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Although data exist that demonstrate 
psychometric quality of brief depression 
and anxiety screening instruments in the 
general medical field (3;7), evidence is 
lacking for the perioperative setting. 

From the clinical perspective, an ideal 
stepped-care approach for surgical pa-
tients with diverse mental disorders com-
prises screening, detailed diagnostics, 
therapy and follow-up (5;8;9). In such 
an approach, screening should accurately 
identify self-reported psychological dis-
tress of any mental disorder. Therefore 
it is especially important to, in the first 
step, detect clinically significant mental 
distress that is associated with hetero-
geneous psychopathological symptoms. 
This is conventionally accomplished by 
comprehensive self-report question-

Introduction
There is ample evidence that screening 
for depression and anxiety is the first step 
of successful therapy of these disorders in 
patients with medical diseases (1-4). Pre-
operative anaesthesiological assessment 
clinics have proven to be an ideal setting 
for implementing psychosocial screening 
as a component of a psychotherapeutic 
stepped care approach for surgical pa-
tients with comorbid mental disorders (5; 
6). These clinics are not restricted to spe-
cific surgical fields, thus a wide range of 
hospital patients can be addressed. How-
ever, preoperative assessment clinics are 
busy settings with limited resources of 
time and personnel, so it is necessary to 
search for brief screening tools which are 
reliable, valid, accurate and time-saving. 
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Abstract
Background Although brief screening tools for depression and anxiety have proven psychometric quality in the general medi-
cal field, evidence is lacking for the perioperative setting. We investigated whether the ultra-short questionnaire PHQ-4 and its 
subscales Patient Health Questionnaire-2 (PHQ-2) and Generalised Anxiety Disorder Scale-2 (GAD-2) are reliable, valid and ac-
curate screening tools for self-reported depression, anxiety and general psychological distress in surgical patients of preoperative 
anaesthesiological assessment clinics.
Methods This study was conducted in the context of the Bridging Intervention in Anaesthesiology programme (BRIA), which 
includes a computer assisted self-assessment of psychological screening tests. In total, data of 2,852 consecutive patients were 
analysed. We determined Cronbach’s alpha, construct validity, factorial validity, sensitivity, specificity, negative and positive pre-
dictive value, Youden index, and ROC-AUC analyses. As criterion measures, we used the scores of the Brief Symptom Inventory 
(BSI)  scales for depression, anxiety, phobic anxiety, interpersonal sensitivity, and the total mean score Global Severity Index (GSI).
Results Cronbach’s alphas were 0.66, 0.78 and 0.83 for PHQ-2, GAD-2 and PHQ-4, respectively. Principal component analysis 
did not confirm the item allocation to PHQ-2 and GAD-2. All three scales showed good construct validity, as well as adequate 
accuracy with areas under the curve (AUC) between 0.80 and 0.88. PHQ-2 (≥ 3), GAD-2 (≥ 3), and PHQ-4 (≥ 6) had sensitivities 
between 46.4% and 61.2% and specificities between 89.4% and 94.5% with their established cut-off points and the respective BSI 
scales as criterion standards. With a lowered cut-off point of ≥ 4, sensitivity and specificity of the PHQ-4 total scale were 80.5% 
and 80.2%, respectively, for detecting clinically significant psychological distress according to the GSI.
Conclusion At a lowered cut-off point, the PHQ-4 total scale has sufficient psychometric quality to detect self-reported clinically 
significant psychological distress including depression and/or anxiety in surgical patients. PHQ-2 and GAD-2 are not recommend-
ed as exclusive measures of depression and anxiety in these patients.

Screening for depression, anxiety, and gen-
eral psychological distress in pre-operative 
surgical patients: A psychometric analysis of 
the Patient Health Questionnaire 4 (PHQ-4)
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gent or emergency surgery; inability to attend the preop-
erative assessment clinic (bedside visit); members of the 
hospital staff; relatives of the study team; study partici-
pation in another clinical trial; homelessness; admitted 
in police custody; unwilling to use or incapable of using 
a computer. After having been properly instructed, pa-
tients supplied written informed consent to participate 
in the study.

From January 2010 to June 2010, we assessed 7,178 
patients for eligibility. Of these, 3,157 were not eligible 
according to the inclusion/exclusion criteria, 953 re-
fused to participate, and datasets of 216 patients were 
not applicable for data analyses because of missing data 
in the PHQ-4 and / or the BSI. As a result, data of 2,852 
patients were analysed in this study. Figure 1 shows the 
details of the inclusion process. 

Measures
PHQ-4 
The PHQ-4 is an ultra-short screening tool for depres-
sion and anxiety that combines the first two items of 

naires of psychiatric symptoms like the Brief Symptom 
Inventory (BSI) (10;11). As a consequence, short depres-
sion and anxiety screening tools should be highly sen-
sitive to detect clinically significant depression, anxiety 
and general psychological distress that are measured 
by comprehensive self-report questionnaires. Particu-
larly, the initial screening should avoid false-negative 
results because in the second step, only patients scoring 
positively can be further diagnostically examined with a 
clinical interview. On the other hand, specificity should 
not be too low in order to avoid an inadequately high 
number of diagnostic interviews with patients scoring 
false-positive (12).

We investigated whether the ultra-short Patient Health 
Questionnaire-4 (PHQ-4) and its subscales Patient 
Health Questionnaire-2 (PHQ-2) and Generalised Anxi-
ety Disorder Scale-2 (GAD-2) are reliable and valid 
screening tools for self-reported depression, anxiety and 
general psychological distress of surgical patients in the 
preoperative anaesthesiological assessment clinic. As 
criterion standards, we used diverse scales of the BSI, a 
well-established and validated self-report questionnaire 
for a wide range of symptoms of psychological distress 
and mental disorders (10;11;13). 

Material and Methods
Setting, study design and patient sample
This prospective observational study is a part of the 
feasibility study on BRIA which was approved by the 
Ethics Committee of Charité University Medicine Ber-
lin [EA1/23/2004, Amendment April 2009] and was 
conducted according to the principles expressed in the 
Declaration of Helsinki. The full details of the setting, 
assessment instruments and recent sub-studies of the 
BRIA project are available elsewhere (5;8;9). We collect-
ed preoperative psychosocial questionnaire data with a 
computer-assisted self-assessment, including screening 
for depression, anxiety and general psychological dis-
tress. This assessment took place before the anaesthe-
siological examination in the preoperative assessment 
clinics of the Charité – University Medicine Berlin. Six 
months after the preoperative assessment, we obtained 
medical data from the electronic patient management 
system of the hospital.

The computer-assisted preoperative self-assessment 
took place from Monday to Friday between 9.00 am and 
5.00 pm in order to cover the complete opening hours of 
the assessment clinics. Inclusion criteria were: patient in 
a preoperative anaesthesiological assessment clinic, suf-
ficient knowledge of German language, age ≥18 years, 
written informed consent. Exclusion criteria were: ur-

Assessed for eligibility 
n=7,178 

Enrolled in preoperative 
computer-assisted 
self-assessment n=3,068

Missing data in PHQ-4 
and/or BSI n=216

Analyzed n=2,852 
(men n=1,484 
women n=1,368)

Excluded n=4,110
- Age <18 years n=2,026
- Not fluent in German 
   n=852
- Not willing / able to use   
   computer n=148
- Hospital staff n=16
- Participant of other clinical 
   study n=115
- Declined to participate 
   n=953

Figure 1 Flowchart of phases of the clinical trial
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sensitivities of 0.86, 0.76, 0.70, 0.59 and 0.65, as well 
as specificities of 0.83, 0.81, 0.81, 0.81 and 0.88 for the 
criterion standards generalised anxiety disorder, panic 
disorder, social anxiety disorder, posttraumatic stress 
disorder and any anxiety disorder (17). 

BSI
The Brief Symptom Inventory (BSI) is an inter- 
nationally widely used and validated 53-item self-report 
scale of symptoms of psychological distress. This short 
form of the Symptom Checklist 90-R (SCL-90-R) has 
proven sound psychometric properties in community 
samples as well as in samples of patients with medical 
conditions and mental disorders (10;11;13;18). The 53 
items measure severity of diverse symptoms of men-
tal disorders during the past 7 days and are rated on a 
5-point scale from 0 (not at all) to 4 (extremely). The 
scale consists of 9 subscales of symptom dimensions 
with mean scale scores ranging from 0 to 4. The total 
scale score Global severity index (GSI) is the mean of all 
53 items. It reflects both the number of symptoms and 
intensity of perceived distress. Whereas previous stud-
ies challenged the symptom dimensions and suggested a 
unidimensional structure of the BSI, recent research has 
shown superiority of a bifactorial model with one fac-
tor reflecting general psychological distress and a sec-
ond factor consisting of the domain-specific symptom 
dimensions (19). We used the scale scores depression, 
anxiety, phobic anxiety, interpersonal sensitivity, as well 
as the GSI (Global Severity Index). The cut-off points 
for clinically significant symptoms are, according to the 
test manual, for all scales at the T-score of the norma-
tive population sample of T ≥ 0.63 (10;11). In the present 
sample, the reliability coefficients of the scales ranged 
from sufficient to excellent with Cronbach’s alphas of 
0.85, 0.79, 0.74, 0.78 and 0.96 for depression, anxiety, 
phobic anxiety, interpersonal sensitivity, and the total 
scale. 

Statistical Analyses
Data were entered into a computerised database and sta-
tistical analyses were performed with IBM SPSS Statis-
tics, Version 21. Data of those cases who had any missing 
item in the PHQ-4, or according to the test manual of the 
BSI, more than 1 missing item in any of the four investi-
gated subscales, or more than 13 missing items in the to-
tal scale of the BSI were excluded from analyses (11). De-
scriptive results were expressed as follows: frequencies 
and percent; median (Md) and range of the 25th-75th per-
centiles (interquartile range IQR); mean (M) and stan-
dard deviation (SD); mode; skewness, kurtosis and the 
respective standard errors (SE); minimum, maximum. 
Reliability of the scales was studied by Cronbach’s alpha, 
Pearson correlations and principal component analysis 

each of the scales Patient Health Questionnaire-9 (PHQ-
9) and Generalised Anxiety Disorder-7 (GAD-7) (3). 
Thereby this 4-item self-report questionnaire consists of 
two 2-item subscales, the depression scale PHQ-2 and 
the anxiety scale GAD-2 (14). The items of the PHQ-4 
measure core symptoms of depressive disorders (loss 
of interest, depressed mood) and generalised anxiety 
disorder (feeling nervous and anxious, difficulty to stop 
or control worrying). The questionnaire starts with the 
general question “Over the last two weeks, how often 
have you been bothered by the following problems?” and 
continues with asking for the four symptoms which are 
rated on a 4-point scale from 0 (‘not at all’) to 3 (‘near-
ly every day’). The total sum score ranges from 0 to 12 
with a range of 0 to 6 for each of the two subscales. An 
additional single item that is not included in any of the 
scale sum scores asks for the extent of the respondent’s 
subjective psychosocial symptom-related impairment. A 
PHQ-2 score ≥ 3 indicates clinically significant depres-
sion, and a GAD-2 score ≥ 3 indicates clinically signifi-
cant anxiety (3). Because it corresponds to a percentile 
rank of 95.7 of the normative data of a large German 
population sample, a PHQ-4 total score cut-off point ≥ 6 
has been recommended as an indicator of the presence 
of a depressive or an anxiety disorder (4). 

Kroenke et al. investigated the psychometric proper-
ties of the PHQ-4 in a sample of 2,149 primary care 
patients (14). They reported good reliability with Cron-
bach’s alphas of 0.85, 0.81 and 0.82 for the total scale, 
the PHQ-2 and the GAD-2, respectively. Factor analysis 
confirmed two suggested factors with the two depres-
sion items loading highest on factor 1 and the two anxi-
ety items loading on factor 2. Construct validity has been 
shown by adequate associations with diverse domains 
of health-related quality of life, as well as self-reported 
disability days and physician visits. Reliability, factorial 
and construct validity were confirmed in a large general 
population sample (4). Criterion validity of the PHQ-2 
and the GAD-2 were tested in separate studies which 
used structured clinical interview diagnoses according 
to DSM-IV as criterion standards. 

The PHQ-2 cut-off point of ≥ 3 had a sensitivity of 0.83 
and a specificity of 0.90 for ‘major depressive disorder’, 
as well as a sensitivity of 0.62, and a specificity of 0.95 
for ‘any depressive disorder’ in a sample of 580 US-
American clinical patients (15). In a German sample of 
520 medical outpatients, criterion validity of the cut-off 
point ≥ 3 was confirmed with a sensitivity of 0.87 and 
a specificity of 0.78 for ‘major depressive disorder’, as 
well as a sensitivity of 0.79 and a specificity of 0.86 for 
‘any depressive disorder’ (16). In a clinical sample of 965 
US-American patients, the GAD-2 cut-off point ≥ 3 had 
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above 1. It explains 67% of the total variance. The items 
1, 2, 3 and 4 have loadings on this factor of 0.693, 0.873, 
0.833 and 0.854. Including a second factor in the PCA 
revealed that the two factors explained 83% of the to-
tal variance. After varimax rotation, the first factor ex-
plained 55% and the second factor 28% of the total 
variance. However, rotated component matrix does not 
confirm the original item allocation to PHQ-2 and GAD-
2. Whereas item 1 loads higher on the factor 2 (0.962), 
the items 2, 3 and 4 load higher on the factor 1 (0.809, 
0.861 and 0.851).

Construct validity
Associations with parameters that are different from 
depression, anxiety and general psychological distress 
demonstrate a clear pattern (Table 4). All 3 PHQ-4 scales 
correlate only weakly with age, gender, partnership sta-
tus, education and physical health, indicating good dis-

(PCA). Validity was studied using correlations, as well as 
sensitivity, specificity, negative predictive value (NPV), 
positive predictive value (PPV), positive likelihood ratio 
(LR) and ROC-AUC analyses. Comparison of different 
cut-off points was based on the Youden index. In order 
to estimate which corresponding sizes of sensitivity and 
specificity can be considered as an optimal trade-off we 
followed the suggestion of Löewe et al. (2004) for a two-
stage screening (screening followed by further examina-
tion, e.g. a structured clinical interview) (12): The cut-
off points that had a maximum sensitivity lying above 
specificity which, in turn, should be at least 75% were 
considered the best. All 95% confidence intervals were 
calculated with the confidence interval calculator (20) or 
SPSS. As criterion standard measures, we used clinically 
significant depression, anxiety, phobic anxiety, inter-
personal sensitivity and general psychological distress 
as measured with respective BSI scales. A two-tailed p-
value < 0.05 was considered statistically significant.

Results
Sample characteristics
Demographic, medical and psychological characteristics 
of the 2,852 study participants are summarised in Table 
1. The patients had a median age of 47 years, and the 
ratio of women and men was nearly equally distributed. 
Concerning preoperative physical health, the majority of 
the patients was evaluated as healthy or having mild sys-
temic disease and no functional limitations. There were 
moderately higher percentages of patients living with a 
partner, having no university entrance qualification and 
being treated in the abdominal and thoracic surgical 
field. The frequency of clinically significant psychologi-
cal distress ranged from 9.2% for interpersonal sensitiv-
ity to 14.6% for general psychological distress.

Item and scale characteristics
Detailed item and scale characteristics of PHQ-2, GAD-
2 and PHQ-4 are shown in Tables 2 and 3. Concerning 
item intercorrelations, it is noteworthy that the PHQ-2 
item 2 has stronger correlations with the GAD-2 items 
3 (0.64) and 4 (0.67) than with the PHQ-2 item 1 (0.50) 
(Table 2). Whereas reliability in terms of Cronbach’s 
alpha is sufficient for the GAD-2 (0.78) and good for 
the PHQ-4 (0.83) it is rather low for the PHQ-2 (0.66).  
Using the originally established cut-off points, the scales 
indicate that the rates of clinically significant depres-
sion, anxiety, as well as depression or anxiety are 17.4%, 
13.3% and 12.2%, respectively.

Factorial validity
Principal component analysis of the PHQ-4 items in-
dicates that there is only one factor with an eigenvalue 

Table 1 Characteristics of the sample; N = 2852+ surgical patients

Median 
[IQR]

Number 
(%)

Demographic and clinical characteristics

Age in years [25th – 75th percentiles] 47 [34-60]

Women 1484 (52.0)

Partnership status: living with a partner 1772 (62.6)

Level of education: university entrance 
qualification

1217 (42.9)

Preoperative physical health (ASA Classification)a)

ASA I, II 2456 (87.0)

ASA III, IV 368 (13.0)

Surgical field

Abdomino thoracic surgery 1126 (39.9)

Peripheral surgery 817 (28.9)

Neuro-, head and neck surgery 881 (31.2)

Clinically significant depression, anxiety and general psychological 
distress according to BSI scalesb) 

Clinically significant depression 381 (13.4)

Clinically significant anxiety 316 (11.1)

Clinically significant phobic anxiety 276 (9.7)

Clinically significant interpersonal sensi-
tivity

261 (9.2)

Clinically significant general psychological 
distress (GSI)

415 (14.6)

+Number ranges for the specific variables from 2824 to 2852 because 
of missing data; a)ASA classification (American Society of Anesthesiolo-
gists). ASA I, II: Healthy patients (ASA I), and patients with mild systemic 
disease, no functional limitations (ASA II); ASA III, IV: Patients with severe 
systemic disease with definite functional limitation (ASA III), and patients 
with severe systemic disease that is a constant threat to life (ASA IV);  
b)Clinically significant depression, anxiety, phobic anxiety, interpersonal 
sensitivity and general psychological distress according to BSI; Cut-off for 
all scales: T-score ≥ 0.63 (10, 11).
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tween 46.4% for the GAD-2 with the criterion BSI pho-
bic anxiety, and 61.2% for the PHQ-2 with the criterion 
BSI depression. On the other hand, specificities of the 
PHQ scales are high with a range between 89.4% for the 
PHQ-2 with the criterion BSI depression, and 94.5% for 
the PHQ-4 with BSI-GSI as criterion. Correspondingly, 

criminant validity. Convergent validity is demonstrated 
by moderate to strong correlations with the BSI scales 
depression, anxiety, phobic anxiety, interpersonal sensi-
tivity and GSI, as well as the PHQ single item of subjec-
tive psychosocial impairment (Table 4).

Criterion validity 
Table 5 summarises sensitivity, specificity, positive 
likelihood ratio, positive predictive value and negative 
predictive value of the PHQ-2, GAD-2 and PHQ-4 with 
the established cut-off points and the five BSI scales 
as criterion standards. Across all criterion standards 
sensitivities of the PHQ scales are low with a range be-

Table 2 Item characteristics of the PHQ-4; N = 2,852 surgical patients

Item 1 Item 2 Item 3 Item 4

Item 1: Little interest or pleasure in doing things

Item 2: Feeling down, depressed, or hopeless 0.50*

Item 3: Feeling nervous, anxious or on edge 0.41* 0.64*

Item 4: Not being able to stop or control worrying 0.44* 0.67* 0.63*

Corrected item-total correlation a) 0.51 0.74 0.67 0.71

Mean (SD) 0.82 (0.84) 0.59 (0.78) 0.75 (0.80) 0.47 (0.76)

[95% CI] [0.79; 0.85] [0.56; 0.62] [0.72; 0.78] [0.44; 0.50]

Median [25th – 75th percentiles] 1 [0-1] 0 [0-1] 1 [0-1] 0 [0-1]

Mode 1 0 1 0

Skewness (SE) 0.99 (0.05) 1.36 (0.05) 1.08 (0.05) 1.77 (0.05)

Kurtosis (SE) 0.61 (0.09) 1.47 (0.09) 0.97 (0.09) 2.76 (0.09)

Minimum - Maximum 0-3 0-3 0-3 0-3

* p < 0.001, a) Correlation between the respective item and the sum score of the remaining three items of the PHQ-4.

Table 3 Scale characteristics of PHQ-2, GAD-2, and PHQ-4 N = 2,852 
surgical patients

PHQ-2 GAD-2 PHQ-4

GAD-2 0.69*

PHQ-4 0.92* 0.92*

Mean (SD) 
[95% CI]

1.41 (1.40)
[1.36; 1.46]

1.22 (1.41)
[1.17; 1.27]

2.63 (2.58)
[2.54; 2.72]

Median [25th – 75th per-
centiles]

1 [0-2] 1 [0-2] 2 [1-4]

Mode 0 0 0

Skewness (SE) 1.10 (0.05) 1.53 (0.05) 1.39 (0.05)

Kurtosis (SE) 0.98 (0.09) 2.33 (0.09) 1.92 (0.09)

Minimum - Maximum 0 - 6 0 - 6 0 - 12

Cronbach's alpha 0.66 0.78 0.83

Patients ≥ cut-off pointa) n 
(%)

496 (17.4) 380 (13.3) 348 (12.2)

* p < 0.001, a) Cut-off point: PHQ-2 ≥ 3, GAD-2 ≥ 3 (3); PHQ-4 ≥ 6 (4). 

Table 4 Construct validity: Pearson correlations of sum scores of PHQ-2, 
GAD-2, and PHQ-4 with demo-graphic and clinical parameters N = 2,852 
surgical patients

PHQ-2 GAD-2 PHQ-4

Discriminant validity

Age in years -0.02 -0.07*** -0.05**

Gendera) 0.09*** 0.16*** 0.13***

Partnership status: living with a 
partnerb)

-0.10*** -0.09*** -0.10***

Level of education: university 
entrance qualificationc)

-0.06** -0.03 -0.04*

Physical healthd)+ 0.05** 0.00 0.03

Convergent validity

BSI depressione) 0.61*** 0.65*** 0.68***

BSI anxietye) 0.50*** 0.66*** 0.63***

BSI phobic anxietye) 0.38*** 0.46*** 0.46***

BSI interpersonal sensitivitye) 0.48*** 0.55*** 0.56***

BSI GSI, general psychological 
distresse)

0.60*** 0.67*** 0.69***

PHQ-4, single item subjective 
psychosocial impairment

0.64*** 0.64*** 0.70***

*p < 0.05; **p < 0.01; ***p < 0.001, a)Men = 0, women = 1, b)Living 
without partner = 0; living with partner = 1, c)No university entrance 
qualification = 0; university entrance qualification = 1, d)Physical health 
according to ASA classification (American Society of Anesthesiologists): 
‘ASA I, II’ = 0; ‘ASA III, IV’ = 1, e)Mean scores of the respective BSI scales 
+n = 2,824 because of missing data.
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tool for self-reported depression and anxiety in surgical 
patients. The most important result is that the PHQ-4 
proved to be a reliable and valid measure that accurately 
detected self-reported clinically significant general psy-
chological distress, including depression and/or anxiety, 
in a sample of 2,852 preoperative surgical patients. Re-
liability and construct validity of the PHQ-4 total scale 
are demonstrated by an alpha of 0.83, weak correlations 
with parameters not measuring psychological distress, 
as well as strong correlations with the BSI-GSI, the BSI 
depression and anxiety scales, and the PHQ-4 psychoso-
cial impairment item. Criterion validity is indicated by 
a large AUC of 0.88 with the BSI-GSI as criterion stan-
dard. Analysis of operating characteristics of the PHQ-4 
total scale suggest that not the established cut-of point 
of ≥ 6, but a lowered cut-off point of ≥ 4 yield the best 
trade-off between sensitivity (80.5%) and specificity 
(80.2%).

Comparison with other studies
Previous studies demonstrated good psychometric 
properties of the PHQ-4, the PHQ-2 and the GAD-2 (4; 
14-17). Recent studies confirmed these results with more 
evidence for the PHQ-2 (21-26) than for the GAD-2 (27; 
28). Studies using the PHQ-4 as a stand-alone question-
naire did not re-evaluate its psychometric properties but 
used its subscales in the context of clinical objectives 
or to evaluate other instruments (8;29-31). Our results 
concerning PHQ-2 and GAD-2 as explicit subscales of 
the PHQ-4 are rather complicated and in some points 
inconsistent with previous research. A comprehensive 
discussion of the detailed item and scale characteristics 
is beyond the scope of this article. We decided to include 
these details in the tables 2 and 3 in order to stimulate 
further comparisons of our data with independent data 
sets based on clinical and population samples. In the 
following discussion we focus on the most important 

positive predictive values are low and negative predic-
tive values are high. 

Sensitivities and specificities resulting from different 
cut-off points are visualised with ROC curves in Figure 
2. PHQ-2, GAD-2 and PHQ-4 are related to clinically 
significant depression, anxiety and general psychologi-
cal distress as measured with the respective BSI scales. 
The AUC as a measure of classification performance was 
greatest for the PHQ-4 with BSI-GSI as criterion stan-
dard (0.88). With values between 0.80 and 0.87, the 
AUCs of PHQ-2 and GAD-2 can also be considered as 
good. 

Table 6 summarises sensitivity, specificity and Youden 
index of PHQ-2, GAD-2 and PHQ-4 at various tentative-
ly selected cut-off points. For all three PHQ scales the 
highest Youden index can be observed at cut-off points 
that are lower than the established cut-off points. The 
present data indicate cut-off points of ≥ 2 for PHQ-2 and 
GAD-2, as well as ≥ 4 for the PHQ-4. These points yield 
sensitivities from 76.1% to 90.3% and specificities from 
67.1% to 75.0% for PHQ-2 and GAD-2, respectively. 
With a cut-off point of ≥ 4, sensitivity and specificity of 
the PHQ-4 total scale are 80.5% and 80.2%, respectively, 
for detecting clinically significant psychological distress 
according to the GSI. Regarding the suggestion of Löwe 
et al. (2004) for an adequate trade-off between sensitiv-
ity and specificity (12), only the GAD-2 with criterion 
BSI anxiety and the PHQ-4 with the criterion BSI-GSI 
show specificities of at least 75% and sensitivities that 
are above the respective specificity. The corresponding 
two lines of Table 6 are highlighted in bold.

Discussion 
To our knowledge, this is the first study that investi-
gated psychometric quality of an ultra-short screening 

Table 5 Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and positive likelihood ratio (LR) of PHQ-2, GAD-2, and PHQ-
4 with the established cut-off points and the respective BSI scales as criterion standards N = 2,852 surgical patients

Sensitivity (95% CI) Specificity (95% CI) Positive LR (95% CI) PPV (95% CI) NPV (95% CI)

PHQ-2a) Criterion standard: 
BSI depression b)

0.612 (0.562-0.659) 0.894 (0.881-0.905)   5.75 (5.00-6.61) 0.470 (0.426-0.514) 0.937 (0.927-0.946)

GAD-2a) Criterion standard: BSI anxiety b) 0.563 (0.508-0.617) 0.920 (0.909-0.930)   7.07 (6.00-8.33) 0.468 (0.419-0.519) 0.944 (0.934-0.953)

GAD-2a) Criterion standard: BSI phobic 
anxiety b)

0.464 (0.406-0.523) 0.902 (0.890-0.913)   4.74 (3.99-5.64) 0.337 (0.291-0.386) 0.940 (0.930-0.949)

GAD-2a) Criterion standard: BSI interper-
sonal sensitivity b)

0.556 (0.495-0.615) 0.909 (0.898-0.920)   6.13 (5.20-7.21) 0.382 (0.334-0.432) 0.953 (0.944-0.961)

GAD-2a) Criterion standard: BSI phobic 
anxiety b)

0.464 (0.406-0.523) 0.902 (0.890-0.913)   4.74 (3.99-5.64) 0.337 (0.291-0.386) 0.940 (0.930-0.949)

PHQ-4a) Criterion standard: BSI-GSI b) 0.516 (0.468-0.563) 0.945 (0.935-0.953)   9.38 (7.76-11.33) 0.615 (0.563-0.665) 0.920 (0.908-0.930)
a) Cut-off points: PHQ-2 ≥ 3, GAD-2 ≥ 3 (3), PHQ-4 ≥ 6 (4), b) Clinically significant depression, anxiety, phobic anxiety, interpersonal sensitivity and general 
psychological distress according to BSI; Cut-off for all scales: T-score ≥ 0.63 (10;11).
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points. While reliability of the PHQ-2 was weak, it was 
sufficient for the GAD-2. Both scales proved good con-
struct validity. Adequately large AUC’s indicate good 
criterion validity. However, PCA and analyses of oper-
ating characteristics advice caution when applying the 
subscales PHQ-2 and GAD-2 with the established cut-
off points of ≥ 3 to detect self-reported clinically signifi-
cant depression and anxiety. The accuracy of both scales 
could be moderately increased by using cut-off points of 
≥ 2. This result is consistent with findings in recent stud-
ies (22-25;27). However, the trade-off between sensi- 
tivity and specificity could not be optimised by this  
strategy. Sensitivities that were adequately high to avoid 
a large number of false-negative results in the first step 
of a two-stage screening were now associated with speci-
ficities hardly reaching 75%. This indicates more pa-
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Figure 2 Receiver operating characteristic curves for the PHQ-4 scales with clinically significant depression, anxiety and general psychological distress as mea-
sured with the respective BSI scales as criterion standards. A. AUC (S.E.; 95% CI) is 0.863 (0.009; 0.845 - .882) for the PHQ-2 with BSI depression as criterion 
standard. B. AUC is 0.873 (0.01; 0.854 - .892) for the GAD-2 with BSI anxiety as criterion standard. C. AUC is 0.801 (0.014; 0.773 - 0.829) for the GAD-2 with 
BSI phobic anxiety as criterion standard. D. AUC is 0.833 (0.014; 0.806 - 0.861) for the GAD-2 with BSI interpersonal sensitivity as criterion standard. E. AUC is 
0.88 (0.009; 0.863 - 0.897) for the PHQ-4 with BSI-GSI as criterion standard.
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Methodological limitations
The major limitation of our study is that we could not 
determine diagnostic accuracy of the PHQ-4 with diag-
noses of mental disorders as criterion standards. This 
lies in the nature of the two-stage screening because only 
patients scoring positive in the first step are examined 
in the second step of clinical diagnostics. A second limi-
tation is that our results are based on a first in-sample 
evaluation of the PHQ-4 as a stand-alone questionnaire. 

tients scoring false positive who will have to be exam-
ined clinically in the diagnostic stage. Finally, it has to be 
mentioned that, inconsistent with previous studies (14; 
4), the original allocation of the PHQ-4 items to PHQ-2 
and GAD-2 could not be confirmed by PCA. Therefore, 
the subscales, at least in the present sample, do not seem 
to be suited to classify patients into groups of only de-
pression, only anxiety or both depression and anxiety. 

PHQ-2 with BSI depression as criterion standard

Cut-off score Sensitivity Specifity Youden index

≥ 0 1.000 0.000 0

≥ 1 0.982 0.365 0.35

≥ 2 0.903 0.671 0.57

≥ 3 0.612 0.894 0.51

≥ 4 0.415 0.958 0.37

≥ 5 0.218 0.990 0.21

= 6 0.108 0,998 0.11

GAD-2 with BSI phobic anxiety as criterion standard

Cut-off score Sensitivity Specifity Youden index

≥ 0 1.000 0.000 0

≥ 1 0.928 0.412 0.34

≥ 2 0.761 0.729 0.49

≥ 3 0.464 0.902 0.37

≥ 4 0.362 0.950 0.31

≥ 5 0.221 0.977 0.20

= 6 0.156 0.986 0.14

PHQ-4 total score with BSI-GSI as criterion standard

Cut-off score Sensitivity Specifity Youden index

≥ 0 1.00 0.000 0.00

≥ 1 0.990 0.252 0.24

≥ 2 0.969 0.474 0.57

≥ 3 0.906 0.664 0.57

≥ 4 0.805 0.802 0.61+

≥ 5 0.636 0.904 0.54

≥ 6 0.516 0.945 0.46

≥ 7 0.417 0.968 0.39

≥ 8 0.325 0.980 0.31

≥ 9 0.217 0.988 0.21

≥ 10 0.159 0.993 0.15

≥ 11 0.101 0.997 0.10

= 12 0.067 0.998 0.07

GAD-2 with BSI anxiety as criterion standard

Cut-off score Sensitivity Specifity Youden index

≥ 0 1.00 0.0 0.0

≥ 1 0.981 0.424 0.41

≥ 2 0.864 0.750 0.61+ 

≥ 3 0.563 0.920 0.48

≥ 4 0.430 0.963 0.39

≥ 5 0.256 0.985 0.24

= 6 0.174 0.990 0.16

GAD-2 with BSI interpersonal sensitivity as criterion standard

Cut-off score Sensitivity Specifity Youden index

≥ 0 1.000 0.000 0

≥ 1 0.935 0.411 0.35

≥ 2 0.816 0.732 0.55

≥ 3 0.556 0.909 0.47

≥ 4 0.433 0.955 0.39

≥ 5 0.241 0.978 0.22

= 6 0.165 0.986 0.15

Table 6 Operating characteristics of PHQ-2, GAD-2, and PHQ-4 with the respective BSI scale as criterion standard N = 2,852 surgical patients

+Highlighted in bold: Specificities of at least 75% and sensitivities above the respective specificity according to a suggestion of Löwe et al. (2004) for an 
adequate trade-off between sensitivity and specificity (12)



Research and Best Practice

C L I N
 I 

C 
A

 L
   
• 

  H
 E A L T H   •   P R O

 M
 O

 T I O N   •

   
   

   
    

     
                                      staff competencie

s

   
  e

vi
de

nc
e

   
   

   
    

     
     patient preferences

April | 2014 | Page  13Volume 4 | Issue 1 www.clinhp.org

Editorial Office, WHO-CC • Clinical Health Promotion Centre • Bispebjerg & Frederiksberg Hospital, University of Copenhagen, Denmark
Copyright © Clinical Health Promotion - Research and Best Practice for patients, staff and community, 2014

Editorial Office, WHO-CC • Clinical Health Promotion Centre • Bispebjerg & Frederiksberg Hospital, University of Copenhagen, Denmark
Copyright © Clinical Health Promotion - Research and Best Practice for patients, staff and community, 2014

stepped care of surgical patients.
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