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ABSTRACT
Objectives: The present study introduces the assessment of depression and depressive symp-
toms in the German National Cohort (NAKO), a population-based mega cohort. Distribution of
core measures, and associations with sociodemographic factors are examined.
Methods: The current analysis includes data from the first 101,667 participants (NAKO data
freeze 100,000). Depression and depressive symptoms were assessed using a modified version
of the depression section of the Mini-International Neuropsychiatric Interview (MINI), self-
reported physician’s diagnosis of depression, and the depression scale of the Patient Health
Questionnaire (PHQ-9).
Results: A lifetime physician’s diagnosis of depression was reported by 15.0% of participants. Of
those, 47.6% reported having received treatment for depression within the last 12months. Of
the subset of 26,342 participants undergoing the full depression section of the modified MINI,
15.9% were classified by the MINI with a lifetime depressive episode. Based on the PHQ-9, 5.8%
of the participants were classified as currently having a major or other depression by the diag-
nostic algorithm, and 7.8% according to the dimensional assessment (score � 10). Increased fre-
quency of depression measures and higher depression scores were observed in women and
participants with lower education level or a family history of depression.
Conclusions: The observed distributions of all depression measures and their associations with
sociodemographic variables are consistent with the literature on depression. The NAKO repre-
sents a valuable epidemiologic resource to investigate depression, and the range of measures
for lifetime and current depression allows users to select the most suitable instrument for their
specific research question.
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Introduction

Depression is a leading cause of disability worldwide
(James et al. 2018). It often co-occurs with somatic
and other mental disorders, especially anxiety disor-
ders (Steffen et al. 2020). The burden of disease

attributed to depression has markedly increased in the
last 30 years (James et al. 2018). In Germany, depres-
sion is responsible for the highest number of days of
sick leave, and numbers continue to rise (Baumeister
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et al. 2015; Schneider et al. 2019). The lifetime and 12-
month prevalence of depression in population-based
studies have been reported to vary between 12% and
17% (Jacobi et al. 2004; Busch et al. 2013), and 6% to
10%, respectively (Jacobi et al. 2004; Busch et al. 2013;
Bretschneider et al. 2018). Major risk factors for
depression include genetic predisposition, socioeco-
nomic factors, stress, and being female (Krishnan and
Nestler 2010). The aetiology of depression is still
poorly understood and, so far, no established object-
ive biological marker is available to assist the diagno-
sis of depression (Kennis et al. 2020). According to the
two main diagnostic systems, i.e. the International
Classification of Diseases (ICD), and the Diagnostic and
Statistical Manual of Mental Disorders (DSM), which is
often used for research settings (Tyrer 2014), the car-
dinal symptoms of depression are a persistent feeling
of sadness and/or loss of interest in almost all activ-
ities (World Health Organization 1993; American
Psychiatric Association 1994). Further symptoms
include disturbances of sleep and appetite, as well as
psychomotor activation or retardation. In addition,
fatigue or a lack of energy, a decrease in activity, feel-
ings of worthlessness or guilt, poor concentration, and
suicidality are common symptoms (World Health
Organization 1993; American Psychiatric Association
1994). The profile, intensity, and duration of these
symptoms, the impact on occupational and social
functioning, the longitudinal course with frequent
recurrent episodes, and co-morbidities can vary widely
across individuals (Fried and Nesse 2015). A diagnosis
of a major depressive disorder (MDD), according to
the DSM-IV, requires the presence of at least five of
the nine listed depressive symptoms, including at least
one of the two cardinal symptoms (A1 or A2)
(Criterion A) (see Table 1) (American Psychiatric
Association 1994). Additionally, clinically significant
distress or impairment must be present (Criterion C),
and a diagnosis of bipolar disorder, substance abuse

or general medical condition, or bereavement as a
cause must be excluded (Criteria B, D, E) (see Table 1)
(American Psychiatric Association 1994).

The heterogeneity of the depressive symptomatol-
ogy represents a challenge for researchers and clini-
cians. Hence, depending on the research question,
many different aspects need to be considered, such as
severity and impairment, age at onset, symptom pat-
terns, co-morbidities, lifetime (i.e. ever vs. never) or
current occurrence of depression, and clinical treat-
ment (Krishnan and Nestler 2010; Cai et al. 2020; Buch
and Liston 2021). Diagnosis of a depressive disorder
must be based on an expert interview, but validated
self-report instruments to assess depressive symptoms
and depression severity are available for large-scale
epidemiological studies. These self-report instruments
can be leveraged to investigate the mechanisms of
depression in non-clinical cohorts. The value of this
approach is supported by recent large-scale genome-
wide association studies, which indicate a large
genetic overlap of the biology involved in the vulner-
ability for depression and continuous measures of
depressive symptoms in the general population (Wray
et al. 2018) as well as in patients (Jermy Hagenaars,
et al. 2020). Furthermore, specific definitions, subtypes
and aspects of depression may differ in their underly-
ing neurobiology (Milaneschi et al. 2017; Cai et al.
2020; Hagenaars et al. 2020), stressing the need for
comprehensive phenotypic assessment. The data gath-
ered from the German National Cohort (NAKO) (Schipf
et al. 2020) comprises the largest population-based
source of expert- and self-rated depression and
depression symptoms in Germany. The study of
depression in large-scale cohorts requires a balance
between comprehensive assessment and efficiency
with regard to the number of participants. This was
addressed in the NAKO by combining self-reported
data using validated questionnaires, and the MINI
interview carried out by a trained study assistant –

Table 1. Description of depression symptoms and diagnosis criteria as per the DSM-IV.
Criterion Description

A1 Depressed mood
A2 Diminished interest or pleasure in most or all activities
A3 Significant weight change or change in appetite
A4 Change in sleep (e.g. insomnia or hypersomnia)
A5 Change in activity (e.g. psychomotor retardation)
A6 Fatigue or loss of energy
A7 Feelings of worthlessness or excessive or inappropriate guilt
A8 Problems with concentration or decision-making
A9 Recurrent thoughts of death, or suicidal ideation, plan, or attempt
Criterion A Depressive symptomatology: �1 symptom of A1 or A2, and �5 symptoms of A1 to A9
Criterion B Exclusion of bipolar disorder as the cause
Criterion C Clinically significant distress or impairment in functioning
Criterion D Exclusion of substance abuse or a general medical condition as the cause
Criterion E Exclusion of bereavement as the cause

DSM-IV: Diagnostic and Statistical Manual of Mental Disorders 4th edition.
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with the depression screening part administered to
the entire sample, and the complete depression sec-
tion administered to a subset of the sample (Level2;
see below).

The aim of the present analysis is to give an over-
view of 1) the instruments used in the NAKO to assess
lifetime and current depression as well as depressive
symptoms, 2) the distribution of core variables of the
depression measures, 3) the association of the depres-
sion measures with sociodemographic factors such as
sex, age, family history of depression, and study
centre, and 4) the association between the depression
measures and measures of stress and anxiety.

Methods

The NAKO (German National Cohort Consortium 2014) is
a population-based cohort study aiming to investigate
the causes of common chronic diseases and their pre-
clinical stages, examining 205,000 randomly selected par-
ticipants (German National Cohort Consortium 2014).
Baseline examination took place between 2014 and
2019 and comprised physical examinations, standardised
interviews and questionnaires, and the collection of bio-
material (German National Cohort Consortium 2014). All
study centres’ local ethics committees had given
approval and the study was conducted in accordance
with the Declaration of Helsinki. All participants had pro-
vided written consent for study participation. At baseline,
data were acquired in the 18 study centres at two levels;
all participants underwent Level-1 assessment (L1;
�3–4hours) and a subset of �20% of the participants
was randomly selected to undergo the more compre-
hensive and more detailed Level-2 assessment (L2;
�5hours). The current analysis was based on the base-
line assessment of the first 101,667 participants (NAKO
data freeze 100,000; application NAKO-399). A detailed
description of the NAKO has been published elsewhere
(German National Cohort Consortium 2014). A current
overview of the assessment of neuropsychiatric func-
tions and conditions is presented in the editorial article
of this series (Berger et al. 2022), along with detailed
analyses of specific neuropsychiatric measures, i.e. anx-
iety and panic symptoms (Erhardt et al. 2022), child-
hood maltreatment (Klinger-K€onig et al. 2022) and
cognition (Kleineidam et al. 2022; Schmiedek
et al. 2022).

Instruments

The assessment of a self-reported physician’s diagnosis
and the MDD modules of the Mini-International

Neuropsychiatric Interview (MINI, German version
5.0.0) (Lecrubier et al. 1999) were conducted by a
trained study assistant as part of the face-to-face inter-
view. Other depression measures were assessed via
self-report questionnaires answered by the participants
on a touchscreen device.

MINI interview
The MINI is a standardised, structured psychiatric inter-
view for the diagnosis of different psychiatric disorders
(Sheehan 1998; Lecrubier et al. 1999). It is shorter than
other structured interviews (e.g. CIDI, SCID (Robins
et al. 1988; First and Gibbon 2004)) and easy to
administer. It is divided into different modules includ-
ing 17 Axis I disorders, a suicidality module, and one
Axis II disorder. It is compatible with the two major
international classification systems: the DSM-IV
(American Psychiatric Association 1994), and the
International Classification of Diseases, 10th Revision
(ICD-10) (World Health Organization 1993) from the
WHO, which is mostly used in the clinical context.
Each diagnostic module starts with screening ques-
tions, which correspond to the main criteria of the dis-
order. In the NAKO, the MINI v. 5.0.0 (Lecrubier et al.
1999) module ‘Episode of Major Depression’ was
adapted for use by the NAKO neuropsychiatric expert
group. While the original version focusses on a current
episode of depression, i.e. symptoms during the last
two weeks, the MINI adapted for the NAKO assesses
the occurrence and number of lifetime episodes, with
specific symptoms recorded for the last episode. Thus,
in the NAKO, an initial question asking about lifetime
occurrence of depression was added (‘Have you had
periods of two weeks or more during your life when
you felt depressed or disinterested?’). Only participants
responding ‘Yes’ to this filter question continued with
further questions from the depression module,
answering a question to assess when such period had
last occurred, followed by the two original screening
questions of the MINI, assessing the cardinal symp-
toms of a depressive disorder (Criteria A1 and A2). If
the MINI Screen was positive (at least one of Criteria
A1 and A2 was answered positively), it could then be
followed by the questions assessing Symptoms A3–A9.

While all participants received the screening ques-
tions, L2 participants received the remaining set of
the questions from the depression module in case the
MINI Screen was positive. Some questions in the
remainder of the depression module were also slightly
modified. While the original MINI assesses Symptom 3
of Criterion A (changes in appetite of weight) with
one question (coded as ‘yes’ if one of the four

THE WORLD JOURNAL OF BIOLOGICAL PSYCHIATRY 3



characteristics [appetite/weight gain/loss] applies), in
the NAKO, change in appetite and weight are assessed
with two separate questions. Furthermore, the answer
categories for appetite, weight, and sleep were split
such that individuals can further specify individual
symptoms and direction of the change (e.g. increased
or decreased). In addition, participants were asked
whether they experienced impairment in social or
occupational functioning during the depressive epi-
sode (i.e. Criterion C, a mandatory criterion for the
diagnosis of a major depressive disorder in ICD-10 and
DSM-IV), how many episodes have occurred through-
out the lifetime, the age of onset (i.e. of the first
episode), and the duration of the longest depres-
sive episode.

Participants were assigned a positive lifetime MINI
Screen or NAKO MINI Classification (see below) accord-
ing to the manual. Following DSM-IV, one of the two
cardinal symptoms (A1&A2), and a total of at least five
symptoms from A1–A9 must be positive to fulfil the
diagnosis ’major depressive episode’. For this, the
Criterion A items for symptom 3 (appetite; weight
change), and symptom 4 (psychomotor retardation;
restlessness), and items indicating the direction or
manifestation of a symptom in more detail (appetite,
weight, sleep) were recoded into a binary variable
indicating the presence or absence of each symptom.

In case of missing values on any of the Symptoms
A1–A9, MINI Screen and Criterion A were only
assigned when the data was conclusive. A ‘NAKO MINI
Classification’ was defined as the affirmation of
depressive symptomatology as described above
(Criterion A) and impairment (Criterion C). DSM-IV
Criteria B, D and E were not assessed in the MINI inter-
view, and could therefore not be included in the
NAKO MINI Classification. The time since onset of the
last episode was calculated as the difference in
months between the current age and time-point of
the last episode. When only the year, but not the
month was reported, time since onset of the last epi-
sode was calculated using 1 July of the respective
year. Age at onset was set to missing if the age was
ten years or lower. Time since onset of the last epi-
sode and age at onset are presented for the L2 partici-
pants assigned a NAKO MINI Classification (Table 2).

Self-reported physician’s diagnosis of depression
In the face-to-face interview, participants were asked
to indicate whether they had ever been diagnosed
with depression by a physician. If participants
answered ‘yes’, the time of the first diagnosis (either
age or calendar year) was assessed. Participants were
also asked if they had been treated for depression
during the previous 12months by a physician or a

Table 2. Descriptive statistics of demographic and depression measures in the NAKO.
Valid n Total (n¼ 101,667) Women (n¼ 54,463) Men (n¼ 47,204)

Demographics
Age in years 101,667 52.0 (12.4) 51.5 (12.4) 52.5 (12.3)
Living with partner 101,502 76.0% 72.4% 80.1%
Born in Germany 101,648 88.7% 88.6% 88.9%

MINI Interview (all participants)
MINI Screen positive 100,719 27.4% 31.7% 22.5%

MINI Interview (L2 only)
MINI Screen positive L2 26,261 26.1% 30.6% 21.3%
Criterion A positive 25,671 19.1% 23.4% 14.5%
NAKO MINI Classification positive 25,626 15.9% 19.4% 12.2%
Age at onseta 4,053 36.4 (13.5) 35.8 (13.7) 37.3 (13.4)
Years since onset of last episodea 4,007 6.7 (8.0) 6.3 (7.8) 7.3 (8.4)

Physician’s diagnosis of depression
Lifetime diagnosis Depression 101,048 15.0% 19.0% 10.4%
Age at onsetb 14,925 41.0 (12.5) 40.4 (12.4) 42.4 (12.6)

Depression treatment last 12months 101,034 7.1% 9.3% 4.7%
Family history of depression

Depression mother 78,038 14.3% 16.2% 12.2%
Depression father 72,224 7.6% 8.8% 6.6%

PHQ-9
Sum score 93,242 3.9 (3.7) 4.4 (3.9) 3.4 (3.5)
Sum score � 10 93,242 7.8% 9.4% 6.1%
Diagnostic algorithm
Major Depressive Syndrome 93,242 2.9% 3.4% 2.4%
Other Depressive Syndrome 93,242 2.9% 3.0% 2.7%

Impairmentc 7,275 1.5 (0.7) 1.5 (0.7) 1.5 (0.8)

For continuous measures, mean and standard deviation (SD) are given; for categorical variables, the frequency is given in percent. Data is shown for the
whole sample, and for women and men separately. N¼ total number of participants in the sample. n¼ number of participants for which the valid values
of respective measure were available. L2¼ variable reported for L2 subsample. a¼ data presented for the L2 participants with a positive NAKO MINI
Classification. b¼ data presented for participants with a lifetime physician’s diagnosis of depression, c¼ data presented for participants with PHQ-9 score
� 10. MINI¼Mini-International Neuropsychiatric Interview. NAKO¼German National Cohort. PHQ-9¼Depression Scale of the Patient Health
Questionnaire (PHQ-9). Based on (NAKO data freeze 100,000; application NAKO-399).
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psychologist. Age at onset was calculated using age/
year of diagnosis and the age/year at/of the NAKO
baseline examination.

Family history of depression
As part of the family history question set, participants
were asked whether their parents had suffered from
‘depression’ (not further specified) and to indicate the
age at onset of the affected parent, if applicable.

Patient health questionnaire PHQ-9
PHQ-9 is the depression module of the Patient Health
Questionnaire (Kroenke et al. 2001) and a nationally
and internationally established self-report screening
instrument (Kroenke et al. 2010; Manea et al. 2015). It
was developed for screening of depression and con-
tains nine items corresponding to the symptoms com-
prising Criterion A in DSM-IV (Kroenke et al. 2001) (see
Table 1). The items relate to the presence of the
symptoms in the last two weeks and can be answered
on a scale of 0 (‘not at all’) to 3 (‘almost every day’). In
addition, a tenth item is used to assess the impair-
ment caused by the symptoms (Not at all (0); Some
(1); Relatively strong (2); Very strong impairment (3)).
This item is to be answered if at least one of the nine
symptom items was answered with ‘several days (1)’
or higher. However, this item is usually not included
in the evaluation. The first nine items can be summar-
ised into a score (range 0–27) representing depressive
symptom severity, with suggested grading of 0–4 min-
imal, 5–9 mild, 10–14 moderate, 15–19 moderately
severe, and 20–27 severe (Kroenke et al. 2001). A cut-
off score of � 10 (moderate to severe symptoms) is
commonly used to indicate the presence of a current
depressive episode (L€owe et al. 2004, 2017) and was
selected in the present analyses for comparability with
other studies. Alternatively, a categorical PHQ diagno-
sis of a Depressive Syndrome can be made based on
the following diagnostic algorithm: Each symptom is
counted as present if the item is answered with at
least ‘more than half the days’ (answer choice 2), with
the exception of suicidal tendency (item 9), which is
counted as present if the answer is at least ‘several
days’ (answer choice 1). Analogous to the A Criterion
of the DSM-IV for the diagnosis of an episode of major
depression, at least one of Symptoms A1 or A2 (item
1 or item 2) must be present. If this is the case, partici-
pants with a symptom count (PHQ Items 1–9) of five
or more are assigned the diagnosis ‘Major Depressive
Syndrome’ and those with two to four ‘Other
Depressive Syndrome’. PHQ-9 sum scores and categor-
ical variables indicating current symptom severity

category, current depressive episode using the cut-off
(PHQ-9� 10), and current ‘Major ‘or ‘Other Depressive
Syndrome’ using the diagnostic algorithm were calcu-
lated for all participants without missing values on the
respective items following the manual.

Stress and anxiety symptoms – PHQ-Stress and
GAD-7
To assess perceived stress and anxiety, the stress mod-
ule of the PHQ (PHQ-Stress) (L€owe et al. 2004) and the
General Anxiety Disorder-7 (GAD-7) (Spitzer et al.
2006) were used (for a detailed description see
Erhardt et al. 2022). Sum scores were calculated for
PHQ-Stress (10 items; range 0–20) and GAD-7 (7 items;
range 0–21) for all participants without missing values
on the respective items.

Education
Education was categorised following the International
Standard Classification of Education 97 (ISCED97)
(UNESCO United Nations Educational and Scientific
and Cultural Organization 2003) as described for the
NAKO by Dragano et al. (2020). Education was coded
as lower (ISCED97 level 1/2), intermediate (ISCED97
level 3/4) and higher (ISCED97 level 5/6). As the classi-
fication of job education has not been finalised at the
time of data analyses, participants who were not yet
classified were excluded from the respective analyses.

Statistical analyses
Analyses were conducted using the R open-source
environment for statistical computation and
graphics (v3.5.1). Frequencies and mean scores and
standard deviations are reported. Associations
between continuous scores were assessed using
Pearson correlations. To assess the association of
depression measures with the family history of depres-
sion, the number of affected parents (0, 1, 2) was cal-
culated for all participants with data available from
both parents. Odds ratios (OR) and mean estimates
and 95% confidence intervals were calculated with
logistic/linear regression models, using the participants
reporting no family history of depression for both
parents as reference group, while adjusting for age,
sex and education level. Graphics were created using
ggplot2 (Wickham 2011), and curves depicting
smoothed estimates of mean scores and frequencies
of depression measures against age, were estimated
using the gam() function as implemented in the
ggplot2 package (see Figure 1; method ¼ ‘gam’).

THE WORLD JOURNAL OF BIOLOGICAL PSYCHIATRY 5



Results

Sample characteristics

Participants aged 73 years and older (n¼ 6) at the
time point of examination were excluded as they devi-
ated more than three years from the targeted age
range, leaving 101,667 participants for the analyses.
Those had a mean age of 52.0 years (SD¼ 12.4 years)
and 54,463 (53.6%) were women. At least one valid
value for MINI-Screen, physician’s diagnosis or PHQ-9
score was available for 101,599 participants (99.9%).
An overview of the sample characteristics and descrip-
tive statistics is shown in Table 2. Frequencies are
given in reference to the subjects with valid data
records for the respective measure. The number of
subjects with available data for one measure is given
in Table 2, and the number of subjects with available
data for the combination of different depression meas-
ures is reported in Supplementary Table S5.

Self-reported physician’s diagnosis of depression
A lifetime diagnosis of depression made by a physician
was reported by 15.0% of the participants (women:

19.0%; men: 10.4%), and 47.6% of these (women ¼
48.8%; men ¼ 45.2%) had received treatment for
depression within the last 12months, corresponding to
7.1% of the total sample (women ¼ 9.3%; men ¼ 4.7%).

MINI interview
In the entire sample, 27.4% of the participants
(women: 31.7%; men: 22.5%) were positive in the MINI
Screen. Of the participants who underwent the in-
depth L2 examination, 19.1% (women: 23.4%; men:
14.5%) fulfilled Criterion A (see also Table 1) and
15.9% (women: 19.4%; men: 12.2%) fulfilled the NAKO
MINI Classification (Criteria A and C). On average, the
age at onset of participants with a lifetime NAKO MINI
Classification was 36.4 years (SD¼ 13.6), and 6.67 years
(SD¼ 8.0) had passed since the last episode. Of the
participants with a MINI lifetime diagnosis, 26.4%
reported that less than a year had passed since the
last episode.

PHQ-9 and PHQ-Stress assessment
Overall, the participants had a mean PHQ-9 score of
3.9 (SD¼ 3.7) (women: M¼ 4.4, SD¼ 3.9; men: M¼ 3.4,

Figure 1. Smoothed estimates of mean of Current (A) PHQ-9 and (B) PHQ-Stress Ratings and Frequency of Lifetime (C) NAKO
MINI Classification and (D) Physician’s Diagnosis of Depression by Sex and Age. Note. The grey areas represent the 95% confidence
interval. MINI¼Mini-International Neuropsychiatric Interview. NAKO¼German National Cohort. PHQ-9 ¼ Depression Scale of the
Patient Health Questionnaire (PHQ-9). Based on (NAKO data freeze 100,000; application NAKO-399).
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SD¼ 3.5). A score of ten or higher was observed in
7.8% of the participants (women: 9.4%; men: 6.1%).
Using the PHQ diagnostic algorithm, 2.9% of the par-
ticipants (women: 3.4%; men; 2.4%) were assigned
‘Major Depressive Syndrome’, and an additional 2.9%
of the participants (women: 3.0%; men: 2.7%) were
assigned ‘Other Depressive Syndrome’. Percentiles and
frequencies of the categorical severity levels are
reported by sex and age groups in Supplementary
Table S1 and S2.The sample showed a mean PHQ-
Stress score of 3.6 (SD¼ 3.1) with a clear sex-specific
difference (women: M¼ 4.1, SD¼ 3.3; men:
M¼ 3.1, SD¼ 2.9).

Association of depression and depressive
symptoms with sex, age, education, and
study center

Differences with regard to sex for all depression meas-
ures are shown in Table 2. In general, women reported
higher frequencies of all categorical measures of
depression as well as a higher current depression
score as measured by the PHQ-9. This sex difference
was observed across all age groups (see Figure 1;
Supplementary Table S3).

With regard to age, the proportion of respondents
with both a lifetime physician’s diagnosis of a depres-
sive disorder or a positive NAKO MINI Classification
was highest for the age group of 50–59, while the cur-
rent PHQ-9 score was highest among participants
aged 20–29 (Figure 1; Table 3).

Overall, lower rates of depression measures and
lower depression score were observed in participants
with higher education levels compared to those with

lower levels (Table 4; stratified by sex in
Supplementary Table S4).

There was some variation in the observed frequen-
cies of the assessed depression measures between the
study centres. The frequency of a positive MINI Screen
ranged from 23.7% (Regensburg) to 33.6% (Berlin
Centre), physician’s diagnosis of depression from
12.4% (Neubrandenburg) to 18.6% (Berlin South), and
depression by PHQ-9 Cut-off � 10 from 6.2%
(M€unster) to 9.9% (Essen) (Figure 2).

Association of depression and depressive
symptoms with family history

A relatively high number of missing values was
observed for the self-report module on family history.
This was either due to participants not answering this
section at all (family history father ¼ 15.9%, family his-
tory mother ¼ 14.5%) or due to answer options ‘do
not know or do not want to provide the information’
(family history father ¼ 13.1%, family history mother
¼ 8.7%). The reported frequencies of a positive family
history of depression ranged from 16.5% (age group
60–72) to 19.7% (age group 30–39; Table 3). Both
higher frequencies and higher means for measures of
depression were observed in participants with a posi-
tive family history, and this was most pronounced in
those who reported that both parents had a history of
depression. Figure 3(A) depicts the OR for the
included depression measures according to the family
history of depression. In addition, Figure 3(B) shows
the estimated mean scores from PHQ-9 and PHQ-
Stress in dependence on family history (both analyses
adjusting for age, sex and education level).

Table 3. Descriptive statistics of depression measures by Age Group in the NAKO.
Age group

20–29 30–39 40–49 50–59 60–72

N 7,080 9,591 22,046 29,363 33587
MINI Screen 21.8% 24.5% 27.9% 31.9% 25.2%
NAKO MINI Classificationa 11.7% 13.7% 15.9% 19.4% 14.0%
Physician’s Diagnosis 8.0% 11.8% 14.3% 17.7% 15.4%
Treatment last 12months 4.5% 5.9% 7.1% 9.1% 6.3%
Family History
One Parent 15.2% 17.8% 16.7% 17.3% 14.7%
Both Parents 2.4% 1.9% 2.1% 2.2% 1.8%

PHQ-9� 10 10.0% 8.5% 8.1% 9.3% 5.5%
PHQ-9 sum core 4.5 (3.9) 4.2 (3.8) 4.0 (3.8) 4.2 (4.0) 3.3 (3.4)
PHQ-Stress sum score 3.5 (2.9) 3.8 (3.1) 3.9 (3.3) 3.9 (3.3) 3.1 (2.9)
GAD-7 sum score 3.5 (3.4) 3.5 (3.3) 3.4 (3.3) 3.4 (3.4) 2.7 (2.9)

For continuous measures mean and standard deviation (SD) is given; for categorical variables, the frequency is given in percent.
n¼ number of participants in the respective age group. a¼ variable only available in/reported for L2 subset. MINI¼Mini-
International Neuropsychiatric Interview. NAKO¼German National Cohort. PHQ-9¼Depression Scale of the Patient Health
Questionnaire. GAD-7¼Generalized Anxiety Disorder 7 scale. Based on (NAKO data freeze 100,000; application NAKO-399).
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Association between measures of depression,
stress and anxiety

Overall, the applied measures of depression were all
positively associated with each other. Table 5 shows
the overlap between the different instruments used in
the NAKO.

Participants who reported a physician’s diagnosis
of depression had a higher proportion of positive
screening or diagnosis in other categorical depression
measures. They also had higher sum scores of PHQ-9,
PHQ-Stress, and GAD-7. If they additionally reported

treatment in the last 12months by a psychiatrist
or a psychologist, mean PHQ-9, PHQ-Stress and
GAD-7 scores were further increased. Compared to
the total sample, participants who screened positive
in the MINI or received a NAKO MINI Classification
showed a higher frequency of physician’s diagnosis
or treatment in the last 12months, and their
PHQ-9, PHQ-Stress, and GAD-7 sum scores were
increased (Table 5). PHQ-9, PHQ-Stress, and GAD-7
sum scores were highly correlated (PHQ-9-PHQ-Stress:
r ¼ .66; PHQ-9-GAD-7: r ¼ .77; PHQ-Stress-GAD-7:
r ¼ .67).

Table 4. Descriptive statistics of depression measures by ISCED-97 education level in the NAKO.
Education Level

n Lower Intermediate Higher

Number of participants 92,742 2,723 39,828 50,191
MINI Screen 91,901 33.5% 28.0% 26.0%
NAKO MINI Classificationa 23,547 20.6% 16.6% 14.6%
Physician’s Diagnosis 92,187 23.4% 15.9% 13.4%
Treatment last 12months 92,169 12.4% 8.0% 6.0%
Family history 62,439
One Parent 14.6% 15.4% 16.9%
Both Parents 3.3% 2.0% 1.9%

PHQ-9� 10 85,185 18.2% 9.4% 5.8%
PHQ-9 sum score 85,185 5.6 (5.2) 4.2 (4.0) 3.6 (3.4)
PHQ-Stress sum score 84,681 4.7 (4.1) 3.8 (3.3) 3.4 (2.9)
GAD-7 sums score 84,969 4.22 (4.29) 3.35 (3.44) 2.96 (2.97)

For continuous measures mean and standard deviation (SD) is given; for categorical variables, the frequency is given in percent. a¼ variable only
reported for L2 subset. n¼ number of participants for which the valid values of respective measure were available. ISCED97¼ International Standard
Classification of Education 97. MINI¼Mini-International Neuropsychiatric Interview. NAKO¼German National Cohort. PHQ-9¼Depression Scale of the
Patient Health Questionnaire (PHQ-9). GAD-7¼Generalized Anxiety Disorder 7 scale. Based on (NAKO data freeze 100,000; application NAKO-399).

Figure 2. Frequency of physician’s diagnosis of depression (lifetime), positive MINI screen (lifetime), and PHQ-9� 10 (4weeks) by
Study Centre. Note. MINI¼Mini-International Neuropsychiatric Interview. NAKO¼German National Cohort. PHQ-9 ¼ Depression
Scale of the Patient Health Questionnaire (PHQ-9). Based on (NAKO data freeze 100,000; application NAKO-399).
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Discussion

In the baseline examination of the NAKO, a range of
established and validated instruments has been
applied to assess different aspects of depression. It
has to be noted that prevalence and mean values of
the depression measures presented, have not been
weighted, e.g. for sex, age and other characteristics,
and can therefore not be interpreted as representative
for the German population. However, contextualising
the results, we refer to the numbers observed in other
population based studies (see below).

Lifetime depression
In the NAKO data freeze 100,000, about every fourth
participant was positive on the MINI Screen. This
Screen is available for all NAKO participants and
assesses the lifetime presence of depressed mood and
anhedonia (Symptoms A1 and A2). A presence of at
least one of these two cardinal symptoms of

depression is a prerequisite for a diagnosis of depres-
sion, and therefore shared by all possible manifesta-
tions or symptom combinations. Recent studies (based
on molecular genetic data) indicate that while a
detailed assessment of depression symptoms gives
important information on severity or depression sub-
types, the cardinal symptoms already reflect a large
share of the genetic aetiology of depression (Jermy,
Glanville, et al. 2020). The frequency of the NAKO MINI
Classification of 15.9% among the L2 participants (i.e.
those with the most comprehensive assessment)
observed in the MINI interview was comparable to
other previous studies in the German population,
assessing lifetime depression with a clinical interview
(Jacobi et al. 2004; Martin et al. 2017). It has to be
noted that the MINI 5.0.0 in its original version does
not assess impairment (Criterion C). In the present
study, the NAKO MINI Classification was based on
DSM-IV Criteria A and C; a higher frequency was

Figure 3. (A) Odds Ratio and 95% confidence interval for measures of depression by reported family history of depression. (B)
Distribution of PHQ-9 and PHQ-stress mean scores and 95% confidence interval by Reported Family History of Depression in the
NAKO. Note. Participants reporting no history of depression in their parents are presented as the reference group (blue). Estimates
are adjusted for age, sex and education level (lower/intermediate/higher). MINI¼Mini-International Neuropsychiatric Interview.
NAKO¼German National Cohort. PHQ-9 ¼ Depression Scale of the Patient Health Questionnaire (PHQ-9). n¼ subjects with com-
plete data included in the respective analysis. Based on (NAKO data freeze 100,000; application NAKO-399).
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observed when only taking Criterion A into account
(19.1% vs. 15.9%). For the self-reported physician’s
diagnosis, the frequency of lifetime depression in the
NAKO was 15.0%, while the hitherto largest German
Survey on Mental Health, the DEGS study, comprising
close to 8000 individuals reported 11.6% (Busch et al.
2013), while on the other hand, in the UK Biobank
21.2% of the subjects report a lifetime depression
diagnosis by a health care professional (Davis et al.
2020). In the NAKO, about half of the participants with
a physician’s diagnosis of depression reported treat-
ment for depression within the last 12months. This is
in line with depression being an often recurring and
chronic disorder. In the DEGS study 52% of the partici-
pants reporting a lifetime physician’s diagnosis indi-
cated they experienced depression in the last
12months (Busch et al. 2013).

Current depressive symptoms
The frequency of clinically relevant, current depression,
defined by a PHQ-9 cut-off score of �10, was higher
(7.8%) than the one measured with the categorical
diagnostic algorithm (major depressive syndrome
2.9%; other depressive syndrome 2.9%). Very similar
frequencies were observed in the representative
German survey of adults DEGS (Busch et al. 2013;
Maske et al. 2015), and slightly lower numbers are
reported for PHQ-9 mean and PHQ-9 cut-off score of
>¼10 for the UK Biobank (Chaplin et al. 2021). Meta-
analytical studies investigating different cut-offs for
the PHQ-9 in comparison to clinical interviews indicate
that the most commonly used cut-off of �10 repre-
sents a good compromise between sensitivity and
specificity, and reported a sensitivity of 70%–88% and
a specificity of 84%–89% (Manea et al. 2012; Moriarty

et al. 2015; Levis et al. 2019). Meta-analytic studies
also report a higher sensitivity for the cut-off of �10
compared to the algorithm scoring method (Manea
et al. 2015; He et al. 2020). This cut-off was also
applied in the NAKO; however, future studies using
NAKO data are free to adapt this threshold according
to their research question depending on the applica-
tion context (Grafe et al. 2004).

Association of depression and depressive
symptoms with sex, age, education and
study center

Considerable differences across age groups and sex as
well as educational levels were observed. For all cat-
egorical depression measures, both lifetime and cur-
rent, a substantially higher frequency was observed in
women. This is in line with the observation that
female sex is a major risk factor for depression
(Krishnan and Nestler 2010; Bretschneider et al. 2018).
Similarly, higher scores of current depression, stress,
and anxiety were observed in women, which is also in
line with other large German studies (Busch et al.
2013; Maske et al. 2015; Martin et al. 2017).

The distribution based on the continuous and cat-
egorical assessment in different age groups is similar
to the one described in other samples from Germany
(Busch et al. 2013; Maske et al. 2016). Here, it is note-
worthy that both lifetime and 12-month frequencies
of physician’s diagnosis or NAKO MINI Classification,
increase with age to a peak in the group 50–59 years
and then decrease for the older participants. In con-
trast, the highest mean PHQ-9 scores were observed
in the youngest participants (20–29 years), with a
second peak in the group 50–59 years. Considering

Table 5. Proportion of positive diagnosis or screening and mean of depression measures (columns) for participants negative or
positive for the different categorical depression measures (rows) in the NAKO.

MINI
Screen

NAKO MINI
Classificationa

Physician’s
Diagnosis

Treatment last
12 months

PHQ-9
� 10

PHQ-9
sum score

PHQ-Stress
sum score

GAD-7
sum score

Time frame Lifetime Last 12months Last 2 weeks Last 4 weeks
Total sample 27.4% 15.9% 15.0% 7.1% 7.8% 3.9 (3.7) 3.6 (3.1) 3.2 (3.2)
MINI Screen negative – 0.0% 3.8% 1.6% 3.1% 3.0 (2.8) 3.0 (2.7) 2.5 (2.6)
MINI Screen positive – 65.5% 44.7% 21.9% 20.3% 6.2 (4.8) 5.3 (3.7) 5.0 (4.0)
NAKO MINI Classification negativea 9.9% – 5.5% 2.3% 3.9% 3.2 (3.0) 3.1 (2.7) 2.6 (2.7)
NAKO MINI Classification positivea 100.0% – 56.2% 28.3% 24.5% 6.8 (5.1) 5.7 (3.8) 5.7 (4.3)
Physician’s Diagnosis negative 17.7% 8.0% – 0.0% 4.3% 3.3 (3.1) 3.2 (2.8) 2.7 (2.7)
Physician’s Diagnosis positive 81.6% 65.8% – 47.6% 27.7% 7.2 (5.3) 5.9 (3.9) 5.8 (4.4)
No treatment last 12months 22.9% 12.1% 8.4% – 5.3% 3.5 (3.2) 3.4 (2.9) 2.9 (2.9)
Treatment last 12months 83.7% 69.4% 100.0% – 41.0% 9.0 (5.7) 7.0 (4.1) 7.2 (4.7)
PHQ-9< 10 23.7% 12.8% 11.6% 4.5% – 3.1 (2.4) 3.2 (2.7) 2.6 (2.5)
PHQ-9� 10 71.4% 54.0% 52.7% 36.9% – 13.4 (3.5) 8.7 (3.7) 9.6 (4.3)

For continuous measures mean and standard deviation (SD) is given, for categorical variables, the frequency is given in percent. For the number of sub-
jects with available data see Supplementary Table S 5. a¼ variable only reported for L2 subset. MINI¼Mini-International Neuropsychiatric Interview.
NAKO¼German National Cohort. PHQ-9¼Depression Scale of the Patient Health Questionnaire (PHQ-9). Based on (NAKO data freeze 100,000; applica-
tion NAKO-399).
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the broad range of age at disorder onset, an increase
of the lifetime prevalence of depression is to be
expected, when data is acquired in a longitudinal way
(Streiner et al. 2009). However, reports of lower life-
time depression in older participants have been
observed previously in cross-sectional population sam-
ples (Busch et al. 2013; Maske et al. 2016) and have
been attributed to several factors, including cohort
effects, increased mortality in persons with depression
(Laursen et al. 2016), and selection bias as well as
recall or memory errors (Streiner et al. 2009;
Takayanagi et al. 2014). Of interest is also the relatively
high PHQ-9 scores, together with a relatively low fre-
quency of treatment within the last 12months
observed in the subjects of 20–29 years, highlighting
the importance of assessing participants as early as
age 20 as implemented in the NAKO. The wider age
range of participants in the NAKO in distinction to
other well-characterized mega cohorts, e.g. the UK-
Biobank which only included participants �40 years
old (Sudlow et al. 2015) enables the assessment of
health in individuals from different age groups across
the life span. This is of special importance for mental
disorders, which tend to have a low age of onset
(Kessler et al. 2007), and a long undiagnosed period
(Tegethoff et al. 2016).

Higher frequency and scores of depression meas-
ures were associated with lower education level, which
has also been reported previously (Lorant et al. 2003;
Bretschneider et al. 2017; Schlax et al. 2019).
Substantial differences in the frequencies of the differ-
ent lifetime and current depression measures were
observed between the study centres. These differences
are likely related to sociodemographic differences
between participants in the several study centres
(Erhart and von Stillfried 2012); however, further
detailed analyses are needed to investigate the under-
lying contributing factors.

Association of depression and depressive
symptoms with family history

Family history is an established risk factor for depres-
sion (Angst et al. 2003). In line with the higher preva-
lence of depression in women (Maske et al. 2016;
Martin et al. 2017; Bretschneider et al. 2018), a history
of depression was reported almost twice as often for
mothers as for fathers of the NAKO participants (see
Table 2). Depression measures were more frequent in
participants with a family history, and this was most
pronounced in participants with two affected parents.
This has been reported previously (Martin et al. 2017)

and is in agreement with the notion that a family his-
tory of depression can be conceptualised as a marker
for a genetic risk for depression, but might also reflect
the effect of the familial psychosocial environment
(Sander and McCarty 2005).

Association between measures of depression,
stress and anxiety

As depicted in Table 5, all measures of depression and
also measures of stress and anxiety were positively
associated with each other. However, it is important
to note that the different measures of depression
used in the NAKO assess different aspects of the con-
dition and therefore full agreement should not be
expected. A major difference is that the instruments
cover different time periods: while the MINI and the
physician’s diagnosis are lifetime measures, the PHQ-9
assesses depressive symptoms during the last two
weeks. Many participants reporting a history of
depression have recovered from the disorder. This is
indicated by the observation that in the participants
with a lifetime MINI Classification, the mean time since
onset of the last episode was around seven years and
by the observation that every second participant with
a lifetime physician’s diagnosis did not receive treat-
ment during the last year. Secondly, the measures dif-
fer in their operationalisation of depression: for
example, the MINI assesses the DSM criteria via direct
interview of the participant, while the physician’s diag-
nosis represents the past assessment of a physician
which depends on help-seeking behaviour and detec-
tion in a primary care setting (Jacobi et al. 2002) in
which mental disorders are often underdiagnosed
(Sartorius et al. 1995; Jacobi et al. 2002; Wittchen and
Pittrow 2002; Trautmann and Beesdo-Baum 2017).
Additionally, the criteria for depression differ between
the measures; in Germany the diagnosis of depression
by a physician is carried out in accordance with the
ICD-10, which differs in the exact criteria applied and
can also include mild episodes only requiring the pres-
ence of two to three additional, non-cardinal symp-
toms (World Health Organization 1993; American
Psychiatric Association 1994). Similarly, the PHQ-9
diagnostic algorithm and other depression measures
require the presence of cardinal symptoms (i.e. persist-
ent sadness and loss of interest), while a sum score of
>¼10 in the PHQ-9 can also be reached by only scor-
ing high on items reflecting Criteria A3–9. Therefore, it
is evident that different categorical measures of
depression assess different aspects of the disorder.
Accordingly, the moderate agreement between clinical
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interview, self-reported physician’s diagnosis, and
PHQ-9 observed in this study is consistent with previ-
ously reported data (Maske et al. 2015, 2016). All
depression measures showed a positive association
with the related constructs stress and anxiety meas-
ured by the PHQ-Stress and the GAD-7 (File 1996).
More details on those scales in the NAKO study are
given in Erhardt et al. (2022).

In future analyses of depression in the NAKO cohort
study, researchers need to take the differences
between the depression measures into account. The
depression measure needs to be selected based on
the specific research question, e.g. what time refer-
ence and whether a continuous depression score or a
categorical measure of depression is of interest.
Depending on the time reference, the MINI Screen
and the physician’s diagnosis can be selected for life-
time depression, while the PHQ-9 is a measure of cur-
rent depression. For analyses restricted to the L2
subset of participants, the complete MINI interview is
available and should be considered for lifetime assess-
ment. It is possible to include and assess or statistic-
ally adjust for the effects of all depression measures,
considering the large sample size of the NAKO. Of
note, recent studies indicate that combining the infor-
mation of several measures of depression can further
inform about risk, e.g. an increased genetic risk
for depression has been observed in participants ful-
filling depression criteria based on more than one
measure of depression (Martin et al. 2017; Glanville
et al. 2020).

Limitations

All collected information from the NAKO presented
here was self-reported by the participants. This is the
standard situation for most of the used instruments,
such as the MINI or the PHQ-9. However, for some
measures, especially family history or physician’s diag-
nosis, additional sources of information would be
favourable. Linking electronic health records of partici-
pants to the study data as planned for the NAKO
would make it possible to estimate whether a bias
might exist in the reporting behaviour of the partici-
pants. It has to be noted that the MINI was adapted
for the NAKO study to assess some aspects in more
detail, and to assess life-time depression symptomatol-
ogy. It cannot be excluded that this introduces some
form of bias to the data. Also, to reduce recall bias,
we chose to inquire the symptoms during the last epi-
sode, and therefore cannot exclude that symptoms
that were not reported might have been present in

earlier episodes. Additionally, participants with severe
depressive symptoms might have been impaired or
less motivated to participate in the study, and there-
fore might be under-represented in the sample. In
general, regarding the response rate of �20% (Schipf
et al. 2020), effects of a selection bias on some meas-
ures cannot be excluded. Furthermore, DSM-IV Criteria
B,D,E (see Table 1) which need to be evaluated to
exclude bipolar disorder, substance abuse or a general
medical conditions or bereavement as a cause for
depression, were not assessed in the MINI interview,
and could not be used as differential diagnos-
tic criteria.

Summary and outlook

Depression is a heterogeneous disorder, and the
detailed and comprehensive assessment of current
and lifetime depression in the NAKO offers a unique
opportunity to analyse its exact frequency and aeti-
ology in a mega cohort. The observed distributions of
the different depression measures, their associations
with each other, and with the assessed sociodemo-
graphic and psychological variables are coherent and
in line with those reported in the literature, indicating
the robustness of the approach and generalisability of
the findings. The availability of valid and reliable data
on depression, depressive symptoms, and impairment
of functioning in the general population is a valuable
prerequisite for health policymakers, therapists, and
researchers to improve prevention and therapy. For
this, a detailed assessment is needed, as genetic stud-
ies indicate that the different aspects of depression
such as specific symptoms or age at onset differ in
their biological aetiologies (Kendler et al. 2005; Martin
et al. 2017; Hagenaars et al. 2020). A broad range of
risk factors contribute to the aetiology of depression,
and conversely depression represents a risk for other
psychiatric and somatic disorders (Maier and Falkai
1999). Thus, the collection of data on sociodemo-
graphic factors, health behaviour, histories of mental
and somatic disorders, in combination with physical
and cognitive function measures, magnetic resonance
imaging, and biomaterials enables the investigation of
those relationships in detail (Schipf et al. 2020). In the
future, the value of the NAKO data for the analyses of
mental disorders will be further increased by the inclu-
sion of longitudinal data (including an assessment dur-
ing the COVID-19 pandemic; Peters et al. 2020),
electronic health records, and results of genotyping
and other omics data.
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