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A B S T R A C T   

Background: The four-item Patient Health Questionnaire-4 (PHQ-4) is a widely used screening measure for 
depression and anxiety. 
Objectives: This study aimed to test factor structure and measurement invariance in an adult sample of the general 
population across seven European countries. 
Method: A total sample of 9230 adults, 71.3 % female, Mage = 44.35 (SD = 14.11) from seven countries (Austria, 
Croatia, Georgia, Germany, Lithuania, Portugal, and Sweden) participated in the study. We applied confirmatory 
factor analysis (CFA) to examine the factor structure and measurement invariance testing to evaluate mea
surement equivalence across countries, gender, and age groups. 
Results: The CFA yielded that a two-factor PHQ-4 model with separate depression and anxiety factors had the best 
fit. Partial scalar measurement invariance was established across different groups based on gender, age, and 
country. 
Conclusions: The PHQ-4 is a valid and reliable measure that can be applied to screen for depression and anxiety in 
the general population. 
Limitations: The limitation of the study includes the sampling, which resulted in the sample structure with the 
majority of females, predominantly of high education and from urban communities.  
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1. Introduction 

The 4-item Patient Health Questionnaire-4 (PHQ-4) is a brief 
screening measure for depression and anxiety (Kroenke et al., 2009). 
Empirical studies support the validity and reliability of the PHQ-4 in 
general population samples (Christodoulaki et al., 2022; Kocalevent 
et al., 2014; Lenz and Li, 2022; Löwe et al., 2010; Wicke et al., 2022), as 
well as in clinical samples (Khubchandani et al., 2016; Xiong et al., 
2015). Psychometric properties of the PHQ-4 have been reported in 
multiple languages, such as English, German, Greek, Mandarin, Spanish, 
and others, revealing a wide use of this screening measure. The majority 
of studies using confirmatory factor analysis (CFA) suggest that the two- 
factor structure of the PHQ-4, with two items measuring depression and 
two items measuring anxiety, best mirrors the instrument’s latent 
structure. Furthermore, several studies provided tentative findings of 
measurement invariance of the PHQ-4 across different gender and age 
groups (Lenz and Li, 2022; Mendoza et al., 2022). 

While there is a growing number of validation studies of the PHQ-4, 
more empirical data is still needed to test the psychometric properties of 
the PHQ-4 across multiple countries. So far, psychometric properties of 
the PHQ-4 have mostly been tested in a single country, with different 
sampling approaches and data collection methods used across different 
studies. Cross-cultural comparison studies of the PHQ-4 usually compare 
data from different groups collected within one country, for example, 
migrant vs. host population (Tibubos and Kröger, 2020). Furthermore, 
little research has been conducted to test the measurement invariance of 
the PHQ-4 across gender, age groups, or multiple countries. Therefore 
there is a need for research and clinical practice of large multi-country 
studies of the PHQ-4, which would provide information on the compa
rability of the PHQ-4 data obtained in different countries. The present 
study aimed to evaluate the psychometric properties, factor structure, 
and measurement invariance of the PHQ-4 in a large general population 
sample, including individuals from seven European countries. 

2. Materials and method 

2.1. Participants and procedure 

Data for this study was extracted from the dataset of the first wave of 
the longitudinal European Society of Traumatic Stress Studies (ESTSS) 
pan-European study ADJUST (Lotzin et al., 2020). The methods and 
procedures of the ADJUST study have been published previously (Lotzin 
et al., 2020, 2021). In brief, the ADJUST study was launched in 2020 by 
the ESTSS to investigate how stressors, risk, and protective factors 
contribute to the longitudinal course of various mental health in
dicators, with a primary focus on adjustment disorder and posttraumatic 
stress disorder symptoms, in response to the COVID-19 pandemic across 
eleven European countries: Austria, Croatia, Georgia, Germany, Greece, 
Italy, Lithuania, the Netherlands, Poland, Portugal, and Sweden. Inclu
sion criteria were (1) at least 18 years of age, (2) the ability to read and 
write in the respective native language, and (3) willingness to partici
pate in the study. The study has been approved by the relevant ethics 
committees in all participating countries. All participants provided 
informed consent prior to participation in the study. 

Based on the study protocol (Lotzin et al., 2020), measures of 
depression and anxiety in the ADJUST study were optional for each 
participating country; therefore, data on depression and anxiety symp
toms were not available in all ADJUST countries. In the current study, 
we utilized data from seven countries that have included the PHQ-4 
items in their national surveys: Austria, Croatia, Georgia, Germany, 
Lithuania, Portugal, and Sweden. All participants were recruited from 
the general population from June to November 2020; the sample size 
varied from 571 to 2245 across the studied countries. Recruitment was 
predominantly conducted online due to the COVID-19 restrictions. 
Multiple recruitment strategies were used to reach various age and 
professional groups, such as promoting the study via messages on social 

networks, advertisements in media, or disseminating invitations to 
various professional organizations and interest groups (Lotzin et al., 
2021). In total, data from 9230 adults, 71.4 % female, with a mean age 
of 44.35 (SD = 14.11), were used in this study. The sociodemographic 
characteristics of the study sample are presented in Table 1. 

2.2. Measures 

2.2.1. The Patient Health Questionnaire-4 (PHQ-4) 
The symptoms of depression and anxiety were assessed using the self- 

report Patient Health Questionnaire-4 (PHQ-4) (Löwe et al., 2010). The 
PHQ-4 consists of two Patient Health Questionnaire items (PHQ-2) used 
to assess the core symptoms of depression (Kroenke et al., 2003), and 
two Generalized Anxiety Disorder Screener items (GAD-2) used to 
measure the core symptoms of a generalized anxiety disorder (Kroenke 
et al., 2007). Participants were asked to indicate how often they were 
bothered by the listed symptoms during the past two weeks. All the 
PHQ-4 items are rated on a four-point Likert scale, ranging from 0 = “not 
at all” to 3 = “nearly every day”. The total score of the PHQ-4 is a sum of 
responses to all four items, ranging from 0 to 12. The sum of both sub
scales, PHQ-2, and GAD-2 scores, can range from 0 to 6. For the PHQ-2 
and GAD-2, a cut-off score of ≥3, indicating a risk of depression or 
anxiety, respectively (Löwe et al., 2010), was used in the study. The 

Table 1 
Characteristics of the sample (N = 9230).  

Sample characteristicsa N % 

Gender   
Female 6585 71.4 
Male 2604 28.2 
Other 40 0.4 

Age   
Mean (SD) 44.35 (14.11) – 
Range 18–96 – 

Age group   
18–29 1548 16.8 
30–45 3381 36.7 
46–64 3496 37.9 
65+ 800 8.7 

Country   
Austria 809 8.8 
Georgia 775 8.4 
Germany 2245 24.3 
Croatia 1942 21.0 
Lithuania 571 6.2 
Portugal 728 7.9 
Sweden 2160 23.4 

Residence   
Rural area 735 10.1 
Small city or town 1530 21.0 
Suburb near a large city 896 12.3 
Large city 4127 56.6 

Education   
Less than 10 years of schooling 117 1.3 
10 or more years of schooling 1553 16.8 
Vocational studies 1413 15.3 
University degree 6147 66.6 

Employment   
Student 987 10.7 
Employed part-time 1353 14.7 
Employed full-time 5406 58.6 
Self-employed 502 5.4 
Freelancer 243 2.6 
Retired 884 9.6 
Seeking work 436 4.7 

Relationship status   
Single 2410 26.2 
Temporary relationship(s) 213 2.3 
Stable relationship, living separately 893 9.7 
Stable relationship, living together 5679 61.8 

Note. a Missing data for gender (1 case), age (5), residence (1942), relationship 
status (35). 
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PHQ-4 items in various languages used in the current study are pre
sented in Supplementary materials. 

2.2.2. The World Health Organization Well-Being Index (WHO-5) 
The subjective psychological well-being was measured using the 

self-report World Health Organization Well-Being Index (WHO-5, Topp 
et al., 2015). The WHO-5 comprises five items, each rated on a six- 
point scale, ranging from 0 = “at no time” to 5 = “all of the time”. 
The sum of responses to each item multiplied by 4 derives a total score 
of the WHO-5, ranging from 0 to 100. Higher scores indicate higher 
levels of psychological well-being. McDonald’s omega (McDonald, 
1978) of the WHO-5 in the overall sample was 0.90, and in different 
countries, as follows: Austria ɷ = 0.90, Croatia ɷ = 0.92, Georgia ɷ =
0.89, Germany ɷ = 0.89, Lithuania ɷ = 0.90, Portugal ɷ = 0.93, 
Sweden ɷ = 0.90. 

2.3. Data analysis 

The data analyses were conducted using IBM SPSS version 28.0 and 
Mplus version 8.2. Confirmatory Factor Analysis (CFA) was conducted 
to test the factor structure of the PHQ-4. In this analysis, we tested two 
CFA models – a one-factor model of the total PHQ-4 score and a two- 
factor model with separate latent depression and anxiety factors 
comprising two items each. The CFA models were estimated using the 
Robust Maximum Likelihood (MLR) estimator. The model fit of the CFA 
models was evaluated by using the Comparative Fit Index (CFI), and the 
Root Mean Square Error of Approximation (RMSEA), following the 
goodness of fit recommendation provided by Kline (2011). Namely, CFI 
values higher than 0.90 indicate an acceptable fit, and values <0.95 
represent a good fit; RMSEA values below 0.08 indicate an acceptable 
fit, and values <0.05 suggest a good fit. 

The measurement invariance analysis was applied to estimate 
whether the PHQ-4 demonstrates comparable psychometric character
istics in terms of configural, metric, and scalar invariance across (1) 
three gender groups of female vs. male vs. other; (2) four age groups, 
18–29, 30–45, 46–64, ≥65 years; and (3) seven countries. Model com
parisons were conducted by examining the changes in fit indices, where 
ΔCFI ≥0.010 supplemented by ΔRMSEA ≥ 0.015 were indicative of the 
significant difference between models for metric and scalar measure
ment invariance (Chen, 2007). If scalar measurement invariance was not 
supported, we tested partial scalar measurement invariance by allowing 
up to two intercepts of the PHQ-4 items to differ between the models in 
tested groups. The chi-square test is sensitive to large sample sizes, so we 
did not apply chi-square tests to evaluate the significance in CFA and 
measurement invariance models. 

3. Results 

3.1. Structural validity of the PHQ-4 

The estimates of McDonald’s omega demonstrated good reliability of 
the PHQ-4 scale in the total sample (0.88) and across the studied 
countries (ranging from 83 to 0.92): Austria ɷ = 0.83, Croatia ɷ = 0.89, 
Georgia ɷ = 0.91, Germany ɷ = 0.85, Lithuania ɷ = 0.89, Portugal ɷ =
0.92, Sweden ɷ = 0.88. 

The CFA results yielded that a two-factor PHQ-4 model with PHQ-2 
and GAD-2 as separate correlated latent factors had a better fit (χ2 (1) =
2.03, p = .155; CFI/TLI = 1.000/1.000; RMSEA [90 % CI] = 0.011 
[0.000–0.032]; SRMR = 0.001) than a single factor PHQ-4 CFA model 
(χ2(1) = 941.40, p = .000; CFI/TLI = 0.987/0.962; RMSEA [90 % CI] =
0.226 [0.214–0.236]). All factor loadings of the PHQ-4 items in the two- 
factor CFA model were significant at p < .001 level and ranged from 0.81 
to 0.96, specifically, item1 = 0.81 (S.E. = 0.01), item2 = 0.96 (0.01), 
item3 = 0.90 (0.01), item4 = 0.94 (0.01). The standardized factor cor
relation between PHQ-2 and GAD-2 latent factors was 0.87 (p < .001). 
Furthermore, we found a strong positive correlation between PHQ-4 

total score and depression (r = 0.92, p < .01) as well as anxiety (r =
0.93, p < .01), and a strong correlation between anxiety and depression 
scores (r = 0.71, p < .01). 

3.2. Measurement invariance 

Measurement invariance was tested for a two-factor PHQ-4 model, 
which demonstrated the best fit in the CFA analysis. Configural and 
metric measurement invariance of the PHQ-4 was established across all 
gender and age groups and countries (see Table 2). However, scalar 
measurement invariance was not supported based on the criteria of 
ΔRMSEA > 0.15. Therefore, we tested partial scalar measurement 
invariance based on modification indices to identify the most non- 
invariant item intercept. Partial scalar measurement invariance was 
established across the tested age groups by freeing the intercept of the 
GAD-2 item (“not being able to stop or control worrying”) to vary across 
the analyzed age groups (see Table 2). Partial scalar measurement 
invariance by gender and country was established by freeing the in
tercepts of two items, one anxiety GAD-2 item (“not being able to stop or 
control worrying”) and one depression PHQ-2 item (“bothered by 
feeling down, depressed, or hopeless”) to vary across gender groups and 
countries (see Table 2). 

3.3. Anxiety and depression across study groups 

After confirming the partial scalar measurement invariance of the 
PHQ-4 across the studied groups, we analyzed group differences in PHQ- 
4 scores. We also estimated the prevalence of the risk for anxiety and 
depression in the total sample and the studied groups. The total score of 
the PHQ-4 in the sample was 3.00 (SD = 3.03), with PHQ-2 M = 1.55 
(SD = 1.61), and GAD-2 M = 1.77 (SD = 1.67). In the total sample, 20.9 
% of the participants were at risk for depression (PHQ-2 cut-off score ≥
3), and 20.2 % of the sample was at risk for anxiety disorder (GAD-2 cut- 
off score ≥ 3). Detailed statistics for the PHQ-4 total, depression, and 
anxiety scores, as well as WHO-5 scores across gender, age groups, and 
country, are presented in Table 3. 

We found significant gender effects on depression, anxiety, and well- 
being index (see Table 3). Compared to male participants, female par
ticipants tend to have higher levels of depression and anxiety. Moreover, 
participants who identified themselves as of the other gender had the 
highest levels of anxiety and depression and the lowest psychological 
well-being (see Table 3). 

Furthermore, we found a significant age group effect on depression 
and anxiety. In our study, emerging adults (18–29 years) reported the 
highest levels of depression (32.8 %) and anxiety (28.4 %) and the 
lowest psychological well-being in comparison to other age groups. 
Participants of older age (65+) reported lower rates of depression (16.5 
%) and anxiety (12.4) in comparison to other age groups and had the 
highest psychological well-being (see Table 3). 

Depression and anxiety scores differed considerably across the study 
countries. The prevalence of risk for depression raged from 15.7 % to 
31.9 % (PHQ-2 range 1.34–2.05), and the risk for anxiety varied from 
14.6 % to 31.0 % (GAD-2 range 1.17–2.04) across the different coun
tries. Southern European country Croatia demonstrated significantly 
lower levels of depression, and Austria had the lowest anxiety levels 
compared to other countries. The Northern Eastern European country 
Lithuania had higher rates of anxiety and depression compared to all 
other countries. 

To test the validity of the PHQ-4 further, we computed correlations 
between the observed scores of the PHQ-4 and psychological well-being 
(WHO-5). All correlations were negative, with r = − 0.67 (p < .01) for 
the total PHQ-4 score, r = − 0.67 (p < .01) for depression, and r = − 0.59 
(p < .01) for anxiety scores. 
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4. Discussion 

Our study was the first to test the factor structure and measure
ment invariance of the PHQ-4 in a large European multi-country adult 
sample. Overall, the study findings support the validity and mea
surement invariance of the PHQ-4. In line with previous studies 
(Christodoulaki et al., 2022; Löwe et al., 2010; Wicke et al., 2022), we 
found strong support for the structure of the PHQ-4 measure 
comprising depression and anxiety factors. Furthermore, configure, 
metric, and partial scalar invariance was supported across age, gender 
groups, and countries. These results corroborate previous findings 
(Christodoulaki et al., 2022; Fong et al., 2023; Lenz and Li, 2022; 
Mendoza et al., 2022; Tibubos and Kröger, 2020) and encourage the 

application of the PHQ-4 for the screening of anxiety and depression 
in various adult populations. 

The current study did not fully support scalar measurement invari
ance, indicating that specific groups included in the measurement 
invariance tests might have had variable responses to the PHQ-4 scale. It 
is not surprising, as numerous previous studies indicated gender and age 
differences in mental disorders, particularly depression and anxiety 
(Altemus et al., 2014; Luppa et al., 2012). Furthermore, studies indicate 
that individuals with non-binary sexual identities have a higher risk for 
anxiety and depression (Feinstein et al., 2020). Nevertheless, partial 
scalar invariance was supported across different gender, age groups, and 
countries in our study. Measurement invariance can be tested in multi
ple groups (e.g., 10 or 20) in international surveys (Rutkowski and 

Table 2 
Measurement invariance of the PHQ-4 by gender, age, and country.   

Model fit indices  Model comparisons 

χ2(df) CFI RMSEA [90 % CI] SRMR ΔCFI ΔRMSEA ΔSRMR 

Gender        
Configural 3.405 (3)  1.000 0.007 [0.000; 0.032]  0.002    
Metric 6.535 (7)  1.000 0.000 [0.000; 0.021]  0.004  <0.001  0.007  0.002 
Scalar 33.005 (11)  0.998 0.026 [0.016; 0.036]  0.009  0.002  0.026  0.005 
Partial scalar 6.536 (7)  1.000 0.000 [0.000; 0.021]  0.004  <0.001  <0.001  <0.001 

Age        
Configural 1.890 (4)  1.000 0.000 [0.000; 0.022]  0.001    
Metric 14.177 (10)  1.000 0.013 [0.000; 0.028]  0.009  <0.001  0.013  0.008 
Scalar 52.662 (16)  0.997 0.032 [0.022; 0.041]  0.013  0.003  0.019  0.004 
Partial scalar 17.086 (13)  1.000 0.012 [0.000; 0.025]  0.010  <0.001  0.001  0.001 

Country        
Configural 15.792 (7)  0.999 0.031 [0.010; 0.051]  0.004    
Metric 68.376 (19)  0.996 0.044 [0.033; 0.056]  0.021  0.003  0.013  0.017 
Scalar 362.473 (31)  0.971 0.090 [0.082; 0.099]  0.038  0.025  0.046  0.017 
Partial scalar 68.376 (19)  0.996 0.044 [0.033; 0.056]  0.021  <0.001  <0.001  <0.001 

Note. χ2 = chi-square, df = degrees of freedom, CFI = comparative fit index, RMSEA = root mean square error of approximation, CI = confidence interval, Δ = change 
in the parameter. 

Table 3 
Scores of PHQ-4 and WHO-5 across study groups (N = 9230).   

Depression, PHQ-2 Anxiety, GAD-2 Total, PHQ-4 Psychological well-being, 
WHO-5 

M (SD) % (a.s.r.) F/χ2† M (SD) % (a.s.r.) F/χ2† M (SD) F† M (SD) F†

Gender           
Femalea 1.62 (1.63)b;c 22.0 (3.95)* 34.15 1.58 (1.71)b;c 22.2 (7.27)*** 78.62 3.20 (3.08)b;c  62.45 53.93 (22.04)b  30.67 
Maleb 1.35 (1.54)a;c 18.0 

(− 4.50)*** 
/ 1.11 (1.5)a;c 15.0 

(− 7.88)*** 
/ 2.46 (2.82)a;c  57.88 (22.71)a;c  

Otherc 2.58 (2.11)a;b 40.0 (2.97) 27.13 2.20 (1.95)a;b 45.0 (3.91)* 74.88 4.78 (3.66)a;b  49.03 (24.57)b  

Age group           
18–29a 2.11 (1.73)b;c;d 32.8 

(12.52)*** 
93.92 1.90 (1.79)b;c;d 28.4 (8.80)*** 69.37 4.01 (3.24)b;c;d  93.44 49.52 (21.13)b;c;d  84.08 

30–45b 1.56 (1.58)a;c;d 20.1 (− 1.49) / 1.50 (1.65)a;c;d 20.8 (1.08) / 3.06 (2.97)a;c;d  53.29 (21.75)a;c;d  

46–64c 1.35 (1.54)a;b 17.5 
(− 6.29)*** 

165.86 1.31 (1.61)a;b;d 17.8 
(− 4.50)*** 

108.31 2.66 (2.92)a;b;d  57.42 (22.69)a;b;d  

65+d 1.22 (1.53)a;b 16.5 (− 3.24)  0.98 (1.55)a;b;c 12.4 
(− 5.79)***  

2.20 (2.85)a;b;c  62.59 (21.73)a;b;c  

Country           
Austriaa 1.42 (1.42)d;e 16.9 (− 2.93) 20.45 1.17 (1.43)b;e;f;g 14.6 (− 4.18) 20.86 2.60 (2.59)d;e;g  16.02 55.86 (22.68)c;d;g  67.06 
Croatiab 1.34 (1.50)c;d;e;g 15.7 

(− 6.38)*** 
/ 1.48 (1.58)a;d;e 18.0 (− 2.79) / 2.82 (2.87)e  56.73 (21.87)c;d;e;g  

Georgiac 1.61 (1.83)b;e 24.4 (2.46) 103.20 1.31 (1.76)e;f 18.8 (− 1.01) 97.64 2.93 (3.41)e  44.46 (20.54)a;b;d;e; 

f;g  

Germanyd 1.69 (1.47)a;b;e;f;g 21.9 (1.24)  1.31 (1.56)b;e;f;g 17.7 (− 3.39)  3.00 (2.76)a;e  51.31 (22.17)a;b;c;f; 

g  

Lithuaniae 2.05 (1.72)a;b;c;d; 

f;g 
31.9 (6.63)***  2.04 (1.78)a;b;c;d; 

f;g 
31.0 (6.62)***  4.09 (3.24)a;b;c;d; 

f;g  
52.26 (21.31)b;c;f;g  

Portugalf 1.39 (1.66)d;e 16.9 (− 2.80)  1.58 (1.70)a;c;d;e 20.5 (0.17)  2.97 (3.19)e  57.64 (21.92)c;d;e;g  

Swedeng 1.52 (1.74)b;d;e 23.4 (3.24)  1.52 (1.81)a;d;e 24.5 (5.70)***  3.04 (3.28)a;e  60.48 (21.69)a;b;c;d; 

e;f  

Note. †F, χ2 all values are significant at p < .001; % = percentage of depression and anxiety within each subgroup; a.s.r. = adjusted standardized residuals; *p < .05, 
***p < .001 with applied Bonferroni corrections for multiple tests; a;b;c;e;d;f;g indicates significant differences at p < .001 within gender, age groups and country; χ2 

=

chi-square. 
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Svetina, 2017); however, there is limited knowledge from empirical 
studies on the impact of analyzing measurement invariance across 
multiple groups as the majority of studies test measurement invariance 
in two or three subsamples (Putnick and Bornstein, 2016). We tested 
measurement invariance across four age groups and seven countries, so 
multigroup testing with variable sample sizes across the tested groups 
might have had an impact on our results, and therefore only partial 
scalar invariance measurement was established. 

We found a quite high prevalence of anxiety (20.9 %) and depression 
(20.2 %) in the total sample. These results were higher than the initial 
validation study of the PHQ-4, which reported 6.6 % and 4.8 % preva
lence of depression and anxiety, using the same cut-off score of ≥3 
(Löwe et al., 2010). We also found significant gender and age effects on 
depression and anxiety, which are in line with previous studies (Altemus 
et al., 2014; Luppa et al., 2012). Furthermore, considering a limited 
number of pan-European mental health empirical studies, this study 
provides valuable data on cross-country comparisons revealing signifi
cant cross-country differences in the levels of anxiety and depression. 
However, it is important to note that the data collection of the current 
study took place during the first year of the COVID-19 pandemic, and the 
prevalence rates of anxiety and depression in the sample might have 
been affected by the social restrictions and uncertainty that were pre
dominant at the time. Therefore, the results of our study should be 
interpreted with caution and warrant further research. 

There are several limitations of the study. First, while the ADJUST 
study was well coordinated among the countries using the same time
frame for the data collection, there were differences in sampling pro
cedures across countries. Convenient sampling via social media or other 
channels did not result in a representative sample, thus limiting the 
generalization of the findings (Lotzin et al., 2021). Second, the studied 
countries significantly vary in population sizes and sample sizes. There 
are indications that sample size, in particular, evaluating measurement 
invariance, might impact results (Chen, 2007; Rutkowski and Svetina, 
2017). Moreover, the sample structure included the majority of females, 
predominantly with high education and from urban communities, and 
relatively low participation of the 65+ age group. Finally, we focused on 
the PHQ-4 factor structure and measurement invariance in our study; 
however, the inclusion of other anxiety and depression measures could 
have provided more information on the divergent validity, sensitivity, or 
specificity of the PHQ-4. 

Despite these limitations, the study provides strong evidence for the 
structural validity of the PHQ-4 and indicates that the PHQ-4 scale can 
be used for screening for depression and anxiety in various settings. 
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