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A B S T R A C T   

Background: The Patient Health Questionnaire Anxiety and Depression Scale (PHQ-ADS) provides a reliable and 
valid measure of concomitant depression and anxiety. However, research on its psychometric efficiency and 
optimal scale length using item-response theory (IRT) has not been reported. This study aimed to optimize the 
length of the PHQ-ADS scale without losing information by discarding items that were a poor fit to the IRT 
model. 
Methods: The UK Biobank is a large cohort study designed to investigate risk factors for a broad range of disease. 
PHQ-ADS data were available from n = 152,826 participants (age = 55.87 years; SD = 7.73; 56.4 % female), 
30.4 % of the entire UK Biobank sample. Psychometric properties of the PHQ-ADS were investigated using a 2- 
parameter IRT and Mokken analysis. Item statistics included discrimination, difficulty and Loevinger H co
efficients of monotonicity. 
Results: In the entire 16-item scale, item discrimination ranged from 1.40 to 4.22, with the item ‘worrying’ 
showing the highest level of discrimination and the item ‘sleep disturbance’ showing the lowest. Mokken analysis 
showed that the 16-item PHQ-ADS scale could be reduced to a 7-item scale without loss of test information. The 
reduced scale comprised mainly items measuring cognitive-affective symptoms of anxiety/depression, whereas 
items measuring somatic symptoms were discarded. The revised scale showed high discrimination and 
scalability. 
Limitations: Findings are limited by the use of cross-sectional data that only included the baseline online ques
tionnaire, but not other waves. 
Conclusions: IRT is a useful technique for scale reductions which serve the clinical and epidemiological need to 
optimize screening questionnaires to reduce redundancy and maximize information. A reduced-item 7-item PHQ- 
ADS scale reduces the response burden on participants in epidemiological research settings, without loss of 
information.   

1. Introduction 

Anxiety and depression show high comorbidity (Groen et al., 2020; 
Hanel et al., 2009; ter Meulen et al., 2021). Evidence from genetics (Ohi 
et al., 2020; Purves et al., 2020), neuroimaging (van Tol et al., 2021), 
and psychopharmacology (Bandelow, 2020; Nash and Nutt, 2007; Smith 
et al., 2023) suggests that a common trait of emotional vulnerability 
underlies both disorders. Psychometric data confirms this hypothesis 
with anxiety and depression scales being highly intercorrelated (New
man, 2022; Ryan et al., 2013). This is considered by some to represent an 

underlying common construct (Cosco et al., 2012; Kroenke et al., 2016). 
Understanding the emotional vulnerability underlying common mental 
disorders has important public health implications at the population 
level. It is important, therefore, to be able to assess emotional vulnera
bility at-scale. The Patient Health Questionnaire Anxiety and Depression 
Scale (PHQ-ADS) has been developed as a composite measure of 
depression and anxiety (Kroenke et al., 2016). The PHQ-ADS combines 
the Patient Health Questionnaire (PHQ-9) and the Generalized Anxiety 
Disorder (GAD-7) scale with the overall objective of assessing concom
itant symptoms of depression and anxiety (Kroenke et al., 2016). The 
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PHQ-ADS is a suitable candidate, therefore, as a measure of emotional 
vulnerability. The PHQ-9 was designed based on the Diagnostic and 
Statistical Manual (DSM-IV) diagnostic criteria of depression (Kroenke 
et al., 2001). The GAD-7 was developed as a clinical measure for 
assessing generalized anxiety disorder in the primary care setting 
(Spitzer et al., 2006). Although initially designed as a screening tool for 
generalized anxiety, the GAD-7 also performs well as a screening tool for 
three other common anxiety disorders including social anxiety disorder, 
panic disorder, and posttraumatic stress disorder (Kroenke et al., 2007). 

As a combination of the PHQ-9 and the GADS-7, unsurprisingly, the 
16 item PHQ-ADS has good psychometric properties. Data from three 
trials show the PHQ-ADS to have high internal reliability (Cronbach's α 
= 0.8–0.9) and high construct and convergent validity (Kroenke et al., 
2016). Of interest is that factor analysis of these data shows a unidi
mensional structure to provide the best fit (Kroenke et al., 2016). 
However, these correlational metrics, drawn from classical test theory 
(CTT), assume that all items contribute equally to the underlying trait. 
As such they are poor indicators of test efficiency. Test efficiency is an 
important issue for assessing common mental disorders, particularly at 
the population level. Optimising for scale length reduces participant 
burden and assessment time; leading to lower attrition rates and better- 
quality data (Herzog and Bachman, 1981; Lavrakas, 2008). Shorter, 
simpler tests, whilst not sufficient for diagnosis, are important for the 
conduct of large studies and as screening tools. The PHQ-4 may be used 
as such a shorter screening tool for anxiety and depression and consists 
of the first two items from the GAD-7 and PHQ-9 (Kroenke et al., 2009). 
However, it was designed using the diagnostic categorical approach by 
using the two main diagnostic criteria from the DSM-5 (American Psy
chiatric Association, 2013) for depression (i.e. anhedonia and low 
mood) and anxiety (nervousness/anxiety/tension and inability to stop/ 
control worrying). The PHQ-4 has, therefore, also not been optimized 
for psychometric efficiency. 

To optimize the PHQ-ADS for scale length, we used item response 
theory (IRT) to identify the relative informativeness of specific items to 
the overall score. Unlike CTT, IRT does not assume additivity of item 
ratings; allowing items to vary in their contribution to the latent trait. In 
IRT the informativeness of each item for different levels of the latent 
trait may be assessed allowing less informative (redundant) items to be 
identified and omitted. Using data from UK Biobank, the psychometric 
qualities of the PHQ-ADS were evaluated using CTT, dimensionality was 
assessed by factor analysis, and scale efficiency was investigated using 
IRT. 

2. Methods 

2.1. Design 

Details of the design, participants, procedure and ethics of UK Bio
bank are available elsewhere (Sudlow et al., 2015). In brief, UK Biobank 
is a large, population-based study of 502,665 participants designed to 
study a wide range of risk factors for a wide range of diseases of middle 
and old age. Ethical approval was granted to Biobank from the Research 
Ethics Committee - REC reference 11/NW/0382 (Sudlow et al., 2015). 
As part of an online follow-up mental health questionnaire, the PHQ- 
ADS was administered to all participants with known email addresses. 

2.2. Materials 

The PHQ-ADS is a combination of the items from the PHQ-9 and 
GAD-7 and assesses recent symptoms of depression/anxiety over the last 
two weeks (Kroenke et al., 2016). The PHQ-ADS consists of 16 items 
scored on a 4-point Likert scale: Not at all (0), Several days (1), More than 
half the days (2), Nearly every day (3). PHQ-ADS scores range from 0 to 
48 with higher scores indicating more severe depression/anxiety 
(Kroenke et al., 2016). 

2.3. Statistical analysis 

CTT-based psychometric properties of the PHQ-ADS were assessed to 
confirm previous reports. An exploratory factor analysis was used to 
investigate dimensionality of the PHQ-ADS scale. Eigen values were 
used to estimate the variance explained by a factor. The Kaiser criterion 
(eigen value>1.00) was used to retain factors. IRT and Mokken analyses 
were used for scale optimization using item discrimination α and Loe
vinger H monotonicity coefficients as indicators of item efficiency. Items 
were considered to have good item discrimination when α > 2 (Baker, 
2001) and to be reasonably monotonic when H > 0.5 (Crichton, 1999). 
Further details on the IRT model specification and Mokken scale analysis 
can be found in the supplementary methods. 

Evidence for the validity of the optimized scale was obtained from 
the IRT analysis; compared its discrimination with the original PHQ- 
ADS scale and with the PHQ-4 scale when predicting mental health 
outcomes. Logistic regression models were fit with the respective scale 
as continuous predictor and the mental health outcomes as binary 
dependent variables. Quality metrics of the resulting classification were 
computed including the area under the curve (AUC) of the receiver 
operating characteristic (ROC) that serves as an overall indicator of 
classification. The mental health outcomes used for this analysis were: 
“Ever felt worried, tense, or anxious for most of a month or longer?”, 
“Seen GP for nerves, anxiety, tension, or depression?”, “Ever been 
offered/sought treatment for anxiety?”, “Ever been offered/sought 
treatment for depression?” and a diagnosis of major depressive disorder 
(MDD) and/or bipolar disorder. 

We also conducted a secondary IRT analysis in a clinical subsample 
of the UK Biobank that only included participants who had experienced 
at least one depressive episode (N = 11.653) including participants with 
a single episode of major depressive disorder (MDD), recurrent MDD, 
bipolar disorder 1, or bipolar disorder 2. The purpose of this analysis was 
to evaluate the optimized PHQ-ADS scale in a clinical sample. 

UK Biobank data for this analysis (application 15,008) were uploa
ded onto the Dementias Platform UK (DPUK) Data Portal (Bauermeister 
et al., 2019) and analysed using STATA SE 17.0 (StataCorp, 2021). 

3. Results 

3.1. Sample characteristics 

Complete PHQ-ADS data were available for 152,826 UK Biobank 
participants. This sample was aged 38 to 72 years (M = 55.87 years; SD 
= 7.73), and was 56.4 % female. The sample was 97 % European and 49 
% were educated to degree level (Table 1). This sample differed from the 
overall UK Biobank sample with included participant being on average 
younger (0.95 years p < 0.001), leaving fulltime education earlier (0.33 
years, p < 0.001) and being less socioeconomically deprived (TDI = 0.50 
p 〈001) than excluded participants. 

3.2. Preliminary analysis 

The preliminary analysis, using classical test theory, found the in
ternal reliability of the PHQ-ADS was high with a Cronbach's alpha of α 
= 0.92. This was comparable to previous research reporting values of 
between α = 0.8 to α = 0.9 (Kroenke et al., 2016). 

An exploratory factor analysis (Table 2) found the 16-item PHQ-ADS 
scale to be unidimensional with only the first factor meeting the Kaiser 
criterion of an eigen value ≥1.00. Items from both the PHQ-9 (depres
sion) and GAD-7 (anxiety) subscales showed high loadings on this factor. 
The scree plot of the factor loadings shows this unidimensionality clearly 
(Fig. 1). 

3.3. IRT analysis 

For the 16-item PHQ-ADS, items Loevinger's H coefficient for 
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monotonicity ranged between 0.42 and 0.58, indicating all items 
contributed to θ (Table 3). The discrimination of these estimates was 
weak to strong ranging between α = 1.40 and α = 4.22. For item diffi
culty, all items were most informative at the upper end of θ, with β >
0 for all cut points (k). These results indicate a relatively homogenous 
scale with redundant measurement at the upper end of θ. Of interest is 
that items indicating cognitive-affective symptoms of mood disorders 
and anxiety tended to cluster with higher monotonicity (H > 0.5) and 
higher discrimination (α > 3). For example, the item measuring “Not 

being able to stop or control worrying” showed the highest discrimi
nation value at α = 4.22 (H = 0.56). In contrast, the item “Trouble falling 
or staying asleep, or sleeping too much”, α =1.40 (H = 0.44), was the 
lowest. The items measuring anhedonia, low mood, inadequacy, 
nervousness, control worrying, multiple worries, difficulty relaxing all 
had high discrimination values (α > 2) and monotonicity (H > 0.5). 
These items suggest a clustering of items around the latent trait of 
emotional vulnerability. 

To assess the potential for more efficient assessment of emotional 

Table 1 
Descriptive statistics and percentages of sample characteristics and items from the PHQ-ADS scale.  

Sample characteristic Case numbers/percentages 

Sex 86,196 (56.4 %) female 66,630 (43.6 %) male 
Ethnicity 147,993  

97.16 %  
European 

802  
0.53 %  
Mixed 

1254  
0.82 % 
Asian 

1089  
0.71 % 
African 

349  
0.23 % 
Chinese 

836  
0.55 % 
Other 

Qualifications 69,504  
49.26 %  
degree 

20,497  
14.53 %  
A-level 

30,128  
21.35 %  
O-Level 

5613  
3.98 %  
CSE 

7665  
5.43 %  
NVQ 

7697  
5.45 %  
Other    

Mean SD Min Max Not at all Several days Half the days Nearly every day 

Age 55.87 7.73 NA NA – 
Age completed full-time education 18.90 2.56 5 35 – 
TDI − 1.71 2.83 − 6.26 11.00 – 
Anhedonia 0.24 0.57 0 3 124,460 22,594 3319 2453 

81.44 % 14.78 % 2.17 % 1.61 % 
Low mood 0.27 0.56 0 3 119,396 28,338 3021 2071 

78.13 % 18.54 % 1.98 % 1.36 % 
Sleep 0.71 0.90 0 3 78,342 51,816 10,728 11,940 

51.26 % 33.91 % 7.02 % 7.81 % 
Tired 0.66 0.81 0 3 76,608 59,630 8303 8285 

50.13 % 39.02 % 5.43 % 5.42 % 
Appetite 0.26 0.63 0 3 124,882 19,983 4222 3739 

81.72 % 13.08 % 2.76 % 2.45 % 
Inadequacy 0.25 0.59 0 3 123,460 23,051 3216 3099 

80.78 % 15.08 % 2.10 % 2.03 % 
Concentration 0.23 0.56 0 3 125,470 21,851 3069 2436 

82.10 % 14.30 % 2.01 % 1.59 % 
Movement 0.07 0.35 0 3 144,386 6371 1176 893 

94.48 % 4.17 % 0.77 % 0.58 % 
Suicidality 0.05 0.29 0 3 146,285 5321 679 541 

95.72 % 3.48 % 0.44 % 0.35 % 
Nervousness 0.35 0.64 0 3 110,007 36,009 3432 3378 

71.98 % 23.56 % 2.25 % 2.21 % 
Control worrying 0.31 0.63 0 3 116,933 28,798 3391 3704 

76.51 % 18.84 % 2.22 % 2.42 % 
Multiple worries 0.40 0.67 0 3 104,382 40,388 3932 4124 

68.30 % 26.43 % 2.57 % 2.70 % 
Relaxing 0.37 0.68 0 3 109,483 34,498 4325 4520 

71.64 % 22.57 % 2.83 % 2.96 % 
Restlessness 0.15 0.47 0 3 134,691 14,484 2002 1649 

88.13 % 9.48 % 1.31 % 1.08 % 
Irritability 0.32 0.59 0 3 111,199 36,412 3028 2187 

72.76 % 23.83 % 1.98 % 1.43 % 
Foreboding 0.22 0.55 0 3 127,283 20,401 2541 2601 

83.29 % 13.35 % 1.66 % 1.70 %    

Mean SD Min Max None Mild Moderate Severe 

PHQ-ADS Sum score 4.87 6.46 0 48 127,547 19,050 4405 1824 
83.46 % 12.47 % 2.87 % 1.20 % 

PHQ-9 sum score 2.75 3.69 0 27 121,671 22,426 5680 3049 
79.62 % 14.67 % 3.72 % 2.01 % 

GAD-7 sum score 2.11 3.36 0 21 125,662 20,700 4149 2315 
82.22 % 13.56 % 2.71 % 1.52 % 

12-item PHQ-ADS Theta 0.00 0.90 − 1.07 3.76 – 
7-item PHQ-ADS Theta 0.02 0.83 − 0.70 3.05 – 

Note: CSE: Certificate of Secondary Education or equivalent, NVQ: National Vocational Qualification, TDI: Townsend-deprivation index, theta: the underlying indi
vidual trait of emotional vulnerability from the IRT analysis, PHQ-9 scores of 5, 10, and 15 were used as cut-points for mild, moderate, and severe depression, 
respectively (Kroenke and Spitzer, 2002). GAD-7 scores of 5, 10, and 15 were used as cut-points for mild, moderate, and severe anxiety, respectively(Spitzer et al., 
2006). PHQ-ADS cut-points of 10, 20, and 30 indicated mild, moderate, and severe levels of depression/anxiety, respectively (Kroenke et al., 2016). 
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vulnerability i.e. optimize the psychometric properties of the scale, 
items with low monotonicity/scalability (H < 0.50) and low discrimi
nation (α < 2) were omitted and the analysis repeated. For all items 
Loevinger's H increased in value (Table 3). For the items emphasising 
mood (anhedonia, low mood, inadequacy) discrimination dropped 
marginally. For example, for anhedonia discrimination dropped from α 
= 2.6 to α = 2.16. For items emphasising anxiety, however (nervousness, 
control worrying, multiple worries, trouble relaxing), discrimination 
values increased markedly. For example, for control worrying, 
discrimination increased from α = 4.22 to α = 6.14. The item difficulty 

parameter (β) was largely unchanged with marginal increases to the 
mood items and marginal reductions in the anxiety items. 

The comparison between scale lengths can be visualised using item 
information function (IIF) curves (Fig. 2). The IIF curves display the 
relationship between discrimination α and difficulty β. The IIF curves 
indicate how much each item contributes to the overall test information. 
The sub-optimal performance of questions assessing sleep and appetite 
can be easily appreciated by the flat nature of their curve. The bimodal 
peaks of the curves indicated where on the latent trait continuum each 
item is most informative. All items had their maximum curvature 

Table 2 
Exploratory factor analysis table showing eigenvalue characteristics and factor loadings for each item from the 16-item PHQ-ADS scale.  

Item/statistic Factor1 Factor2 Factor3 Factor4 Factor5 Factor6 

Factor loadings Eigenvalue  6.86  0.93  0.39  0.30  0.10  0.01 
Cumulative  0.89  1.01  1.07  1.10  1.12  1.12 

Item loadings Anhedonia  0.70  0.33  − 0.15  − 0.04  − 0.14  − 0.03 
Low mood  0.75  0.26  − 0.23  − 0.04  − 0.13  0.00 
Sleep  0.51  0.15  0.23  − 0.22  0.04  0.01 
Tired  0.60  0.26  0.19  − 0.23  0.03  0.00 
Appetite  0.56  0.25  0.11  − 0.07  0.08  0.00 
Inadequacy  0.69  0.18  − 0.17  0.06  0.09  0.05 
Concentrating  0.65  0.22  0.11  0.11  0.05  − 0.03 
Movement  0.48  0.15  0.12  0.24  0.07  − 0.05 
Suicidality  0.50  0.20  − 0.17  0.18  0.08  0.03 
Nervousness  0.74  ¡0.30  − 0.09  − 0.06  0.01  − 0.02 
Control worrying  0.79  ¡0.36  − 0.11  − 0.09  0.05  − 0.03 
Worrying about different things  0.78  ¡0.34  − 0.07  − 0.11  0.03  0.00 
Relaxing  0.75  − 0.23  0.18  0.04  − 0.11  0.02 
Restlessness  0.56  − 0.15  0.25  0.25  − 0.08  0.00 
Irritability  0.64  − 0.09  0.07  0.04  − 0.07  0.05 
Foreboding  0.67  − 0.22  − 0.08  0.06  0.08  0.01 

Note: N = 152,826. Only factors with positive eigenvalues have been retained. The extraction method was principle factors and unrotated results are displayed. Item 
labels correspond to the following items: Anhedonia: “Little interest or pleasure in doing things”, Low mood: “Feeling down, depressed, or hopeless”, Sleep: “Trouble 
falling or staying asleep, or sleeping too much”, Tired: “Feeling tired or having little energy”, Appetite: “Poor appetite or overeating”, Inadequacy: “Feeling bad about 
yourself or that you are a failure or have let yourself or your family down”, Concentrating: “Trouble concentrating on things, such as reading the newspaper or 
watching television”, Movement: “Moving or speaking so slowly that other people could have noticed? Or the opposite - being so fidgety or restless that you have been 
moving around a lot more than usual”, Suicidality: “Thoughts that you would be better off dead or of hurting yourself in some way”, Nervousness: “Feeling nervous, 
anxious or on edge”, Control worrying: “Not being able to stop or control worrying”, Worrying about different things: “Worrying too much about different things”, 
Relaxing: “Trouble relaxing”, Restlessness: “Being so restless that it is hard to sit still”, Irritability: “Becoming easily annoyed or irritable”, Foreboding: “Feeling afraid 
as if something awful might happen”. 

Fig. 1. Scree plot from the exploratory factor analysis including all items from the 16-item PHQ-ADS scale.  
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positioned in the positive half (θ > 0), which indicates they provide 
information about the presence of anxious depressive symptomatology 
in the upper range. By contrast, items are less informative for re
spondents without anxious depressive symptomatology because no item 
peaked at a negative latent trait (θ). This suggests the scale is less 
informative for the absence of symptoms than for the presence of 
symptoms. The IIF curves for the revised 7-item scale show improved 
informativeness (height of curve) when compared to the 16-item scale. 

3.4. Validation of the reduced 7-item scale using mental health outcomes 

The logistic regression analyses showed that discrimination, 
measured using the area under the curve of the receiver operating 
characteristic, was satisfactory ranging from 0.63 to 0.70 for all scales 
including the PHQ-ADS, the reduced 7-item scale and the PHQ-4 scale 
(see Fig. 3). The percentage of correctly classified participants as having 
the mental health outcome or not ranged from 68.9 % for predicting 
“Seen GP for nerves” using the PHQ-4 to 78.9 % for predicting “Ever 
been offered/sought treatment for anxiety” using the 16-item PHQ-ADS 

score (see Table 4). Differences between scales in correct classifications 
were negligible and <0.8 % (see Table 4), thereby indicating that all 
scales performed equally satisfactorily and that no important informa
tion was lost through scale reduction. 

3.5. Validation of the IRT analysis in a subsample of participants with at 
least one depressive episode 

The validation of the IRT analysis in the subsample of participants 
with depression (N = 11,653) revealed that the items measuring sleep 
disturbance, feeling tired, appetite, movement, suicidality, restlessness 
also had poor psychometric properties as seen in either low discrimi
nation or lack of scalability (Table 5). These items were discarded and a 
reduced scale with 10-items was estimated (Table 5). The 10-item scale 
showed good discrimination ranging from 2.15 (anhedonia) to 5.66 
(inability to control worrying), as well as good scalability ranging from 
H = 0.52 (trouble concentrating) to H = 0.67 (multiple worries). 
Compared with the 7-item scale derived in the general population 
sample, the 10-item scale derived in the clinical sample including only 

Table 3 
IRT model item parameters for the 16-item and 7-item scales.  

Item  16-item scale 7-item scale 

Monotonicity H Discrimination α Difficulty β Monotonicity H Discrimination α Difficulty β 

k ≥ 1 k ≥ 2 k = 3 k ≥ 1 k ≥ 2 k = 3 

Anhedonia  0.51  2.60  1.07  2.11  2.58  0.56  2.16  1.14  2.27  2.78 
Low mood  0.55  3.01  0.90  2.08  2.53  0.61  2.59  0.94  2.18  2.66 
Sleep  0.44  1.40  0.07  1.65  2.26      
Tired  0.52  1.75  0.02  1.72  2.27      
Appetite  0.42  1.69  1.28  2.32  2.87      
Inadequacy  0.50  2.49  1.05  2.08  2.49  0.55  2.20  1.10  2.18  2.62 
Concentrating  0.49  2.19  1.16  2.28  2.77      
Movement  0.44  2.05  2.08  2.94  3.42      
Suicidality  0.48  2.42  2.09  2.98  3.39      
Nervousness  0.54  3.36  0.67  1.87  2.23  0.63  3.96  0.66  1.81  2.16 
Control worrying  0.56  4.22  0.79  1.76  2.08  0.66  6.14  0.76  1.69  2.00 
Multiple worries  0.58  3.70  0.55  1.74  2.09  0.67  4.99  0.54  1.66  2.00 
Relaxing  0.56  3.23  0.67  1.75  2.12  0.61  3.08  0.68  1.78  2.15 
Restlessness  0.45  2.15  1.49  2.53  2.99      
Irritability  0.49  2.22  0.77  2.29  2.80      
Foreboding  0.49  2.75  1.12  2.11  2.48      

Note: Item labels correspond to the following items: Anhedonia: “Little interest or pleasure in doing things”, Low mood: “Feeling down, depressed, or hopeless”, Sleep: 
“Trouble falling or staying asleep, or sleeping too much”, Tired: “Feeling tired or having little energy”, Appetite: “Poor appetite or overeating”, Inadequacy: “Feeling 
bad about yourself or that you are a failure or have let yourself or your family down”, Concentrating: “Trouble concentrating on things, such as reading the newspaper 
or watching television”, Movement: “Moving or speaking so slowly that other people could have noticed? Or the opposite - being so fidgety or restless that you have 
been moving around a lot more than usual”, Suicidality: “Thoughts that you would be better off dead or of hurting yourself in some way”, Nervousness: “Feeling 
nervous, anxious or on edge”, Control worrying: “Not being able to stop or control worrying”, Worrying about different things: “Worrying too much about different 
things”, Relaxing: “Trouble relaxing”, Restlessness: “Being so restless that it is hard to sit still”, Irritability: “Becoming easily annoyed or irritable”, Foreboding: “Feeling 
afraid as if something awful might happen”. k: cut-points of the rating scale: “Not at all (0)”, “Several days (1)”, “More than half the days (2)”, “Nearly every day (3)”. p 
< 0.0001 for all discrimination parameters. 

Fig. 2. Item information functions for the 16-item and 7-item PHQ-ADS scales.  
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Fig. 3. Receiver operating characteristic curves for predicting mental health outcomes using three psychometric scales: the 16-item PHQ-ADS scale, the 7-item PHQ- 
ADS scale and the PHQ-4 scale. 
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participants who had at least one depressive episode also included the 
items measuring concentrating, irritability and feelings of foreboding 
that showed good discrimination and scalability in the clinical sample, 
but not in the general population. Finally, an IRT analysis was conducted 
using items from the 7-item scale in the clinical sample (Table 5). This 
analysis confirmed that all 7 items had good discrimination and scal
ability in the clinical sample of participants with depression. 

4. Discussion 

Here we investigated psychometric properties of the PHQ-ADS scale 
in a subsample of 152,826 participants from the UK Biobank using IRT. 
The 16-item PHQ-ADS was found to have a limited range, unscalable 
items (sleep disturbance, appetite, trouble concentrating, movement, 
suicidality, restlessness, irritability, feelings of foreboding; Table 3), and 
items with poor discrimination (sleep disturbance, appetite, feeling 
tired). When applying scale reductions, it was found that a reduced 7- 
item scale provided optimum discrimination and monotonicity. 
Although the 7-item version of the scale possessed good reliability, this 
was focussed at the upper end of the latent trait, rather than the ex
tremes of the distribution. The scale is suitable for assessing population 
levels but not for accurately assessing very low or extremely high levels, 
such as respondents with either no symptoms or severe clinical 
symptoms. 

These findings suggest that a reduced-item 7-item PHQ-ADS scale 
would reduce response burden without loss of information. Such a 
reduced scale is useful in a variety of settings, e.g. to reduce the burden 
on patients in lengthy clinical assessments, to reduce attrition rates or 
missing data in cohort studies with a lengthy protocol, and to improve 
data quality by reducing response bias due to patient fatigue. Moreover, 
a psychometric scale with optimized information is useful in large-scale 
trials. Previous research demonstrated that IRT can be used for assessing 
the efficiency of psychometric instruments. Indeed, IRT has been used to 
propose item reductions in screening tools, including the 19-item feel
ings scale for depression (Edelen and Reeve, 2007), 16-item Anxiety 

Sensitivity Index (Zvolensky et al., 2009), the 9-item Simple Clinical 
Colitis Activity Index (Walsh et al., 2021), and the 12-item Eysenck 
Neuroticism scale (Bauermeister et al., 2022). The present study adds to 
the growing body of research that provides improved tools for research, 
particularly for projects conducted at scale. 

Whilst this is the first IRT study of the PHQ-ADS, IRT has been 
applied to the PHQ-9 and GAD-7 separately. A study of the PHQ-9 using 
IRT in patients with major depressive disorder and found that the 
discrimination values ranged from 1.45 to 2.80 with “low mood” 
showing the highest discrimination and sleep disturbance lowest 
discrimination (Ma et al., 2021). This is similar to our findings on the 
entire 16-item PHQ-ADS scale, where, when considering only items from 
the PHQ-9, “low mood” was found to have the highest discrimination, 
and sleep was found to have the lowest discrimination. Ma et al. (2021) 
also showed that reliability fell below <0.9 at the extreme end of the 
latent trait continuum, which is similar to our findings on the entire 
PHQ-ADS scale. 

A study of the GAD-7 using IRT in a sample of primary care patients 
found that the discrimination values ranged from 1.69 to 3.55 with the 
two items assessing worry showing the highest discrimination and items 
assessing the symptoms of irritability and restlessness showing lowest 
discrimination (Jordan et al., 2017). This is similar to our findings on the 
entire 16-item PHQ-ADS scale, where, when considering only items from 
the GAD-7 the two items assessing worry were found to have the highest 
discrimination, whereas restlessness and irritability were found to have 
the lowest discrimination. 

Jordan et al. (2017) conducted a Mokken analysis of the GAD-7 
finding monotonicity throughout the encitytire scale. This is at vari
ance with our findings from the entire 16-item PHQ-ADS scale, where 3 
items did not fulfill the monotonicity criterion. A possible explanation 
for this discrepancy could be that the present study was conducted in the 
general population whereas the sample investigated by Jordan et al. 
(2017) was drawn from a somatoform disorders network. Since the 
items with low monotonicity were somatic symptoms of irritability and 
restlessness that are not disease-specific to anxiety disorders, this could 

Table 4 
Quality indicators of classification from the logistic regression models predicting mental health outcomes using the 16-item, 7-item PHQ-ADS scores, and the PHQ-4 
scores for comparison.  

Outcome(O) Predictor Sensitivity Specificity PPV NPV FPR FNR P(+| ~ 
O) 

P(− | ~ 
O) 

Correctly 
classified 

ROC 
AUC 

Ever felt worried, tense, or anxious 
for most of a month or longer? 

16-item 
PHQADS score  

21.0 %  96.5 %  67.9 %  77.4 %  3.6 %  79.0 %  32.1 %  22.7 %  76.6 %  0.68 

7-item 
PHQADS theta  

16.3 %  98.0 %  74.7 %  76.6 %  2.0 %  83.7 %  25.3 %  23.4 %  76.5 %  0.67 

PHQ-4  14.9 %  98.0 %  73.0 %  76.3 %  2.0 %  85.2 %  27.0 %  23.7 %  76.1 %  0.65 
Seen GP for nerves, anxiety, tension 

or depression? 
16-item 
PHQADS score  

17.3 %  95.0 %  62.7 %  70.3 %  5.0 %  82.7 %  37.3 %  29.7 %  69.6 %  0.65 

7-item 
PHQADS theta  

17.2 %  94.7 %  61.1 %  70.2 %  5.3 %  82.8 %  38.9 %  29.8 %  69.3 %  0.64 

PHQ-4  11.5 %  96.8 %  63.4 %  69.2 %  3.2 %  88.5 %  36.6 %  30.8 %  68.9 %  0.63 
Ever been offered/sought treatment 

for anxiety? 
16-item 
PHQADS score  

13.2 %  97.5 %  60.1 %  79.8 %  2.5 %  86.8 %  39.9 %  20.2 %  78.9 %  0.69 

7-item 
PHQADS theta  

10.1 %  98.3 %  62.4 %  79.4 %  1.7 %  89.9 %  37.7 %  20.6 %  78.8 %  0.68 

PHQ-4  11.3 %  97.9 %  60.1 %  79.5 %  2.1 %  88.7 %  39.9 %  20.5 %  78.7 %  0.67 
Ever been offered/sought  

treatment for depression? 
16-item 
PHQADS score  

17.1 %  96.9 %  63.7 %  78.7 %  3.1 %  82.9 %  36.3 %  21.3 %  77.8 %  0.70 

7-item 
PHQADS theta  

11.0 %  97.9 %  61.8 %  77.7 %  2.2 %  89.0 %  38.2 %  22.3 %  77.0 %  0.67 

PHQ-4  14.4 %  97.1 %  61.4 %  78.3 %  2.9 %  85.6 %  38.6 %  21.8 %  77.3 %  0.66 
Major depressive disorder  

or Bipolar disorder 
16-item 
PHQADS score  

13.9 %  96.7 %  62.2 %  74.1 %  3.3 %  86.1 %  37.8 %  25.9 %  73.3 %  0.66 

7-item 
PHQADS theta  

10.0 %  97.5 %  61.1 %  73.4 %  2.5 %  90.1 %  38.9 %  26.6 %  72.8 %  0.64 

PHQ-4  12.0 %  96.9 %  60.1 %  73.7 %  3.1 %  88.0 %  39.9 %  26.3 %  72.9 %  0.63 

Note: PPV: Positive Predictive Value, NPV: Negative Predictive Value, FPR: False-positive rate, FNR: False-negative rate, P(+| ~ O): Conditional probability of being 
classified as positive as a true negative, P(+| ~ O): Conditional probability of being classified as negative as a true positive, ROC AUC: Area under the curve of the 
receiver operating characteristic, an indicator of overall discrimination. 
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have led to monotonicity violations in the general population, whereas 
the scale was monotone when only including participants with soma
toform disorders. A further study investigated psychometric properties 
of the GAD-7 in a sample of antepartum women from the Côte d'Ivoire 
using Rasch scale analysis, an IRT model for ordered data to evaluate 
monotonicity, and found that items 5, 6, and 7 had disordered thresh
olds, thereby violating the monotonicity criterion (Barthel et al., 2014). 
These are the same items from the GAD-7 that showed violations against 
monotonicity in our Mokken scale analysis and were therefore discarded 
from our revised 7-item PHQADS scale. Barthel et al. (2014) also showed 
that the scale violated assumptions of unidimensionality and found that 
all items of GAD-7 showed a lack of monotonicity in a sample from 
Ghana. The cross-cultural difference might come into consideration 
here. 

The items that were removed from the scale to yield the 7-item scale 
had in common that most of them measured somatic symptoms of 
anxiety/depression, whereas the items that were retained in the 7-item 
scale measured affective and cognitive symptoms. A possible explana
tion for this might be that cognitive-affective symptoms of anxiety/ 
depression and somatic symptoms of anxiety/depression are two distinct 
latent constructs and might be best measured using different scales. 
Since the study was conducted in the general population, the study 
included participants with somatic symptoms that were not necessarily 
suffering from anxiety/depression. Screening tools for anxiety/depres
sion should, therefore, not include items assessing somatic symptoms of 
depression/anxiety as they are not disease-specific as seen with low 
monotonicity and therefore not informative in the general population. 

Similar to our findings, previous research distinguished cognitive- 
affective and somatic items in the PHQ-9 and GAD-7. Previous 
research showed that the PHQ-9 was characterized by a two-factor 
structure in confirmatory factor analytic studies that distinguished be
tween a cognitive-affective and a somatic factor (e.g. Keum et al., 2018; 
Patel et al., 2019). However, between-factor correlations were high 
enough (≥ 0.80) to suggest a unidimensional structure (Keum et al., 
2018; Patel et al., 2019). Similarly, previous research using confirma
tory factor analysis showed that the GAD-7 had a two-dimensional factor 
structure in some samples that represented cognitive-affective and so
matic symptoms (e.g. Moreno et al., 2019). However, the factor struc
ture of the GAD-7 was found to be unidimensional in most populations 
(Dear et al., 2011; García-Campayo et al., 2010; Hinz et al., 2017; Löwe 
et al., 2008; Mills et al., 2014; Rodebaugh et al., 2008; Ryan et al., 2013; 
Spitzer et al., 2006). The present study adds to these findings from 
previous research that the combined GAD-7 and PHQ-9 scales, the PHQ- 
ADS scale, was also unidimensional as shown in the exploratory factor 
analysis. 

4.1. Strengths 

The contribution of this study is to optimize a psychometric 
screening scale for emotional vulnerability to be useful for trans
diagnostic dimensional research. Screening for anxiety and depression 
in epidemiological research is typically conducted using psychometric 
scales (such as the GAD-7 scale and PHQ-9) which have been largely 
derived from the DSM-IV diagnostic criteria (Kroenke et al., 2001; 
Spitzer et al., 2006). However, for much research and clinical practice, 
this diagnostic approach is simplistic as there is increasing evidence that 
the biopsychosocial processes underlying mental health are trans
diagnostic; suggesting the symptom space is not categorical but 
dimensional (Dalgleish et al., 2020). As a result, current screening tools 
for depression and anxiety based on DSM-IV criteria are sub-optimal as 
they recognise heterogeneous groups rather than the commonality of 
symptoms (Dalgleish et al., 2020). The transdiagnostic dimensional 
approach cuts across existing categorical symptoms to improve the way 
we classify mental disorders (e.g. Fusar-Poli et al., 2019). Although 
DSM-5 attempted to add superordinate dimensions that cross diagnostic 
boundaries in its conceptional development (Regier et al., 2009), the Ta
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dimensional approach was rejected as premature (American Psychiatric 
Association, 2013; Paris and Phillips, 2013). Nevertheless, there is a 
scientific need to further develop the transdiagnostic dimensional 
approach by improving psychometric scales for use across trans
diagnostic categories to measure underlining common constructs such 
as emotional vulnerability. This study optimized the psychometric 
properties of the PHQ-ADS as a transdiagnostic scale for a unidimen
sional construct of emotional vulnerability. 

Another strength of this study was the rigorous quantitative analysis 
of the PHQ-ADS using IRT in a large and diverse cohort including par
ticipants at various points of the latent trait continuum θ. IRT has several 
advantages over other methods: (a) improved precision through iden
tification and deletion of misfitting items, (b) investigation of boundary 
effects in difficulty, (c) less time is needed for accurate measurement 
(Henning, 1984). Another strength was that the PHQ-ADS scale was 
adapted for use in epidemiological research by shortening the scale 
length without losing important information. Short, yet informative 
scales are important for epidemiological research for various reasons: 
First, it is desirable to avoid overly lengthy assessments to reduce the 
burden on research participants. Second, shorter scales can help to lower 
attrition rates or missing data by preventing from participants dropping 
out or not responding. Third, scale reductions can improve data quality 
by reducing respondent fatigue and associated response errors such as 
misreading items. Fourth, shorter scales can help assess a broader range 
of risk factors in epidemiological research within the limits of time 
constrained study protocols. 

4.2. Limitations 

Limitations in the study include that psychometric properties were 
only investigated in population with a limited age range. It is important 
to recognise that extrapolation of these findings to younger age groups 
requires caution. A second issue is representativeness. UK Biobank does 
not claim to be representative, but it is heterogeneous in the sense that 
the full range of variable scores is represented. Consequently, whilst the 
distributions of variables will not reflect that of the UK population, as
sociations between risk factors will reflect those found more widely. 

4.3. Future research 

Further research is needed to validate the 7-item scale in the clinical 
population, and to investigate its construct validity and test-retest reli
ability. Future research should also focus on the development of a scale 
that assesses the entire continuum of emotional vulnerability, by also 
including items measuring the opposites of low mood such as happiness, 
and by also including items that measure symptoms only found in 
severely depressed/anxious patients. Such a scale that is reliable along a 
broad θ range is desirable as an improved outcome metric in longitu
dinal research. 

5. Conclusions 

Our study demonstrated that the PHQ-ADS could be reduced from 
the current 16-item scale to a 7-item scale without losing discrimination. 
This reduced 7-item scale can be used to reduce response burden while 
retaining optimal test information in epidemiological research, and is 
therefore a valuable alternative to other reduced scales such as the PHQ- 
4. Similar to the PHQ-4, the reduced PHQ-ADS scale comprised mainly 
items measuring cognitive-affective symptoms of anxiety/depression, 
whereas items measuring somatic symptoms were excluded due to a lack 
of disease-specificity as shown by low monotonicity. Overall, our find
ings demonstrate that IRT is a useful technique for scale reductions and 
that there is a need to optimize clinical screening questionnaires. 
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for anxiety and depression: the PHQ-4. Psychosomatics 50, 613–621. https://doi. 
org/10.1176/appi. psy.50.6.613. 

Kroenke, K., Wu, J., Yu, Z., Bair, M.J., Kean, J., Stump, T., Monahan, P.O., 2016. The 
patient health questionnaire anxiety and depression scale (PHQ-ADS): initial 
validation in three clinical trials. Psychosom. Med. 78, 716. 

Lavrakas, P.J., 2008. Encyclopedia of Survey Research Methods. SAGE Publications. 
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