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Abstract
A screening assessment of anxiety and depressive symptoms is of great importance for preventing mental health problems in a general population. The study
aims (1) to examine the factor structure and invariance measurement of the Polish version of the Patient Health Questionnaire–4 (PHQ–4) developed for
measuring anxiety and depressive symptoms, (2) to estimate the prevalence of these symptoms in different age and gender groups from February to July
2022, (3) to identify latent subpopulations within the general population based on the anxiety and depressive symptom levels. The sample included 2557
Polish adults (1730 females, 811 males, and 16 non-binary) aged 18–78 (M = 27.18, SD = 12.29). The Polish version of the PHQ–4 was used. Multi-group
con�rmatory factor analysis and latent pro�le analysis (LPA) were applied. The Polish version of the PHQ–4 has a theoretically congruent factor structure and
is invariant across age and gender categories. Based on the cut-off scores for the depression and anxiety subscales of ≥ 3, more than half of Poles are
screened positively for anxiety and/or depression. We distinguished (by LPA) and described four subpopulations common for both females and males. We
identi�ed risk groups for mental disorders (females, non-binary, and younger people in general, as well as unemployed, less educated, and single people). The
prevalence of probable anxiety and depressive disorders in the Polish population is extremely high. It is necessary to provide further mental health monitoring
and to conduct qualitative research on the psychological reasons for the occurrence of anxiety and depressive symptoms. Mental health monitoring is crucial.

Introduction
Living in uncertain times due to the geopolitical crisis near the borders of Poland and the COVID-19 pandemic (Larionow & Mudło-Głagolska, 2021) may
negatively impact the mental health of Poles. Due to this, a screening assessment of mental health problems (i.e., anxiety or depressive symptoms) and their
monitoring have great importance for conducting prevention in a general population. For this purpose, short and validated measures are needed. The Patient
Health Questionnaire–4 (PHQ–4) is one of the most used freely available ultra-brief screening tools for anxiety and depression (Kroenke et al., 2009; Löwe et
al., 2010). The PHQ–4 has four statements and consists of the Patient Health Questionnaire-2 (PHQ–2) for measuring depressive symptoms and the
Generalized Anxiety Disorder–2 (GAD–2) for measuring anxiety ones (Kroenke et al., 2009; Löwe et al., 2010). The PHQ–4 and its components (the PHQ–2 or
the GAD–2) showed good validity in different community samples, i.e., in the general population in Columbia (Kocalevent et al., 2014), Germany (Löwe et al.,
2010), Greece (Christodoulaki et al., 2022) or Spain (Cano-Vindel et al., 2018) and clinical ones, i.e., in infertile patients (Ghaheri et al., 2020), as well as in older
people (Li et al., 2007; Wild et al., 2014), in patients with intracranial tumors (Renovanz et al., 2019), in coronary heart disease patients (Thombs et al., 2008),
among adults living with HIV/AIDS (Monahan et al., 2009). Web-based versions of the PHQ–4 and its components have shown good validity (Donker et al.,
2011) and were used in intervention studies (Cavanagh et al., 2013).

The PHQ–4 provides a fast and valid screening for anxiety and depression. According to the Diagnostic Algorithms for the PHQ (Löwe et al., 2010; P�zer,
2022), a total score for the PHQ–4 of ≥ 6, or anxiety and depression subscales scores of ≥ 3 may suggest anxiety or a depressive disorder. These results can
be considered “yellow �ags” for depression and/or anxiety, whereas a total score for the PHQ–4 of ≥ 9, and anxiety and depression subscales scores of ≥ 5
may be considered “red �ags” (Löwe et al., 2010). In clinical routine settings, the authors of the PHQ–4 recommended using a total score and calculating the
anxiety and depression scores for the assessment of predominant disorder (Löwe et al., 2010). Kroenke et al. (2007) noted that the anxiety subscale score (the
GAD–2) with a cut-off score of ≥ 3 has good sensitivity and speci�city for generalized anxiety disorder (86% and 83%, respectively), panic disorder (76% and
81%), social anxiety disorder (70% and 81%), posttraumatic stress disorder (59% and 81%) and any anxiety disorder (65% and 88%). The depression subscale
(the PHQ–2) score of ≥ 3 has a sensitivity of 83% and a speci�city of 92% for major depressive disorder (Kroenke et al., 2003). The positive predictive values
of the GAD–2 with the cut-off score of ≥ 3 ranged from 28% (Donker et al., 2011) to 86.6% (García-Campayo et al., 2012) in detecting the generalized anxiety
disorder, whereas the positive predictive values of the PHQ–2 with the cut-off score of ≥ 3 ranged from 23.1 to 66.0% in detecting depressive disorders (Miller
et al., 2021).

Con�rmatory factor analysis (CFA) has supported that the PHQ–4 has a 2-factor solution with two highly correlated individual anxiety (the GAD–2) and
depression (the PHQ–2) subscales as well as is invariant across age, gender, and cross-cultural groups (Löwe et al., 2010; Mendoza et al., 2022; Tibubos et al.,
2020). Different studies supported empirically the concurrent validity of the questionnaire and its connection with life satisfaction, self-esteem, and resilience
(Löwe et al., 2010) as well as its positive correlations with stress and negative affect along with its negative association with positive affect (Mendoza et al.,
2022). Thus, the PHQ–4 is a valid screening tool for anxiety and depression with promising psychometric properties (factor structure, invariance
measurement, reliability, sensitivity, and speci�city) in different clinical and nonclinical samples. Despite the existence of a Polish version of the Patient Health
Questionnaire–9 used for in-depth measuring of depressive symptoms (Kokoszka et al., 2016; Ślusarska et al., 2019; Tomaszewski et al., 2011), there is a
need for a validated Polish version of PHQ–4 with its two intended scales (the PHQ–2 and the GAD–2) for mental health screening of both anxiety and
depression in a general population brie�y and fast.

The �rst aim of the study is to present the psychometric properties (factor structure and reliability) of the PHQ–4 in the general community sample of Poles.
Moreover, we examine the invariance measurement for different age and gender groups, which provides empirically based evidence for comparing different
PHQ–4 scores across age and gender backgrounds. Our second aim is to estimate the prevalence of anxiety and depressive symptoms in different age and
gender groups in a general community sample, including people of non-binary gender. Gender identity is an understudied determinant of mental health
(Reisner et al., 2016), therefore we consider this issue in our research. Our third aim is to identify latent subpopulations within a general population based on
the anxiety and depressive symptoms by latent pro�le analysis (LPA). LPA is a powerful statistical classi�cation technique that allows us to identify people’s
pro�les having similar patterns across a set of variables (Spurk et al., 2020). In our study, we examine and describe latent subpopulations of Poles that have
similar patterns across anxiety and depression symptoms and we do it separately for females and males. This allows describing detailed subgroups of people
with different intensity of anxiety and depressive symptoms as well as their prevalence in a general population of Poles.

To summarize, developing screening measures for depressive and anxiety symptoms and analyzing their prevalence in a Polish population is one of the
important tasks in medical research. Thus, this study aims (1) to examine the factor structure of the PHQ–4 and its invariance measurement for different age
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and gender groups, (2) to estimate the prevalence of anxiety and depressive symptoms in different age and gender groups in the general population of Poles
(based on the cut-off scores for the PHQ–2 and the GAD–2 of ≥ 3 according to the Diagnostic Algorithms for the PHQ), (3) to identify individual latent pro�les
(latent subpopulations within the general population) based on the anxiety and depressive symptom levels in females and males separately. We predict that
(1) the Polish version of the PHQ–4 is characterized by a 2-factor structure and is invariant across different gender and age categories, (2) a higher prevalence
and intensity of anxiety and depressive symptoms in younger people as well as in females and non-binary. To the best of the authors' knowledge, the current
study will be the �rst in the world in which individual latent subpopulations within a general population with different anxiety and depressive symptoms levels
will be identi�ed by LPA.

Material And Methods
The sample included 2557 Polish adults (1730 females, 811 males, and 16 non-binary) aged 18–78 years (M = 27.18, SD = 12.29). People with higher
education made up 27.30% of respondents, whereas 72.70% had lower educational levels. Large cities (above 100000 inhabitants) were home to 36.14% of
the respondents, medium-sized towns (from 20000 to 100000) to 23.19%, small towns (up to 20000) to 13.73%, and villages to 26.95%. 53.15% of the
participants were single, whereas 46.85% were married or living common-law. 35.31% of the respondents worked professionally, 18.65% were unemployed,
people working and studying at the same time made up 19.28% of the sample, 23.74% were students, whereas 3.01% were retired.

The current data on the PHQ–4 were derived from our research projects, which were conducted from February to July 2022 via social networks where there
was a link to an online anonymous survey. All the projects were conducted in accordance with the Declaration of Helsinki Ethical Principles and were approved
by the University Research Ethics Committee. No data from the current study have been published previously. All the respondents provided their informed
consent before they answered the questions.

The PHQ–4 is a 4-item questionnaire for measuring anxiety and depressive symptoms in the previous 2 weeks. The PHQ–4 has two subscales, namely,
anxiety (item 1 = Feeling nervous, anxious or on edge; item 2 = Not being able to stop or control worrying) and depression (item 3 = Little interest or pleasure in
doing things; item 4 = Feeling down, depressed, or hopeless), each containing two items. The PHQ–4 uses a 4-point Likert scale from 0 (not at all) to 3 (nearly
every day). The total PHQ–4 score can be calculated. A total score for the PHQ–4 of ≥ 6, or the anxiety and the depression subscales scores of ≥ 3 suggest
depression or an anxiety disorder. Respondents with these results can be identi�ed as positively screened according to the PHQ–4 and should be encouraged
to undergo a more detailed assessment of anxiety and depression.

The original English version of the PHQ–4 was translated into Polish by three independent translators, and a common Polish translation was developed. Then
it was translated back into English, and this back translation was compared with the original version. The necessary minor corrections were made resulting in
the �nal Polish version of the PHQ–4 (see Appendix A).

We tested an intended 2-factor model of the PHQ–4 consisting of the anxiety and depression subscales. CFA with maximum likelihood estimation was used.
The �t was assessed based on the following �t index values: root mean square error of approximation (RMSEA), standardized root mean square residual
(SRMR), comparative �t index (CFI), and Tucker–Lewis index (TLI). RMSEA and SRMR values below .08, and CFI and TLI values greater than .9 indicate an
acceptable �t (Hu & Bentler, 1999). Measurement equivalence analysis was performed in con�gural, metric, and scalar levels across gender and age groups.
While testing metric and scalar invariance, the ΔCFI of < .01 and ΔRMSEA of < .015 indicates invariance (Chen, 2007). Cronbach's alpha coe�cients were
calculated for two PHQ–4 subscales and the total score.

The Kruskal-Wallis H test test with a Bonferroni correction (post hoc comparisons) was used to compare the levels of anxiety and depressive symptoms
among different gender and age groups. When examining differences in the PHQ–4 scores between groups in different education, marital status, residence,
and main activity categories, a series of one-way analyses of covariance (ANCOVAs) with the Bonferroni correction (post hoc comparisons) was used. This
analysis provided the control of age in�uence on the PHQ–4 scores.

For LPA, different pro�le models (from 1 to 6 classes; equal variances, covariances �xed to 0) were tested to identify the best �tting model. When identifying
an optimal solution, we analyzed theoretical and practical premises along with the meaningfulness of the extracted pro�les. To identify the best �t model, we
used the Bayesian Information Criteria (BIC) and the Akaike Information Criteria (AIC). Lower values of these indices indicate a better �tting model. We also
used entropy values, with higher values (being acceptable ≥ .60 or good ≥ .80) indicating a higher certainty of classifying participants into the empirically
extracted pro�les correctly. The Bootstrap Likelihood Ratio (BLRT) test was used to determine if there was a statistically signi�cant improvement in model �t
providing the inclusion of one more class. We also analyzed the size of the smallest class with acceptable values of ≥ 5%. Our decision on the optimal model
was based on all of these criteria (Spurk et al., 2020).

The data were screened for accuracy (min. and max. range of each variable). There was no missing data. Statistical analysis was carried out using Statistica
(version 13.3), SPSS (version 28) and R (version 4.2.1). In R the following packages were used: lavaan and semTools (for CFA analysis and invariance
measurement), as well as tidyLPA and dplyr (for LPA).

Results
Table 1 presents descriptive statistics for the PHQ–4 scores in different gender groups. Skewness and kurtosis values ranged from -1.34 to .19, indicating the
fact that the distribution of the PHQ–4 scores in these groups was normal. The reliability of the PHQ–4 was high (Cronbach's alpha ≥ .70) in all age groups
among females and males (refer to Table 3). In the group of non-binary, only the depression subscale had low reliability (Cronbach's alpha = .34; refer to Table
1).
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[Insert Table 1]

Factor structure and invariance measurement

The intended 2-factor model was an excellent �t (see Table 2). Factor loadings were high (anxiety subscale: item 1 = .732, item 2 = .817; depression subscale:
item 3 = .739, item 4 = .920). The estimated covariance between the anxiety and the depression subscales was .870 (p < .001). The analyses showed that the
2-factor model was invariant regarding its con�gural, metric, and scalar invariance across different gender and age categories. In summary, the intended
PHQ–4 factor structure and its invariance were supported empirically.

[Insert Table 2]

Age and gender differences in anxiety and depressive symptoms

Table 3 presents descriptive statistics for the PHQ–4 scores in different age and gender groups as well as the prevalence of positively screened participants in
each of these groups. The Kruskal-Wallis H test showed the gender-differentiated anxiety (H(2) = 60.37, p < .001) and depression (H(2) = 9.79, p = .007) levels
as well as the total PHQ–4 score (H(2) = 32.15, p < .001). Males had signi�cantly lower anxiety scores, as well as the total ones, than females (anxiety: p <
.001, total score: p < .001) and non-binary (anxiety: p = .002, total score: p = .004). Non-binary had signi�cantly higher depression scores than males (p = .030),
as well as total ones than females (p = .049).

Among females and males, different age groups differed in anxiety (females: (H(3) = 80.19, p < .001; males: H(3) = 17.22, p < .001), depression (females: H(3)
= 82.91, p < .001; males: H(3) = 27.09, p < .001) and the total scores (females: H(3) = 95.04, p < .001; males: H(3) = 25.13, p < .001; refer to Table 3).

Females aged 18–29 had higher levels of anxiety, depressive and the total anxiety-depressive symptoms than females aged 30–44 (anxiety: p = .001,
depression: p = .004, total score: p = .001), 45–59 (anxiety: p = .007, depression: p < .001, total score: p < .001) and females aged 60–78 (anxiety: p < .001,
depression: p < .001, total score: p < .001). Females aged 60–78 had signi�cantly lower anxiety scores and total ones than females aged 45–59 (anxiety: p =
.001, total score: p = .008).

Males aged 60–76 had signi�cantly lower anxiety and depressive symptoms than males aged 18–29 (p = .004 and p < .001, respectively) and 30–44 (all p <
.001), and 45–59 (anxiety: p = .016, depression: p = .020), as well as lower levels of anxiety-depressive symptoms than males aged 18–29 (p < .001), 30–44 (p
< .001) and 45–59 (p = .008; refer to Table 3).

[Insert Table 3]

Summarizing the results, females, non-binary and younger people in general experienced more symptoms of mental health conditions.

A series of one-way ANCOVAs was conducted to examine whether people in different education, marital status, residence, and main activity categories differ
concerning the PHQ–4 results (age was used as a covariate for controlling its in�uence; see Table 4).

[Insert Table 4]

A series of one-way ANCOVAs showed that participants with lower educational levels and unemployed people scored higher on anxiety-depressive symptoms.
As for marital status, being single was related to a signi�cantly higher depression score. The place of residence did not alter the PHQ–4 scores. The detailed
results are presented in Table 4.

Latent pro�le analysis for anxiety and depression symptoms

AIC and BIC indices decreased with adding a new class (Table 5). In general, in the pro�les from 2 to 5, the entropy values were comparable in the samples of
females and males with the highest value in the six-pro�le solution. However, the least numerous pro�le of the six-pro�le solution in the sample of males had
less than 5% of respondents, which indicates the rejection of this solution. Thus, based on all the �t indices and theoretical and practical premises along with
the meaningfulness of the extracted pro�les, we identi�ed four pro�le solutions in the samples of females and males as optimal and succinct.

[Insert Table 5]

The description of the four distinguished pro�les in females and males is presented in Table 6. Figures 1 and 2 present the pro�les graphically.

[Insert Table 6 and Figures 1 and 2]

The distinguished pro�les in females and males are very similar according to their clinical meaningfulness and prevalence. We identi�ed four common
subpopulations among females and males with similarities in clinical meaningfulness. The �rst and the most numerous subpopulation is presented by Pro�le
3 in females and Pro�le 1 in males. It represents the subpopulation of Poles with low anxiety and depressive symptoms. The mean scores for anxiety and
depression suggest negative screening results in both anxiety and depression. In our whole sample, about 37% of females and 39% of males had low levels of
anxiety and depressive symptoms. The second subpopulation is presented by Pro�le 1 in females and Pro�le 4 in males. It represents a subpopulation of
Poles with very high anxiety and very high depressive symptoms. The mean scores for anxiety and depression suggest positive screening results for both
anxiety and depression. Thus, about 28% of females and 24% of males may suffer from anxiety and depressive disorders. The third subpopulation is
presented by Pro�le 2 in females and Pro�le 3 in males. It represents a subpopulation of Poles with high anxiety symptoms and moderate depressive ones.
The mean scores for anxiety and depression suggest positive screening results for anxiety and negative ones for depression. This subpopulation is made up
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of 16% of females and 23% of males. The fourth subpopulation is presented by Pro�le 4 in females and Pro�le 2 in males. It represents a subpopulation of
Poles with moderate anxiety symptoms and high depressive ones. The mean scores of anxiety and depression in Pro�le 4 in females suggest positive
screening results for both anxiety and depression. The mean scores for anxiety and depression in Pro�le 2 in males suggest the negative screening results for
anxiety and positive ones for depression. This subpopulation is made up of 19% of females and 14% of males.

Summarizing the LPA results, four subpopulations are distinguished among females and males. There is (1) a non-anxious and non-depressed subpopulation,
(2) a highly anxious and highly depressed subpopulation, (3) a highly anxious and moderately depressed subpopulation, and (4) a moderately anxious and
highly depressed subpopulation.

Discussion
The �rst aim of the study was to examine the factor structure of the PHQ–4 and its invariance measurement for different age and gender groups. The analysis
showed that the Polish version of the PHQ–4 is characterized by the intended factor structure. Measurement invariance of the PHQ–4 regarding its con�gural,
metric, and scalar invariance across age and gender categories was supported empirically. The obtained CFA results are consistent with other validation
studies (Löwe et al., 2010; Mendoza et al., 2022; Tibubos et al., 2020). The reliability of all the PHQ–4 subscales and total scores were high (Cronbach's alpha 
≥ .70) for all ages in females and males. To sum up, the Polish version of the PHQ–4 has a theoretically congruent factor structure and is invariant across age
and gender categories. This demonstrates the possibility of comparing PHQ–4 scores across different age and gender groups.

The second aim of the study was to estimate the prevalence of anxiety and depressive symptoms according to the Diagnostic Algorithms for the PHQ (P�zer,
2022) in different age and gender groups in the general population of Poles. The best mental health state was characteristic for females aged 60–78 and
males aged 60–76. Females aged 18–29 had the worst mental health state among the age groups in the sample of females. In this group, about 65% of
females were screened positively for depression and/or anxiety-depressive disorder. In contrast, males aged 30–44 had the worst mental health state (about
57% of them were screened positively for depression) compared to other age groups in the sample of males. We should also note that people who identi�ed
as non-binary had extremely high intensity and prevalence of anxiety and depressive symptoms (more than 80% of them were screened positively). However,
due to the small number of people in this group (N = 16), we cannot generalize these �ndings. To synthesize the results, more than half of Poles are screened
positively for anxiety and/or depression. Females experienced more anxiety and anxiety-depressive symptoms than males. Younger people (especially non-
binary, females aged 18–29 and males aged 30–44) experienced more anxiety and depressive symptoms. The results indicate the need for further monitoring
of mental health in these risk groups.

Based on the cut-off scores for the PHQ–2 and the GAD–2 of ≥ 3, we compared our results with the German ones. In the nationally representative German
sample in the years 2012–2014, 9.8% of the participants had probable anxiety, whereas 10.4% had probable depression (Hajek & König, 2020). The newest
German group norms of the PHQ–4 (years 2020–2021) suggest that 6.5 and 7.0% of the participants had probable anxiety and depression, respectively
(Wicke et al., 2022). The German population is similar to the Polish one from a sociocultural point of view. By comparing these results, it can be concluded
that the prevalence of probable anxiety and depressive disorders in the Polish population is extremely high.

The third aim of the study was to identify subpopulations within a general population based on the anxiety and depressive symptoms in females and males
separately. Based on the powerful statistical technique LPA, we identi�ed four subpopulations common for both females and males, which differed in
intensity of anxiety and depressive symptoms. The �rst and the most numerous "non-anxious and non-depressed subpopulation" represents people with low
anxiety and depressive symptoms (about 37% of females and 39% of males). In this population, there are no people with positive screening results on anxiety
or depression. This subpopulation is a low-risk group concerning mental health problems. The second largest subpopulation (about 28% of females and 24%
of males) is a "highly anxious and highly depressed subpopulation", which represents people with intense anxiety and depressive symptoms. These people
may suffer from both anxiety and depressive disorders. In this subpopulation, a deeper diagnosis for these mental health problems using the PHQ–9, the
Generalized Anxiety Disorder–7, or visiting a psychiatrist is needed. This subpopulation is a group of very high risk for anxiety and depression. The third
largest subpopulation of Poles is a "highly anxious and moderately depressed subpopulation" (16% of females and 23% of males), which presents people with
intense anxiety symptoms and moderate depressive symptoms. With a high probability, these people may suffer from anxiety disorders with the possible
presence of depressive or mixed anxiety-depressive ones. The last "moderately anxious and highly depressed subpopulation" is the least numerous
subpopulation (19% of females and 14% of males), which represents people with moderate anxiety and intense depressive symptoms. In contrast to the third
subpopulation, people from the fourth subpopulation with a high probability may suffer from depressive disorders with the possible presence of anxiety or
mixed anxiety-depressive ones. The third and the fourth subpopulations are groups of high risk for anxiety and depression, and along with the second
subpopulation they need a deeper diagnosis for these mental health problems.

All things considered, LPA results showed that 37% of females and 39% of males (�rst subpopulation) had no anxiety and depressive symptoms or had low
levels of them. Approximately 3 out of 5 Poles had elevated levels of anxiety symptoms and depressive ones, and they may prove to have clinical anxiety
and/or depressive disorder if they undergo diagnostics by a psychiatrist. Moreover, approximately 25% of Poles had extremely high levels of these symptoms
and they very probably suffer from mixed anxiety-depressive disorders.

Strengths and limitations of the study
The large sample size and its representativeness as well as taking into account gender identity are the strengths of this study. The powerful LPA provided a
valid classi�cation of people with different anxiety and depressive symptom levels, which allowed us to describe subpopulations of Poles with different risk
levels of mental disorders. Moreover, the results of this study, which was conducted online, have stressed the effectiveness of online mental health screening
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and provided a base and good opportunities for further research in different non-clinical or clinical settings in large samples (Larionow, 2022). It should be
stressed that the depression subscale had low reliability in the group of non-binary.

Conclusions
Due to the extremely high prevalence and intensity of anxiety and depressive symptoms in the Polish population from February to July 2022, it is necessary to
provide further mental health monitoring and conduct qualitative research on the psychological reasons for their occurrence, especially in high-risk groups
(females, non-binary and younger people as well as unemployed, less educated and single people). The high level of anxiety and depression symptoms can be
considered a precursor to a possible major increase in mental disorders in the second half-year of 2022 and 2023.

The PHQ–4 is freely available and can be used in primary care practice (see Appendix A). The Polish version of the PHQ–4 may be published in the journal.
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ANCOVA = A one-way analysis of covariance
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CFI = comparative �t index

GAD–2 = Generalized Anxiety Disorder–2

LPA = latent pro�le analysis
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RMSEA = root mean square error of approximation

SRMR = standardized root mean square residual
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Tables
Table 1. Descriptive statistics for the PHQ–4 scores in different gender groups and prevalence of positively screened respondents

Scales Anxiety Depression Total
score

Anxiety Depression Total
score

Anxiety Depression Total
score

Gender Females (N = 1730) Males (N = 811) Non-binary (N = 16)

M 3.54 3.16 6.71 2.96 2.99 5.95 4.56 4.25 8.81

SD 1.80 1.92 3.42 1.86 2.02 3.56 1.50 1.53 2.74

Median 4.00 3.00 7.00 3.00 3.00 6.00 4.50 4.00 9.50

Skewness -.10 .05 .01 .19 .08 .15 -.47 -.22 -.44

Kurtosis -1.14 -1.16 -1.06 -1.03 -1.22 -1.04 -1.21 -1.34 -1.20

Cronbach's alpha .75 .81 .85 .73 .81 .85 .80 .34 .75

% of positively screened
respondents

66.9 57.20 60.20 53.8 54.3 52.3 87.50 81.20 81.20

Note. % of positively screened respondents represents the percentage of respondents with a score ≥ 3 for anxiety and depression subscales as well as ≥ 6 for
the total PHQ–4 score.

Table 2. Goodness-of-�t indices for the PHQ–4 models together with an invariance analysis of the PHQ–4 across gender and age categories (maximum-
likelihood estimation)

Model χ2/df CFI TLI RMSEA (90%

con�dence interval)

SRMR

2-factor: correlated anxiety and depression subscales 5.685/1 .999 .994 .043 (.014; .080) .006

Invariance testing level Gender (females and males) Age groups (18–29, 30–44, 45–59, 60–78)

Model χ2 (df) CFI ΔCFI RMSEA ΔRMSEA χ2 (df) CFI ΔCFI RMSEA ΔRMSEA

Con�gural 6.954 (2) .999 — .044 — 10.662 (4) .998 — .051 —

Metric 7.780 (4) .999 0 .027 -.017 16.822 (10) .998 0 .033 -.018

Scalar 13.403 (6) .998 -.001 .031 .004 28.951 (16) .997 -.001 .036 .003

Table 3. Descriptive statistics of anxiety, depression, and the total PHQ–4 scores in different age groups by gender
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Age groups Females 18–29 (N =
1168)

Females 30–44 (N =
126)

Females 45–59 (N
= 216)

Females aged 60–78; N
= 220)

Scales A D T A D T A D T A D T

M 3.79 3.44 7.23 3.12 2.83 5.95 3.35 2.72 6.06 2.65 2.33 4.98

SD 1.71 1.86 3.24 1.78 1.81 3.28 1.85 1.90 3.52 1.91 1.94 3.57

Skewness -.18 -.10 -.09 .08 .29 .17 -.01 .32 .21 .47 .62 .55

Kurtosis -1.10 -1.12 -1.03 -1.02 -.95 -.80 -1.19 -.98 -1.07 -.95 -.76 -.75

Cronbach's alpha .70 .79 .83 .73 .76 .83 .79 .82 .88 .85 .86 .89

% of positively screened
respondents

73.10 64.40 66.60 61.80 47.60 54 57.90 46.80 51.90 44.10 34.60 37.8

Age groups Males 18–29 (N = 531) Males 30–44 (N = 108) Males 45–59 (N = 87) Males aged 60–76; N = 85)

Scales A D T A D T A D T A D T

M 2.98 3.12 6.09 3.33 3.29 6.62 3.09 2.86 5.95 2.22 1.96 4.10

SD 1.82 1.96 3.42 1.93 2.09 3.71 1.93 2.09 3.77 1.77 1.97 3.51

Skewness .20 .04 .15 .02 -.08 -.07 .11 .08 .15 .51 .76 .57

Kurtosis -1.00 -1.19 -.98 -1.27 -1.27 -1.22 -1.12 -1.31 -1.16 -.55 -.57 -.65

Cronbach's alpha .71 .78 .82 .75 .83 .86 .74 .89 .89 .73 .85 .88

% of positively screened
respondents

54.30 57.20 53.70 61.10 57.40 58.70 51.80 51.90 51.90 36.40 35.4 36.50

Note. A – anxiety score; D – depression score; T – total score; % of positively screened respondents presents the percentage of respondents with a score of ≥
3 for anxiety and depression subscales as well as ≥ 6 for the total PHQ–4 score.

Table 4. Differences in anxiety and depression PHQ–4 scores for groups in different education, marital status, residence, and main activity categories
(controlling for age and Bonferroni correction)
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Socio-
demographics

N Anxiety score Depression score Total score

M

(SD)
Adjusted Ma

(SE)

Model
parameters and
signi�cant
differences

M
(SD)

AdjustedMa

(SE)

Model
parameters and
signi�cant
differences

M

(SD)
AdjustedMa

(SE)

Model
parameters an
signi�cant
differences

Educational categories

Primary 192 3.73
(1.86)

3.58 (.13) F(3, 2552) = 4.01,
p = .007, ηp

2 =
.005. Differences:

primary > higher;
secondary >
higher.

3.83
(1.79)

3.68 (.14) F(3, 2552) =
12.17, p < .001,
ηp

2 =
.014. Differences:

primary >
secondary;

primary > higher;

vocational >
higher; secondary
> higher.

7.56
(3.22)

7.26 (.25) F(3, 2552) = 9
p < .001, ηp

2 =
.010. Differenc

primary > high

vocational >
higher; second
> higher.

Vocational 130 3.63
(1.87)

3.59 (.16) 3.45
(1.94)

3.41 (.17) 7.08
(3.48)

7.00 (.30)

Secondary 1537 3.49
(1.83)

3.41 (.05) 3.26
(1.95)

3.18 (.05) 6.75
(3.47)

6.59 (.09)

Higher 698 2.94
(1.78)

3.15 (.08) 2.54
(1.88)

2.76 (.08) 5.48
(3.36)

5.92 (.14)

Marital status

Single 1359 3.40
(1.83)

3.33 (.05) ns 3.31
(1.94)

3.25 (.05) F(1, 2554) =
12.71, p < .001,
ηp

2 =
.005. Differences:

single > in a
relationship.

6.71
(3.45)

6.58 (.09) ns

In a
relationship

1198 3.32
(1.85)

3.40 (.05) 2.89
(1.95)

2.97 (.06) 6.22
(3.50)

6.37 (.10)

Residence

Villages 689 3.35
(1.82)

3.31 (.07) ns 3.13
(1.93)

3.08 (.07) ns 6.49
(3.40)

6.39 (.13) ns

Small towns
(up to 20000
inhabitants)

351 3.32
(1.91)

3.31 (.10) 3.13
(1.97)

3.11 (.10) 6.45
(3.56)

6.42 (.18)

Medium-sized
towns (from
20000 to
100000)

593 3.42
(1.87)

3.43 (.07) 3.24
(1.96)

3.25 (.08) 6.67
(3.54)

6.68 (.14)

Large cities
(above
100000)

924 3.34
(1.81)

3.38 (.06) 3.01
(1.96)

3.06 (.06) 6.35
(3.48)

6.44 (.11)

Main activity

Unemployed 477 3.76
(1.80)

3.67 (.08) F(4, 2551) = 4.57,
p = .001, ηp

2 =
.007. Differences:

unemployed >
employed;

unemployed
> combining
work and studies;

unemployed >
students.

3.67
(1.96)

3.55 (.09) F(4, 2551) = 8.88,
p < .001, ηp

2 =
.014. Differences:

unemployed >
employed;

unemployed
> combining
work and studies;

unemployed
> students.

7.43
(3.42)

7.22 (.16) F(4, 2551) = 7
p < .001, ηp

2 =
.012. Differenc

unemployed >
employed;

unemployed
> combining
work and stud

unemployed
> students.

Employed 903 3.19
(1.86)

3.32 (.06) 2.90
(1.95)

3.08 (.07) 6.09
(3.54)

6.40 (.12)

Combining
work and
studies

493 3.33
(1.69)

3.22 (.08) 2.99
(1.87)

2.85 (.09) 6.32
(3.22)

6.07 (.16)

Students 607 3.49
(1.86)

3.34 (.08) 3.25
(1.89)

3.04 (.08) 6.74
(3.42)

6.38 (.15)

Retired 77 2.14
(1.85)

3.04 (.26) 1.99
(1.92)

3.21 (.27) 4.13
(3.38)

6.25 (.48)

Note. ns – non-signi�cant, ηp
2 – partial eta squared (ηp

2 = .01 indicates a small effect size; ηp
2 = .06 indicates a medium effect size; ηp

2 = .14 indicates a large
effect size).

a The adjusted means (controlling for the covariate 'age'). The covariates in the models were estimated at the following values: age = 27.18.

Table 5. Results of latent pro�le analysis in females and males
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Number of classes AIC BIC Entropy prob_min prob_max n_min n_max BLRT p-value

  Females (N = 1730)

1 14116.66 14138.49 1.00 1.00 1.00 1.00 1.00 —

2 12973.14 13011.33 .79 .92 .95 .46 .54 .01

3 12752.20 12806.76 .73 .82 .93 .29 .37 .01

4 12614.06 12684.99 .76 .69 .96 .16 .37 .01

5 12518.26 12605.56 .77 .70 .94 .10 .33 .01

6 12429.73 12533.39 .82 .74 .98 .07 .27 .01

  Males (N = 811)

1 6757.95 6776.74 1.00 1.00 1.00 1.00 1.00 —

2 6235.53 6268.42 .80 .94 .94 .45 .55 .01

3 6128.83 6175.81 .76 .82 .92 .28 .39 .01

4 6066.94 6128.01 .77 .75 .94 .14 .39 .01

5 6032.52 6107.69 .74 .79 .93 .14 .26 .01

6 5961.96 6051.23 .85 .46 .99 .02 .26 .01

Note. AIC — The Akaike information criterion, BIC — The Bayesian information criterion, prob_min — minimum of the diagonal of the average latent class
probabilities for the most likely class membership, by assigned class, prob_max — maximum of the diagonal of the average latent class probabilities for the
most likely class membership, by assigned class, n_min — the proportion of the sample assigned to the smallest class, n_max — the proportion of the sample
assigned to the largest class, BLRT_p — p-value for the Bootstrapped Likelihood Ratio Test (Rosenberg et al., 2018).

Table 6. The description of the distinguished pro�les by the LPA

Pro�les in females (N = 1730) Pro�les in males (N = 811) Screening results
(based on means)

Clinical
meaningfulness

Names of
subpopulations

The risk
level of
mental
disorders

Pro�le 3 (N = 644, 37%):
Anxiety (M = 1.68, SE = .06),
Depression (M = 1.33, SE =
.05)

Pro�le 1 (N = 316, 39%):
Anxiety (M = 1.28, SE = .08),
Depression (M = 1.09, SE =
.12)

Screened negatively for
both anxiety and
depression

Low anxiety and
depressive
symptoms

Non-anxious and
non-depressed
subpopulation

Low

Pro�le 1 (N = 491, 28%):
Anxiety (M = 5.55, SE = .05),
Depression (M = 5.36, SE =
.05)

Pro�le 4 (N = 197, 24%):
Anxiety (M = 5.39, SE = .09),
Depression (M = 5.37, SE =
.09)

Screened positively for
both anxiety and
depression

Very high anxiety
and depressive
symptoms

Highly anxious and
highly depressed
subpopulation

Very high

Pro�le 2 (N = 268, 16%):
Anxiety (M = 4.27, SE = .10),
Depression (M = 2.42, SE =
.11)

Pro�le 3 (N = 186, 23%):
Anxiety (M = 3.59, SE = .22),
Depression (M = 2.64, SE =
.19)

Screened positively for
anxiety and negatively
for depression

High anxiety
symptoms and
average depressive
symptoms

Highly anxious and
moderately
depressed
subpopulation

High

Pro�le 4 (N = 327, 19%):
Anxiety (M = 3.11, SE = .14),
Depression (M = 4.04, SE =
.11)

Pro�le 2 (N = 112, 14%):
Anxiety (M = 2.46, SE = .20),
Depression (M = 4.56, SE =
.20)

Females: screened
positively for both
anxiety and depression.

Males: screened
negatively for anxiety
and positively for
depression

Average anxiety and
high depressive
symptoms

Moderately anxious
and highly
depressed
subpopulation

The variance for anxiety was
.738 and .883 for depression

The variance for anxiety was
.830 and .943 for depression

— — — —

Figures
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Figure 1

Latent pro�les for anxiety and depressive symptoms in females
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Figure 2

Latent pro�les for anxiety and depressive symptoms in males
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