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Abstract

Objective: This study evaluated agreement between the PROMIS Depression scale and the Beck
Depression Inventory (BDI-II) in patients with heart failure and comorbid major depression.

Method: The BDI-II and the computerized adaptive test version of the PROMIS Depression scale
were administered at baseline to 158 participants in a randomized controlled trial of cognitive
behavior therapy for major depression in patients with heart failure. A crosswalk table (Choi,
Schalet, Cook, & Cella, 2014) was used to transform the PROMIS scores into “linked” BDI-II
equivalent scores. Bland-Altman plots, histograms, and scatterplots were used to visualize the
agreement between these scores at baseline and 6 months, and intraclass correlation coefficients
(ICCs) were calculated for each occasion to quantify the agreement. Treatment effects and change
scores were also examined.

Results: The measures agreed moderately at baseline (ICC, 0.52; p<.0001) and strongly at 6
months (ICC, 0.77; p<.0001), but on average, the linked and observed BDI-II scores differed by
3.1 points at baseline (p<.0001) and —0.17 points at 6 months (p=.78). The discrepancies were
considerably larger in many individual cases on both occasions.

Conclusions: The PROMIS Depression scale is likely to play an important role in research on
depression in patients with heart failure, but for now, it should be used in addition to rather than
instead of the BDI-I1I in studies in which the BDI-11 would ordinarily be used. Additional research
is needed to evaluate the validity and utility of the PROMIS Depression scale in patients with heart
failure.
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The role and treatment of depression in patients with heart disease has been studied
extensively over the past several decades. The 21-item Beck Depression Inventory (BDI-11)
(Beck, Steer, & Brown, 1996) is the most widely used measure of depression in research on
cardiac patients. It has been used in numerous observational, epidemiological, and treatment
studies (e.g., Blumenthal et al., 2012; Carney, Freedland, Steinmeyer, Rubin, & Rich, 2016;
Sherwood et al., 2011; Wei et al., 2014).

The PROMIS Depression Scale (Pilkonis et al., 2011) is newer than the BDI-II, and state-of-
the-art psychometric methods were used to develop it. Although a standard short form is
available, the PROMIS Depression item bank can be used to construct customized short
forms for specific research or clinical applications (Cella, Gershon, Lai, & Choi, 2007). In
addition, the PROMIS computerized adaptive test (CAT) application (Gershon, Rothrock,
Hanrahan, Bass, & Cella, 2010) makes it possible to obtain a PROMIS Depression score
after administering relatively few items. The more items that are administered, the higher the
score correlates with the score obtained from the full item bank. However, the correlation
exceeds 0.95 when as few as 5 items are administered (Choi, Reise, Pilkonis, Hays, & Cella,
2010). Since lengthy questionnaires can be burdensome for medically ill patients, this makes
the CAT version of the PROMIS Depression scale especially appealing for research on
medical patient populations. Also, data on the Depression scale and other PROMIS
measures are being collected in many different patient populations, and they are being used
in numerous clinical trials. Consequently, use of the PROMIS Depression scale will
facilitate future comparisons of patient-reported outcomes across populations and
interventions. So far, however, the PROMIS Depression scale has not been used in very
many studies of cardiac patients in general or in any diagnostic subgroups of cardiac
patients. To our knowledge, it has been used to date in only four studies of patients with
heart failure (Fischer et al., 2014; Flynn et al., 2015; Freedland, Carney, Rich, Steinmeyer, &
Rubin, 2015; Schalet et al., 2016).

Freedland et al. (2015) used the PROMIS Depression scale as a secondary outcome measure
in a randomized controlled trial of cognitive behavior therapy for major depression and
inadequate self-care in 158 patients with heart failure. The primary outcome measure was
the BDI-11 at 6 months, and the PROMIS Depression score at 6 months was a secondary
outcome. The results on both measures supported the conclusion that CBT was superior to
usual care for major depression in patients with heart failure.

However, the fact that similar results were obtained on these two measures does not
necessarily mean that they are interchangeable. When there are two different ways to
measure the same construct, it is useful to determine the extent to which the measures agree
with one another. If there is high agreement between two different measures of depression,
most individuals will appear to be equally severely depressed on both measures. In contrast,
if there is low agreement, an individual might register as considerably more (or less)
severely depressed on one measure than on the other. The present study uses baseline and 6-
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month (post-treatment) data from the Freedland et al. (2015) trial to evaluate the agreement
between the BDI-11 and the PROMIS Depression scale in patients with heart failure and
comorbid major depression.

The participants (n = 158) had been diagnosed with New York Heart Association (NYHA)
Class I, 11, or Il heart failure at least three months before enroliment. To be enrolled in the
trial, they also had to meet the DSM-1V criteria for major depression and score >14 on the
BDI-11. The exclusion criteria were (1) inability to participate due to cognitive impairment,
frailty, a communication deficit, or a logistical barrier; (2) poor 1-year prognosis due to a
noncardiac comorbidity; (3) hospitalization within the past month; (4) suicidality, psychosis,
or substance abuse; or (5) initiation of an antidepressant within the past 8 weeks. The
average age of the participants was 55.8 + 11.2 years, 46.2% were women, 63.3% were
white, 46.8% were married, 85.4% had at least 12 years of education, and 21.5% were
employed. At enrollment, 57.6% of the participants were in NYHA Class | or Il and 42.4%
were in Class Il1. Of the 158 participants, 123 (78%) completed the BDI-Il and PROMIS
Depression measure at 6 months. The study was approved by the institutional review board
at Washington University School of Medicine in St. Louis, and all participants provided
written informed consent.

All baseline measures were obtained immediately prior to randomization, and the 6-month
measures were obtained within one week after the end of the intervention phase. Participants
completed the assessments in a testing room at our clinical research center. The BDI-Il was
administered as a paper-and-pencil questionnaire. The web-based PROMIS Assessment
Center application was used to administer the PROMIS Depression scale as a computerized
adaptive test. The Assessment Center application administers one item at a time;
presentation of each item (after the first one) is determined by the participant’s response to
the previous item. The test length averaged 5.1 + 0.6 items per participant. Further
information about the study procedures and primary results are provided in Freedland et al.
(2015).

Choi and colleagues (Choi et al., 2014) produced cross-walk tables linking several popular
depression instruments to PROMIS Depression scores. A representative panel of 1,120
respondents from the general population provided the data for the BDI-1I analyses. Each of
the 21 items on the BDI-I11 is rated on a 0-3 scale; consequently, BDI-I1 total scores can
range from 0 to 63. The mean total BDI-11 score in their sample was 13.7 + 12.2, just under
the >14 cutoff score for depression on the BDI-II. Two hundred eighty-nine (28%) of the
participants scored >20, consistent with moderate depression. PROMIS measures are
reported as 7 scores, with a mean of 50 and a standard deviation of 10 in the general
population. Choi et al.’s results show that a BDI-II score of 14 is equivalent to a score of
55.6 on the PROMIS scale in the general population. The BDI-II cutoff score for moderate
depression is 20; this is equivalent to a score of 59.3 on the PROMIS Depression scale. The
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BDI-11 cutoff score for severe depression is 29, equivalent to 64.3 on the PROMIS
Depression scale.

The present study compared each participant’s observed baseline and 6-month BDI-II scores
to his or her BDI-II linked score based on his or her PROMIS Depression score. The linked
scores were determined by transforming the individual’s PROMIS Depression score into a
BDI-11 equivalent (linked) score from the table included in the Choi et al. (2014) report.
Several methods were used to compare the measures at each occasion. First, scatterplots and
linear regression models were used to examine the relationship between the observed and
linked BDI-11 scores. Second, Bland-Altman plots (Bland & Altman, 1986, 1995) were used
to evaluate the agreement between the observed and linked BDI-I1 scores. These plots
display the average of the two scores on the X axis, and the difference between them on the
Y axis. Thus, the Bland-Altman plots display the relationship between the severity of
depression and the difference between the measures within individuals. Spearman
correlations were used to estimate the strength of the linear association between the severity
and difference dimensions. The bias line on each plot represents the mean difference
between the scores, across all levels of severity. Paired t-tests were used to determine
whether the bias was significantly different from zero. The plots also display the upper (U)
and lower (L) limits of agreement (LOA), within which 95% of the within-individual
differences between the measures are expected to fall. Histograms were also produced to
complement the Bland-Altman plots. The histograms display the frequency with which the
scores either were identical or differed to varying degrees within individuals, across all
levels of depression severity. In addition, intraclass correlation coefficients (ICCs) were
computed for each occasion to quantify the overall level of agreement. The ICC values were
interpreted according to the ranges recommended by Watson and Petrie (2010). A Pearson
correlation coefficient was used to examine the linear relationship between observed and
linked BDI-11 pre-post change scores. Finally, Cohen’s dwas computed for the treatment
effect on each measure, based on the covariate-adjusted analyses presented in the primary
outcomes report (Freedland et al., 2015), in order to examine whether the measures may
differ as to their sensitivity to treatment effects.

Table 1 displays the means, standard deviations, and ranges for the PROMIS Depression,
BDI-11 observed scores, and BDI-I1 linked scores at baseline and at the 6-month post-
treatment assessment. The covariate-adjusted differences between the intervention and usual
care arms were —4.43 (95% C.1., —7.68 to —1.18; p=.008) on the observed BDI-II; —6.9 (95%
C.1., -10.49 to -3.28; p=.0002) on the BDI-II linked scores based on the PROMIS
crosswalk; and —6.49 (95% C.1., —9.14 to —3.84; p<.0001) on the PROMIS Depression T-
score. The treatment effect sizes were o= 0.42 (95% C.1., 0.11 to 0.74) for the observed
BDI-1l and d=0.79 (95% C.1., 0.48 to 1.13) for the PROMIS Depression score. Thus, the
intervention had a considerably larger covariate-adjusted effect on the PROMIS Depression
score than it had on the observed BDI-II total score.

Table 1 also displays the mean differences at baseline and 6 months between the observed
and linked BDI-II scores. At baseline, the average observed BDI-II score was 3.11 points
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higher than the linked BDI-11 score (95% C.1., 1.64 to 4.57; t = 4.19; p < .0001). At 6
months, the average observed and linked BDI-II scores differed by only —0.17 points (95%
C.l, -1.39t0 1.05; t = -0.28; p = .78). These differences are represented as the bias lines on
Figures 1b and 2b.

Figure 1a displays a scatterplot and regression analysis of the relationship between the BDI-
Il observed and linked scores at baseline. Based on the fitted curve, cutoff scores on BDI-II
linked scale are biased estimators of cutoff scores on the observed BDI-II. For example, the
plot suggests that an individual who scores 14 on the linked BDI-11 would be expected to
score approximately 25 on the actual BDI-II. Similarly, an individual who scores 20 (the
lower limit of the moderate range) on the linked BDI-11 would be expected to score
approximately 27 on the actual BDI-11, and one who scores 29 (the lower limit of the severe
range) on the linked BDI-11 would be expected to score approximately 32 on the actual BDI-
I1. Thus, the linked scores tend to overestimate the actual BDI-11 scores, and the
overestimates tend to be larger in the relatively mild range of major depression than in the
moderate-to-severe range.

Figure 1b displays the Bland-Altman plot for the baseline data. The bias line indicates that
means of the observed and linked BDI-11 scores differ by 3.1 points. The upper and lower
limits of agreement show that 95% of the within-individual differences between the
observed and linked BDI-II scores at baseline are between —15.3 and 21.5 points. The
Spearman correlation is -0.24 (p<.01), consistent with a moderate inverse linear relationship
between the severity of depression and the difference between the observed and linked BDI-
Il scores. This suggests that while observed BDI-II scores tend to be higher than linked BDI-
Il scores in mildly depressed patients, observed scores tend to be lower than linked scores in
more severely depressed patients. The overall agreement between the observed and the
linked BDI-11 scores was moderate (ICC, 0.52; 95% C.1., 0.38 to 0.64); p<.0001) at baseline.
Figure 1c displays a histogram of the frequency of differences between the observed and
linked BDI-II scores.

Figures 2a, 2b, and 2c display the scatterplot and regression analysis, the Bland-Altman plot,
and the histogram for the 6-month data. Like the baseline results presented above, the 6-
month regression analysis suggests that the standard cutoff scores on the linked BDI-11 map
onto different scores on the actual BDI-II. Unlike the baseline results, the Bland-Altman plot
shows no significant bias between the average BDI-II linked score and the average BDI-11
observed score. Overall, there was substantial agreement between the observed and linked
BDI-11 scores at 6 months (ICC, 0.77; 95% C.1., 0.69 to 0.83; p <.0001). However, the upper
and lower limits of agreement remain relatively far apart (-13.7 to 13.4). The Spearman
correlation is negligible, indicating that at 6 months there is no relationship between the
severity of depression and the differences between the scores.

Finally, baseline to 6-month change scores were computed for the observed and linked BDI-
Il scores. The Pearson correlation between the change scores was r = 0.55 (p<.0001),
suggesting that there is a moderately strong, positive linear relationship between changes
over time in observed and linked BDI-II scores.
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Discussion

Thanks to the work of Choi and colleagues (Choi et al., 2014), group means on the PROMIS
Depression scale that are obtained in studies based in the general population can be
translated into BDI-II score equivalents. The primary purpose of the present study was to
determine whether this can be done in patients with heart failure and comorbid major
depression, and whether the measures agree so well that they are essentially interchangeable.
The results suggest that they agree relatively well but they are not interchangeable. On
average, the estimated and observed scores differed by about 3 points at baseline, a hon-
trivial difference. On the other hand, there was almost no difference between the group
means on the observed and linked BDI-11 scores after treatment.

The contrast between the baseline and post-treatment findings raises the possibility of
differential item functioning (DIF) between patients who have heart failure with comorbid
major depression and those whose depression has improved or remitted. An earlier general
population-based study found evidence of modest DIF by age or gender on several PROMIS
Depression items (Teresi et al., 2009). Interestingly, two of the items (“I had trouble
enjoying things that I used to enjoy” and “I felt I had no energy”) are ones that are often
endorsed by patients with chronic heart failure whether or not depression is present. Because
the BDI includes nonspecific somatic symptoms such as fatigue, it is not unusual for BDI
total scores to be mildly elevated in nondepressed cardiac patients. For example, the
nondepressed comparison group (n=25) in a recent study of patients with chronic heart
failure scored 4.74 + 2.12 on the BDI (Xiong et al., 2015). An IRT study of the BDI in 1135
patients with a history of acute myocardial infarction (Wardenaar, Wanders, Roest, Meijer, &
De Jonge, 2015) found that at low severity levels, the BDI predominantly detects somatic
symptoms whereas at higher severity levels it measures mood and cognitive symptoms.
These findings suggest the need for a study of DIF by severity of depression and treatment
status on the PROMIS Depression scale and the BDI-I1 in patients with coronary heart
disease or chronic heart failure.

Both at baseline and at 6 months, there were many outliers with large discrepancies between
the observed and estimated scores. The observed BDI-II score was substantially higher than
the linked BDI-I1 score in many cases, and substantially lower in many others. The
availability of the crosswalk may make it tempting to translate individual PROMIS
Depression scores into BDI-11 score equivalents. However, the authors of the crosswalk
recommend using it for group means but not for individual scores (Choi et al., 2014). The
present study confirms that in research on patients with heart failure and comorbid major
depression, BDI-11 linked scores can substantially under- or over-estimate an individual’s
actual BDI-II score.

This study is limited by the fact that all participants had major depression at baseline.
Studies of agreement between the PROMIS Depression scale and the BDI-I1 are needed in a
broader range of patients with heart failure. In addition, the computerized adaptive test
parameters were set to ensure that no more than about 5 or 6 PROMIS items would be
administered in most cases. The precision of the PROMIS Depression score is related to the
number of items administered. Consequently, there might have been better agreement (i.e.,
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less bias) between the measures if the PROMIS computerized adaptive test application had
been configured to administer more Depression items.

The PROMIS Depression scale has many strengths and is likely to play an increasingly
important role in research on patients with heart failure. In our randomized controlled trial of
cognitive behavior therapy for major depression in patients with heart failure, the
intervention effect size was much larger on the PROMIS Depression scale than it was on the
BDI-11. Thus, it is possible that the PROMIS Depression scale is more sensitive than the
BDI-11 to treatment-related changes in depression. This possibility, along with the relatively
low participant burden and high acceptability of computerized adaptive testing, make the
PROMIS Depression scale a strong candidate for use in future treatment trials.

The PROMIS Depression scale may be the best depression measure to use in many studies.
However, the present results suggest that it is not completely interchangeable with the BDI-
I1. Further research is needed to evaluate the validity and utility of the PROMIS Depression
scale in patients with heart failure, as well as in patients with other cardiovascular
conditions. At least for now, the PROMIS Depression scale should be used in addition to,
not instead of, the BDI-II in studies of cardiac patients in which the BDI-II would ordinarily
be used.
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represents the standard error of the regression line.
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Bland-Altman plot comparing observed and linked BDI-11 scores within individuals. The

severity of depression is represented on the X-axis as the average of the observed and linked
BDI-11 scores. Agreement is represented on the Y-axis as the difference between the
observed and linked BDI-11 scores. The bias line indicates the mean difference between the
observed and linked scores; 95% of the differences are expected to fall within the upper and
lower limits of agreement (LOA). The Spearman correlation coefficient indicates an inverse
linear association between the severity of depression and the difference between the
observed and linked scores.
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Histogram of differences between observed and linked baseline BDI-I1 scores, collapsed

over all levels of severity. The vertical axis represents the difference between the scores, the
horizontal axis represents the number of participants, and the bars depict 5-point increments
along the vertical axis. The graph shows that while extreme within-participant differences
between the scores were rare, small-to-moderate differences were common. It also shows
that the differences were bidirectional.
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Figure 2a.

Scatterplot and regression analysis of the association of 6-month BDI-II linked scores, based
on PROMIS Depression scores, with 6-month BDI-I1 observed scores. The gray zone
represents the standard error of the regression line.
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Figure 2b.

Bland-Altman plot comparing observed and linked BDI-11 scores at 6 months. The severity
of depression is represented on the X-axis as the average of the observed and linked BDI-II
scores. Agreement is represented on the Y-axis as the difference between the observed and
linked BDI-11 scores. The bias line indicates the mean difference between the observed and
linked scores; 95% of the differences are expected to fall within the upper and lower limits
of agreement (LOA). The Spearman correlation coefficient indicates that there is no linear
relationship between the severity of depression and the difference between the observed and
linked scores at 6 months.
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Figure 2c.

Histogram of differences between 6-month BDI-I1 observed and linked scores, collapsed
over all levels of severity. The vertical axis represents the difference between the scores, the
horizontal axis represents the number of participants, and the bars depict 5-point increments
along the vertical axis. The graph shows that while extreme within-participant differences
between the scores were rare, small-to-moderate differences were common. It also shows
that the differences were bidirectional.
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Table 1.

PROMIS Depression and BDI-I1 scores at baseline and 6 months.

Baseline 6 Months
(n=158) (n=123)

Measure Mean SD. Range Mean SD. Range
PROMIS Depression Score 63.0 6.2 421t078.1 53.6 8.4 33.61076.5
BDI-11 observed score 30.2 8.5 15.0t0 54.0 135 9.8 0.0 to 45.0
BDI-II linked score 27.1 109 2.0t055.0 136 103 0.0t0 52.0
Difference (observed-linked) 3.1 9.3 -24.0t035.0 -0.2 6.9 -20.0t019.0
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