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Abstract

Background In the NAKO cohort, dietary assessment instruments were applied at baseline (2014-2019) and during
the first re-examination (2019-2024). The aim was to assess and describe changes in dietary intake over time, and to
evaluate the possible consequences of pooling dietary data from both assessment periods for NAKO participants with
insufficient or missing dietary information at baseline.

Methods Full dietary information in both examination waves was collected in a group of 9,035 participants recruited
in the study centers in Berlin-South and Freiburg. The mean difference between the baseline and first re-examination
visit was 4.8 years (SD=0.5). For both time periods, the usual intake of food items for each participant was estimated
per examination wave using the modified Multiple Source Method (MSM) that incorporated repeated 24-hour food
lists (24 h-FL) and a food frequency questionnaire (FFQ), combined with external data from the German National
Nutrition Survey Il (NVS Il). Total energy intake and macronutrient intake were derived by linking food items to the
German food composition database. On the individual level, differences in intake estimates were examined and the
concordance was assessed.

Results Overall, the results showed a high concordance of energy and macronutrient intake estimates between both
time periods (ICC>0.70 for macronutrients) and only small mean differences. On average, energy intake decreased by
56 kcal/day in males and 37 kcal/day in females. At the food group level, only small changes were observed, except
for the consumption of meat and meat products, as well as milk and dairy products. In females, average meat and
meat product consumption decreased from baseline to the first re-examination by 7.3 g/day and in males by 14.6 g/
day; the intake of milk and dairy products decreased by about 20 g/day in both females and males.

Conclusion In this NAKO sub-sample, habitual intake estimates for energy, macronutrients and most food groups
were highly consistent between recruitment and first re-examination. While changes in two specific food groups were
observed, overall macronutrient and energy intake remained stable over the five-year period. These findings suggest
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that in case of incomplete dietary data at baseline, it may be appropriate to use data from both examination waves to

estimate a person’s usual dietary intake.

Keywords Usual intake, NAKO, Macro nutrient intake, Cohort study, Food group intake

Introduction

Various personal and social factors influence the stabil-
ity of dietary intake in adults. Furthermore, observed
differences in dietary intake vary depending on the cho-
sen level of detail during the dietary assessment, such
as assessing at the nutrient level or the food group level.
Evidence from large cohort studies, including the Fram-
ingham study or the Heidelberg part of the European
Prospective Investigation into Cancer and Nutrition
(EPIC-Heidelberg) study, suggested only moderate agree-
ment in dietary intake over periods of 5 years or more [1,
2]. Methodologically, these studies often used food fre-
quency questionnaires (FFQs), which have known limita-
tions in precision and validity. Thus, observed differences
between time periods may reflect both true changes in
dietary behavior and measurement errors. A UK Biobank
reproducibility study reported only moderate reproduc-
ibility for repeated dietary measures over four years,
with intra-class correlation coefficients (ICCs) varying by
nutrient and food group intake, concluding that appar-
ent long-term instability is partly attributable to dietary
assessment imprecision [2]. External data sources, such
as survey or sales data, may therefore provide valu-
able complementary context for interpreting changes in
reported dietary intake.

The German National Cohort (NAKO, “NAKO
Gesundheitsstudie”) is an ongoing multi-centric, pop-
ulation-based cohort study conducted across 18 study
centers in Germany; it was designed to answer research
questions about risk factors for the development of non-
communicable (NCDs) and also communicable diseases,
to develop effective prevention strategies, and to iden-
tify new methods for early disease detection [3]. Within
the examination program, a novel dietary assessment
approach was established [4, 5]. This approach combined
two instruments: up to four repeated 24-hour food lists
(24 h-FL) and a food frequency questionnaire (FFQ) [6,
7]. It fulfilled the requirement of minimizing the burden
on NAKO participants by using the 24 h-FL as a repeated
short-term dietary assessment instrument that can be
completed in about 10 min. The very strict time limit for
the examination program in this cohort study made it
necessary to develop a fast to complete 24-hour assess-
ment method [6].

When estimating the consumption probabilities of
food items, including additional 24 h-FLs improved the
accuracy of the estimated consumption probability; this
was shown in the NAKO study [5] and in other studies
[8, 9]. With a limited number of 24 h-FLs available, every

additional 24 h-FL reduces within-variance, thereby
improving the precision of the consumption probabil-
ity estimate. As the number of completed 24 h-FLs and
FFQs were relatively low during the baseline examina-
tion, participants were asked to fill in additional 24 h-FL
during the first re-examination, notwithstanding the ini-
tial study plan. All available 24 h-FL and FFQ from the
baseline examination and the first re-examination were
included to model consumption probabilities for NAKO
participants and thus to derive the usual dietary intake
for as many individuals as possible. Consequently, the
need to evaluate potential changes in dietary intake on
the individual level emerged.

The present study aimed to compare usual dietary
intake estimates calculated for both examination waves
on the individual level, which was possible for a subgroup
of participants in two NAKO study centers (Berlin-South
and Freiburg). A secondary aim was to assess the possible
consequences of pooling dietary data from both assess-
ment periods for NAKO participants with insufficient or
missing dietary information at baseline.

Methods
NAKO study
NAKO participants were residents in one out of 16 study
regions across Germany and were recruited through a
network of 18 study centers. They were identified based
on age and sex-stratified samples randomly drawn from
compulsory registries of residents within the defined
study areas. During the recruitment phase (2014-2019)
of the NAKO, a total of 204,706 persons (103,284 females
and 101,422 males) aged 19 to 74 years visited the NAKO
study centers. A detailed description of the extensive
examination program, including an interview, vari-
ous questionnaires — including those questionnaires for
dietary assessment -, medical examinations, and the sam-
pling of bio-specimens can be found elsewhere [3, 10].
This study uses dietary data from participants in the
study centers Berlin-South and Freiburg; in both study
centers, an almost complete dietary assessment was
achieved during both examination waves. Re-examina-
tion started in 2019, after the baseline recruitment was
finished. A total of 9,035 participants (4,277 participants
from Berlin-South and 4,758 participants from Freiburg)
were included in the analysis. For both time periods at
least one 24 h-FL and a FFQ had to be available for a par-
ticipant to be included in the analysis. The mean inter-
val between the baseline and the first re-examination
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visit was 4.8 years (SD=0.5 years, min=3.1 years and
max = 8.7 years).

The German National Cohort (NAKO) was approved
by the initial vote of the ethics committee of the Bavarian
Medical Association (“Bayerische Landesdrztekammer”
(BLAK), protocol code 13023), followed by all local ethics
committees of the study sites. The study was conducted
in accordance with the Declaration of Helsinki of 1975
(in the current, revised version). Written informed con-
sent for the participation in data and biospecimen col-
lection and physical examinations was obtained from all
participants. The NAKO study was registered in the Ger-
man Clinical Trials Register (DRKS) under the identifier
DRKS00037328 on 11.9.2025 (https://www.drks.de).

Dietary assessment

Dietary intake was assessed at both baseline and the first
re-examination using 24 h-FLs and an FFQ. The 24 h-FL
collected dietary information on the dietary intake dur-
ing the past 24 h across 27 food groups without quantify-
ing portion sizes. Participants completed the first 24 h-FL
at the study center and up to three subsequent 24 h-FL
at home, one every three months after an invitation by
the study center (exact days were randomly determined).
Long-term intake over the past 12 months was assessed
using the FFQ [7]. Participants reported consumption
frequency for a closed list of items with assigned por-
tion sizes, with options ranging from “never” to “daily
intake” Supplement use and recent dietary changes were
also assessed. Both electronic tools included automated
completion checks that prompted participants to fill in
unanswered questions prior to submission.

Usual dietary intake estimation

Following the approach of the modified Multiple Source
Method (MSM) as described by Wawro, Gastell [5], for
the current analysis, the consumption probability was
modelled separately for each examination wave, only
including questionnaires with a sufficient completeness
of >70%, completed during the respective examina-
tion wave. For every participant, two estimates for the
consumption probability of every single food item were
derived, one for each examination wave.

We estimated the usual dietary intake for each food
item as the product of consumption probability and the
person-specific amount consumed on consumption days.
When modelling the consumption probability based on
the repeated measurements from up to four 24 h-FLs,
covariates for adjustment (age, biological sex, body mass
index (BMI), education level and smoking status) and the
FFQ information for the relevant item were included in
the models. The FFQ information was especially impor-
tant for the estimation of rarely consumed food items
or food items that were not consumed at all. As in the
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whole cohort, the person-specific consumption amounts
were estimated using a prediction model based on data
from the German National Nutrition Survey (NVS II)
by transferring parameter estimates to the NAKO data
set: linear mixed effects models were applied to esti-
mate individual consumption-day amounts based on two
repeated 24-hour dietary recalls of the NVS II, adjusted
for age, sex, BMI, education, and smoking status [5].
Usual intakes of the single food items were summed to
form main food groups and subgroups, according to the
EPIC-Soft food groups scheme [11] that was developed
within the EPIC (European Prospective Investigation into
Cancer and Nutrition) study. The full list of food items
and their grouping according to the EPIC-Soft classifica-
tion can be found in the Supplementary Table S1 (Food
items categorised according to the EPIC-Soft main food
groups) in [5]. The single food items were linked to the
German food composition database [12]. Nutrients were
summed up for every individual across all food items.

Covariates included in the probability models were
assessed at baseline and limited to a small number of
most important variables to ensure consistency when
using the same variables in the prediction models of the
consumption amounts from the NVS II [13]. We assumed
that any changes in the covariates BMI, smoking status
or education level by the time of the follow-up occurred
at random and did not affect the estimation of the usual
dietary intakes. Inclusion of time-specific covariates
would have led to computational challenges, although
it is beyond all questions that all participants aged from
baseline to re-examination. Age (years) was computed
as the date of baseline examination minus the date of
birth. Sex (male/female) was reported in the main base-
line questionnaire. Education was grouped into three cat-
egories, representing low, moderate and high education
levels. Grouping was based on the highest self-reported
education level (ISCED 2011) by combining information
on school and vocational training as no degree, in train-
ing or vocational education (level O to 4, i.e. low), profes-
sional school or similar degree (level 5 & 6, i.e. moderate),
university degree or higher (level 7 & 8, i.e. high). The
body mass index (BMI, kg/m?) was calculated from mea-
sured body weight and height. Height was measured
using the Seca Stadiometer 274, and weight was mea-
sured with the Seca Body Composition Analyzer (mBCA)
515. All participants were measured in their underwear.
BMI was calculated as weight (kg) divided by height in
meters squared (m?). BMI was grouped into underweight
(BMI<18.5), normal weight (18.5<BMI < 25), overweight
(25<BMI<30) and obese (BMI >30). Smoking status was
categorized as never, former, or current smoker.

The basal metabolic rate (BMR) was calculated accord-
ing to the age and sex-specific formulas provided by
Schofield [14]. Using the ratio of total energy intake
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(TEI) to BMR, under-reporters were identified as TEI/
BMR < 0.8, which represented the 5% quantile. The group
of high energy intake reporters was defined as TEI/
BMR > 1.6, which represented the 95% quantile.

Statistical methods

To assess the change in usual dietary intake between the
baseline and the first re-examination, we compared mean
intake values from both time periods for total energy
intake, macronutrients, and the main food groups. The
distribution of individual differences in dietary intake
between baseline and the first re-examination (intake in
g/day at re-examination minus intake in g/day at base-
line) is characterized by reporting standard deviation
(SD), minimum, maximum, and 10-, 25-, 50-, 75- and
90%-percentiles.

To assess the concordance of individual estimates, we
provide the Spearman rank correlation, Pearson correla-
tion and intraclass correlation coefficient (ICC, using R
library irr 0.84.1, type="agreement, where a value>0.7
indicated good agreement [15]). We provide both corre-
lation coefficients as scatterplots suggested no strict lin-
ear relationships for all food groups.

To illustrate the agreement of estimates between the
different time periods, scatterplots stratified by the pat-
tern of available 24 h-FLs for the main food groups are
provided. The pattern is named according to the number
of available 24 h-FL in both assessment waves, e.g. Pat-
tern 2_4 represents two available 24 h-FLs at baseline and
four available 24 h-FLs at first re-examination. Bland-
Altman plots for the intake of total energy and macro-
nutrients are provided for men and women separately,
to examine individual differences with respect to mean
intake amounts.

As sensitivity analyses, we examined the changes
among plausible reporters (excluding miss-reporters) in
diet, as defined by a TEI to BMR ratio between 0.8 and
1.6. In addition, analyses were restricted to subjects with
four 24 h-FLs and an FFQ available in both examination
waves.

Analyses were carried out using R 4.3.1. Usual intake
estimation was carried out using SAS 9.4. We followed
STROBE-nut reporting guidelines [16].

Results
The study population comprised 9,035 participants, 48%
males and 52% females, of which 53% were examined at
the study center in Freiburg and 47% at the study center
in Berlin-South (Table 1). At baseline, the mean age was
51.1+11.9 years for both sexes; the mean BMI in males
was 26.2 +4.0 kg/m?* and in females 24.8 + 4.8 kg/m?.
More than 60% of the participants filled in four
24 h-FLs during the baseline examination wave as well as
during the first re-examination wave. In addition, about
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23% had completed four 24 h-FLs during the baseline but
less during the first re-examination. All other patterns of
available 24 h-FLs were observed below 3% (Table 1).

Tables 2 and 3 describe the mean intake values for
total energy, energy-providing nutrients, and the main
food groups during the baseline and during the first re-
examination stratified by sex. Intake estimates were
derived adjusted for age, sex, BMI, education level and
smoking status. Additionally, the distribution of individ-
ual differences of estimates between both time periods
and the concordance of measurements are presented.
In both, males and females, a slight decrease in mean
energy intake was observed (56 kcal/day (SD =264 kcal/
day) and 36 kcal/day (SD=164 kcal/day), respectively),
which was reflected in slightly decreased intake of pro-
tein, fat, carbohydrates, and alcohol. Mean dietary fiber
intake increased by 0.8 g/day in both, males and females,
from baseline to first re-examination. The minimum and
maximum values of the difference between males and
females revealed extreme changes in diet. For example,
an increase in total energy intake estimates of more than
1,000 kcal/day between the two measurement time peri-
ods may be understood as extreme. At the macronutrient
level, we observed a good accordance of individual intake
estimates of at least 0.70 in both sexes for the ICC. Cor-
relation coefficients were even slightly higher for all mac-
ronutrients than the ICCs.

For the main food groups, analogous results were
obtained, with the median values of the differences being
close to zero. For males, a higher mean usual intake was
observed for fruit and nuts (12.5 g/day, 5% increase com-
pared to baseline) during re-examination. In contrast, a
lower mean usual intake was estimated for dairy prod-
ucts (-20.4 g/day, 9% decrease), meat and meat products
(-14.6 g/day, 15% decrease), and non-alcoholic drinks
(-47.2 g/day, 5% decrease) at re-examination. The mean
change in usual intake for all other food groups was lower
than 10 g/day and lower than 5%. The lowest correla-
tions were observed for potatoes (0.48), legumes (0.51),
and egg and egg products (0.52) in males, although the
median and mean of the differences were close to 0 g/day.
The highest correlation was seen for the usual intake of
alcoholic drinks (0.79). For all other food groups, the cor-
relation coefficients were above 0.60 in men (Table 2).

In females, similar results were observed, but they
were less pronounced. A higher mean usual intake was
observed in fruit and nuts (5.8 g/day, 2% increase) and
vegetables (4 g/day, 2% increase) at re-examination
compared to baseline. In contrast, a lower mean usual
intake was estimated for dairy products (-19.3 g/day,
10% decrease), meat and meat products (-7.3 g/day,
17% decrease), and non-alcoholic drinks (-29.3 g/day,1%
decrease) at re-examination. The mean change in usual
intake for all other food groups was lower than 4 g/day.
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Table 1 Population characteristics for the total sample and stratified by sex at baseline. Mean, standard deviation (sd) for continuous

variables, number (n), % for categorical variables

Total (n=9,035)

Males (n=4,333)

Females (n=4,702)

mean sd mean sd mean sd
Age 511 11.9 513 120 510 11.9
BMI 254 4.5 26.2 4.0 24.8 48
n % n % n %
BMI groups underweight 118 13 14 03 104 2.2
normal weight 4574 506 1,806 417 2,768 589
overweight 3,154 349 1,903 439 1,251 26.6
obese 1,189 132 610 14.1 579 123
Centre Freiburg 4,758 52.7 2,326 53.7 2432 51.7
Berlin-South 4,277 473 2,007 46.3 2,270 483
Education level low 3,121 345 1172 270 1,949 415
medium 2,713 30.0 1,454 336 1,259 26.8
high 3,201 354 1,707 394 1,494 318
Smoking status never 4483 496 2,074 479 2,409 512
current smoker 1,294 143 620 143 674 143
former smoker 3,258 36.1 1,639 378 1,619 344
Pattern of 24 h-FL 1.1 63 0.7 41 09 22 0.5
1.2 100 1.1 48 1.1 52 1.1
1.3 28 03 18 04 10 0.2
1_4 85 0.9 45 1.0 40 0.9
2_1 194 2.1 111 26 83 1.8
2_2 252 2.8 112 26 140 30
2_3 84 0.9 37 0.9 47 1.0
2_4 245 2.7 107 25 138 29
3.1 81 0.9 52 1.2 29 0.6
3_2 82 0.9 43 1.0 39 0.8
3_3 48 0.5 25 0.6 23 0.5
3_4 166 1.8 74 1.7 92 20
4_1 745 8.2 367 85 378 8.0
4_2 813 9.0 421 9.7 392 83
4_3 544 6.0 280 6.5 264 56
4_4 5,505 60.9 2,552 589 2,953 62.8

Pattern of 24 h-FL A_B: number of 24 h FL at baseline (A)_number of 24 h-FL at re-examination (B)

As in males, the lowest correlations were observed for
potatoes (0.49), legumes (0.50), and egg and egg products
(0.52) in females, although the median and the mean of
the differences were close to 0 g/day. The highest corre-
lations were seen for the usual intake of alcoholic drinks
(0.77) and meat and meat products (0.77). For all other
food groups, correlations were above 0.58 in females
(Table 3).

The Bland Altman plots for the intake of total energy
and macronutrients for males (Fig. 1) and females (Fig. 2)
showed little systematic differences for total energy
intake, protein, carbohydrates, fiber, and fat intakes. In all
plots, outliers, i.e., participants with major changes in the
usual diet, can be visually identified. The usual intake of
alcohol shows a different picture due to the zero amounts
of consumption (non-consumers). Non-consumers
in at least one time period imply the straight edge on
the left-hand side of the plot. A larger dispersion of the

differences (y-axis) was observed for larger mean intake
values (x-axis), which were more pronounced in females
than in males.

The scatterplots of total energy and macronutrient
intakes at baseline and at first re-examination by patterns
of available 24 h-FLs (Fig. 3a-f) show a very good agree-
ment of estimates on this macronutrient level: for all
patterns, observations are relatively narrow around the
diagonal. The pattern names indicate how many 24 h-FLs
were available for both time periods.

The scatterplots of usual intake estimates for the main
food groups at baseline and first re-examination by pat-
tern of available 24 h-FLs (Supplementary Fig. 1-14)
showed this concordance to be less pronounced. As the
aggregation level is lower, a greater variation in esti-
mates between time periods was visible, especially for
food groups that are consumed in smaller amounts, e.g.,
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Fig. 1 Bland-Altman plots for total energy intake and macronutrients for estimates at baseline and at re-examination in males. Dashed lines represent
mean differences + 1.96 times standard deviations
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Fig. 2 Bland-Altman plots for total energy intake and macro nutrients for estimates at baseline and at re-examination in females. Dashed lines represent
mean differences + 1.96 times standard deviations
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Table 4 Sensitivity analysis: median differences of
re-examination -baseline estimates for plausible reporting
status (0.8 <Total energy intake/basal metabolic rate < 1.6) and
participants with full dietary recall available, e.g. four 24 h-FL in
both examination waves

Males Females Males Females
N=3,806 N=4,120 N=2,552 N=2,953
Plausible reporters  Availability of 24 h-FL:
Pattern4_4
Total energy intake  -46.3 -394 -424 -31.7
[kcal/d]
Alcohol [g/d] -0.3 -0.2 -0.1 -0.2
Fiber [g/d] 0.6 0.6 0.6 0.8
Protein [g/d] -29 -1.7 -2.7 -1.6
Fat [g/d] -14 -0.8 -1 -03
Carbohydrates [g/d]  -5.6 -6.0 -5.6 -5.5

legumes (Supplementary Fig. 3), fish (Supplementary
Fig. 8), or egg and egg products (Supplementary Fig. 9).

When limiting the sample to plausible reporters in the
sensitivity analysis, we observed roughly the same mean
estimate differences for the intake of total energy and
energy-providing nutrients in both males and females
(Table 4).

Discussion

In this study, dietary data from participants in two
NAKO study centers (Berlin-South and Freiburg) that
were collected during baseline and the first re-examina-
tion were analyzed to identify changes in dietary intakes
between both time periods. Overall, good agreement of
usual intake estimates at different levels and during both
time periods was observed. The intake of total energy,
macronutrients and main food groups differed only
slightly, namely for meat and meat products and milk and
dairy products. In addition, correlations between esti-
mates during both time periods were high. These findings
lead to the conclusion that no general change in diet has
occurred in this group.

The data from this study were well-suited for our pur-
pose. Most of the participants, namely over 60%, com-
pleted four 24 h-FLs in both examination waves. This
information allowed the valid estimation of usual intake
and thus also the assessment of changes in dietary behav-
ior over time. The medians of the individual changes
were around zero at the different levels of dietary infor-
mation (macronutrients or food groups). This indi-
cates that no substantial shift in a certain direction has
occurred during that time span of nutritional assessment.
Observed differences may as well reflect measurement
error, which is a known problem in dietary assessment
(see e.g. Gibson, Charrondiere [17]), although here, the
same instruments are applied and therefore limiting
this problem. The mean change in relation to the mean
baseline estimate (percent change) is less than 5% for all
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macronutrients in males and females. Only for females
did the mean alcoholic drinks intake decrease by 6%.
Regarding food group intakes in males and females, the
intake of meat and meat products decreased by 15% and
17%, respectively, although this is not reflected in the
protein intake data. Less pronounced, also the intake
of milk and dairy products decreased by 9% and 10% in
males and females, respectively.

The stringent definition of non-consumers can contrib-
ute to the observed changes in meat and meat products
intake, milk and dairy products intake and alcohol intake.
Non-consumers were defined in the final step of the esti-
mation process. Intake estimates were set to zero if all
24 h-FLs of a person did not indicate consumption of the
specific food item and if, in addition, the FFQ indicated
that a person never consumes that certain item. Evi-
dently, those items indicated above are prone to radical
changes, i.e., total avoidance, often propagated in social
media or mainstream media or because of new-onset
health problems. Although the median of the individ-
ual changes of intake was around zero, we acknowledge
that some individuals have indeed adjusted their dietary
intakes when looking at the tails of the distributions.
Nonetheless, most participants did not substantially
change their eating habits. A comparison of intake esti-
mates derived for the full NAKO cohort showed that the
identification of non-consumers as described above led
to a lower total energy intake estimate; this was observed
when comparing intake estimates from the full NAKO
cohort with other studies, like the KORA FF4 study[5].

Due to the lack of dietary monitoring studies in Ger-
many, no comparisons with data in the respective time
frame can be made. The best studies for comparison are
the KORA FF4, KORA Fit and the BVS 3 studies (18—20],
as they cover a comparable calendar time. The KORA
FF4 and KORA-Fit studies used a comparable methodol-
ogy to estimate the usual dietary intake data. While no
description of the change of intake between KORA FF4
and KORA Fit has been published, Rohm, Wawro [20]
state that during the last 20 years, changes in food intake
were observed (median processed meat intake reduc-
tion of 40%, decreased intake of dairy products, as well
as increased vegetable and poultry intake). We expected
to see less change in our data, as the time span is limited
to about 5 years, which is a significantly shorter period;
however, we can confirm a change in meat and dairy
intake.

The comparison with available literature underlines
the good level of agreement of usual intake data between
both time periods in our study. Reproducibility over 4-5
years was also tested in other cohort studies, mainly
showing moderate agreement in dietary intake variables
(at the nutrient or food group level) [1, 2]. These studies
often used FFQs. A study applying a comparable blended
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approach (as developed for the NAKO study) for which
long-term reproducibility was tested could not be identi-
fied. On the other hand, Verbeke, Boedt [21] compared
the results of a short web-based FFQ when repeated
one week later (across several cohorts). They observed
a Spearman correlation lower than in our study, where
correlation coefficients (for macro-nutrients and total
energy intake estimates) were even above 0.7. A recent
review by Murai, Tajima [22] investigated the validity of
web-based and conventional dietary assessment meth-
ods, such as dietary records or 24-h diet recalls. They
reported acceptable correlations between estimates from
different methods and supported a more widespread
application of the web-based dietary assessment methods
in the future.

A limitation of our study is that it was carried out in
only two study centers. As the dietary assessment mod-
ule was part of a very extensive examination program,
the additional time for participants and study person-
nel to completely re-do the nutrition assessment at the
first examination was only possible at the study centers
in Freiburg and Berlin-South. Because the participat-
ing two study centers represent populations from the
northern and the southern part of Germany, respectively,
major dietary changes over time would likely be reflected
within this combined sample. Additionally, limitations of
the applied methodology should be mentioned. The FFQ
and the 24 h-FLs provided a list of frequently consumed
food items (plus the option “other”). Consequently,
the questionnaires used did not cover ethnic foods or
a broader range of vegetarian or vegan alternatives (for
foods of animal origin). As amounts of consumption
were not gathered by the questionnaires, it was necessary
to use an external study population, namely the NVS II,
to estimate consumption amounts. As there are no direct
quantitative assessments of diet in the NAKO nor repre-
sentative data on the current dietary habits of adults in
Germany, the use of the NVS II data represents a short-
coming. Notably the 24 h-FL has not been formally vali-
dated against a gold standard. However, the consumption
probability has greater impact on the variation in usual
dietary intakes compared to the consumption amounts
[23]. Furthermore, in our modelling, we did not account
for temporal changes in adjustment variables, which
would tend to underestimate dietary changes.

Remarkably, the inclusion of questionnaires from the
first re-examination in estimating the usual intakes for
the whole NAKO cohort made it possible to derive these
intake estimates for 152,304 participants compared to
124,903 participants at the end of the baseline exami-
nation. In addition, the number of participants with
four 24 h-FL filled out increased from roughly 22,500
to 71,500 participants, allowing more precise and valid
modelling of the consumption probabilities [5]. Thus, the
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results presented here support the approach of pooling
dietary assessment data collected during both examina-
tion waves to estimate usual intakes in the entire NAKO
cohort. The absence of major changes in diet (with few
exceptions) and the benefits of more valid probability
modelling justify the approach to enhance data availabil-
ity for NAKO participants with insufficient or missing
dietary information at baseline.

Conclusion

The results presented on the changes in usual dietary
intake over 5 years within the NAKO cohort showed a
high accordance at the food group and the macronutri-
ent levels. Except for a decrease in the intake of meat and
meat products and milk and dairy products, no major
changes in dietary habits were observed. Ruling out sub-
stantial changes in dietary habits between these two time
periods may therefore justify the approach of combining
24-FLs and an FFQ from both examination periods to
derive usual intake estimates for a large number of par-
ticipants in the full NAKO cohort in case of incomplete
dietary data at baseline.
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