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Abstract

The German National Cohort (NAKO) is the largest population-based epidemiologic cohort study in Germany and inves-
tigates the causes of the most common chronic diseases. Between 2014 and 2019, a total of 1.3 million residents aged
20-69 years from 16 German regions were randomly selected from the general population and invited to participate following
a highly standardized recruitment protocol. The overall response was 15.6% and differed considerably across study centers
(7.6-30.7%). Females were more likely to participate than males (17.5% vs. 14.1%) and participation increased with age
(10.2% in age group “ <29 years” up to 20.7% in age group “> 60 years”). Across all study regions, response was highest in
rural areas (22.3%), followed by towns and suburbs (17.2%), and was lowest in cities (14.5%). Compared with the general
population in the respective study regions, participants with low and medium education are underrepresented in the NAKO
sample, while highly educated participants are overrepresented. Participants with non-German nationality and with a migra-
tion background are also underrepresented. Participants living in single households are underrepresented, while participants
from larger households (2 or more persons) are overrepresented compared to the general population. Survey weights are
made available to researchers along with the study data that account for the sampling design and adjust for differences in the
distribution of age, sex, nationality (German vs. non-German), migration status, education, and household size.

Keywords Population-based - Cohort studies - Epidemiology - Response - Nonresponse - Participation - Sample design -
Survey weights - Correction weights

Background

The willingness to participate in population-based research
has been declining for decades [1-5]. The causes of this
decline are only partly understood [6], the true extent of the
problem may be obscured by inadequate reporting [3], and
strategies to reverse this trend are still unclear [7, 8]. It is
known, however, that the decision to participate in health
research is often associated with higher educational and
social status, healthier lifestyles, and a better health status
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(e.g., [9]). Although it remains a matter of debate whether
low response proportions inevitably impair generalizabil-
ity [10-15], there seems to be a consensus that a higher
response is generally preferable [14, 16].

Some consequences of differential nonresponse can be
addressed by statistical weighting techniques. Weighting is
the process of assigning a factor to individual study par-
ticipants according to their relative importance for calcu-
lating estimates of population parameters [17]. Study par-
ticipants often differ in their probability to be included in
a study, which can introduce bias in prevalence estimates
if not accounted for, just as nonresponse in the study can
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do. The aim of statistical weighting is to reduce bias in the
estimates, hence to increase the resemblance between the
estimated parameters in the sample and the true parameters
in the study base (i.e., the underlying target population).
It is important to note that, while representativeness, and
therefore weighting, are important for descriptive purposes
(e.g., estimates of prevalence, risk, or exposure), they are
less relevant, or in certain instances, even counterproductive
for the investigation of etiological research questions [11].

Here we report on the recruitment and participation in
the German National Cohort (NAKO, “NAKO Gesund-
heitsstudie”), supplementing the previous description of
the examination protocol [18]. NAKO is the largest epide-
miological population-based cohort study in Germany and
investigates the causes of the most common chronic dis-
eases [19]. It was initiated by a network of 18 study centers
across 16 regions in Germany as part of a collaboration of
27 German scientific institutions, including 15 universities, 4
institutions of the Helmholtz Association, 4 institutes of the
Leibniz Association, and 4 other national research institu-
tions. Baseline examinations were conducted from 2014 to
2019 and included computer-assisted personal face-to-face
interviews, a series of standardized physical and medical
examinations, the collection of various biomaterials, and
self-administered questionnaires for the standard Level 1
program. Additional in-depth examinations were offered
to 20% randomly selected participants (Level 2 program).
Whole body magnetic resonance imaging was offered to
more than 30.000 participants who were all also enrolled
into the Level 2 program (if they weren’t already). Detailed
descriptions of the study design, the baseline examination
protocol, and the baseline sample have been published else-
where [18-21].

In the following we provide a detailed description of
NAKO’s sample design and recruitment protocol, a descrip-
tive analysis of response proportions and reasons for non-
participation as well as a methodological description of the
survey weights that are provided together with the NAKO
data set.

Methods
Sample design

Based on recommendations of an international expert panel,
18 NAKO study centers were selected non-randomly from
applications of German research institutions (Table 1).
Selection criteria included practical experience in conduct-
ing population-based prospective cohort studies, experience
in using standardized assessment instruments, and a strong
track record in chronic disease research.
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Study regions in the catchment areas of these study cent-
ers were shaped such that the NAKO source population
achieved an appropriate balance with respect to regional
distribution (South/Central/North and East/West Germany),
rural versus urban areas, and variation in regional indica-
tors of socioeconomic status (unemployment rate, poverty
risk). A minimum of 10,000 participants per study center
was considered necessary for reasons of cost-effectiveness,
standardization of examination procedures, and quality con-
trol of the data collection. The two centers with the most
extensive existing infrastructure for cohort studies—Augs-
burg and Neubrandenburg—were selected to act as double-
recruitment centers, recruiting 20.000 participants each.

The planned regional distribution was as follows:
60,000 participants in the northern study area (study cent-
ers Bremen, Hamburg, Hannover, Kiel, Neubrandenburg),
30,000 participants in the metropolitan region of Berlin-
Brandenburg (Berlin-Nord, Berlin-Mitte, Berlin-Siid),
50,000 participants in the central study area (Halle, Leip-
zig, Diisseldorf, Essen, Miinster), and 60,000 participants
in the southern study area (Augsburg, Freiburg, Mannheim,
Regensburg, Saarbriicken). With this distribution, 35% of the
cohort would be recruited in the eastern areas (former Ger-
man Democratic Republic including Berlin), resulting in an
oversampling as compared to the western areas (underlying
population: 20% east versus 80% west). Approximately 35%
of the cohort would be recruited in densely populated areas
(large cities), 30% in areas of intermediate density (400 to
2,000 inhabitants/km?), and 35% in rural/thinly populated
areas (less than 400 inhabitants/km?).

The metropolitan region of Berlin-Brandenburg (city of
Berlin and parts of the Federal State of Brandenburg) was
divided into three separate non-overlapping areas, each of
which was managed by one of three study centers (Berlin-
Mitte, Berlin-Nord and Berlin-Siid), resulting in a total of
16 NAKO study regions being served by 18 study centers.
Results are reported for the three individual study centers in
Berlin separately rather than for the region of Berlin unless
otherwise noted. The study center Neubrandenburg, which
covered a large rural area in Mecklenburg-Vorpommern,
operated one permanent examination center in the city of
Neubrandenburg and temporary examination centers in Neu-
strelitz (May 2014—April 2016), Waren an der Miiritz (May
2016—June 2017), and Demmin (July 2017—April 2018).

The recruitment target was to examine a total of 200,000
participants, divided into subsamples of 10,000 participants
in each of 16 study centers and 20,000 participants in each of
2 larger centers (Augsburg and Neubrandenburg). The study
base consisted of all persons in the age range 20 — 69 years
(age at the time of sampling) residing within predefined
study regions in the catchment areas of the study centers.
Persons who lived in the predefined study regions at the
time of sampling, but had moved out by the time of contact,
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Table 1 Study centers in the German National Cohort (NAKO)

Geographical region

Recruitment area

Study Center Target North/Central/South East/West Federal state Urbanization®

Bremen 10,000 North West Bremen Densely populated

Hamburg 10,000 North West Hamburg Densely populated

Hannover 10,000 North West Lower-Saxony Densely populated

Kiel 10,000 North West Schleswig—Holstein Mixture of all three categories
Neubrandenburg® 20,000 North East Mecklenburg-Vorpommern Predominantly thinly populated
Berlin-Mitte® 10,000 Berlin-Brandenburg East Berlin Densely populated

Berlin-Nord® 10,000 Berlin-Brandenburg East Berlin and Brandenburg Predominantly densely populated
Berlin-Siid® 10,000 Berlin-Brandenburg East Berlin and Brandenburg Predominantly densely populated
Halle 10,000 Central East Saxony-Anhalt Predominantly densely populated
Leipzig 10,000 Central East Saxony Predominantly densely populated
Diisseldorf 10,000 Central West North Rhine-Westphalia Densely populated

Essen 10,000 Central West North Rhine-Westphalia Densely populated

Miinster 10,000 Central West North Rhine-Westphalia Densely populated

Augsburg 20,000 South West Bavaria Mixture of all three categories
Freiburg 10,000 South West Baden-Wiirttemberg Mixture of all three categories
Mannheim 10,000 South West Baden-Wiirttemberg Densely populated

Regensburg 10,000 South West Bavaria Mixture of all three categories
Saarbriicken 10,000 South West Saarland Predominantly intermediate density

*Urbanization was categorized according to DEGURBA [23] into cities (densely populated areas), towns and suburbs (intermediate density

areas), and rural areas (thinly populated areas)

®Neubrandenburg operated one permanent examination center in the city of Neubrandenburg and temporary examination centers in Neustrelitz
(May 2014—April 2016), Waren an der Miiritz (May 2016—1June 2017), and Demmin (July 2017—April 2018)

“The city of Berlin was divided into three separate areas, each of which was managed by one of three study centers in Berlin-Mitte, Berlin-Nord

and Berlin-Siid

could still participate in the study. German citizenship was
not required for participation, but German language skills
(or a translator provided by the participant) were necessary
to complete written informed consent, questionnaires and
examinations. Regional samples stratified by age and sex
were recruited in each study center. The intended age dis-
tribution was 10% of participants in each of the 10-year age
groups between 20 and 39 years, and 26.7% in each 10-year
age group between 40 and 69 years, with an equal proportion
of females and males in each age group. The intended age
distribution was informed by statistical power calculations
and the expected numbers of cases for major chronic dis-
eases and their associated premature mortality (see [19] for
a detailed discussion). A higher proportion of participants
in age groups above 40 years was included because the inci-
dence of most chronic diseases peaks beyond this age. Age
groups below 40 years of age were included to allow for the
study of risk factors, etiology, and possible modes for early
diagnosis of chronic diseases during early adulthood.

The study centers requested random samples of the gen-
eral population aged 20-69 years in their respective study
regions from their local civil registration offices. Study
centers independently determined the number and size

of successive random samples to be drawn and, if neces-
sary, adjusted the age and sex stratification of each sample
depending on their local age- and sex-specific response and
their recruitment progress. Samples subsequently drawn
from the same municipality were screened for duplicates
before being committed to recruitment. Information pro-
vided by the registration offices included name, address, sex
assigned at birth (male or female), either date of birth or year
of birth, and nationality. Study centers were encouraged to
query publicly available or commercial telephone directories
for landline and mobile phone numbers of potential partici-
pants drawn into the random sample.

Recruitment protocol

Recruitment was conducted in all 18 study centers according
to a standardized protocol laid down in a standard operating
procedure (SOP). Field staff was trained locally as well as
in centrally organized workshops and quality was monitored
with regular site visits both, by an internal quality control
team and by an independent external control team main-
tained by the Robert Koch-Institute, Berlin [18, 19].
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Recruitment always started with a postal invitation con-
sisting of an invitation letter, a standardized leaflet informing
about the NAKO study, a return form, and a stamped return
envelope addressed to the study center. Study centers were
encouraged to slightly adapt the invitation to local charac-
teristics of the study center and to include letters of rec-
ommendation by local authorities or celebrities. Interested
recipients could either return the form with their contact
information or call their study center. If no response was
received, two sequential reminder letters were sent separated
by recommended waiting periods of 14 days. For potential
participants whose telephone numbers were available, up
to five telephone contact attempts were made before postal
reminders were sent. The final step of the recruitment pro-
tocol was an invitation letter titled “Your last chance to par-
ticipate” which also included a non-responder questionnaire
and a stamped return envelope addressed to the study center.
A non-responder questionnaire was also offered to invited
persons with whom contact could be established but who
declined to participate in the study.

Study centers were free to implement additional non-
mandatory recruitment steps to increase response, which
could include sending out a third reminder letter, attempting
additional phone calls, carrying out home visits, or offer-
ing monetary and non-monetary incentives. Most centers
offered compensation towards the cost of public transport to
the study center or parking fees. In some centers the invita-
tion included letters addressed to participants’ employers
encouraging them to grant participants paid leave on the day
of the examination.

Response calculation

The standard definitions of the American Association for
Public Opinion Research (AAPOR, [22]) distinguish four
broad response categories: eligible participants, eligible
non-participants, ineligible non-participants, and those of
unknown eligibility. Eligible non-participants include per-
sons who declined to participate, were not able to partici-
pate (e.g., absence due to travel or hospitalization), or never
responded to invitations (non-contacts). Reasons for ineli-
gibility included not living in the study region anymore at
the time of contact, being deceased at the time of contact, or
not speaking the German language sufficiently while lacking
access to a translator (interviews/examinations were con-
ducted in German). At the end of the recruitment period,
ineligibility was also attested if potential participants were
never invited because they belonged to an age-sex-stratum
for which the quota was already met. Unknown eligibility
was attested if the domestic postal operator returned the invi-
tation letter unopened with the return codes “Moved, left no
address” or “Undeliverable”.
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Response proportions were calculated according to
AAPOR’s most conservative response proportion (RR1,
22), which excludes ineligible non-participants from the
denominator, resulting in:

P
+ NP

x 100

r

T P+NP

eligible unknown eligibilty

where P indicates the number of successfully recruited par-
ticipants, NP, comprises all eligible non-participants,
and NP i pn etigivitiry those of unknown eligibility.

Urbanization

Urbanization was classified according to the Degree of
urbanization (DEGURBA, [23]) into three categories: cities
(densely populated areas), towns and suburbs (intermediate
density areas), and rural areas (thinly populated areas).

Collection of paradata

In all study centers recruitment was controlled and docu-
mented with MODYS (Modular control & documentation
system for field studies, [24]), a dedicated software for epi-
demiological field studies. MODYS schedules predefined
recruitment tasks and provides a mail merge system to
generate and print study invitations and letters. All actions
by field staff (e.g., interactions with potential participants,
issuing of dropout codes) are logged and time-stamped by
the system. Furthermore, MODYS electronically logs study
paradata [25], that is, detailed data about the recruitment
process itself (e.g., attempted and successful contacts with
potential participants by letter, mail, or phone). Paradata
used in the current report to quantify the frequency of non-
mandatory recruitment steps include the number of reminder
letters routinely sent out, percentage of potential participants
with phone numbers available prior to the start of recruit-
ment, and percentage of persons for which outbound call
attempts were documented prior to any active response
after sending out the invitation letter. Note that outbound
call attempts documented after the first active response of
invited persons were disregarded for this analysis, because
almost all persons who signaled their interest in participa-
tion by returning the contact form were called up by field
staff afterwards.

Calculation of survey weights

Survey weights were determined in a two-step procedure
(see Supplementary methods M1 for a detailed descrip-
tion of the weighting procedure). First, design weights
were calculated to correct for unequal inclusion prob-
abilities of individual participants of the study using the
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Horvitz-Thompson-Estimator [26], defined as the inverse
of the inclusion probability. Using official population data
from the intercensal population updates provided by the Fed-
eral Statistical Office [27] for the years 2014 to 2019, sex
and age-group specific inclusion probabilities were calcu-
lated separately for each municipality covered by the study
regions. In a second step calibration weights were calculated
to account for differential nonresponse and to reduce the
bias and variance of the estimated parameters. Variables
used for calibration were age-group, sex, nationality (Ger-
man vs. non-German), education (low: ISCED97 1-2, vs.
medium: ISCED97 3—4 vs. high: ISCED97 5-6), migra-
tion background (yes vs. no), and household size (1 vs. 2
vs. >3 persons). Missing values in the calibration variables
were imputed using the MICE algorithm [28]. Data from
the official German Microzensus [27] were used to deter-
mine marginal distributions of these variables in the general
population aged between 20-69 years for each administra-
tive district included in the study regions. Using these mar-
ginal distributions, calibration weights were calculated by
iterative proportional fitting (“raking”) [29] separately for
each administrative district. Survey weights were obtained
by multiplying design and calibration weights. Finally, sur-
vey weights were trimmed to the 1st and 99th percentile to
lower the variance of the weights and reduce the influence
of outliers. Survey weights are available for the whole sam-
ple as well as for the subsample completing the in-depth
examinations (Level 2 program) and the subsample com-
pleting magnetic resonance imaging. For the visual com-
parison between the unweighted and the weighted sample
the absolute frequencies per category and the sum of the
survey weights per category were plotted in grouped bar
charts for the variables sex, age group, nationality, migration
background, household size, and education.

Results

Recruitment and common reasons
for non-participation

During the recruitment period from 2014 to 2019 (see Fig. 1
for a STROBE flow chart), a total of 1,364,918 individu-
als were randomly drawn from the general population of
the study regions (after correction for duplicate drawings).
Of these, 48,863 individuals (3.58%") were not eligible for
study participation, because they did not live in the study
regions anymore at the time of contact (n=20,675; 1.51%),
were already deceased (n=4,614; 0.34%), did not speak

' All percentages in this paragraph refer to the total number of
1,364,918 individuals in the random sample.

Full random sample

N =1,364,918
Not eligible
Out of sample / moved out
of study region 20,675
Quota filled (never invited
or no contact made) 19,977
Deceased person 4,614
Language problem 3,597
A
Eligible for participation
N =1,316,055
Unknown eligibility
Moved, left no address 75,680

Invitation returned as undeliverable 10,914

Eligible non-response

Non-contact 685,135
Refusal
- No reasons given 231,631
- No time 27,711
- Not interested 27,207
- Health related reasons 7,481
- Reasons related to
data protection 3,090

- Study goals not convincing 2,825

- Other reasons 11,556
Repeated no-shows 980
Quota filled (after contact

was made) 19,694
Physically or mentally
unable/incompetent 4,799

Respondent away/unavailable
- Travel/work travel 123
- Hospitalization/rehab stay 12
- Other reasons 1,803

NAKO participants
N = 205,414

Fig.1 STROBE flow chart and reasons for non-participation

the German language and had no access to a translator
(n=3,597;0.26%), or the quota of their respective age-sex-
stratum was already filled before they were invited or had
the chance to respond to the invitation letter (n=19,977,
1.46%). Out of the remaining sample of 1,316,055 individu-
als, the eligibility of 86,594 individuals (6.34%) could not
be determined. Either they had, at the time of invitation,
moved without leaving a new address (n="75,680; 5.54%),
or the invitation letters were returned as undeliverable by
the postal service (n=10,914; 0.80%) and a validation
attempt at the local civil registration offices did not provide
a new address. A total of 1,024,047 individuals (75.03%)
were eligible for participation but did not participate. Of
these, 685,135 (50.20%) never responded to the invitation
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(non-contact) and 311,501 (22.82%) refused participation
for various reasons (see Fig. 1 for a detailed breakdown of
reasons for non-participation). Other, less common reasons
for non-participation included having either insufficient
physical or mental competencies for participation (n =4,799;
0.35%), being unable to take part because of an absence dur-
ing the study period (travel, hospitalization, or other reasons;
n=1,938; 0.14%), or repeatedly failing to show-up for the
examination (n=980; 0.07%). Finally, 19,694 individuals
(1.44%) had replied and expressed interest to participate but
their respective age-sex-stratum was filled before they could
enroll into the study. The final study sample consisted of
205.414 (15.05%) individuals who were eligible for partici-
pation and did participate.

The percentage breakdown of the four broad response
categories (ineligible, unknown eligibility, eligible non-
participants, participants) varied considerably across study
centers (Fig. 2, Supplementary Table S1). Ineligible non-
participants (NAKO overall 3.6%) were least common in
Berlin-Mitte (1%) and most common in Leipzig (10.1%).
Non-responder with unknown eligibility (NAKO overall
6.3%) were least common in Hannover (0.3%) and most
common in Berlin-Mitte (16.4%). Eligible non-participants
(NAKO overall 75.0%) were least common in Leipzig
(61.7%) and most common in Hannover (86.4%).

Overall response and differences across sex and age
groups

The overall response across NAKO was 15.6%, but differed
considerably across study centers, ranging from 30.7% in

Response status

[ Participants [[] Non-Participants, eligible [

Augsburg down to 7.6% in Berlin-Siid (Table S2, Fig. 3).
In all study centers response was higher among females
(NAKO overall 17.5%) as compared to males (NAKO over-
all 14.1%) with a sex difference in overall response of 3.4
percentage points. Response was lowest in the youngest age
group (<29 years, NAKO overall: 10.2%) and increased up
to 20.7% in the highest age group (> 60 years). A similar age
gradient was observed in all study regions except Freiburg
where no clear pattern was evident.

Frequency of non-mandatory recruitment steps
and response

Study centers varied in their use of non-mandatory recruit-
ment steps (Supplementary Table S3). Eleven out of the 18
study centers used the option of sending a third reminder
to persons who had not yet responded. The availability
of phone numbers prior to the start of recruitment varied
considerably across study centers. In four study centers no
phone numbers were available, in nine study centers phone
numbers were available for less than 10% of all persons in
the random sample, in four study centers the percentage
was between 12 and 27%, and in one center (Augsburg) the
percentage of phone numbers was at 58%. The percentage
of actual outbound phone call attempts prior to any active
response by the invitees was slightly lower than the per-
centage of available phone numbers for 16 out of 18 study
centers and was considerably lower for Augsburg and Neu-
brandenburg. Visual inspection of the relation between the
use of non-mandatory recruitment steps in a study center and
response did not reveal obvious dependencies (Fig. S1, Panel

Non-Participants, unknown eligibility [Z] Non-Participants, not eligible

Augsburg

Berlin-Mitte

Berlin-Nord

Berlin-Sud

Bremen

Dusseldorf

Essen

Freiburg

Halle

Hamburg

Hannover

Kiel

Leipzig

Mannheim

Minster

Neubrandenburg

Regensburg

Saarbriicken

NAKO overall [

50 75 100
Percent

Fig.2 Percentage breakdown of response status categories across study centers. Note that the percentage of participants does not equal the
response proportion, as the latter does not take into account non-eligible non-participants. Study centers are sorted alphabetically
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10

30
20
10

30
20

Response

30
20
10

30
20
10

30
20
10

30
20
10

30
20
10

0

Overall Sex

Female

Age group

Male <29 30-39 [ 40-49 [ 50-50 [ >60

NAKO overall

Augsburg

Berlin-Nord

Bremen

Essen

Halle

Hannover

Leipzig

Mdunster

Regensburg

Urbanization

Cities . Towns and suburbs . Rural areas

Berlin (Nord, Mitte, Std)

Berlin-Mitte

Berlin-Sid

=l
Dusseldorf

Freiburg

Hamburg

Kiel

Mannheim

Neubrandenburg

Saarbriicken

Fig. 3 Response proportion (%) overall and stratified by sex, age group, and degree of urbanization for NAKO overall, the region of Berlin com-
prising 3 study centers, and all 18 individual study centers
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a). The number of reminder letters seemed not to result in
differences in overall response (Fig. S1, Panel b), while
fielding more outbound calls appeared to result in a higher
response (Fig. S1, Panel c¢). Home visits were not routinely
carried out in any of the study centers apart from pilot stud-
ies in two centers (Berlin-Mitte, Halle) [30].

Degree of urbanization and response

NAKO'’s study base differed considerably among the study
regions in terms of the degree of urbanization of their living
areas (Fig. 4, Table 1, Supplementary Table S4). Overall,
80.2% of the study base lived in cities, 14.2% in towns and
suburbs, and 5.7% in rural areas. In eight out of 18 study
centers the entire study base lived in areas rated as cities
(Berlin-Mitte, Bremen, Diisseldorf, Essen, Hamburg, Han-
nover, Mannheim, Miinster) and in four study centers more
than 80% of the study base lived in cities (Berlin-Nord,
Berlin-Siid, Halle, Leipzig). In one study center more than
55% of the study base lived in towns and suburbs (Saar-
briicken) and in one center more than 50% of the study base
lived in rural areas (Neubrandenburg). In the remaining four
study centers the study base was distributed more equally
across urbanization categories (Augsburg, Freiburg, Kiel,
Regensburg). In all study centers the percentage breakdown
of urbanization categories for the eventual study sample did
not differ notably from that of the respective study center’s
study base. Note that individual comparisons for the three
study centers in the study region Berlin were not possible
because all jointly recruited in the city of Berlin and sepa-
rate population data for their respective recruitment areas
within the city were not available. Instead the study region of
Berlin was analyzed and it did not show notable differences
between the urbanization distribution in the study base, the
invited sample, and the study sample.

Across all study regions response was highest in rural
areas (22.3%), followed by towns and suburbs (17.2%), and
lowest in cities (14.5%). In four out of the nine study regions
that did not exclusively recruit from cities, the same response
pattern was observed. In two study regions the response was
highest in cities and in three study regions there was no clear
pattern (Figs. 3 and 5, Supplementary Table S4).

Survey weights and representativeness

A comparison between the unweighted and the weighted
sample (Fig. 6; see Supplementary Fig. S2 for individual
centers) revealed that participants with non-German nation-
ality and migration background were underrepresented in
the NAKO sample overall as well as in the subsamples of
almost all study regions. Only in the subsamples of Kiel and
Regensburg the migration background closely mirrored that
in the study base. In the overall NAKO sample as well as in
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all subsamples, participants with low and medium education
were underrepresented, while highly educated participants
were overrepresented. Participants from single households
were underrepresented, while participants living in larger
households (2 and > 3 persons) were overrepresented in the
overall NAKO sample and in the subsamples of all study
centers. There was a notable discrepancy between the age
distribution of the study sample and that of the study base,
which, however, was intended by the sample design that
aimed to oversample older age groups. Although the ratio
between the sexes in the study sample was also determined
by the sample design, it resembled the sex distribution in
the study base.

Discussion

NAKO is a large prospective multicenter cohort that exam-
ined more than 205,000 participants across Germany
between 2014 and 2019, inviting more than 1.3 million
individuals during the recruitment process. The resulting
overall response proportion of 15.6% lies considerably
below the 50% anticipated during the planning phase [18],
but falls within the range reported by other large population-
based cohort studies that conducted their baseline recruit-
ment within the last two decades (e.g., UK-biobank 5.5%
[31], Constances 7.3% [32], LifeLines 24.5% [33], China
Kadoorie Biobank 30% [34], Japan Multi-institutional Col-
laborative Cohort 33.5% [35]). When compared to other
large German population-based cohorts, the response in
NAKO is considerably lower (e.g., EPIC 22.7—38.3% [36],
KORA 65% [37], SHIP 69% [38]), but it is important to note
that these cohorts recruited their baseline samples more than
20 years ago.

Although NAKO recruited according to a highly stand-
ardized protocol, response varied considerably across study
centers. These differences could not be explained by dif-
ferences in the use of additional reminder letters or phone
calls alone. Study centers that sent out an additional third
reminder letter to potential participants who had not yet
responded did not seem to achieve higher response propor-
tions compared to study centers that did not. Study cent-
ers that made more outbound calls to potential participants
seemed to achieve slightly higher response proportions com-
pared to study centers making less outbound calls, which
would be consistent with previous reports [39]. It is impor-
tant to note, however, that the use of telephone calls in this
analysis was only quantified in terms of whether or not a
potential participant was called. More detailed analyses that
include the number of phone calls and their timing may pro-
vide additional insights [24]. Differences in overall response
could also not be explained by differences in the degree
of urbanization across study centers. However, despite
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differences in overall response, there were similar trends A comparison of the unweighted and the weighted NAKO
in the influence of participant characteristics on response  study sample revealed that NAKO participants, as compared
across all study centers. Females were more likely to partici-  to the underlying population, were less likely to have a non-
pate and the probability of participation increased with age. =~ German nationality and a migration background, had higher
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Fig.5 Response proportion (%) by study region and municipality. Municipalities with less than 15 invited persons (in the study region Kiel) are
marked by black asterisks. (administrative maps: © GeoBasis-DE / BKG 2018)

education, and lived in larger households. These results are  education and household size might at least partly be caused
in line with previously reported trends (e.g., [1, 9]). Itis by the intended oversampling of older age groups, since both
important to note, however, that especially the differencesin ~ variables are associated with age. For instance, individuals
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Fig.6 Comparision of the unweighted and weighted NAKO sample with respect to sex, age group, nationality, migration background, education,

and household size

in the lowest age group (<29 years) are more likely to have
not finished their education or to be living in smaller house-
holds. Furthermore, it cannot be ruled out that the observed
differences in the percentage breakdown of nonresponse
categories are caused by different decision-making rules by
field staff of different study centers rather than by differences
in the population under recruitment.

Overall, the lack of clear univariate explanations for
response differences suggests that more complex multi-
causal mechanisms combining characteristics of potential
participants, infrastructural differences across study regions,
and differences in the recruitment efforts may be required
to explain these results. Investigating the causes of nonre-
sponse is not only of general interest for epidemiology [6],
but particularly in cohort studies such as NAKO, because
characteristics of recruitment at baseline may influence
retention at follow-up stages [40—-42]. NAKO has served as
a resource for response experiments before [30, 41, 43—45]
and in particular the extensive body of paradata collected
with the MODYS software [24] offers future opportunities
for nonresponse research.

NAKO provides survey weights that take into account the
sampling design and the distribution of age, sex, nationality
(German vs. non-German), migration status, education, and
household size. Survey weights for the whole NAKO study
sample as well as for the Level 2 and magnetic resonance
imaging subsamples are made available to researchers along
with the NAKO data. It is recommended that these weights
be used whenever descriptive results (e.g., estimates of
prevalence, risk, or exposure) from NAKO are generalized
to the general population. Firstly, the NAKO sample dif-
fers from its source population already by design due to the

intended age-sex distribution. Secondly, NAKO’s complex
sampling design and the practice of drawing several succes-
sive random samples from the same source population very
likely resulted in unequal inclusion probabilities, which are
known to bias estimates [17, 46]. Finally, it is reasonable to
assume that NAKO, like other large population-based cohort
studies (e.g., [47]), was subject to self-selection effects dur-
ing recruitment (e.g., “healthy volunteer bias”). For other
analyses, there is no general recommendation and the use
of weights should be decided on a case-by-case basis. For
instance, while it is often not advisable to use correction
weights when estimating complex models, because it may
be difficult to satisfy very specific model assumptions (e.g.,
[48]), there are also exceptions to this rule (e.g., for causal
modeling see [49]). It is crucial to note, however, that the
intention of weighting was not to reach representativeness
at the level of the German population as a whole, but rep-
resentativeness at the level of each of the 16 study regions.

Strengths and limitations

For a discussion of strengths and limitations of the NAKO
cohort in general, the reader is referred to the cohort profile
[18].

Since study regions were not randomly selected within
Germany the recruited sample is unlikely to be representa-
tive of the whole German population, possibly limiting the
generalizability of prevalence estimates for diseases and risk
factors. Furthermore, the response proportion was low and
the differences observed between the unweighted and the
weighted NAKO study sample suggest that nonresponse was
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differential with respect to socioeconomic characteristics.
For etiological research questions and prospective cohorts in
particular, however, representativeness of the study sample
is of less concern [11]. In addition, the generalizability of
findings also depends on the particular endpoints of interest
and should be assessed in each case separately.
Recruitment in NAKO was based on a highly standard-
ized protocol that nevertheless allowed for study center-spe-
cific adaptions. The observed differences in response and
the percentage distribution of nonresponse categories across
study centers, however, may indicate that even these stand-
ardization efforts and the training of field staff could still be
improved. This should be considered in future studies.

Conclusion and outlook

NAKO recruited more than 205.000 participants between
2014 and 2019, inviting a total of 1.3 million residents aged
20-69 years from 16 German regions. Despite the highly
standardized recruitment protocol NAKO achieved only a
low response proportion, replicating comparable results in
other recent large epidemiologic cohort studies. The patterns
of nonresponse observed are consistent with those reported
in other studies, e.g., older individuals and females were
more likely to participate, as were those with higher educa-
tion and those without a migration background. Response
was also higher in rural areas than in urban areas. Survey
weights that take these differences into account are available
with the NAKO data.

For NAKO, the successful completion of the baseline
examinations shifted the focus from recruiting to retaining
participants, which comes with a whole new set of chal-
lenges. Motivating individuals to enroll and stay enrolled
thereafter remains one of the main challenges for cohort
studies [50]. Although new digital technologies offer excit-
ing new opportunities to reduce barriers to enrollment
and ease the burden of participation (e.g., [51]), efforts to
increase participation must also consider the personal moti-
vations of potential participants. The opportunity to learn
more about one’s own health status, to receive personalized
medical advice, to contribute to scientific progress, and the
prospect of gaining insight into research practice are among
the reasons for participating in health research [52-54]. To
meet these expectations, cohort studies also need novel strat-
egies for communicating with their participants, for offering
them self-benefits, and for involving them in the research
process (e.g., [55, 56]).
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tary material available at https://doi.org/10.1007/s10654-025-01219-8.
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