + 14 (4.6)

Drug Use in the Past three Months

Methamphetamine

<10 Days 136 (44.9)

10-30 Days 95 (31.4)

>30 Days 72 (23.8)
Marijuana

Never 296 (97.7)
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Ever 9 (3.0)
Opium
Never 302 (99.7)
Ever 2(0.7)
Heroin
Never 298 (98.4)
Ever 11 (3.6)
Ecstasy
Never 300 (99.0)
Ever 4(1.3)
Ketamine
Never 302 (99.7)
Ever 65 (21.5)
Cocaine
Never 303 (100.0)
Ever 0(0.0)
Other Drugs *
Never 289 (95.4)
Ever 14 (4.6)
Note.

*
Use other drugs, e.g., methadone, buprenorphine, diazepam, tramadol etc.
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Descriptive statistics of the BSI-18 items (N=303)

Item Item # N (%)
Somatization (SOM) (KR-20=0.76)
Faintness 1 24 (7.9)
Chest pains 4 18 (5.9)
Nausea 7 55 (18.2)
Short of breath 10 12 (4.0)
Numb or tingling 13 19 (6.3)
Body weakness 16 26 (8.6)
Depression (DEP) (KR-20=0.77)
Lonely 5 58 (19.1)
No interest 2 64 (21.1)
Blue 8 38 (12.5)
Worthlessness 11 29 (9.6)
Hopelessness 14 29 (9.6)
Suicidal thoughts 17 9 (3.0)
Anxiety (ANX) (KR-20=0.83)
Nervousness 3 47 (15.5)
Tense 6 55 (18.2)
Scared 9 25 (8.3)
Panic episodes 12 27 (8.9)
Restlessness 15 51 (16.8)
Fearful 18 22 (7.3)
General Psychological ~ 1-18  (KR-20=0.91)

Distress (GPD)

Note.

KR-20: The Kuder Richardson Coefficient of reliability, which is non-parametric equivalent to Cronbach’s a.
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Table 4
Results of Second-Order 3-Factor CFA ModelZ?
Item Item# SOM DEP ANX
Faintness 1 0.77
Chest pain 4 0.84
Nausea 7 0.66
Short of breath 10 0.99
Numb or tingling 13 0.95
Body weakness 16 0.85
Lonely 5 0.81
No interest 2 0.81
Blue 8 0.86
Worthlessness 11 0.91
Hopelessness 14 0.83
Suicidal 17 0.85
Thoughts
Nervousness 3 0.90
Tense 6 0.91
Scared 9 0.86
Panic episodes 12 0.88
Restlessness 15 0.83
Fearful 18 0.91
GPD

SOM 0.91

DEP 0.97

ANX 0.98

Model Fit CFI1=0.99, TLI=0.99, RMSEA=0.02 (90% C.1.: 0.00, 0.04), Close-Fit Test P-value=1.00 WRMR=0.75
Note.

*
The first item of each factor was treated as the marker indicator by default in Mp/us. Switching marker indicator does not change the model
results. Results reported in the table are based on a completely standardized solution.
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