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Abstract

Context—The Brief Pain Inventory (BPI) is a frequently used instrument designed to assess the
patient-reported outcome of pain. The majority of factor analytic studies have found a two-factor
(i.e., pain intensity and pain interference) structure for this instrument; however, since the BPI was
developed with an a priori hypothesis of the relationship among its items, it follows that construct
validity investigations should utilize confirmatory factor analysis (CFA).

Objectives—The purpose of this work is to establish the construct validity of the BPI using a
CFA framework and demonstrate factorial invariance using a range of demographic variables.

Methods—A retrospective CFA was completed in a sample of individuals diagnosed with HIV/
AIDS and cancer (n = 364; 63% male; age 21-92 years, M = 51.80). A baseline one-factor model
was compared against two-factor and three-factor models (i.e., pain intensity, activity interference,
and affective interference) that were developed based on the hypothetical design of the instrument.

Results—Fit indices for the three-factor model were statistically superior when compared to the
one-factor model and marginally better in comparison to the two-factor model. This three-factor
structure was found to be invariant across disease, age, and ethnicity groups.

Conclusion—The results of this study provide evidence to support a three-factor representation
of the BPI, as well as the originally hypothesized two-factor structure. Such findings will begin to
provide clinical trialists, pharmaceutical sponsors, and regulators with confidence in the
psychometric properties of this instrument when considering its inclusion in clinical research.
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Introduction

Methods

Participants

The clinical importance of pain as a primary patient-reported outcome (PRO) endpoint in
registration track research has been well established by trialists and pharmaceutical sponsors
(1-3). The frequently used short form of the Brief Pain Inventory (BPI), and particularly the
BPI's single “pain at its worst in the last 24 hours” item, has become the preferred measure
to assess pain PRO endpoints in the regulatory setting in the United States (4). In a recent
review of the psychometric properties of the BPI with respect to the United States Food and
Drug Administration (FDA) Guidance for Industry on the Use of PRO Measures in Medical
Development to Support Labeling Claims (5), we found that most FDA key
recommendations for conceptual framework, content validity, reliability, and the ability to
detect clinically meaningful score changes were satisfied (4). However, several issues
remain regarding the construct validity of this commonly used instrument.

Construct validity testing was incorporated as part of BPI development. Items were designed
with the intention of assessing pain intensity and pain interference (6-8). Through the use of
exploratory factor analysis (EFA), the test developers replicated this two-factor pain model
in a series of BPI studies in patients of various disease types, as well as a wide range of BPI
language translations (9-20). As an alternative to the two-factor BPI representation of pain,
the test developers subsequently proposed that the pain interference factor can be further
divided into affective interference and activity interference sub-components (21-22). EFA is
typically used for the investigation of construct validity in cases where the relationships
amongst variables are unknown or ambiguous (23).

A commonly used method (24-25) to investigate construct validity is confirmatory factor
analysis (CFA). Like EFA, CFA is a tool that a researcher can use to attempt to reduce the
overall number of observed variables into latent factors based on commonalities within the
data. CFA differs from EFA in that it assists in the reduction of measurement error and
allows for the comparison of alternatively proposed a priori models at the latent factor level
(26). CFA can also be used to statistically compare the factor structure of two or more
groups (e.g., different disease conditions). The use of CFA to investigate the construct
validity of hypothesis-based testing instruments adds a level of statistical precision and can
assist in the development of abbreviated forms of an instrument or confirmation of its
possible sub-domains.

Therefore, we examined an existing dataset in order to evaluate the construct validity of this
instrument using CFA. We hypothesized that the two-factor representation would be
replicated in this analysis. To further investigate the construct validity of the BPI, a three-
factor model (i.e., pain intensity, activity interference, affective interference) proposed by
the original test authors (21-22) was used as an alternative model to compare against the
two-factor structure to determine which best represents the data.

The study sample consists of a retrospective review of 364 patients diagnosed either with
HIV/AIDS or cancer who were receiving treatment at Calvary Hospital or Memorial Sloan-
Kettering Cancer Center (MSKCC) in New York City between January 1999 and August
2004 (27-29). Patients were eligible to participate if they were newly referred to the
Palliative Care Service at MSKCC or newly admitted to Calvary Hospital, 18 years of age or
older, English-speaking, had no history of a psychotic mental disorder, scored a 20 or higher
on the Mini-Mental State Examination, and experienced a daily “pain at its worst in the last
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24-hours” score greater than 3 on the BPI. Informed consent was obtained from each patient.
All ethical guidelines were followed as required for conducting human research. The study
was approved by the Institutional Review Boards of Calvary Hospital and MSKCC.

Brief Pain Inventory (6-8)—The BPI is an 11-item questionnaire that consists of four O-
to-10 numeric rating scale (NRS) items asking patients to rate their pain at its “worst in the
last 24-hours,” least in the last 24-hours,” “average,” and “now,” with a 0 indicating “no
pain” and 10 representing “pain as bad as you could imagine.” The remaining seven BPI
items probe the degree to which pain interferes with general activity, mood, walking ability,
normal work, relations with other people, sleep, and enjoyment of life, again using a 0-to-10
NRS. For these interference items, 0 represents “does not interfere” and 10 indicates
“interferes completely.”

The BPI was completed by all patients in the sample at baseline. Due to the advanced
disease progression in the present sample, the “normal work” interference item was not
included in this version of the BPI.

Statistical Analysis

Results

Confirmatory factor analysis (CFA) was used to investigate construct validity of the BPI.
Several fit indices were selected in order to test which CFA model best represents the
present dataset: root-mean-squared error of approximation (RMSEA) (30), comparative fit
index (CFI) (31)), chi-square, and change in chi-square given the change in degrees of
freedom between models. RMSEA is a measure of the average of the residual variance and
covariance; good models have RMSEA values that are at or less than 0.08 (32). CFl is an
index that fall between 0 and 1, with values greater than 0.90 considered to be indicators of
good fitting models (32). When comparing models, a lower chi-square value indicates a
better fit, given an equal number of degrees of freedom.

Based upon the hypothetical underlying constructs for the BPI (7,21), three models were
developed to represent the best fit for the overall data. Model 1 was a one factor model used
as a baseline comparison against the other models. Model 2 was a two factor model with
pain severity and pain interference treated as latent factors. For Model 3, pain severity was
again treated as a latent factor, with pain interference treated as two separate factors of
activity interference (i.e., general activity, walking ability) and affective interference (i.e.,
mood, relations with other people, sleep, enjoyment of life). Amos Version 16 (33) was used
for all analyses.

The dataset consisted of 364 male (n = 227) and female (n = 137) patients ages 21-92 years
(M =51.78, standard deviation [SD] = 13.69) with advanced HIV/AIDS (n = 209) or cancer
(n = 155) diagnoses who were receiving treatment as part of palliative care (27-29).
Characteristics are displayed in Table 1. The patient sample consisted largely of Caucasian
(38.5%) and African-American (41.8%) individuals, with a smaller proportion identifying
themselves as Hispanic (13.5%) or “other” (6.3%).

Table 2 is a display of the means, SDs, and Pearson correlation coefficients among the ten
items of the BPI. The present dataset satisfied all CFA requirements for normality,
multicollinearity, residual values, and multivariate outliers (34).
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According to the fit indices (Table 3), Model 2 was a significant improvement over Model 1.
Model 2 had a lower RMSEA value (0.081), a higher CFI value (0.941), and a significant
change in chi-square given the change in degrees of freedom when compared to Model 1
(x4(1) = 267.20, P < 0.05). Model 3 was statistically superior to Model 2 in terms of
RMSEA (0.075), CFI (0.953), and change in chi-square given the degrees of freedom values
(x4(2) = 9.53, P < 0.05). From these results, Model 3 was selected as the best fit for the data
(Figure 1), with Model 2 treated as a suitable alternative representation in this sample.
Standardized factor loadings for all models are displayed in Table 4.

Multi-Group Analysis

A multi-group structural analysis was used in order to investigate whether the three factors
from the CFA were invariant across disease type (i.e., AIDS/HIV or cancer), age, and
ethnicity groups (35). Age was treated as a binary variable, with the overall sample divided
into those above (n = 206) or below (n = 158) the mean of 51.78. Ethnicity was also treated
as a binary variable, with the sample was coded as Caucasian (n = 140) or non-Caucasian (n
=224).

For each of these three multi-group analyses, a model was fit that simultaneously imposed
constraints on all of the factor loadings and covariances. Placing these constraints forced the
values to be equal across groups. This model was then compared to a baseline model where
none of the factor loadings were constrained. In this analysis, a lack of observed statistical
differences between the constrained and unconstrained models is an indicator of factorial
invariance. Table 5 is a display of the fit indices for the multi-group analyses. Since for each
of the analyses (i.e., disease type, age, and ethnicity) there were no significant differences
between the models in chi-square value, given the change in degrees of freedom, the three
factor solution from the CFA was invariant.

Discussion

The recent release of the final FDA Guidance for Industry on the Use of PRO Measures in
Medical Product Development to Support Labeling Claims has reinforced the need for
clinical trialists, pharmaceutical sponsors, and regulators to utilize psychometrically sound
assessment instruments (5). In light of a recent review of the measurement properties of the
commonly used Brief Pain Inventory, it was prudent to establish the construct validity of
this instrument using a confirmatory method as opposed to previously employed exploratory
techniques (4). The present study investigated the construct validity of the BPI in a
heterogeneous patient sample using confirmatory factor analysis. Our results support the
originally hypothesized two-factor structure (i.e., pain intensity and pain interference), as
well as an alternatively suggested (21-22) three-factor representation (i.e., pain intensity,
activity interference, and affective interference) of this pain assessment instrument. Both the
two-factor and three-factor models are superior to a one-factor model and were found to be
consistent across disease type, age, and ethnicity groups. The three-factor model does
exhibit a marginally better fit than the two-factor model, although arguments in favor of
each could be made based solely on our quantitative results. However, from a qualitative
perspective, our results support the inclusion of a third factor when analyzing the BPI,
affective interference, which may be beneficial when evaluating study results or patient
populations.

In fact, the emergence of the three-factor model as a representation of the BPI has several
implications. Scoring the BPI using a three-factor framework would allow for flexibility in
the assessment of changes in affective and activity interference in varied populations where
a focus on this dichotomy is regularly observed. Monitoring differences in these types of
pain interference may help clinicians in their interpretation of pain palliation in their
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patients. For example, in populations of patients with metastatic cancer leading to bone pain,
the importance of activity interference versus affective interference would lead to different
conclusions about appropriate clinical interventions, where clinicians might focus on
interventions to minimize affective interference to enhance patients' abilities to interact with
family and friends at the end of life. Alternatively, in an acute pain context such as in
patients following fractures, a clinician may be more focused on activity rather than
affective interference due to the transient nature of the injury, and the importance of patients'
adherence with physical therapy or rehabilitation activities. In instances where a researcher
is interested in reducing the patient response burden while also obtaining all clinically
relevant information on pain, it may be possible to reduce the BPI to three separate items
that address pain intensity, activity interference and affective interference. It may also be
feasible to administer the identified factors of the BPI as separate sets of items, depending
on the needs and research interests of a particular clinician. Finally, it may be useful to
examine differential levels of the three identified factors to enhance understanding of
response shift phenomena (36), where prospective improvements in affective interference
may precede improvement in pain intensity or activity interference. Further research would
be necessary to investigate the equivalency of a shorter BPI form with its original
instrument.

Our findings support the use of either the two-factor or three-factor model for scoring the
BPI. The two factor model (pain intensity and pain interference) of the BPI that has been
established in a number of previous studies using exploratory factor analysis (9-20) and has
been replicated here. In populations where a distinction between activity and affective
interference is not applicable or feasible, the two-factor structure can still be employed.
However, when additional nuance is sought, or distinction between activity and affective
interference is useful, the three-factor model would be reasonable and justifiable to use.

There are a number of limitations of this study. The omission of the “normal work”
interference item in this sample may limit generalizability, but the nature of advanced
disease progression in these patients would have likely limited meaningful information from
this item. A follow-up analysis in a dataset which includes the “normal work” item is
currently underway. The present analysis was conducted based on a sample of patients with
HIV/AIDS and cancer, which may limit the clinical application of these results in other
patient populations, including populations facing less advanced disease, although it should
be pointed out that this study is the first to look at the construct validity of the BPI across
disease types rather than by individual disease. In the future, studies in other disease groups
could be used to confirm these results.

The psychometric evaluation of an assessment instrument is an important consideration
when determining which measurement tools are included as part of a research study. The
results of the present analysis provide further evidence for the use of the BPI as a pain
assessment instrument. This use of confirmatory factor analysis to support a two or three-
factor structure of the BPI is intended to provide clinical trialists, pharmaceutical sponsors,
and regulators with greater confidence when making clinical interpretations based upon
scores from this instrument.
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Figure 1. Confirmatory Factor Model for the 3-Factor Solution
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Table 1
Patient Characteristics
Characteristic No. of Patients (n=364) %
Age range (yrs)
Mean 51.8
Median 49.0
21-39 66 18.1
40-49 119 32.7
50-59 84 23.1
60-69 45 12.4
>70 50 13.7
Gender
Female 137 37.6
Disease Type
HIV/AIDS 209 57.4
Cancer 155 42.6
Race/Ethnicity
African-American 152 418
White Hispanic 49 135
White Non-Hispanic 140 385
Other 23 6.2
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