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Background: The Patient Health Questionnaire stress scale (PHQ stress) is a brief 10-item measure of psychosocial
stressors, including work, health, relationship, and financial concerns. This study examines changes in psycho-
social stress during the COVID-19 pandemic and evaluates the scale's temporal stability and measurement
invariance.

Methods: Longitudinal population-based data (N = 4412) were collected at three time points during the pandemic
(baseline, 4 months later, and 1.5 years after baseline). Internal consistency was assessed using McDonald's
omega, and temporal stability via Pearson correlations. Confirmatory factor analysis (CFA) was conducted to
verify the unidimensional factor structure. A sensitivity analysis included pre-pandemic data (1.5 years before
baseline).

Results: PHQ stress scores increased across the four time points. Internal consistency remained acceptable (o =
0.77-0.79), with moderate temporal stability (r = 0.631-0.697). CFA supported a stable one-factor structure
(CFI = 0.947, TLI = 0.932, RMSEA = 0.048, SRMR = 0.047).

Conclusion: The PHQ stress scale demonstrated adequate reliability and temporal stability in a longitudinal
context. It effectively captured variations in stress influenced by major external events such as the pandemic and
economic inflation.

(Hettich et al., 2022; Jafri et al., 2022). Many individuals experienced
acute stress due to health uncertainties, disruptions to daily life, and

1. Introduction

Stress is a prominent focus within medical research, consistently
being associated with both mental and physical health conditions,
including depression, anxiety, sleep disorders, and cardiovascular dis-
ease (Contrada, 2025; Hammen et al., 2009; Kalmbach et al., 2018). It
often arises from social and environmental factors such as personal re-
lationships, workplace demands, financial strain, and other external
influences that impact mental and emotional well-being. Numerous
studies have highlighted how the COVID-19 pandemic has intensified
stress levels across populations, leading to higher rates of depression,
anxiety, psychological distress, as well as posttraumatic stress disorder

social isolation resulting from lockdowns (Brooks et al., 2020; Duby
et al., 2022; Lahav, 2020). Concerns about contracting the virus and
worries for loved ones' health were significant contributors to height-
ened anxiety (Autenrieth et al., 2024; Mercader Rubio et al., 2022).
Financial strain also played a major role, as pandemic-related business
closures, reduced working hours, and job losses created widespread
financial insecurity (Dragano et al., 2022; Petersen et al., 2022; Richter
et al.,, 2024). Economic inflation, exacerbated by the onset of the
Ukraine war, further increased these challenges, especially for disad-
vantaged socioeconomic groups (Movsisyan et al., 2024). Certain
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populations experienced a disproportionate impact from pandemic-
related stress. Low-income households, in particular, faced greater
vulnerability to financial stress, which often led to increased rates of
depression and anxiety (Argabright et al., 2022; Wilson et al., 2020).
Women and younger people also experienced higher levels of distress
due to intensified responsibilities at work and home, particularly as
caregiving demands increased with school closures and family illness
(Dunatchik et al., 2021; Hettich-Damm et al., 2023; Thébaud et al.,
2024).

As mental health is affected by the long-term stress of an era-defining
crisis, it is highly important to have validated instruments of high
sensitivity to changes using population-based epidemiological surveys.
There are a multitude of stress questionnaires, for example, the
Perceived Stress Scale (PSS-10; (Cohen et al., 1983; Klein et al., 2016)),
that measures the perception of stress and how unpredictable, uncon-
trollable, and overloaded individuals experience their lives. The Patient
Health Questionnaire — Stress Scale (PHQ stress), on the other hand, is a
screening instrument for psychosocial stress inquiring how much re-
spondents are affected by ten major psychosocial stressors, including
concerns about weight and health, problems with partner, and financial
worries. It is a subscale of the Patient Health Questionnaire (PHQ),
which also screens for depressiveness, anxiety, eating and somatoform
disorders. Despite the intensive psychometric evaluation of the other
scales of the PHQ, to the best of our knowledge, there has only been one
psychometric study performed on the psychosocial stress subscale: A
large representative study indicated that the PHQ stress scale, which
provides a one-dimensional total stress score, is a valid, practical and
reliable self-report instrument for assessing the severity of psychosocial
stress (Petrowski et al., 2024). However, there is a lack of data regarding
its temporal stability and its test-retest validity in a German sample
during the pandemic and over extended periods.

The large data sets from the prospective Gutenberg Health Study
(GHS) and the Gutenberg COVID-19 Study (GCS) collected at one pre-
pandemic time point and three separate time points during the
pandemic and after the onset of the Ukraine war, offer a unique op-
portunity to attain a new and sound assessment of the temporal stability
(test-retest-reliability) of psychosocial stress. Therefore, the objectives
of the study are to

(1) determine the trajectory of psychosocial stress over the course of
the pandemic;

(2) evaluate the psychometric properties of the PHQ stress scale
including test-retest reliability and measurement invariance;

(3) analyse associations with sociodemographic and psychological

factors.
2. Methods
2.1. Data

Our primary data source is the Gutenberg COVID-19 Study (GCS),
which was initiated following the outbreak of SARS-CoV-2. The partic-
ipants who had previously taken part in the Gutenberg Health Study
(GHS, (Wild et al., 2012)) before the pandemic were invited for the
study of the epidemiology of COVID-19. Participants had been recruited
from the city of Mainz and the county of Mainz-Bingen area through
random sampling from the resident registration office, stratified by sex,
age, and place of residence. The GCS baseline examination occurred
between October 2020 and April 2021 (T1). The first follow-up took
place from March 2021 to June 2021 (T2), and the second follow-up
from May 2022 to November 2022 (T3). During these sessions at the
study center, participants completed a computer-assisted personal
interview and provided biomaterial samples. They also received ques-
tionnaires beforehand to be completed in preparation.

The GCS included N = 8121 individuals from the GHS and an
additional N = 2129 newly recruited participants (aged 25-44). For this
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study, we only included respondents with PHQ stress data available
from all three GCS examination points, resulting in a sample of N = 4412
individuals. A sensitivity analysis was conducted on a subsample of N =
2118 individuals who had valid PHQ stress data at all four time points,
including additional pre-pandemic data from the GHS 10-year follow-up
(2017-2020; TO).

Throughout the study design, execution, and analysis, we adhered to
Good Clinical Practice (GCP), Good Epidemiological Practice (GEP), and
the ethical guidelines of the Declaration of Helsinki. We also followed
the Federal Data Protection Act requirements. The Ethics Committee of
the Rhineland-Palatinate Medical Association and the Data Protection
Officer of the Johannes Gutenberg-University Medical Center Mainz
reviewed all relevant documentation for both the GHS and the GCS,
granting their approval. Additionally, the Rhineland-Palatinate data
protection commissioner approved the sample selection through citi-
zens' registration offices.

2.2. Measures

2.2.1. Patient Health Questionnaire Stress Scale (PHQ stress)

The Patient Health Questionnaire stress scale (Grafe et al., 2004;
Petrowski et al., 2024) is a 10-item scale that inquires about major
psychosocial stressors, concerns about health and weight, work-related
stress, financial worries, low sexual desire, lack of a confidant and
other factors, rated on a 4-point scale (0 = not affected to 3 = very
affected). The items are summarized into a sum score that ranges from
0 to 30, with higher values indicating higher psychosocial stress load.
The items can be found in Table 2.

2.2.2. Psychological variables

We assessed depressiveness by the PHQ-9 (Kliem et al., 2024;
Kocalevent et al., 2013; Lowe et al., 2004)), symptoms of anxiety using
the Generalized Anxiety Disorder Screener (GAD-2, (Kroenke et al.,
2007; Lowe et al., 2010; Spitzer et al., 2006; Wicke et al., 2022)), and
somatic symptom burden using the SSS-8 (Somatic Symptom Scale;
(Gierk et al., 2014; Kliem et al., 2021)) that asks about the eight most
common somatic symptoms.

2.2.3. Health related variables

We also inquired about the respondents' subjective mental and
physical health condition by asking them to rate their health status on a
4-point scale that ranged from 1 = very good to 4 = bad.

2.2.4. Sociodemographic variables

For sociodemographic variables, we assessed the participants' age,
sex (assigned at birth), migration background, educational degree,
employment status (no current employment, irregular or part-time,
fulltime), having a partner (yes/no), as well as their socioeconomic
status, calculated according to the index of Lampert and colleagues
(Lampert and Kroll, 2009). Additionally, we categorized at-risk-of-
poverty by using the definition of relative poverty by the European
Union Statistics on Income and Living Conditions (EU-SILC, (Eurostat, n.
d.)). According to this definition, a person is at-risk-of-poverty if his or
her net equalized income is lower than 60% of the median net equalized
income of all German households. We calculated the net equivalized
income by dividing the monthly income of a household by a weighted
household size (the first adult contributed a unit of 1.0 to the weight,
every additional adult from the age of 14 added an additional 0.5, and
every child under 14 added a unit of 0.3 to the weight). Since the median
net equivalized income in 2019 was 1790€, we used a threshold of
<1074¢ for the categorization of people at-risk-of-poverty.

2.3. Statistical procedure

Absolute and relative frequencies were calculated for categorical
variables, while means and standard deviations were determined for
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continuous variables to describe the sample characteristics. Mean dif-
ferences were expressed using Cohen's d effect sizes, while their signif-
icance was assessed using alpha-adjusted t-tests. McDonald's total omega
(wp was used to determine the internal stability of the sum scores.
Temporal stability of both the sum score and individual items was
estimated using Pearson's correlation coefficient. Discriminatory power
coefficients were estimated through the corrected correlation between
individual items and the total score.

We tested factor validity using confirmatory factor analysis (CFA) to
test if all ten items of the PHQ stress loaded onto one factor. This test was
performed for all three GCS time points separately using the weighted
least squares mean and variance adjusted (WLSMV) estimator. To assess
the goodness-of-fit we used the Comparative Fit Index (CFI), the Tucker
Lewis Index (TLI), the Standardized Root Mean Squared Residual
(SRMR), as well as the Root Mean Square Error of Approximation
(RMSEA). A good fit is indicated by a RMSEA and SRMR of <0.050 as
well as a CFI and TLI of >0.950 (Hu and Bentler, 1999; Van De Schoot
et al., 2012).

We then tested for measurement invariance across time. Meredith
and Teresi's (2006) sequential strategy was used for this process. We
assessed configural, weak, strong, and strict invariance within this
framework, by adding more restrictions as the models progressed.
Initially, configural invariance allows for variations in the loadings,
intercepts, and variances of the latent construct among different groups
or over time, making it completely unrestricted. When assuming weak
measurement invariance, we constrained the loadings to be equal across
groups or time points. To test for strong measurement invariance, both
factor loadings and item intercepts were constrained to equality across
time points. Finally, strict measurement invariance involved assuming
equal factor loadings, item intercepts, and residual variances across time
points. Each invariance model was then compared to a more stringent
model. The chi-square test is the most commonly used method for
testing model fit, but it can be influenced by large sample sizes, leading
to the false rejection of reasonable models. Therefore, we relied on the
four fit indices mentioned above to compare the model fits. Full
invariance can be assumed if the difference in CFI between all invariance
models does not exceed the threshold of ACFI >0.010, as proposed by
Chen (2007).

Finally, we conducted a sensitivity analysis to detect significant
pandemic-related differences, particularly by evaluating changes in
psychosocial stress from pre-pandemic to pandemic time points. Test-
retest stability between these time points was assessed using Pearson
correlations. All analyses were conducted using R version 4.1.1 (pack-
ages: psych (Revelle, 2023), Isr (Navarro, 2015), lavaan (Rosseel, 2012),
semTools (Jorgensen et al., 2022)).

3. Results
3.1. Sample characteristics

As can be seen in Table 1, the sample of this study was 50.1% (N =
2211) female with a mean age of 53.49 (SD = 13.86). Almost one - fifth
had a migration background, approximately half worked fulltime, and
2.9% were at-risk-of-poverty.

3.2. PHQ stress mean scores and item characteristics

We found that the PHQ stress score increased steadily and signifi-
cantly across the time points with an initial value of M = 4.07 (SD =
3.14) at T1, a score of M = 4.33 (SD = 3.34) at T2 and a mean of 4.55
(SD = 3.45) at T3 (see Table 3). However, the effect sizes of these in-
creases were relatively small, ranging from d = 0.07 to d = 0.15. The
internal consistency of the PHQ stress scale was good across all time
points. The largest increases between T1 and T2 were found for the items
asking about the concerns for weight and physical appearance (d = 0.15)
and lack of a confidant (d = 0.24). Between T2 and T3, the most relevant
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Table 1
Sample characteristics at T1, N = 4412.
Available Sample o
data

Sex (female, yes %) 4412 2211 (50.1%)
Age (M, SD) 4412 53.49 (13.86)
Age group (%) 4412

Young (25 - 39 years) 842 (19.1%)

Middle-aged (40 - 59 years) 2001 (45.3%)

Old (60+ years) 1569 (35.6%)
Migration background (yes, %) 4407 878 (19.9%)
Partnership (yes, %) 3260 2984 (91.5%)
Employment 4272

Retired or unemployed 1012 (23.7%)

irregularly or part-time 1149 (26.9%)

fulltime 2111 (49.4%)
SES (M, SD) 4260 15.42 (3.91)
Equalized income (M, SD) 4196 3075.52

(1827.82)

At-risk-of-poverty (yes, %) 4196 122 (2.9%)
Subjective physical condition (M, 4410 1.93 (0.54)

SD)
Subjective mental condition (M, SD) 4410 2.00 (0.60)
PHQ-Stress (M, SD) 4412 4.07 (3.14) 0.77
PHQ-9 (M, SD) 4303 4.33 (3.77) 0.86
GAD-2 (M, SD) 3553 0.82 (1.12) 0.75
SSS-8 (M, SD) 4285 5.64 (4.54) 0.82

Note. SES = Socioeconomic status; PHQ = Patient Health Questionnaire; GAD =
Generalized Anxiety Disorder; SSS-8 = Somatic Symptom Scale; o = McDonald's
omega.

item for the increase was financial issues or concerns (d = 0.19). The
overall increase between T1 and T3 can be mostly attributed to the items
inquiring about financial issues (d = 0.18) and having no one to talk to
(d = 0.18). Concerning temporal stability, we found correlation co-
efficients ranging from 0.63 to 0.70 for the sum score and ranging from
0.22 (something bad that happened recently) to 0.65 (stress at work or
at school) for the individual items.

3.3. Measurement invariance

Confirmatory factor analyses confirmed the one factor structure of
the PHQ stress scale. With the exception of the TLI, which was close to
the threshold of good fit (>0.950), all fit indices demonstrated a good fit
of the model. Full measurement invariance across time was able to be
established by not surpassing the threshold of ACFI >0.010, as proposed
by Chen (2007). All results can be found in Table 3. As individual items/
stressors did not apply to the specific subgroups (i.e., men vs. women,
young vs. old) in the same way (see Supplementary Table 5), we were
unable to establish measurement invariance across these subgroups. We,
therefore, only reported measurement invariance for the total sample.

3.4. Associations with sociodemographic and other psychological factors

Correlation analyses for PHQ stress at all three time points indicated
positive associations with depressiveness (PHQ-9), anxiety (GAD-2),
somatic symptom burden (SSS-8), female sex, being at-risk-of-poverty,
bad subjective and mental health (see Table 4). Negative associations
were found for age and socioeconomic status. The highest correlations
were found for depressiveness, with the coefficient ranging from r =
0.63 to r = 0.66.

3.5. Sensitivity analysis

Lastly, we investigated a subsample of respondents with pre-
pandemic data (see Table 5). We found a (insignificant) decrease be-
tween the pre-pandemic time point (TO) and the first pandemic time
point (T1). Psychosocial stress was found to steadily increase during all
pandemic measurement time points with only the value of T3 being
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Table 3
Confirmatory factor analysis and longitudinal measurement invariance in the full sample.
CFI TLI RMSEA SRMR A CFI A TLI A RMSEA A SRMR
Confirmatory factor analysis
T1 0.947 0.932 0.048 0.047
T2 0.956 0.943 0.048 0.047
T3 0.950 0.936 0.053 0.052
Longitudinal measurement invariance (full sample)
Configural 0.951 0.937 0.051 0.045
Metric 0.947 0.942 0.049 0.047 —0.004 0.005 —0.002 0.002
Scalar 0.939 0.941 0.049 0.050 —0.008 —0.001 0.000 0.003
Strict 0.933 0.944 0.048 0.056 —0.006 0.003 —0.001 0.006

Note. CFI = Robust Comparative Fit Index; TLI = Robust Tucker-Lewis Index; RMSEA = Robust Root Mean Square of Approximation; SRMR = Standardized Root Mean

Square Residual; A = difference in model fits between sequential models.

Table 4
Pearson correlation of the PHQ stress sum score at all time points with relevant
factors.

T1 T2 T3
PHQ-9 0.63%** 0.66%** 0.66%**
GAD2 0.56%** 0.54%%* 0.56%%*
SSS-8 0.54%** 0.54%%* 0.56%*
Age (continuous) —0.19%** —0.16%** —0.16%**
Female sex 0.15%%* 0.16%** 0.14%%*
At-risk-of-poverty 0.04* 0.05%* 0.03*
SES —0.03* —0.03 —0.04*
Subjective physical health 0.407%** n/a
Subjective mental health 0.45%** n/a

Note. T1 = October 2020 to April 2021; T2 = March 2021 to June 2021; T3 =
May 2022 to November 2022; n/a = not available for this measurement time
point. ***, ** * — p.yalue (*** = p-value < 0.001, ** = p-value < 0.01, * = p-
value < 0.05).

Table 5
Sensitivity analysis between pre-pandemic and pandemic time points (N =
2118).

TO T1 T2 T3
Mean (SD) 4.03(2.99) 3.86(3.86) 4.11 (3.15) 4.44 (3.40)
Mean difference test 0.060 0.453 < 0.001
(compared to TO)
Test-retest (ry) 0.61 0.56 0.57

Note. TO = 2017 to 2020; T1 = October 2020 to April 2021; T2 = March 2021 to
June 2021; T3 = May 2022 to November 2022; r;; = Pearson correlation coef-
ficient to test for test-retest reliability.

to work no longer necessary and a better work-life balance might have
been more easily accomplished (see for example (Shimura et al., 2021)).

The second aim of this study concerned the psychometric evaluation
of the PHQ stress scale. The scale showed an acceptable internal con-
sistency with McDonald's omega ranging from 0.77 to 0.79. These
findings were consistent with previous results (Petrowski et al., 2024).
These relatively low levels may be due to the work- and trauma-related
items that do not apply to the whole sample as, for example, almost a
quarter of this study sample is unemployed or retired. The test-retest
reliability of the measurement instruments ranged from r = 0.63 to r
= 0.70 in the full sample, which can be considered good. A CFA on the
full sample confirmed a one factor structure of the PHQ stress scale,
though it has to be noted that the TLI did not meet the criteria of good fit
(> 0.950), which was also the case in a validation study on a repre-
sentative sample (Petrowski et al., 2024). Nevertheless, full measure-
ment invariance across time was able to be established as indicated by
the ACFI that never surpassed the >0.010 threshold, as proposed by
Chen (2007). Heterogeneity in the exposure to specific stressors made
testing for measurement invariance between certain subgroups

unfeasible. As mentioned above, stressors such as (care) work, financial
strain, trauma, and relationship issues may not affect all groups equally.
For instance, as shown in Supplementary Table 5, respondents aged 60
and older reported significantly lower mean scores for concerns about
appearance, problems with spouse or partner, burden of child care,
work-related stress, and financial worries. These differences are largely
age-related, as respondents over the age of 60 may no longer be working
(and thus are not burdened by work-related stress), may not have chil-
dren in their care (and therefore are not exposed to child care-related
stressors), and may no longer have a significant partner (and thus are
not affected by partner-related issues). Similarly, women reported
higher stress levels for nearly all ten measured stressors, indicating that
they may be uniquely affected by psychosocial stress. For instance,
women may experience more care work-related stress while men may be
affected differently due to their gendered responsibilities (Hettich-
Damm et al., 2023). Furthermore, respondents at-risk-of-poverty are
more likely to suffer from financial stress than more affluent respondents
(Petersen et al., 2022). As a result, substantial variance between groups
may hinder the establishment of measurement invariance between these
subgroups and may impact the overall model fits.

Lastly, we further investigated the associations with other relevant
psychological instruments as well as sociodemographic factors, as the
third aim of this study. Depressiveness levels were found to be higher in
our sample than reported in a standardization paper (Kocalevent et al.,
2013): We found a mean of 4.33 (SD = 3.77) compared to the mean
reported by Kocalevent et al. (2013), which was at 3.1 (SD = 3.5) for
women and 2.7 (SD = 3.5) for men. Similarly, the SSS-8 levels were also
significantly higher than those shown by Gierk et al. (2014): 5.64 (SD =
0.78) vs. 3.23 (SD = 3.96). Only the GAD-2 levels did not differ from
those reported in literature with our sample reporting a mean of 0.82
(SD=1.12) and Lowe et al. (2010) reporting a mean of 0.82 (SD = 1.10).
These increased levels of depressiveness and somatic symptoms during
the pandemic, however, have been repeatedly linked to pandemic ef-
fects and are therefore consistent with previous findings (Hettich et al.,
2022). Regarding the associations to psychosocial stress, we found that
depressiveness, generalized anxiety, somatic symptom burden, female
sex, being at-risk-of-poverty, as well as bad subjective physical and
mental health were positively associated with psychosocial stress (risk
factors). Protective factors were higher age and higher socioeconomic
status. These associations are in line with previous research and there-
fore indicate factor validity (Petrowski et al., 2024).

4.1. Limitations

Although the study benefitted from its unique database spanning
over an extended period both before and during the pandemic, the
community sample's characteristics present limitations. The sample had
arelatively high average age of 56.6 years and was financially better off,
with only 3.4% of participants being at-risk-of-poverty compared to the
14.7% reported by the German Federal Statistical Office (2023).
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Consequently, the representativeness of our findings is limited, and the
mean scores should be interpreted with caution. Moreover, although
10250 individuals took part in the GCS baseline examination (T1), only
N = 4412 provided valid data across all three measurements. This raises
the question of dropout patterns and panel attrition effects in longitu-
dinal studies that may further reduce the representativeness of our
findings. It is possible that individuals in poor health may become un-
able to participate in such examinations. Additionally, a portion of the
study was conducted during the vaccination rollout, which might have
influenced psychosocial stress due to varying vaccine access and the
easing of lockdown measures. Lastly, we were not able to establish full
measurement invariance across sex and age groups (see Supplementary
Table 2), indicating that the scale may function somewhat differently
between these subgroups. Further research should investigate a more
appropriate factorial structure of the scale.

5. Conclusion

The PHQ stress scale proved to be a reliable tool for assessing psy-
chosocial stress in a longitudinal study. It showed adequate temporal
stability and was responsive to large-scale external influences, such as
the onset and course of a pandemic and subsequent financial and po-
litical stress. Furthermore, our findings indicated that psychosocial
stress — assessed using the PHQ stress scale — may not affect subgroups
equally, which should be kept in mind in future analyses.
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