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ABSTRACT

Background: A number of patient-reported outcomes (PROs) have been developed but insufficient
attention has been devoted to the assessment of their clinimetric properties. Clinimetrics, the science
of clinical measurements, has been considered an emerging approach for evaluating reliability and
validity of PROs. This is the first study using clinimetric principles to compare the construct and
criterion validity of the Major Depression Inventory (MDI), the Beck Depression Inventory-II (BDI-
I1), the World Health Organization Well-Being Index (WHO-5), three of the most widely used PROs
for the assessment of depression. Methods: Construct validity was evaluated via Item Response
Theory (IRT) models (i.e., combining Rasch and Mokken analyses). Using the ICD-10 diagnostic
algorithm for any depression as the gold standard, Receiver Operating Characteristic (ROC) curves
were performed to examine the criterion validity of PROs. Results: One hundred healthy subjects
(73% females, 32.6 +10.5 years) participated in the study, giving a response rate of 90.1%. When
using IRT analyses, MDI and WHO-5 were found to be reliable and unidimensional, while BDI-II
showed lack of unidimensionality. ROC analyses supported the diagnostic accuracy of MDI and the
screening properties of WHO-5. Limitations: The main limitations of the present study are that
healthy subjects were assessed only via only self-reported measures and a cross-sectional design was
used. Conclusions: WHO-5 and MDI outperformed BDI-II in terms of construct and criterion validity.
WHO-5 should be considered when screening for depression, while MDI should be used as a valid

diagnostic instrument and as a unidimensional measure to assess depression severity.



1. Introduction

In clinical research and practice, there has been growing interest on patient reported
outcomes (PROs), any report coming directly from patients about how they function or feel in
relation to a health condition or its therapy (Basch, 2017; Deshpande et al., 2011; Fava et al., 2019).
Emphasizing the importance of assessing what matters to patients, PROs were developed to ideally
cover the following aspects: 1) symptom burden and severity; 2) biopsychosocial functioning; 3)
quality of life and well-being (Kristensen et al., 2018). A number of studies have examined the
reliability and validity of PROs (Calvert et al., 2013; Cella et al., 2010; Mokkink et al., 2010;
Pilkonis et al., 2011). The Patient-Reported Outcomes Measurement Information System
(PROMIS), a project commissioned by the US National Institutes of Health (NIH), was one of the
most important initiatives which aimed to improve the precision and efficiency of PROs (Reeve et
al., 2007). The major promise of PROMIS was to develop unidimensional outcome measures using
Item Response Theory (IRT) models (Fries et al. 2005; Thomas, 2011).

The assessment of unidimensionality has been considered a central issue in clinimetrics
(Bech, 2004, 2012; Carrozzino et al., 2020; Fava and Belaise, 2005; Fava et al., 2004; Tomba and
Bech, 2012), an innovative evaluation method originally introduced by Alvan R. Feinstein (1982,
1987) and, more recently, refined as the science of clinical measurements (Fava et al., 2012).
According to the clinimetric approach, the concept of unidimensionality applies to the assessment
of construct validity and can be used (i) for evaluating whether each item of the rating scale covers
unique clinical information, (ii) for testing if symptoms (i.e., items) belong (i.e., correspond) to an
underlying syndrome, and (iii) for determining the extent to which the total score of the assessment
instrument is a statistically sufficient outcome measure of the severity of the clinical condition
under examination (Bech, 2012; Carrozzino et al., 2020; Fava et al., 2018). On the contrary, in

psychometrics, the concept of unidimensionality relies to homogeneity of components. Thus, to be



included in a rating scale, items have to be highly correlated and display the same clinical weight
(Fava and Belaise, 2005; Fava et al., 2004).

The unidimensionality of PROs has been largely documented from a psychometric point of
view (Irwin et al., 2010; Kwan et al., 2019; Millier et al., 2014; Pilkonis et al., 2011; Rose and
Devine, 2014). PROs assessing depression, such as the Beck Depression Inventory (BDI) (Beck et
al., 1961), the Zung Self-Rating Depression Scale (SDS) (Zung, 1965) and the Patient Health
Questionnaire-9 (PHQ-9) (Kroenke and Spitzer, 2002; Kroenke et al., 2001) were developed and
tested according to psychometric principles, with only one recent clinimetric analysis for PHQ-9
(He et al., 2020). Not surprisingly, BDI (Konstantinidis et al., 2011) and SDS (Bech and Wermuth,
1998) showed poor construct validity and the items of PHQ-9 were able to detect the prevalence but
not the severity of depression symptoms (Bech and Timmerby, 2018). Thus, a number of clinimetric
dilemmas (Bech, 2016a) are still in need of being addressed when using PROs in the clinical
process of assessment of mental disorders.

Bech (2016b) recommended the Major Depression Inventory (MDI) (Bech et al., 2001; Bech and
Wermuth, 1998; Olsen et al., 2003) and the five-item version of the World Health Organization
Well-Being Index (WHO-5) (Topp et al., 2015) as PROs to be used for a comprehensive assessment
of depression. MDI is a self-report questionnaire that can be used both as a diagnostic tool covering
ICD-10 (World Health Organization, 1993) and DSM-IV (American Psychiatric Association, 1994)
diagnostic criteria and as a unidimensional measure of depression severity (Bech et al., 2001; Olsen
et al., 2003). WHO-5 is a self-rating scale assessing a subjective state of well-being which can be
also used as a screening measure of depression (Topp et al., 2015).

In the present study, MDI and WHO-5 were compared with the Beck Depression Inventory-
IT (BDI-IT) (Beck et al., 1996), one of the most widely used PROs for the assessment of self-

reported symptoms of depression. The aim was to identify PROs assessing depression which



performed better in terms of construct and criterion validity. Construct validity was tested using IRT
models (i.e., combining Rasch and Mokken analyses), criterion validity was tested via the Receiver
Operating Characteristic (ROC) curve (i.e., using the ICD-10 diagnostic algorithm for any

depression as the criterion standard).

2. Materials and methods

2.1. Sample

Potential participants were informed about the research through advertisements and flyers posted
on bulletin boards placed in public areas (e.g., post office, library, university campus). The study was
run in a convenience sample of healthy subjects consecutively recruited from the general population
of Florence (Italy). The optimal number of participants to recruit was determined using
methodological recommendations, which suggest a sample size of at least 100 subjects for
conducting validation studies on PROs (Anthoine et al., 2014). Inclusion criteria were: (a) self-
reported declaration of being healthy; (b) age ranging from 18 to 64 years. The exclusion criteria
were: (a) any current self-reported chronic medical disease; (b) any current psychiatric disorder as
assessed via the Mini International Neuropsychiatric Interview - MINI (Sheehan et al., 1998); (c)
self-reported declaration of cognitive deficits or other intelligence problems negatively affecting the

ability of reading and understanding the Italian language; (d) mother tongue other than Italian.

2.2. Procedure
Participants who agreed to take part to the study and met the inclusion criteria provided a

signed written informed consent of privacy protection disclaimer. Participants filled out PROs in a



paper-pencil format and data were analyzed anonymously according to the Italian law on the

treatment of personal data (i.e., Law no. 196, June 30, 2003).

2.3. Measures

Participants completed the following PROs:
The Major Depression Inventory (Bech, 1997; Bech and Wermuth, 1998), a 10-item self- rating
scale covering both the ICD-10 (World Health Organization, 1993) and DSM-IV (American
Psychiatric Association, 1994) symptoms of depression. Items are rated on a 6-point Likert scale
ranging from 0 (“at no time”) to 5 (““all the time”) and refer to the last 14 days. The total score of
MDI ranges from 0 to 50 (Bech, 2012). The MDI version used in the present study was translated
into Italian by the first author (D.C.) and back-translated into English by an independent English-
speaking clinical psychologist. Each item of the English back-translation was checked for accuracy,
compared with the original MDI (Bech, 1997; Bech and Wermuth, 1998), and approved by the
developer of MDI (Prof. Per Bech). The Italian version of MDI is published in the appendix of the
[talian edition of Clinical Psychometrics (Bech, 2018).
The Beck Depression Inventory-11 (Beck et al., 1996), a 21-item self-administered rating scale
assessing depressive symptoms. Subjects score how they felt in the last two weeks, including the
day of the assessment. Each item is rated on a 4-point Likert scale ranging from 0 to 3 and the total
score ranges from 0 to 63. We used the Italian version of BDI-II (Ghisi et al., 2007).
The World Health Organization Well-Being Index (Topp et al., 2015), a 5-item self-reported
questionnaire for the assessment of psychological well-being. Each item is positively worded and
rated on a 6-point Likert scale ranging from 0 (“at no time”) to 5 (“all of the time”). WHO-5 raw

score ranges from 0 to 25 (Topp et al., 2015). Multiplying the raw score by 4, the percentage score



of WHO-5 ranges from 0 (representing the worst imaginable well-being) to 100, reflecting the best
imaginable well-being (Topp et al., 2015). The Italian version of WHO-5 (Montella et al., 2016),
available on https://www.psykiatri-regionh.dk/who-5/who-5-questionnaires/Pages/default.aspx, was

used in the present study.

2.4. Statistical analyses

IRT analyses were conducted to examine the construct validity of PROs. The Rasch analysis
was performed using Rasch Unidimensional Measurement Models (RUMM?2030) software
(Andrich et al., 2010) and the following measurement properties were tested:

1. Overall fit to the model, which was evaluated using the chi-square item-trait interaction
statistics (Pallant and Tennant, 2007; Tennant and Conaghan, 2007). Such statistics provided
a summary measure of how the scale under examination conforms to the Rasch model
expectations (Nielsen et al., 2017). A non-significant chi-square probability value indicated a
good level of overall fit (Pallant and Tennant, 2007; Tennant and Conaghan, 2007).

2. Individual item and person fit: standardized fit residual values for items and subjects were
examined for any indication of misfit.

3. Unidimensionality: to determine whether the rating scale is a valid measure of an underlying
unidimensional construct, Principal Component Analysis (PCA) of residuals was conducted
to identify the two most different subsets of items (i.e., the most positively and negatively
factor-loading items on the first component). Paired #-tests were then performed to compare
scores on the two subsets of items. If more than 5% of ¢-tests were significant, the scale
under assessment was not considered unidimensional (Christensen et al., 2019; Nielsen et

al., 2017).


http://www.psykiatri-regionh.dk/who-5/who-5-questionnaires/Pages/default.aspx

4. Person Separation Reliability Index (PSI), which was examined to evaluate the internal
consistency of PROs and their ability to discriminate among subjects with different levels of
the underlying trait (Tennant and Conaghan, 2007).
Mokken analysis, which is the non-parametric version of IRT models (Bech, 2012; Mokken, 1971),
was also performed to further examine the unidimensionality or scalability of PROs under
evaluation. The Mokken analysis was conducted using Stata statistical software, version 7 (Stata
Corporation, College Station, TX). The Stata LoevH command was used to compute Loevinger’s
coefficients of homogeneity. According to Mokken (Mokken, 1971), Loevinger’s coefficients of
homogeneity (Loevinger, 1947) ranging from 0.30 to 0.39 are considered just acceptable, while a
coefficient > 0.40 is a clear demonstration of the scalability of the rating scale under assessment
(Bech, 2012). ROC analyses were conducted to assess the criterion validity of PROs. Using the
ICD-10 diagnostic algorithm for any depression (i.e., having at least 2 core [central] symptoms
most of the time or all the time and 2 accompanying symptoms more than half of the time, most of
the time, or all the time) as the gold standard (Bech, 2012), the Area Under the Curve (AUC) was
calculated to assess the diagnostic accuracy of PROs (Deyo and Centor, 1986). An AUC of at least
0.70 indicated acceptable diagnostic accuracy (Terwee et al., 2007). Optimal cut-off scores, which

maximized the sensitivity and specificity of PROs, were also identified (Deyo and Centor, 1986).

3. Results

3.1. Sample
One hundred and ten consecutive subjects were invited to take part in the study. Of them,

100 accepted, giving a response rate of 90.1%. They had a mean age + SD of 32.64 + 10.48 years,



73% were females. Further details on sample characteristics are provided elsewhere (Carrozzino et

al., 2019).

3.2. Overall fit to the Rasch model

Model fit statistics for WHO-5, BDI-II, and MDI are reported in Table 1. Rasch analysis of
WHO-5 revealed a non-significant item-trait interaction statistic (x> = 12.63, degrees of freedom
[df] = 10, p = 0.245), indicating adequate fit to the model, with no misfitting items. Standardized fit
residual values for items (SD = 0.80) and persons (SD = 1.09) were within acceptable limits. The
initial analysis of BDI-II revealed a non-significant item-trait interaction statistic (x> = 26.37, df =
42, p =0.97), indicating a good fit of the data to the Rasch model. Standardized fit residual values
for items (SD = 0.62) and persons (SD = 1.29) were within acceptable limits. The initial analysis of
MDI showed a significant item-trait interaction statistic (y°= 33.85, df = 20, p = 0.03), which
indicated misfit to the Rasch model. Standardized fit residual values for items (SD = 1.11) and

persons (SD = 1.32) were within acceptable limits.

3.3. Unidimensionality

The unidimensionality of WHO-5, BDI-II, and MDI was tested using both Mokken and
Rasch analyses. The total score of WHO-5 had an acceptable scalability (Loevinger’s coefficient of
homogeneity of 0.41). Paired #-tests comparisons indicated that 5% of #-tests were significant,
suggesting that WHO-5 had a just acceptable unidimensionality (Table 1). Concerning BDI-II, the
total score was found to have a just acceptable scalability (Loevinger’s coefficient of homogeneity
0f 0.32). Paired #-tests comparisons revealed that more than 5% of #-tests were significant (Table 1),
indicating that BDI-II was not unidimensional. The Mokken analysis of MDI showed that its total

score had an acceptable scalability (Loevinger’s coefficient of homogeneity of 0.39). Paired #-tests



comparisons demonstrated that 4% of #-tests were significant, indicating that MDI was a

unidimensional measure (Table 1).

3.4. Person separation reliability index (PSI)

PSI indices of WHO-5 (0.73) and MDI (0.79) were just acceptable, suggesting that these
PROs could reliably distinguish between different groups but not between different subjects, at least
when healthy individuals are considered. Concerning BDI-II, PST was 0.65, suggesting that it could
not be reliably used to discriminate between different groups of subjects with different levels of the

underlying construct.

3.5. Criterion validity

ROC statistics are presented in Table 2. When using the ICD-10 diagnostic algorithm for
depression (i.e., minor, moderate, severe depression), 3% of the sample (n = 3) satisfied the
diagnostic criteria for depression. MDI had an AUC of 0.96, which indicated excellent diagnostic
accuracy. The AUC for WHO-5 was 0.72, indicating good diagnostic accuracy. Concerning BDI-II,

the AUC was 0.69, which indicated insufficient diagnostic accuracy.

3.6. Cut-off scores

The sensitivity and specificity for different cut-off scores of MDI are illustrated in Table 3.
When using the ICD-10 diagnostic algorithm for depression, the optimal cut-off value for MDI was
23, giving a sensitivity of 100% and a specificity of 96%. The sensitivity and specificity for
different cut-off scores of WHO-5 are presented in Table 4. The optimal cut-off point of WHO-5

was 10, which had a sensitivity of 100% and a specificity of 42%. The sensitivity and specificity for



different cut-off values of BDI-II are showed in Table 5. The optimal cut-off score for BDI-II was

4, giving a sensitivity of 100% and a specificity of 49%.

4. Discussion

This is the first study applying a clinimetric approach to compare the construct and criterion
validity of three PROs assessing depression head a head. Based on the present results, WHO-5 and
MDI outperformed BDI-II in terms of construct and criterion validity. WHO-5 might, thus, be
considered a valid screening measure of depression and MDI a sensitive diagnostic instrument and a
unidimensional measure to assess depression severity.

When using IRT analyses, WHO-5 had acceptable unidimensionality, while BDI-II showed
lack of unidimensionality. Bech and his research group (Konstantinidis et al., 2011) reported similar
findings, demonstrating that the first version of BDI (Beck et al., 1961) is a multidimensional
measure of depression. Other authors (Konstantinidis et al., 2011) also noted that BDI items are
particularly problematic (i.e., invasive) when used in general population as they were generated
based on descriptions of symptoms reported by depressed patients (Naughton and Wiklund, 1993).

When applying IRT models to MDI, an initial misfit to the model was found but the Rasch
and Mokken analyses test of unidimensionality were accepted, indicating that the total score and
items were a statistically sufficient and clinically valid measure of the underlying construct of
depression severity. An additional analysis (not presented) showed that eliminating the least fitting
item (i.e., the question no. 9), MDI resulted in a fit to the Rasch model. Such findings are in line
with previous studies, suggesting that MDI is a unidimensional measure of depression severity
(Bech et al., 2001; Bech and Wermuth, 1998; Konstantinidis et al., 2011; Olsen et al., 2003).
Contrasting results were, however, also reported (Amris et al., 2016; Christensen et al., 2019;

Nielsen et al., 2017). Amris et al. (2016) revealed lack of unidimensionality in a sample of patients



with chronic widespread pain while Nielsen et al. (2017) and Christensen et al. (2019) showed
similar problems especially with item number 9 when assessing the construct validity of MDI in a
sample of primary care patients. The population under study may be one of the reasons of such
inconsistency. Future studies are needed to further investigate the construct validity of MDI in
different clinical populations.

When estimating the internal consistency of PROs, MDI had the highest PSI value,
indicating that it could reliably discriminate between groups of subjects with different levels of
depression severity. Kellner and Sheffield (1973) introduced the clinimetric concept of sensitivity to
describe the ability of a rating scale to discriminate between different subgroups of patients
suffering from the same illness (e.g., depressed inpatients and outpatients) and to differentiate the
severity of symptoms (e.g., certain symptoms may be more troublesome or incapacitating than
others). In the clinimetric approach, the assessment of sensitivity has been considered a central
issue, particularly when treatment effects are small and in case of subclinical symptoms (Fava and
Belaise, 2005; Fava et al., 2004). MDI was found to entail such a clinimetric property. However,
studies are needed to further evaluate MDI sensitivity using different subgroups of patients
suffering from the same illness (e.g., patients with major and minor depression).

When using the ICD-10 algorithm for any depression, 3% of the sample satisfied the
diagnostic criteria for depression. This result may be surprising since all subjects were assessed via
the MINI and did not satisfy the diagnostic criteria for any psychiatric disorder. However, the ICD-
10 algorithm refers to minor-moderate-severe depression while the MINI assesses major depression
and dysthymia. Indeed, the 3% of the sample who satisfied the diagnostic criteria for depression
according to the ICD-10 algorithm corresponded to those subjects who had clinical depressive

manifestations but were under the diagnostic threshold according to the MINI.
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When applying ROC statistics, MDI demonstrated excellent diagnostic accuracy. The
optimal cut-off score of 23 revealed a sensitivity of 100% and a specificity of 96% in detecting
depression. These findings are consistent with previous studies (Bech et al., 2001, 2015) and should
be commented under the light of the poor diagnostic accuracy we found for BDI-II. BDI-II is a
common measure of depression in clinical studies although its sensitivity is questioned
(Demyttenaere and De Fruyt, 2003). The present investigation cast some further doubts on the
validity of choosing BDI-II, instead for instance of MDI, in clinical studies where both sensitivity
and specificity are relevant. However, a proper knowledge of the different tools and their
backgrounds is the basis for researchers and clinicians to choose the correct scale for their purposes
(Demyttenaere and De Fruyt, 2003). Under this light, and based on the current findings, while the
BDI-II seems a poor choice in a drug trial where differences are expected to be minimal, it may be a
good choice in a psychotherapy trial that uses the constructs that were used by Beck for building the
scale.

WHO-5 showed good criterion validity. The optimal cut-off score of 10 had a sensitivity of 100%
and a specificity of 42%, as found also by Christensen et al. (2015), thus supporting the clinical
utility of WHO-5 as a screening measure of depression. Indeed, already Bech and his research
group (Topp et al., 2015) noted: “For a screening instrument such as the WHO-5, having
sufficiently high sensitivity (i.e., a very high proportion of depressed individuals screen positive) is
a key factor, whereas high specificity is less important. This is due to the fact that the second step of
the diagnostic process, after an initial positive screening with the WHO-5, consists of a diagnostic
interview performed by a trained clinician, during which false positives (patients screening positive

on the WHO-5 but not meeting criteria for depression) will be detected”.
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4.1. Limitations

The present study has some limitations. First, we enrolled healthy subjects; future studies
including depressive patients are needed to further evaluate the construct and criterion validity of
PROs for depression. Second, a cross-sectional design was used, thus precluding the evaluation of
test-retest reliability, predictive, and incremental validity of PROs. Third, only self-report measures
were proposed. Future studies, making use of the clinical judgment of experienced clinicians or
including clinician-rated scales as the main indices of validity are highly encouraged to further

examine the clinimetric properties of PROs for depression.

5. Conclusions

The findings of this study indicate that WHO-5 and MDI are valid and sensitive PROs. It is,
however, important to note that they were found to entail different clinimetric properties. Further,
there are no perfect or ideal PROs. In choosing a scale the investigators should have in mind a
number of clinical factors: the pros and cons of each tool, study aims, and clinical characteristics of
the population under examination. The clinimetric perspective may therefore offer important
insights for performing an informed choice. Investigators, on the contrary, tend to choose an
instrument as a result of the popularity and not of specific indications.

A few indications emerge from the present study. The WHO-5 appears to be particularly
useful when screening for depressive symptoms but, if the aim of the investigation is to diagnose

depression and assess its severity, the MDI should be used.
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Table 1. Model fit statistics for WHO-5, BDI-II, MDI (n = 100)

Scale K Model fit Item fit residual, Person fit PSI Unidimensionality,

(overall) mean (SD) residual, mean significant #-tests (%)
(SD)

WHO-5 5 x2(10)=12.63, 0.24 (0.80) 0.39 (1.09) 0.73  5.00
p=0.245

BDI-II 21 x2(42)=26.37, -0.35 (0.62) -4.23 (1.29) 0.65  24.00
p=0.97

MDI 10 x2(20)=33,85, -0.37 (1.11) -1.95 (1.32) 0.79  4.00

p=0.03

WHO-5: World Health Organization Well-Being Index; BDI-II: Beck Depression Inventory-1I; MDI: Major Depression Inventory

K: number of items; y2: chi-square; p: probability; SD: standard deviation; PSI: person separation index (with extremes)
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Table 2. ROC statistics for the WHO-5, BDI-II, MDI

Scale Observations AUC Standard error 95% ClI

WHO-5 100 0.72 0.13 0.45-0.99
BDI-II 100 0.69 0.10 0.49-0.89
MDI 100 0.96 0.01 0.92-1.00

WHO-5: World Health Organization Well-Being Index; BDI-II: Beck Depression Inventory-II;
MDI: Major Depression Inventory

AUC: Area Under the Curve; CI: Confidence Interval
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Table 3. Sensitivity and specificity of Major Depression Inventory cut-off values using the ICD-10

diagnostic algorithm

Cut-points Sensitivity Specificity Correctly LR+ LR-
classified

>0 100.00% 0.00% 3.00% 1.0000 -
>2 100.00% 13.40% 16.00% 1.1548 0.0000
>3 100.00% 20.62% 23.00% 1.2597 0.0000
>4 100.00% 29.90% 32.00% 1.4265 0.0000
>3 100.00% 35.05% 37.00% 1.5397 0.0000
>6 100.00% 43.30% 45.00% 1.7636 0.0000
>7 100.00% 45.36% 47.00% 1.8302 0.0000
>38 100.00% 49.48% 51.00% 1.9796 0.0000
>9 100.00% 56.70% 58.00% 2.3095 0.0000
>10 100.00% 61.86% 63.00% 2.6216 0.0000
>11 100.00% 71.13% 72.00% 3.4643 0.0000
>12 100.00% 76.29% 77.00% 42174 0.0000
>13 100.00% 79.38% 80.00% 4.8500 0.0000
> 14 100.00% 80.41% 81.00% 5.1053 0.0000
>15 100.00% 84.54% 85.00% 6.4667 0.0000
>17 100.00% 87.63% 88.00% 8.0833 0.0000
>18 100.00% 90.72% 91.00% 10.7778 0.0000
>19 100.00% 91.75% 92.00% 12.1250 0.0000
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>21 100.00%
>22 100.00%
>23 100.00%
> 24 66.67%
>25 33.33%
> 28 33.33%
>29 33.33%
>30 0.00%

>32 0.00%

92.78%

93.81%

95.88%

95.88%

95.88%

96.91%

97.94%

97.94%

98.97%

93.00%

94.00%

96.00%

95.00%

94.00%

95.00%

96.00%

95.00%

96.00%

13.8571

16.1667

24.2500

16.1667

8.0833

10.7778

16.1666

0.0000

0.0000

0.0000

0.0000

0.0000

0.3477

0.6953

0.6879

0.6807

1.0211

1.0104

LR: Likelihood ratios

25



Table 4. Sensitivity and specificity of World Health Organization Well-Being Index cut-off values

using the ICD-10 diagnostic algorithm

Cut-points Sensitivity Specificity Correctly LR+ LR-
classified

>4 100.00% 0.00% 3.00% 1.0000 -
>3 100.00% 3.09% 6.00% 1.0319 0.0000
>6 100.00% 7.22% 10.00% 1.0778 0.0000
>7 100.00% 11.34% 14.00% 1.1279 0.0000
>38 100.00% 19.59% 22.00% 1.2436 0.0000
>9 100.00% 30.93% 33.00% 1.4478 0.0000
>10 100.00% 42.27% 44.00% 1.7321 0.0000
>11 66.67% 57.73% 58.00% 1.5772 0.5774
>12 66.67% 65.98% 66.00% 1.9596 0.5052
>13 33.33% 77.32% 76.00% 1.4697 0.8622
>14 33.33% 83.51% 82.00% 2.0208 0.7984
>15 33.33% 88.66% 87.00% 2.9394 0.7519
>16 33.33% 91.75% 90.00% 4.0417 0.7266
>17 33.33% 92.78% 91.00% 4.6190 0.7185
>18 33.33% 94.85% 93.00% 6.4667 0.7029
>19 0.00% 97.94% 95.00% 0.0000 1.0211
>22 0.00% 98.97% 96.00% 0.0000 1.0104

LR: Likelihood ratios
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Table 5. Sensitivity and specificity of Beck Depression Inventory-II cut-off values using the ICD-

10 diagnostic algorithm

Cut-points Sensitivity Specificity Correctly LR+ LR-
classified

>0 100.00% 0.00% 3.00% 1.0000 -

>1 100.00% 23.71% 26.00% 1.3108 0.0000
>2 100.00% 34.02% 36.00% 1.5156 0.0000
>3 100.00% 42.27% 44.00% 1.7321 0.0000
>4 100.00% 49.48% 51.00% 1.9796 0.0000
>3 66.67% 57.73% 58.00% 1.5772 0.5774
>6 66.67% 63.92% 64.00% 1.8476 0.5215
>7 33.33% 72.16% 71.00% 1.1975 0.9238
>38 33.33% 78.35% 77.00% 1.5397 0.8509
>9 33.33% 81.44% 80.00% 1.7963 0.8186
>10 33.33% 86.60% 85.00% 2.4872 0.7698
>11 0.00% 87.63% 85.00% 0.0000 1.1412
>12 0.00% 88.66% 86.00% 0.0000 1.1279
>13 0.00% 90.72% 88.00% 0.0000 1.1023
>14 0.00% 93.81% 91.00% 0.0000 1.0659
>17 0.00% 94.85% 92.00% 0.0000 1.0543
>20 0.00% 95.88% 93.00% 0.0000 1.0430
>24 0.00% 97.94% 95.00% 0.0000 1.0211
>29 0.00% 98.97% 96.00% 0.0000 1.0104

LR: Likelihood ratios
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