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Abstract

Purpose Depression is a highly prevalent mental health condition with substantial individual, societal and economic con-
sequences. This study focussed on the association of depressive symptom severity with absenteeism duration and employer
labour costs.

Methods Using cross-sectional data from the German Health Update 2014/2015, multivariable zero-inflated Poisson regres-
sion (ZIP) models explored the association of depressive symptom severity (8-item depression patient health questionnaire—
PHQ-8), with absenteeism weeks during 12 months in men and women working full- or part-time. The predicted sick leave
weeks were multiplied by mean average labour costs.

Results The sample consisted of 12,405 persons with an average sick leave of 1.89 weeks (SD 4.26). Fifty-four % were
women and 57% were between 40 and 59 years of age. In men and women, mild, moderate, moderately severe and severe
depressive symptoms were associated with a significant factor increase in sick leave weeks compared to persons with no or
minimal symptoms. Labour costs increased with increasing symptom severity from € 1468.22 for men with no or minimal
depressive symptoms to € 7190.25 for men with severe depressive symptoms and from € 1045.82 to € 4306.30 in women,
respectively.

Conclusion The present results indicate that increasing depressive symptom severity is associated with increasing absentee-
ism and employer costs. They emphasize the need for implementation, realignment or extension of professional work-site
health promotion programmes aiming at the improvement and maintenance of employee health and the reduction of labour
costs associated with depression-related sick leave.

Keywords Absenteeism - Labour costs - Depression - Sick leave - Mental health

Introduction

Depression is one of the most common and consequential
mental illnesses (Murray et al. 2013) and is estimated to
affect 350 million people worldwide (Marcus et al. 2012). In
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addition to the large prevalence of depression, it is responsi-
ble for the largest global disease burden, accounting for 7%
of disability adjusted life years (DALYs, i.e. years of life lost
through premature mortality and years lost due to disability
for persons suffering from (the consequences of) a health
condition) (Ferrari et al. 2013). It is predicted, that by the
year 2030, depression will be one of the three leading causes
of the global disease burden (Mathers and Loncar 2006).
Depression is diagnosed according to the criteria of the ICD-
10 (International Statistical Classification of Diseases and
Related Health Problems) classification system. The main
symptoms of depression include depressed mood, loss of
interest or pleasure, and decreased drive and increased fati-
gability. Additional symptoms of depression include con-
centration problems, decreased self-esteem, feelings of guilt
or worthlessness, negative outlook on the future, suicidal
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thoughts or actions, sleep disturbances, and loss of appetite.
According to the number, type and severity of symptoms and
the degree of impairment in social and occupational func-
tioning, the ICD-10 distinguishes between mild, moderate
and severe episodes. For a diagnosis of depression, symp-
toms must have lasted for at least 2 weeks (DIMDI 2019).
While the individual impact of depression is tremendous,
the substantial economic consequences must be considered
as well.

Depression and anxiety disorders cost the global economy
an estimated US$1 trillion per year (WHO 2019). Costs of
depression include direct costs through healthcare utilization
and indirect costs attributable to decreased worker produc-
tivity. The prevalence of depression in persons contribut-
ing to the workforce is considerable and is associated with
decreased work productivity including absenteeism (Hender-
son and Madan 2014; Musarezaie et al. 2014). In Germany,
employers are legally obliged to continuous payment of sal-
ary for a maximum period of six consecutive weeks in case
of sickness-related absenteeism resulting in excess labour
costs without employee output during episodes of sick leave
(Federal Government Commissioner for Migration, Refu-
gees and Integration 2020).

However, little is known about the association of depres-
sive symptom severity and duration of absenteeism. Chow
et al. (2019) suggested that increasing symptom severity is
adversely associated with work productivity. Yet, these find-
ings were based on data originating from the United States
of America (USA). To our knowledge, no comparable stud-
ies exist for any of the European countries.

While it seems plausible to assume that results will be
comparable between the USA and European countries, it
must be considered that country-specific features such as
economic wealth, social security, human development or
geographical region have a relevant influence on work out-
comes (van der Zee-Neuen et al. 2017; Chow et al. 2019).
Therefore, results should be validated on a national level.
The current study aims to shed light on the association of
depressive symptom severity and absenteeism as well as on
labour costs associated with the duration of sick leave in
a representative sample of the general German population.
It is hypothesized that (1) absenteeism is increasing with
increasing depressive symptom severity and (2) employer
labour costs for employees on sick leave raise substantially
with increasing symptom severity.

Methods

Secondary data analyses were carried out using data from
the German Health Update (GEDA 14/15) (Robert Koch
Institute 2015). The GEDA is a cross-sectional survey
among the German-speaking adult population aged 18 and
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older in Germany that is conducted regularly by the Robert
Koch Institute as part of the nationwide health monitoring.
The GEDA 14/15 was the fourth wave of the GEDA study
and was conducted from November 2014 to July 2015 in a
sequential mixed-mode design. To represent the target pop-
ulation, a two-stage stratified random sample was drawn.
Study participants could take part in the survey via standard-
ized online questionnaire or via standardized written-postal
questionnaire. The exact study design and sampling method
is described elsewhere (Lange et al. 2017).

All analyses for the current study were performed using
STATA 12.0.

Outcome variable

Absenteeism/sick leave was included as outcome variable
containing information on the number of weeks absent from
work due to sickness during 12 months prior to undertak-
ing the GEDA survey. The variable was calculated based
on absenteeism days reported in response to the question
“During the past 12 months, how many days in total have
you been absent from work due to illness?” Measuring
absenteeism through self-report with a 12-month recall
period can be considered a valid method. In accordance
with previous studies, Ferrie et al. (2005) found that the
agreement between self-reported sickness absence with
absences recorded in employer’s registers was acceptable
and that the association between annual self-reported sick-
ness absence days and self-rated health was comparable to
those for recorded absence days (Rees and Cooper 1993;
Burdorf et al. 1996; Ferrie et al. 2005).

Covariates and potential confounders
Main independent variable

The eight-item depression patient health questionnaire
(PHQ-8) is a self-administered screening tool for the detec-
tion of depressive symptoms. It is based on eight of nine
criteria of the Diagnostic and Statistical Manual of Mental
Disorders—Fourth Edition (DSM-1V) (Kroenke and Spitzer
2002). The ninth criterion was omitted in the data collection
due to its sensitive nature (i.e. the item asks about suicidal
thoughts). Omission of the ninth criterion has no impact on
the validity of the questionnaire (Kroenke et al. 2009; Shin
et al. 2019).

The eight items of the PHQ-8 are scored on a four-point
scale, indicating how often one has been bothered by prob-
lems during a 2-week period prior to undertaking the survey
(O=not at all, 1 =several days, 2=half the days, 4 =nearly
every day). Items focus on (1) interest and pleasure in doing
things, (2) feeling down depressed or hopeless, (3) trouble
falling or staying asleep or sleeping too much, (4) feeling
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tired or having little energy, (5) poor appetite or overeating,
(6) feeling bad about oneself, (7) trouble concentrating and
(8) restlessness or unusual tranquillity. The PHQ-8 was used
as the main independent variable (categorical: five catego-
ries, 1 =no/minimal depressive symptoms, sum-score PHQ-
8: 0—4, 2 =mild depressive symptoms, sum-score PHQS:
5-9, 3=moderate depressive symptoms, sum-score PHQ-8:
10-14, 4 = moderately severe depressive symptoms, sum-
score PHQ-8: 15-19, 5 =severe depressive symptoms, sum-
score PHQ-8: 20-24).

Of the characteristics included in the GEDA dataset, age,
sex, body mass index, smoking status, marital status, socio-
economic status, number of comorbidities, social support,
physical activity, alcohol consumption and support/care of
others are considered relevant factors for the development or
worsening of depression throughout the literature and were
therefore included in the analyses as potential confounders or
covariates (Blazer 2003; Jacobi et al. 2004; Sareen et al. 2006;
Marengoni et al. 2011; Kleppang et al. 2018). Below, an over-
view of these variables and their metric properties is provided.
Demographics

— Age (categorical: 1=18-39 years, 2=40-59 years,
3260 years).

— Sex (categorical: 1 =male/2 =female).

— Marital status (categorical: 1 =single, 2=married/living
with partner, 3 =widowed, 4 =divorced/separated).

— Socioeconomic status (SES, categorical: 1 =1ow,
2 =average, 3 =high). The SES-Index was part of the
data provided to the authors for further analyses. It
reflects a multidimensional sum score based on infor-
mation on education, profession and income. For the cal-
culation of the variable that was provided to and used by
the authors, the three dimensions were first converted to
metric scales. Next, they were entered in the SES-Index
using equal weights (Lampert et al. 2013).

Health behaviour

— Smoking status (categorical: 1 =daily, 2 =sometimes;
3 =no, cessation, 4 =never smoked).

— Alcohol consumption (categorical: 1 =daily, 2 =weekly,
3 =monthly, 4 =less than monthly, 5 =quit consumption,
6 =never).

— Physical activity (categorical: 1 =inactive, 2 =active dur-
ing leisure time, 3 =active during work, 4 =active during
work and leisure time).

Health status
— Body mass index (BMI, categorical: underweight

BMI< 18.5, normal BMI>18.5 and <£24.99, over-
weight =25 and < 30, obese > 30).

— Number of comorbidities (continuous: disease count
in the past 12 months prior to undertaking the GEDA-
survey: excluding depression, including: asthma, chronic
bronchitis, myocardial infarction, coronary heart disease,
heart insufficiency, osteoporosis, rheumatoid arthritis,
osteoarthritis, stroke, diabetes, chronic kidney disease,
cirrhosis of the liver, other liver disease, ulcerative coli-
tis, stomach ulcer).

Social/relational

— Support of/care for other persons (categorical: 1 =yes,
2=no).

— Social support (Oslo-3 Social Support Scale sum-score,
1 =little support, 2=moderate support, 3 =strong sup-
port). The Oslo-3 Scale generates information on (a) the
number of persons the respondent can rely on in case
of severe, personal problems, (b) the amount of interest
and sympathy others have for the respondent and (c) how
easy it is to receive practical support from a neighbour.
The indicator used in the current study is based on the
calculation of three categories reflecting the value ranges
of the total point value of the three items asked (Meltzer
2003; Kilpeldinen et al. 2008).

Statistical analyses

For the purpose of the current cross-sectional analyses. only
subjects who indicated to work part- or full-time and with-
out missing values in any of the considered variables were
included. First, descriptive characteristics were used to char-
acterize the sample as a total (i.e. including all subjects with
part- or full-time work) and by depressive symptom severity.
Next, due to overdispersion of zeros in the outcome variable
(i.e. many persons did report zero sick leave), zero-Inflated
Poisson regression analyses were performed.

Zero-inflated Poisson regression (ZIP) is used for the
handling of count data (e.g. weeks of absenteeism) and is
particularly suitable for situations in which the number of
zero counts is high (e.g. many subjects with no absentee-
ism). ZIP models assume that excess zeros occur due to a
separate process than the actual counts and should be mod-
elled independently.

A ZIP model therefore consists of two parts, a Poisson count
part and a logit part. The first part predicts the factor increase
in the outcome variable (i.e. sick leave duration in terms of
weeks), and the latter part predicts the log odds of excess zeros
(Lambert 1992; Cameron and Trivedi 2013; Date 2020). To
verify that the response variable was captured better by ZIP
than by a regular Poisson regression, Vuong’s test was used.

To determine the final model, manual forward selection
was employed for the count part of the model after uni-
variable analyses. Variables which were found to have a
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significant association with the outcome in univariable anal-
yses remained in the model if they confounded the associa-
tion of the independent variable of interest with the outcome
(i.e.=10% change in coefficient for PHQ-8) or contributed to
the overall model fit estimated by log-likelihood ratio tests.
For the latter, significance was assumed at p <0.05 and Chi?
changes =20 were considered relevant. A variance inflation
factor analysis was performed on a simplified model (i.e. a
linear regression model including the variable of the ZIP
count part) to rule out multicollinearity.

Variables in the logit (i.e. inflate) part of the model were
selected based on their potential role in increasing the prob-
ability of zero sick leave and were retained in the model if
they contributed significantly to this probability.

Considered variables included:

- Depressive symptom severity, assuming that the absence
of depressive symptoms is likely to result in zero sick leave
and that higher symptom severity results in smaller log odds
of having no sick leave.

- Age, as younger individuals have lower risk of sick leave.
- SES since lower SES is associated with lower risk of sick
leave.

- Number of comorbidities since the absence of any (co-)
morbidity is likely to result in a higher probability of zero
sick leave.

A two-way interaction term including sex and depressive
symptom severity was computed and added to the final mul-
tivariable ZIP model to explore potential effect modification
through sex. Finally, sick leave weeks for each symptom
severity stage and sex were predicted.

Based on the final, fully adjusted models, weeks of sick
leave for each symptom severity stage were predicted using
the Stata postestimation command “margins”.

Calculation of labour costs

Average weekly labour costs for men and women in full-
or part-time employment were retrieved from the statistical
yearbook of the Federal German Statistical Office (Statis-
tisches Bundesamt DESTATIS 2019).

Appropriate values (i.e. € 853.47 for women working full-
time and € 491.83 for women working part-time/€ 1041.84
for men working full-time and € 539.71 for men working
part-time) were assigned to the study subjects. Sick leave
weeks predicted by the ZIP model were then multiplied with
the average labour costs for men and women, respectively.

@ Springer

Results

The full sample including persons with part- or full-
time work consisted of 12,405 subjects of whom 8910
(71.83%) worked full-time, 6605 (53.42%) were women,
7070 (56.99%) were between 40 and 59 years of age, 6081
(49.02%) had a normal BMI and 7119 (57.39%) were mar-
ried or in a relationship and living together. The average
sum of sick leave in 1 year was 1.89 (SD 4.26) weeks. A
more extensive description of the characteristics of the
sample as a total and by depressive symptom severity is
provided in Table 1.

Association of depressive symptom severity
with sick leave

Vuong’s test confirmed that the ZIP model was superior
to a regular Poisson regression model. Results of the log-
likelihood ratio tests during the model building process
and estimated association of symptom severity with sick
leave for each step in the model building process are pre-
sented in Supplementary Table S1.

The final model included the following covariates in the
count part of the model: age, sex, BMI, smoking status,
marital status, SES and number of comorbidities. The logit
part of the model entailed depressive symptom severity,
age, SES and number of comorbidities. Alcohol consump-
tion was removed from the model due to multicollinearity.

The interaction term of sex with depressive symptom
severity was significantly associated with absenteeism.
Therefore, stratified analyses based on sex were performed.

Compared to men and women with no or minimal
depressive symptoms, men and women with mild, moder-
ate, moderately severe and severe depressive symptoms
had a significantly higher number of sick leave weeks.
In men, the number of sick leave weeks increased by a
factor of 1.33 [1.27;1.40] for mild depressive symptoms,
1.61 [1.50;1.73] for moderate depressive symptoms, 1.91
[1.71;2.13] for moderately severe depressive symptoms
and 3.84 [3.29;4.50] for severe depressive symptoms.

In women, the number of sick leave weeks increased
by factor 1.37 [1.31;1.43] for mild, 2.04 [1.93;2.15] for
moderate, 2.54 [2.35;2.75] for moderately severe and 2.96
[2.63;3.33] for severe depressive symptoms. Table 2 shows
the univariable and multivariable results of the ZIP analyses.

Based on the fully adjusted ZIP models, the predicted
weeks of sick leave were 1.46 [95% CI 1.41;1.51] in men
with no/minimal depressive symptoms, 2.25 [95% CI
2.13;2.37] in men with mild depressive symptoms, 3.02
[95% CI 2.74;3.29] in men with moderate depressive symp-
toms, 3.43 [95% CI 2.87;3.99] in men with moderately
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Table 1 Characteristics of the study population as a total and by depressive symptom severity

Total No/minimal depres- Mild depres- Moderate depres- Moderately severe Severe depressive
(N=12,405)  sive symptoms” sive symptom®  sive symptoms® depressive symptoms!  symptoms®
(n=8573) (n=2864) (n=704) (n=214) (n=50)
Full-time employment, n (%) 8910(71.83) 6313 (73.64) 1955 (68.26) 470 (66.76) 142 (66.36) 30 (60.00)
Weeks sick leave past 12 months, mean 1.89 (4.26) 1.41 (3.15) 2.40 (4.83) 4.06 (7.63) 5.25(8.25) 9.08 (11.55)
(SD)
Age, n (%)
18-39 years 4477 (36.09) 2990 (34.88) 1117 (39.00) 265 (37.64) 90 (42.06) 15 (30.00)
40-59 years 7070 (56.99) 4933 (57.54) 1593 (55.62) 400 (56.82) 113 (52.80) 31 (62.00)
> 60 years 858 (6.92) 650 (7.58) 154 (5.38) 39 (5.54) 11 (5.14) 4 (8.00)
Sex, female 6605 (53.42) 4285 (49.98) 1699 (59.32) 455 (64.63) 131 (61.21) 35 (70.00)
Body mass index
Underweight, < 18.5 204 (1.64) 122 (1.42) 56 (1.96) 20 (2.84) 4(1.87) 2 (4.00)
Normal weight, 18.5-24.9 6081 (49.02) 4276 (49.88) 1396 (48.74) 304 (43.18) 85(39.72) 20 (40.00)
Overweight, 25-29.9 4148 (33.44) 2959 (34.52) 893 (31.18) 219 (31.11) 58 (27.10) 19 (38.00)
Obesity, > 30 1972 (15.90) 1216 (14.18) 519 (18.12) 161 (22.87) 67 (31.31) 9 (18.00)
Smoking status, n (%)
Daily 2445 (19.71) 1504 (17.54) 653 (22.80) 206 (29.26) 63 (29.44) 19 (38.00)
Occasionally 842 (6.79) 554 (6.46) 224 (7.82) 47 (6.68) 15 (7.01) 2 (4.00)
Quit smoking 3627 (29.24) 2512 (29.30) 830 (28.98) 203 (28.84) 67 (31.31) 15 (30.00)
Never smoked 5491 (44.26) 4003 (46.69) 1157 (40.40) 248 (35.23) 69 (32.24) 14 (28.00)
Marital status, n (%)
Single 4020 (32.41) 2644 (30.84) 1020 (35.61) 261 (37.07) 79 (36.92) 16 (32.00)
Married/living with partner 7119 (57.39) 5139 (59.94) 1519 (53.04) 335 (47.59) 102 (47.66) 24 (48.00)
Widowed 150 (1.21) 105 (1.22) 31 (1.08) 11 (1.56) 3(1.40) 0 (0.00)
Divorced/separated 1116 (9.00) 685 (7.99) 294 (10.27) 97 (13.78) 30 (14.02) 10 (20.00)
Socioeconomic-status, 1 (%)
Low 1325 (10.68) 828 (9.66) 322 (11.24) 121 (17.19) 47 (21.96) 7 (14.00)
Average 6741 (54.34) 4511 (52.62) 1652 (57.68) 428 (60.80) 118 (55.14) 32 (64.00)
High 4339 (34.98) 3234 (37.72) 890 (31.08) 155 (22.02) 49 (22.90) 11 (22.00)
Number of comorbidities, mean (SD) 0.27 (0.63) 0.21 (0.52) 0.36 (0.72) 0.52 (0.90) 0.61 (0.96) 0.86 (1.50)
Oslo-3 social support scale, n (%)
Little support 1823 (14.70) 886 (10.33) 595 (20.78) 222 (31.53) 92 (42.99) 28 (56.00)
Moderate support 6886 (55.51) 4730 (55.17) 1670 (58.31) 369 (52.41) 101 (47.20) 16 (32.00)
Strong support 3696 (29.79) 2957 (34.49) 599 (20.91) 113 (16.05) 21(9.81) 6 (12.00)
Physical activity, n (%)
Inactive 3588 (28.92) 2389 (27.87) 872 (30.45) 242 (34.38) 70 (32.71) 15 (30.00)
Active during leisure time 3592 (28.96) 2678 (31.24) 721 (25.17) 138 (19.60) 43 (20.09) 12 (24.00)
Active during work 2879 (23.21) 1839 (21.45) 732 (25.56) 231 (32.81) 64 (29.91) 13 (26.00)
Active during work and leisure time 2346 (18.91) 1667 (19.44) 539 (18.82) 93 (13.21) 37 (17.29) 10 (20.00)
Alcohol consumption, n (%)
Daily 957 (7.71) 639 (7.45) 234 (8.17) 53 (7.53) 26 (12.15) 5 (10.00)
Weekly 5519 (44.49) 3983 (46.46) 1190 (41.55) 251 (35.65) 73 (34.11) 22 (44.00)
Monthly 3303 (26.63) 2262 (26.39) 793 (27.69) 187 (26.56) 53 (24.77) 8 (16.00)
Less than monthly 1628 (13.12) 1078 (12.57) 384 (13.41) 129 (18.32) 33(15.42) 4 (8.00)
Quit consumption 333 (2.68) 189 (2.20) 97 (3.39) 30 (4.26) 11(5.14) 6 (12.00)
Never 665 (5.36) 422 (4.92) 166 (5.80) 54 (7.67) 18 (8.41) 5 (10.00)
Support of/care for other persons (yes), 1968 (15.86) 1290 (15.05) 470 (16.41) 150 (21.31) 46 (21.50) 12 (24.00)

n (%)

2Sum-score PHQ-8: 04
®Sum-score PHQ-8: 5-9
“Sum-score PHQ-8: 10-14
4Sum-score PHQ-8: 15-19
¢Sum-score PHQ-8: 2024
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Table 2 Adjusted association of depressive symptom severity with weeks of sick leave during 12 months in men and women with full- and part-
time employment (n=12,405)

Count part of zero-inflated Poisson model

Exp (B) [95%CI]

Men

Univariable

Multivariable

Women

Univariable

Multivariable

PHQ-8 (depressive symptoms, reference =no/minimal)

Mild

Moderate
Moderately severe
Severe

Age group (reference = 18-39 years)

40-59 years
>60 years

BMI (reference =normal weight)

1.51 [1.44;1.59]
2.11[1.96;2.26]
2.43[2.19;2.71]
5.34 [4.58;6.23]

1.65 [1.57;1.74]
3.21 [2.99;3.44]

1.33 [1.27;1.40]
1.61 [1.50;1.73]*
1.91[1.71;2.13]
3.84 [3.29;4.50]

1.35[1.28;1.43]
2.40 [2.22;2.59]

1.42[1.37;1.49]
2.37[2.25;2.50]
3.03 [2.81;3.27]
4.02 [3.58;4.51]

1.61 [1.55;1.68]
2.04 [1.90;2.19]

1.37[1.31;1.43]
2.04 [1.93;2.15]
2.54 [2.35;2.75]
2.96 [2.63;3.33]

1.41 [1.34;1.47]
1.61 [1.49;1.75]

Underweight 0.48 [0.30;0.77] 0.56 [0.35;0.90] 0.83[0.72;0.94] 0.82[0.72;0.93]
Overweight 1.29 [1.23;1.35] 1.14 [1.08;1.19] 1.45[1.39;1.51] 1.26 [1.21;1.31]
Obesity 1.72 [1.63;1.82] 1.24 [1.17;1.31] 1.63 [1.55;1.70] 1.26 [1.20;1.32]

Smoking status (reference =never smoked)

Daily
Occasionally
Quit smoking

Marital status (reference = single)
Married/living with partner

Widowed

Divorced/separated from partner
Socioeconomic-status (reference =high)

Low
Medium

Number of comorbidities

1.78 [1.68;1.88]
0.97 [0.89;1.07]
1.66 [1.58;1.75]

1.34 [1.28;1.41]
2.15[1.73;2.68]
1.92 [1.77;2.07]

2.38 [2.22;2.56]
2.08 [1.97,2.21]
1.46 [1.43;1.49]

1.43 [1.35;1.51]
0.99 [0.91;1.09]
1.30[1.23;1.37]

1.07 [1.01;1.13]
1.36 [1.09;1.70]
1.38 [1.27;1.49]

1.78 [1.66;1.91]
1.83 [1.73;1.94]
1.24 [1.21;1.26]

1.33[1.27;1.39]
0.78 [0.72;0.85]
1.15[1.10;1.20]

1.21 [1.16;1.26]
2.21[2.00;2.44]
1.53 [1.45;1.62]

1.76 [1.65;1.87]
1.39[1.33;1.45]
1.38 [1.36;1.41]

1.08 [1.03;1.13]
0.80[0.73;0.87]
1.01 [0.96;1.05]

0.98 [0.93;1.02]
1.37 [1.23;1.52]
1.08 [1.02;1.15]

1.28 [1.20;1.37]
1.22 [1.16;1.27]
1.18 [1.15;1.20]

Logit part of zero-inflated multivariable Poisson model

B [95%CI]

Men

Women

PHQ-8 (depressive symptoms, reference =no/minimal)*

Mild

Moderate
Moderately severe
Severe

Age group (reference = 18-39 years)

40-59 years
260 years

Socioeconomic-status (reference =high)

Low
Medium

Number of comorbidities

—-0.49 [-0.67;-0.31]
—0.94 [-1.31;-0.57]°
—0.75 [-1.36;-0.14]
—-0.91 [-2.25;0.43]

0.77 [0.59;0.96]
1.91 [1.65;2.17]

0.69 [0.46;0.93]
0.45 [0.28;0.63]
—0.31 [-0.42;—0.20]

—0.41 [-0.56;—0.26]
—0.74 [-1.01;—-0.47]
—0.82 [-1.29;-0.35]
—1.82 [-3.03;—0.61]

0.99 [0.81;1.16]
1.60 [1.34;1.86]

0.79[0.58;1.01]
0.28 [0.13;0.43]
—0.30 [-0.40;—0.19]

“More severe depressive symptoms result in smaller log odds of certainly having zero sick leave weeks

*Interpretation example: Compared to men with no or minimal depressive symptoms, men with moderate depressive symptoms have a 1.61

times higher number of sick leave weeks

"Interpretation example: Compared to men with no or minimal depressive symptoms, the log odds of certainly having zero sick leave weeks are
—0.94 in men with moderate depressive symptoms
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Predicted* weeks of sick leave and associated per-employee labour costs in men and women
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Fig. 1 Predicted weeks of sick leave and associated per employee labour costs in men and women with increasing depressive symptom severity

severe depressive symptoms and 7.15 [95% CI 5.00;9.30]
in men with severe depressive symptoms.

In women with no/minimal, mild, moderate, moderately
severe and severe depressive symptoms, the predicted weeks
of sick leave were 1.53 [95% CI 1.48;1.58], 2.35 [95% CI
2.25;2.501, 3.77 [95% C1 3.53;4.01], 4.76 [95% C1 4.23;5.29]
and 6.30 [95% CI 5.35;7.26], respectively (Fig. 1).

Labour costs

The average weekly labour costs in the study sample were
€1764.94 (SD 1277.62) for men and €1,370.99 (SD 914.54)
for women. Costs of sick leave according to depressive
symptom severity in men were €1486.22 for no/minimal
symptoms, €2262.67 for mild symptoms, €3037.00 for
moderate symptoms. €3449.31 for moderately severe symp-
toms and €7190.25 for severe symptoms. In women, these
costs were €1045.82; €1606.32; €2576.95; €3253.65 and
€4306.30, respectively (Fig. 1).

Discussion

The present study showed that sick leave and costs for
employers of persons with depressive symptoms rise sub-
stantially with increasing, self-reported symptom sever-
ity. To our knowledge, this is the first study focussing
on the association of depressive symptom severity with

absenteeism and related costs in the European region. How-
ever, the present findings are in line with other international
studies confirming that absenteeism in employees with
depressive symptoms is larger than in those without and that
the severity of depression adversely affects their workability
(Lerner et al. 2010; Beck et al. 2011; Johnston et al. 2019).

In agreement with the current study findings, Mcternan
et al. (2013) reported that sick leave costs in employees
with mild depressive symptoms are notably higher than in
employees with no or minimal depressive symptoms. More-
over, we found that an increasing severity of symptoms was
associated with an increasing risk of sick leave duration.

These results apply to both men and women.

Interestingly, the rather continuous increase in predicted
sick leave duration and associated costs in men was sub-
stantially steeper when comparing the moderately severe
symptom category to the severe symptom category.

A potential explanation might be that men are more likely
to continue work until their health fully prevents work con-
tinuation. On the other hand, considering the cross-sectional
nature of our analyses, the phenomenon might indicate that
absence from work is related to an increased symptom sever-
ity. An underlying mechanism could be a decreased sense
of self-esteem related to labour market inactivity, which is
related to more severe symptoms of depression in men but
not in women (Alvaro et al. 2019).

The large study sample, the lengthy assessment period
of work absenteeism, comprehensiveness and quality
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of available data as well as their analyses pronounce the
strength of the present study. However, it must also be con-
sidered that the cross-sectional data collection resulted in
the recording of all variables at the same time with the same
methodology. Therefore, there is a risk for the occurrence
of same-source bias (i.e. people with pronounced depres-
sive symptoms might have assessed other variables, like
absenteeism more negatively). This might have resulted in
an overestimation of the adverse association of depressive
symptom severity and absenteeism.

As in all cross-sectional studies, no conclusions on the
causality of observed associations can be drawn. While it
seems plausible to assume that higher levels of depressive
symptoms lead to an increased degree of absenteeism, being
absent from work could also lead to social isolation and,
in extension, to higher levels of depression. However, both
directions would indicate a need for measures aiming at the
prevention of depression at or initiated by the work place.
Here, the subjectively perceived health risk through work,
that appeared to be most pronounced in individuals with
severe depression symptoms in our study, should be taken
into account. Since individuals’ health and work beliefs are
known to influence individual sickness absence decisions
Sallis and Birkin 2014), there is a need for specific rehabili-
tation strategies with person-centred approach (UWV 2020).

The external validity of the current study results is strong
for the German context, which is mainly attributable to the
adequate sampling strategy used for the collection of data. In
Germany, salary payment in case of sickness absence contin-
ues for a period of up to six subsequent weeks for each cause
of sickness. Additional payment continuation for the same
cause of sick leave may be required if a period of 26 months
lies between the two periods of absenteeism.

However, payment continuation in case of sick leave is
organized differently in other countries indicating that our
cost analysis is not directly transferable to other countries.
Yet, the overarching message of the necessity of prevention
strategies is very well transferable.

In countries in which employer payment continuation
exceeds the duration of that in Germany, the matter may be
even more pressing. For example, employers in the Nether-
lands have to maintain salary payment of sick employees for
a duration of two years (i.e. 100% of salary during the first
and 70% during the second year) (UWYV 2020).

In the current study, we chose to explore the association
of depressive symptom severity based on a self-report ques-
tionnaire with sick leave and associated costs. However, it
may be assumed that similar or higher absenteeism and costs
apply for persons with clinically confirmed depression.

Due to a limited identifiability of mental health condi-
tions in the working environment, initiation of professional
and adequate treatment may take a prolonged period of time.
In this context, early prevention and promotion of (mental)
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health represent fields of action for all employers. The pre-
sent study results emphasize the need for implementation,
realignment or extension of professional work-site health
promotion programs aiming (1) at the improvement and
maintenance of employee health and (2) at the reduction of
labour costs associated with depression related sick leave.
Investment in such programs will, in addition to health ben-
efits for employees, likely result in direct monetary benefit
for employers, health insurances and the health security sys-
tem in general.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00420-021-01788-7.

Author contributions RE-M and AvdZ-N developed the research idea.
AvdZ-N developed the analytical theory and performed the computa-
tions of statistical models. MF, KH and JO contributed to the expansion
of the initial research idea and critically reviewed the manuscript and
associated methods. RE-M drafted the manuscript under supervision
of AvdZ-N. All authors contributed and agreed to the final version of
the manuscript.

Funding Open access funding provided by Paracelsus Medical Uni-
versity. Not applicable.

Availability of data and materials Source data are available upon
request (The Robert Koch Institute, https://www.rki.de/EN/Content/
Health_Monitoring/Public_Use_Files/public_use_file_content.html).

Code availability Not applicable.

Declarations
Conflict of interest The authors declare no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Alvaro JL, Garrido A, Pereira CR, Torres AR, Barros SC (2019) Unem-
ployment, self-esteem, and depression: differences between men
and women. Span J Psychol 22:E1. https://doi.org/10.1017/sjp.
2018.68

Beck A, Crain AL, Solberg LI, Uniitzer J, Glasgow RE, Maciosek
MYV, Whitebird R (2011) Severity of depression and magnitude
of productivity loss. Ann Family Med 9:305-311. https://doi.org/
10.1370/afm.1260


https://doi.org/10.1007/s00420-021-01788-7
https://www.rki.de/EN/Content/Health_Monitoring/Public_Use_Files/public_use_file_content.html
https://www.rki.de/EN/Content/Health_Monitoring/Public_Use_Files/public_use_file_content.html
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1017/sjp.2018.68
https://doi.org/10.1017/sjp.2018.68
https://doi.org/10.1370/afm.1260
https://doi.org/10.1370/afm.1260

International Archives of Occupational and Environmental Health (2022) 95:409-418 417

Blazer DG (2003) Depression in late life: review and commentary. J
Gerontol Med Sci 58(3):249-265. https://doi.org/10.1093/gerona/
58.3.M249

Burdorf A, Post W, Bruggeling T (1996) Reliability of a questionnaire
on sickness absence with specific attention to absence due to back
pain and respiratory complaints. Occup Environ Med 53(1):58—
62. https://doi.org/10.1136/0em.53.1.58

Cameron AC, Trivedi PK (2013) Regression analysis of count data,
2nd edn. Cambridge University Press, Cambridge

Chow W, Doane MJ, Sheehan J, Alphs L, Le H (2019) Economic bur-
den among patients with major depressive disorder: an analysis of
healthcare resource use, work productivity, and direct and indirect
costs by depression severity. Am J Manag Care 16:188-196

Date S (2020) An illustrated guide tot he zero inflated poisson regres-
sion model. Data Science Accessed 4 June 2021

DIMDI Deutsches Institut fiir Medizinische Dokumentation und
Information (2019) Internationale statistische Klassifikation der
Krankheiten und verwandter Gesundheitsprobleme 10 revision
version 2019. https://www.dimdi.de/static/de/klassifikationen/
icd/icd-10-who/kode-suche/htmlamtl2019/ Accessed 5 Juni 2021

Federal Government Commissioner for Migration, Refugees and
Integration, Office for the equal treatment of EU workers (2020)
Working in Germany—working conditions, pay during absences
from work. https://www.eu-gleichbehandlungsstelle.de/eugs-en/
eu-citizens/information/working-in-germany/working-conditions.
Accessed 7 July 2020

Ferrari AJ, Charlson FJ, Norman RE et al (2013) Burden of depressive
disorders by country, sex, age, and year: findings from the global
burden of disease study 2010. PLoS Med 10:e1001547. https://
doi.org/10.1371/journal.pmed.1001547

Ferrie J, Kivimaki M, Head J, Shipley M, Vahtera J, Marmot M (2005)
A comparison of self reported sickness absence with absences
recorded in employers’ registers: evidence from the Whitehall 11
study. Occup Environ Med 62(2):74—79. https://doi.org/10.1136/
0em.2004.013896

Henderson M, Madan I (2014) Mental health and work. In: Davies
SMN (ed) Annual report of the chief medical officer 2013, public
mental health priorities: investing in the evidence. Department of
Health, London, pp 157-169

Jacobi F, Wittchen HU, Holting C, Hofler M, Pfister H, Miiller N
et al (2004) Prevalence, co-morbidity and correlates of mental
disorders in the general population: results from the German
Health Interview and Examination Survey (GHS). Psychol Med
34(4):597-611. https://doi.org/10.1017/S0033291703001399

Johnston DA, Harvey SB, Glozier N, Calvo RA, Christensen H, Deady
M (2019) The relationship between depression symptoms, absen-
teeism and presenteeism. J Affect Disord 256:536—-540. https://
doi.org/10.1016/j.jad.2019.06.041

Kilpeldinen K, Aromaa A, the ECHIM project (eds) (2008) European
Health Indicators: development and initial implementation. Final
report of the ECHIM project. National Public Health Institute,
Helsinki

Kleppang AL, Hartz I, Thurston M, Hagquist C (2018) The associa-
tion between physical activity and symptoms of depression in
different contexts—a cross sectional study of Norwegian adoles-
cents. BMC Public Health 18(1):1368. https://doi.org/10.1186/
$12889-018-6257-0

Kroenke K, Spitzer R (2002) The PHQ-9: a new depression diagnostic
and severity measure. Psychiatr Ann 32:1-7. https://doi.org/10.
3928/0048-5713-20020901-06

Kroenke K, Strine TW, Spitzer RL, Williams JBW, Berry JT, Mokdad
AH (2009) The PHQ-8 as a measure of current depression in the
general population. J Affect Disord 114:163—173. https://doi.org/
10.1016/j.jad.2008.06.026

Lambert D (1992) Zero-inflated Poisson regression, with an application
to defects in manufacturing. Technometrics 34(1):1-14

Lampert T, Kroll LE, von der Lippe E, Miiters S, Stolzenberg H
(2013) Soziookonomischer Status und Gesundheit Ergebnisse
der Studie zur Gesundheit Erwachsener in Deutschland (DEGS1).
Bundesgesundheitsbl 56:814-821. https://doi.org/10.1007/
s00103-013-1695-4

Lange C, Finger JD, Allen J, Geboren S et al (2017) Umsetzung
der European Health Interview Survey (EHIS) in das deutsche
Gesundheitsupdate (GEDA). Arch Public Health 75:40

Lerner D, Adler DA, Rogers WH, Chang H, Lapitsky L, McLaughlin T,
Reed J (2010) Work performance of employees with depression:
the impact of work stressors. Am J Health Promot 24:205-213.
https://doi.org/10.4278/ajhp.090313-QUAN-103

Marcus M, Yasamy MT, van Ommeren M, Chisholm D, Saxena S
(2012) Depression: a global public health concern. WHO Dep
Ment Heal Subst Abus 1:6-8

Marengoni A, Angleman S, Melis R, Mangialasche F, Karp A, Garmen
Aetal (2011) Aging with multimorbidity: a systematic review of
the literature. Ageing Res Rev 10(4):430-439. https://doi.org/10.
1016/j.arr.2011.03.003

Mathers CD, Loncar D (2006) Projections of global mortality and bur-
den of disease from 2002 to 2030. PLoS Med 3:e442. https://doi.
org/10.1371/journal.pmed.0030442

Mcternan W, LaMontagne AD, Dollard M (2013) Depression in the
workplace: an economic cost analysis of depression-related pro-
ductivity loss attributable to job strain and bullying. Work Stress
27:321-338. https://doi.org/10.1080/02678373.2013.846948

Meltzer H (2003) Development of a common instrument for mental
health. In: Nosikov A, Gudex C (eds) EUROHIS: developing
common instruments for health surveys. IOS Press, Amsterdam

Murray CJ, Vos T, Lozano R et al (2013) Disability-adjusted life years
(DALYs) for 291 diseases and injuries in 21 regions, 1990-2010:
a systematic analysis for the Global Burden of Disease Study
2010. Lancet 380:2197-2223. https://doi.org/10.1016/S0140-
6736(12)61689-4

Musarezaie A, Momeni-Ghalehghasemi T, Musarezaie N, Moeini M,
Khodaee M (2014) Investigate the prevalence of depression and
its association with demographic variables in employees. IJPN
2:37-45

Rees D, Cooper CL (1993) Research note: reliability of self-report
sickness absence data in the health service. Health Serv Manage
Res 6(2):140-141. https://doi.org/10.1177/095148489300600208

Robert Koch Institute (2015) Department of Epidemiology and Health
Monitoring, German health update (GEDA 2014/15). Public
use file first version. https://doi.org/10.7797/19-201415-1-1-1.
Accessed 8 April 2020

Sallis A, Birkin R (2014) Experiences of work and sickness absence in
employees with depression: an interpretative phenomenological
analysis. J Occup Rehabil 24:469-483. https://doi.org/10.1007/
$10926-013-9481-6

Sareen J, Jacobi F, Cox BJ, Belik S, Clara I, Stein MB (2006) Disability
and poor quality of life associated with comorbid anxiety disor-
ders and physical conditions. Arch Intern Med 166(19):2109—
2116. https://doi.org/10.1001/archinte.166.19.2109

Shin C, Lee SH, Han KM, Yoon HK, Han C (2019) Comparison of
the usefulness of the PHQ-8 and PHQ-9 for screening for major
depressive disorder Analysis of psychiatric outpatient data. Psy-
chiatry Investig 16:300-305. https://doi.org/10.30773/pi.2019.
02.01

Statistisches Bundesamt DESTATIS (2019) Statistisches Jahrbuch
2019—Deutschland und Internationales, ISBN 978-3-8246-1086-
0. https://www.destatis.de/DE/Themen/Querschnitt/Jahrbuch/stati
stisches-jahrbuch-2019-dl.pdf?__blob=publicationFile. Accessed
10 July 2020

UWYV (2020) My employee is sick: payment continuation | UWYV |
Employers [Mijn werknemer is ziek: loon doorbetalen | UWV
| Werkgevers]. Uitvoeringsinstituut Werknemers Verzekeringen.

@ Springer


https://doi.org/10.1093/gerona/58.3.M249
https://doi.org/10.1093/gerona/58.3.M249
https://doi.org/10.1136/oem.53.1.58
https://www.dimdi.de/static/de/klassifikationen/icd/icd-10-who/kode-suche/htmlamtl2019/
https://www.dimdi.de/static/de/klassifikationen/icd/icd-10-who/kode-suche/htmlamtl2019/
https://www.eu-gleichbehandlungsstelle.de/eugs-en/eu-citizens/information/working-in-germany/working-conditions
https://www.eu-gleichbehandlungsstelle.de/eugs-en/eu-citizens/information/working-in-germany/working-conditions
https://doi.org/10.1371/journal.pmed.1001547
https://doi.org/10.1371/journal.pmed.1001547
https://doi.org/10.1136/oem.2004.013896
https://doi.org/10.1136/oem.2004.013896
https://doi.org/10.1017/S0033291703001399
https://doi.org/10.1016/j.jad.2019.06.041
https://doi.org/10.1016/j.jad.2019.06.041
https://doi.org/10.1186/s12889-018-6257-0
https://doi.org/10.1186/s12889-018-6257-0
https://doi.org/10.3928/0048-5713-20020901-06
https://doi.org/10.3928/0048-5713-20020901-06
https://doi.org/10.1016/j.jad.2008.06.026
https://doi.org/10.1016/j.jad.2008.06.026
https://doi.org/10.1007/s00103-013-1695-4
https://doi.org/10.1007/s00103-013-1695-4
https://doi.org/10.4278/ajhp.090313-QUAN-103
https://doi.org/10.1016/j.arr.2011.03.003
https://doi.org/10.1016/j.arr.2011.03.003
https://doi.org/10.1371/journal.pmed.0030442
https://doi.org/10.1371/journal.pmed.0030442
https://doi.org/10.1080/02678373.2013.846948
https://doi.org/10.1016/S0140-6736(12)61689-4
https://doi.org/10.1016/S0140-6736(12)61689-4
https://doi.org/10.1177/095148489300600208
https://doi.org/10.7797/19-201415-1-1-1
https://doi.org/10.1007/s10926-013-9481-6
https://doi.org/10.1007/s10926-013-9481-6
https://doi.org/10.1001/archinte.166.19.2109
https://doi.org/10.30773/pi.2019.02.01
https://doi.org/10.30773/pi.2019.02.01
https://www.destatis.de/DE/Themen/Querschnitt/Jahrbuch/statistisches-jahrbuch-2019-dl.pdf?__blob=publicationFile
https://www.destatis.de/DE/Themen/Querschnitt/Jahrbuch/statistisches-jahrbuch-2019-dl.pdf?__blob=publicationFile

418 International Archives of Occupational and Environmental Health (2022) 95:409-418

https://www.uwv.nl/werkgevers/werknemer-is-ziek/loondoorbe health. World Health Organization License: CC BY-NC-SA 3.0
taling/werknemer-is-ziek-loon-doorbetalen/detail/loon-doorb IGO. https://apps.who.int/iris/handle/10665/310981. Accessed 17
etalen-tijdens-ziekte/loon-doorbetalen-in-het-eerste-ziektejaar, April 2020
Accessed 12 July 2020

van der Zee-Neuen A, Putrik P, Ramiro S, Keszei AP, Hmamouchi I, Publisher's Note Springer Nature remains neutral with regard to

Dougados M, Boonen A (2017) Large country differences in work jurisdictional claims in published maps and institutional affiliations.
outcomes in patients with RA—an analysis in the multinational
study COMORA. Arthritis Res Ther 19:216. https://doi.org/10.
1186/s13075-017-1421-y
World Health Organization (2019). The WHO special initiative for
mental health (2019-2023): universal health coverage for mental

@ Springer


https://www.uwv.nl/werkgevers/werknemer-is-ziek/loondoorbetaling/werknemer-is-ziek-loon-doorbetalen/detail/loon-doorbetalen-tijdens-ziekte/loon-doorbetalen-in-het-eerste-ziektejaar
https://www.uwv.nl/werkgevers/werknemer-is-ziek/loondoorbetaling/werknemer-is-ziek-loon-doorbetalen/detail/loon-doorbetalen-tijdens-ziekte/loon-doorbetalen-in-het-eerste-ziektejaar
https://www.uwv.nl/werkgevers/werknemer-is-ziek/loondoorbetaling/werknemer-is-ziek-loon-doorbetalen/detail/loon-doorbetalen-tijdens-ziekte/loon-doorbetalen-in-het-eerste-ziektejaar
https://doi.org/10.1186/s13075-017-1421-y
https://doi.org/10.1186/s13075-017-1421-y
https://apps.who.int/iris/handle/10665/310981

	Absenteeism and associated labour costs according to depressive symptom severity in the German general population: why preventive strategies matter
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Outcome variable
	Covariates and potential confounders
	Main independent variable

	Statistical analyses
	Calculation of labour costs

	Results
	Association of depressive symptom severity with sick leave
	Labour costs

	Discussion
	References




