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Abstract

Background: Humans have a long history of consuming fermented foods. However, their prevalence in human
diets remains largely undetermined, and there is a lack of validated dietary assessment tools assessing the intake of
different fermented products. This study aimed to identify fermented foods consumed in The Netherlands and
determine the relative validity of a food frequency questionnaire (FFQ) compared to multiple 24-h recalls for
estimating their intake.

Methods: The validation population consisted of 809 participants (53.1 ± 11.9 years) from a Dutch observational
cohort (NQplus) who completed a FFQ and multiple 24-h recalls. Fermented foods from the FFQ and recalls were
identified and aggregated into conventional food groups. Percent difference in mean intakes, quintile cross-
classification, Spearman’s correlations, and Bland-Altman analyses were used to evaluate the agreement between
the two dietary assessment methods.

Results: Approximately 16–18% of foods consumed by this population were fermented, and a further 9–14% were
dishes containing a fermented ingredient. Fermented foods with the highest consumption included coffee (~ 453 g/
day;~ 0.5% of daily energy intake), yoghurts (~ 88 g/day;~ 2.2%), beer (~ 84 g/day;~ 1.7%), wholegrain bread (~ 81 g/day;
~ 9.4%), wine (~ 65 g/day;~ 2.7%), and cheese (~ 32 g/day;~ 5.0%). Mean percent difference between the FFQ and
recalls was small for fermented beverages (coffee), breads (brown, white, wholegrain, rye), and fermented dairy
(cheeses) (0.3–2.8%), but large for buttermilk and quark (≥53%). All fermented food groups had > 50% of participants
classified into the same or adjacent quintile of intake (58%-buttermilk to 89%-fermented beverages). Strong Spearman’s
correlations (crude/energy-adjusted rs≥ 0.50) were obtained for fermented beverages (coffee, beer, wine), cereals/
grains (wholegrain bread), and dairy (yoghurts). For ‘other bread’, quark, and buttermilk, correlations were low (rs <
0.20). Bland-Altman analyses revealed good agreement for fermented beverages (coffee, beer), breads (brown,
wholegrain, rye, other), pastries, chocolate, and fermented dairy (cheeses) (mean difference: 0.1–9.3).
(Continued on next page)
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Conclusions: Fermented food groups with acceptable or good validity across all measures included commonly
consumed foods in The Netherlands: fermented beverages (coffee), wholegrain and rye bread, and fermented dairy
(cheeses). However, for less frequently consumed foods, such as quark and buttermilk, the levels of agreement were
poor and estimates of intake should be interpreted with caution. This report provides the basis for developing a FFQ
specific for fermented foods.
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Background
Fermented foods are foods or beverages in which micro-
organisms have been intentionally added or used to
enzymatically transform food components [1]. They
comprise a large, pervasive group of foods in the West-
ern diet, including cheese, yoghurt, buttermilk, coffee,
beer, wine, bread, sauerkraut, dried sausages, and choc-
olate. The fermentation process not only improves the
shelf-life and organoleptic qualities of a food, but it can
also impart novel nutritional qualities through the intro-

duction of live microorganisms and/or bioactive com-
pounds generated via microbial action [2]. Several
studies have associated the consumption of fermented
foods with positive impacts on cardiometabolic health
outcomes, including improvements in body weight,
modulations in blood cholesterol, and prevention of type
II diabetes [3–7]. However, assessment of the true intake
of fermented foods is limited due to the subjective na-
ture of many traditional dietary assessment tools (that
are also not specific for assessing fermented food intake),
and the lack of validation of these methods for assessing
the intake of different fermented food groups.
Accurate dietary assessment is a core tenet of nutritional

epidemiology that aids in the appropriate identification of
diet-health associations. To date, the food frequency ques-
tionnaire (FFQ) is one of the most common dietary assess-
ment instruments used to estimate habitual food and
nutrient intake in large populations, for reference periods
of 1 month to 1 year [8]. Since the FFQ food list is deter-
mined based on the major foods that contribute to the total
intake, as identified in food consumption surveys, it is not
necessarily designed to assess the total diet [8–10]. Con-
versely, 24-h recalls aim to assess the whole diet, but only
for the previous 24 h prior to assessment [11]. In theory,
multiple, non-consecutive 24-h recalls can approximate ha-
bitual intake of a food or nutrient, akin to the FFQ, but this
process can be labour-intensive. Both methods rely on self-
reporting, and are prone to correlated measurement and
reporting errors. Nevertheless, determining the level of
agreement between intakes assessed by the FFQ versus
multiple 24-h recalls may provide a better approximation
of ‘true’ dietary intake. This could help with the interpret-
ation of the results in future studies, and avoid misidentified
associations between dietary components and health.

The validity of FFQs in estimating intakes of various
nutrients, foods, and food groups has been documented
in multiple studies [12–16]. However, to our knowledge,
no groups have endeavoured to assess the validity of
FFQs for estimating the intake of fermented foods. In
this study, we aimed to first identify fermented foods in
the diet, and subsequently assess the relative validity of a
FFQ compared to multiple 24-h recalls in estimating the
intake of fermented foods in a subsample of participants
from a Dutch observational cohort study (NQplus).

Given that the goal of nutritional epidemiological studies
is to identify associations between food intake and the
development of chronic diseases, the accurate assess-
ment of dietary intake and classification of individuals
into their relative levels of dietary intake is critical in
order to promote accurate estimation of risk and prevent
false associations.

Methods
Participants
The Nutrition Questionnaires plus (NQplus) study is a
prospective cohort study that was primarily conducted
in Caucasian Dutch adults (20 to 70 years), living in or
around Wageningen, The Netherlands. It was initiated
as an ‘add-on’ study to the National Dietary Assessment
Reference Database (NDARD) project, to gather
extensive data on participant demographics, lifestyle,
medical history, and cardiometabolic health outcomes. A
complete description of NQplus and the NDARD pro-
ject can be found elsewhere [17, 18]. Briefly, 2048 men
and women were recruited and included in the study
between June 2011 and February 2013. Baseline mea-
surements included an assessment of habitual dietary
intake by FFQ (n = 1468) and/or 24-h recall (n = 1117).
Additional data on anthropometrics, body composition,
blood pressure, pulse wave velocity, advanced glycation
endproduct (AGE) accumulation, and cognitive perform-
ance, were also collected. Background demographics,
health, and lifestyle data were collected via validated
questionnaires administered online using the open-
source survey tool Limesurvey (Lime-Survey Project
Team/Carsten Schmitz, Hamburg, Germany). Fasting
blood samples and 24-h urine samples were also col-
lected. All measurements were repeated at 1 and 2 years
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of follow-up and performed according to a standardised
protocol by trained research personnel. The study was
approved by the ethical committee of Wageningen Uni-
versity and Research and performed in agreement with
the Declaration of Helsinki. Written informed consent
were obtained from all participants prior to the start of
the study.

Population for the validation study
The validation analyses were conducted with a subset of
participants who had completed both a FFQ as well as 2
or more 24-h phone-based recalls. From the original
dataset (n = 2048), participants who did not have any
dietary assessment data were excluded (n = 17), as were
those who completed fewer than two phone-based re-
calls (n = 1081). A further ten participants with implaus-
ible energy intakes were excluded from analyses (i.e.,
men with energy intakes < 800 or > 4200 kcal/day, and
women with energy intakes < 500 and > 3500 kcal/day)
[19–22]. Merging the FFQ and 24-h recall data subsets
resulted in a sample of n = 809 with complete data; these
participants represented the validation subcohort for fur-
ther analyses.

Food frequency questionnaire (FFQ)
A full description of the dietary assessment methods
have been detailed previously in the study design papers
for the NQplus study and NDARD project [17, 18]. The
goal of NDARD was to advance the development and
validation of new FFQs, while NQplus promotes re-
search activities between dietary determinants and car-
diometabolic health in Dutch adults. Habitual dietary
intake was assessed using a 216-item FFQ. The food
items for the FFQ were selected to cover ≥96% of the ab-
solute level of food intake and ≥ 95% of the between-
person variability of each nutrient under study as
assessed in the 1998 Dutch National Food Consumption
Survey (DNFCS), and supplemented with commonly
consumed commercial food products from the 2011
DNFCS [17]. The FFQ was self-administered and com-
pleted online using the open-source survey tool Lime-
survey, with 10 frequency categories: never, 1 day per 4
weeks, 2–3 days per 4 weeks, 1 day per week, 2 days per
week, 3 days per week, 4 days per week, 5 days per week,
6 days per week, and 7 days per week. Portion sizes were
estimated using typical portion sizes and commonly used
household measures. Subsequently, total food intakes (in
g/day) were calculated by multiplying consumption fre-
quency (times/day) by portion size (in grams) as defined
in the Dutch food composition tables (2011) [23]. It
should be noted that although the reference period of
the FFQ validity is 1 month, it was assumed that food
consumption patterns are stable in this adult population.
Previous validation studies for this FFQ have revealed

good correlation coefficients for energy (Pearson’s r =
0.65 compared to 24-h recall) [24], total fats (Pearson’s
r = 0.78 compared to dietary history) [25], as well as sev-
eral micronutrients (e.g., vitamin B1 and B2, Pearson’s
r = 0.58) and food groups (e.g., bread, Pearson’s r = 0.69)
compared to the 24-h recall [15]. In addition, a recent
validation study evaluating a Glycaemic Index FFQ (GI-
FFQ) against the general-FFQ and 24-h recalls for the
NQplus cohort revealed moderate to good relative valid-
ity for carbohydrates, carbohydrate-rich foods, and gly-
caemic index/glycaemic load [26].

24-h recalls
For the current analyses, we used 24-h recall data col-
lected by telephone. The telephone-based 24-h recalls
were carried out by trained dietitians and performed ac-
cording to a standardised protocol [17]. Portion sizes
were assessed using household measures, weight/vol-
ume, and standard reference portions. Recall data were
subsequently transcribed as food codes of the 2011
Dutch food composition table [23]. Regular meetings
with all dietitians and quality checks ensured the quality
of the telephone recalls and encoding of the data. Fur-
ther information on dietary supplement intake and
whether a dietary regime was followed during the month
preceding the recall assessment (prescribed or at own
initiative) were also recorded. The phone-based 24-h re-
calls were taken at the beginning of the study period,
and at 6, 12, 24, and 36months follow-up, with some
participants completing less or more recalls than the in-
dicated follow-up periods. Participants included in the
validation study (n = 809) completed between two and
eight phone-based 24-h recalls assessing the intake of
2102 food items. The number of participants who com-
pleted 2, 3, 4, 5, 6, 7 and 8 recalls were respectively, n =
48, 358, 53, 229, 96, 21, and 4.

Identification and classification of fermented foods
Fermented foods from the FFQ and 24-h recall food lists
were identified and classified. As a first step, foods that
were not consumed by any participants were removed
from the analyses. This left 216 foods in the FFQ food list,
and 1593 foods in the 24-h recall food list. To take into
consideration the breadth of fermented foods that exist in
the marketplace and in the diet, we first stratified fermen-
ted foods in the FFQ and 24-h recall food lists into broad
food groups, namely dairy, meat and fish, fruits and vege-
tables, soya, cereals and grains, beverages, and ‘other fer-
mented products’. These food groups were defined a
priori and were loosely based on the food-based dietary
guidelines in The Netherlands, Switzerland, and United
States [27–29]. Fermented foods within each food group
were then aggregated into subgroups. To ensure that the
foods were truly fermented, a series of exclusion criteria
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were applied. For foods that were traditionally fermented
but are typically no longer fermented due to modern food
processing (e.g., pickled vegetables), ingredient lists of
common grocery store items were consulted, and these
foods were included/excluded accordingly. Foods that
contained a fermented ingredient (e.g., composite dishes,
such as pizza with cheese, chocolate-based confectionar-
ies), processed variations of fermented foods (e.g., choc-
olate spreads, cheese spreads), and foods that were not
fully fermented (e.g., green or black teas that are usually
oxidised rather than post-fermented) were classified separ-
ately, as ‘composite dishes that contain a fermented ingre-
dient’ or ‘possibly fermented’.
For the validation aspects of this study, we selected fer-

mented foods and food groups that were assessed by both
the FFQ and 24-h recall methods, to enable a direct com-
parison between the two methods. These fermented food
groups (and subgroups) included: fermented beverages
(coffee, beer, and wine), fermented cereals/grains (brown
bread, white bread, wholegrain bread, rye bread, or ‘other
bread’), fermented dairy (cheese, yoghurt, buttermilk,
quark), and chocolate. Additionally, we assessed the in-
takes of non-fermented dairy (milk, ice cream, butter,
cream) and non-fermented soya products. Intakes of these
products may be closely related to the intakes of the fer-
mented foods and thus were considered as potentially
relevant for future analyses wherein associations between
fermented food intake and health will be explored.

Statistical analysis
For the recalls, intakes from the total number of recalls
per participant (ranging from 2 to 8) were averaged prior
to statistical analysis. We calculated both absolute as
well as energy-adjusted intakes for food groups, where
energy-adjustment was performed using the commonly
used residual method [30]. In order to provide compre-
hensive insight into the different aspects of validity, and
to reveal the limitations of each dietary assessment
method, a combination of statistical tests were used to
assess relative validity [31]: mean percent difference,
quintile cross-classification, correlation coefficient (and
attenuation factors), and Bland-Altman. Group-level
agreement was first assessed using mean percent differ-
ence in energy-adjusted food intake, which was calcu-
lated according to the formula:

Difference %ð Þ ¼ FFQ − Recall
Recall

�100

To assess the level of agreement between intakes
assessed by the two methods, quintile cross-classification
was applied to the mean energy-adjusted intakes for
each fermented food group. After defining the quintiles
for each food group, the percentage of individuals

classified into the same, adjacent, or extreme quintile for
each fermented food group was examined. If more than
50% of the participants were correctly classified in the
same or adjacent quintile, with less than 5% grossly mis-
classified in the extreme quintile, this was interpreted as
a good outcome [31, 32].
To determine the strength and direction of the associa-

tions, non-parametric Spearman’s rank correlation
coefficients (rs) were calculated; correlations are shown as
crude and energy-adjusted. Correlations coefficients of
≥0.50 were classified as good, 0.20 to 0.49 was considered
acceptable, and < 0.20 considered as poor [31]. While
these cut-offs are commonly used, for the ‘acceptable’
classification, we distinguished between a higher range
(0.40 to 0.49) and lower range (0.20 to 0.39), where the
higher acceptable range was considered a more rigorous
cut-off to take into account the high possibility of corre-
lated errors between the FFQ and recall methods. Attenu-
ation factors were also calculated alongside correlation
coefficients, since they are commonly used in epidemio-
logical studies to adjust the association between diet and
disease, and help indicate the extent to which diet-disease
associations are weakened due to measurement error. Due
to the high probability of correlated errors between the
FFQ and 24-h recall methods, the attenuation factors are
expected to give an incomplete correction of measure-
ment error, and can be inflated [33, 34]. Nevertheless, the
use of attenuation factors (based on a 24-h recall method)
has been shown to improve the relative risks of diet-
disease associations [35], which warranted their inclusion
in our analyses. A non-linear mixed model was used to
obtain attenuation factors for all food groups. From the
model parameters, we calculated the attenuation factors
(λx) using the 24-h recall as a reference method according
to methods previously described by Trijsburg et al. [36],
and specified in the formula:

λX ¼ βx�varT
βx

2�varT þ var εXij
k

þ varwxi

where βX is the proportional scaling bias of the reference
method (X), varT is the variance of the true intake, varεXij
is the variance of the random error of the reference
method, and varwxi indicates the variance of the person-
specific bias of the reference method. To obtain the esti-
mates of the attenuation factor for multiple 24-h recalls,
the variance of the random error of the method (varεXij)
was divided by the number of measurements (k) of the ref-
erence method.
Finally, Bland-Altman plots were constructed to exam-

ine the group-level agreement between the FFQ and re-
call (i.e., mean of multiple recalls) by plotting the mean
measure [(FFQ + Recall)/2] against the difference in
measures (FFQ-Recall) [37]. To visually assess the degree
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of error, additional analyses were added to the plots, in-
cluding: a line indicating the mean difference, and upper
and lower 95% confidence intervals [mean ± (standard
deviation of the mean difference*1.96)]. Additional re-
gression analyses were conducted to detect proportional
biases, and evaluate the direction and magnitude of the
bias. All analyses were conducted in R, version 3.5.0
[38], with the exception of quintile cross-classification
and Bland-Altman analyses, which were conducted using
the statistical package IBM SPSS Statistics for Windows,
version 22.0 (IBM Corp., Armonk, N.Y., USA), and the
attenuation factors, which were calculated using SAS,
version 9.3 (SAS Institute Inc. Cary, NC, USA, 2012).
The level of statistical significance was set as p ≤ 0.05.

Results
Participants in the validation study
The characteristics of the participants included in the
validation study are shown in Table 1. Participants had a
mean age of 53 ± 12 years, and 53% of the population
were men. Approximately 48% of participants (39% of
men and 58% of women) had a body mass index (BMI)
below 25 kg/m2, while 52% were overweight or obese
(61% of men and 42% of women). The majority of par-
ticipants had a high educational level (65%), had never
smoked (52%), and had not followed a diet in the month
preceding enrolment to the study (93%). About a fifth of
participants had a disease history of hypertension (22%)
and high cholesterol (18%), while only a small percent-
age (less than 5%) had a history of cancer, diabetes, heart
attack, and/or stroke.

Identification of fermented foods in the diet and
comparison of mean intakes
The identification and classification of fermented foods
from the FFQ and 24-h recall into food groups and sub-
groups, is provided in Additional file 1, Table S1. For the
FFQ, 39 foods (18%) were classified as fermented, includ-
ing 5 types of fermented beverages, 12 types of fermented
cereals/grains, 3 types of chocolate, 17 types of fermented
dairy products, and 2 other fermented products. A further
19 (9%) of foods in the FFQ food list were classified as
‘composite dishes that contain a fermented ingredient’ or
‘possibly fermented’. For the 24-h recall, 247 foods (16%)
were classified as fermented, including 20 types of fermen-
ted beverages, 95 types of fermented cereals/grains, 20
types of cocoa products, 96 types of fermented dairy, 4
types of fermented fruits/vegetables, 6 types of fermented
meat/fish, 4 types of fermented soya, and 2 other fermen-
ted products. A further 228 (14%) of foods in the recall
food list were classified as ‘composite dishes containing a
fermented ingredient’ or ‘possibly fermented’.
Mean energy-adjusted daily intakes and percentage of

average daily energy intake for each fermented food group,

the number of consumers per food group, as well as the
percent and absolute differences in mean intakes, are pre-
sented in Table 2. The mean daily energy intake as esti-
mated by the FFQ was 2144 (±505) kcal/day, which was
comparable to the energy intake estimated by the 24-h re-
calls of 2129 (±444) kcal/day (0.68% difference). Fermen-
ted food groups with the highest intakes for both the FFQ
and 24-h recall were total fermented beverages (respect-
ively, 606 and 610 g/day; the main contributor was coffee),
fermented dairy (respectively, 171 and 176 g/day; the main
contributor was yoghurt), and fermented cereals/grains
(respectively, 129 and 143 g/day; the main contributor was
wholegrain bread). When expressed as a percentage of
average daily energy intake, the main contributor changed
for total fermented beverages to wine (respectively, 2.6
and 2.8%, for the FFQ and 24-h recall), and for total
fermented dairy to cheese (respectively, 4.9 and 5.2%). For
fermented cereals/grains, the main contributor remained
wholegrain bread (respectively, 9.5 and 9.3%). Taking into
account all fermented food groups, the mean percent (and
absolute) difference between the FFQ and the 24-h recall
data ranged from 0.3% (0.1 g/day) for cheeses to 10,
224.4% (41.9 g/day) for buttermilk. Mean intakes were
similar between the FFQ and 24-h recall methods for total
fermented beverages (percent difference of − 0.7%) and in
particular coffee (2.1%), fermented cereals and grains (−
9.7%), with smaller differences for specific assessments of
brown bread, wholegrain bread, and rye breads, and total
fermented dairy (− 2.8%), particularly for cheeses (− 0.3%).
On the contrary, percent differences in mean intake for
buttermilk, quark, and white bread were large (≥53%).
High intake levels of non-fermented dairy foods were

also observed in this population (recall 137 g/d and FFQ
153 g/day), the main contributor being milk (Table 2).
While the percent difference in mean intakes was similar
for butter (0.7%), a larger difference was observed for
cream (− 62.5%) and non-fermented soya (− 15.9%).
Compared to group level percent differences in means,

higher individual level percent differences in means was ob-
served for total energy as well as multiple fermented food
groups, with the most striking contrasts observed for beer,
brown bread, white bread, rye bread, ‘other bread’, fermented
dairy, cheeses, yoghurts, and buttermilk (Additional file 2,
Table S2). Meanwhile, for wine, total fermented cereals/
grains, quark, and ice cream, the mean percent differences
on an individual level were improved. From the non-
fermented food groups evaluated, milk and soya had large
differences between percent differences in means determined
on an individual compared to group level.

Quintile cross-classification
The degree of potential misclassification of fermented
foods was examined using quintile cross-classification
(Table 3). All fermented food groups were characterised
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Table 1 General Characteristics of the Participants Included in the Validation Study

All (n = 809) Men (n = 425) Women (n = 384)

Age, years 53.1 ± 11.9 55.5 ± 11.0 50.4 ± 12.2

BMI, kg/m2 25.6 ± 3.8 26.1 ± 3.3 25.0 ± 4.2

BMI category

< 25 kg/m2 387 (48) 165 (39) 222 (58)

≥ 25 kg/m2 421 (52) 259 (61) 162 (42)

Waist circumference, cm 90.7 ± 12.0 95.9 ± 10.3 84.8 ± 11.1

Education, n (%)

Low 54 (7) 31 (7) 23 (6)

Intermediate 223 (28) 109 (26) 114 (30)

High 529 (65) 285 (67) 244 (64)

Smoking status, n (%)

Never 364 (52) 170 (45) 194 (60)

Former 270 (39) 163 (44) 107 (33)

Current 65 (9) 41 (11) 24 (7)

Disease history, n (%)

Cancer 44 (5) 17 (4) 27 (7)

Diabetes 21 (3) 15 (4) 6 (2)

Heart attack 16 (2) 12 (3) 4 (1)

Hypertension 179 (22) 101 (24) 78 (20)

High cholesterol 147 (18) 92 (22) 55 (14)

Stroke 9 (1) 8 (2) 1 (0)

Diet during month preceding study, n (%)

No 749 (93) 402 (94) 347 (91)

Yes, always 28 (3) 8 (2) 20 (5)

Yes, sometimes 31 (4) 15 (4) 16 (4)

Energy, kcal/day

FFQ 2143.7 ± 504.8 2344.6 ± 509.7 1921.3 ± 394.5

24-h Recalla 2129.2 ± 444.2 2315.2 ± 451.2 1923.4 ± 331.5

Protein, g/day

FFQ 77.4 ± 17.7 83.4 ± 17.7 70.7 ± 15.1

24-h Recalla 82.6 ± 18.4 89.8 ± 18.6 74.6 ± 14.5

Fat, g/day

FFQ 85.4 ± 25.9 93.1 ± 27.1 76.9 ± 21.6

24-h Recalla 81.6 ± 21.7 87.7 ± 22.8 74.7 ± 18.1

Carbohydrates, g/day

FFQ 231.6 ± 61.1 251.7 ± 63.5 209.4 ± 49.6

24-h Recalla 230.8 ± 58.0 249.1 ± 62.2 210.5 ± 44.8

Fibre, g/day

FFQ 25.0 ± 6.8 26.1 ± 7.3 23.8 ± 5.9

24-h Recalla 23.4 ± 6.8 24.5 ± 7.1 22.1 ± 6.2

BMI Body mass index, FFQ Food frequency questionnaire, SD Standard deviation
Values are presented as mean ± SD, unless otherwise specified. Missing values: BMI (n = 1), waist circumference (n = 1), education (n = 3), smoking status (n = 110),
diet during last month (n = 1)
aMean of multiple 24-h recalls
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by over 50% of participants being classified into the
same or adjacent quintile of intake, confirming good
ranking ability (ranging from 57.8% for buttermilk to
88.5% for total fermented beverages). Furthermore, for
total fermented beverages, coffee, and wine, almost 50%
of participants were classified in the same quintile for
both methods. While misclassification in the extreme
quintiles was relatively low across the total fermented
food groups (0.4–3.8%), a greater proportion of partici-
pants (5.3 to 6.8%) were grossly misclassified for some
individual fermented foods including brown bread,
‘other bread’, pastries, quark, and buttermilk.
Non-fermented dairy and soya food groups also had

good agreement between dietary assessment tools in the
quintile cross-classification, with over 50% of partici-
pants classified into the same or adjacent quintile of in-
take (Table 3). However, for cream and ice cream, a

relatively higher percentage (5.4 and 5.7%, respectively)
were misclassified into the extreme quintiles.

Spearman’s correlations
Crude Spearman’s correlation coefficients ranged from
to 0.10 (buttermilk) to 0.80 (fermented beverages) (Table
3). Energy-adjustment slightly increased the correlation
coefficient for brown bread, white bread, ‘other bread’,
pastries, chocolate, total fermented dairy, cheeses, quark,
and buttermilk, and slightly decreased the correlation
coefficient for other fermented food groups. Strong cor-
relations (rs ≥ 0.50) for both crude and energy-adjusted
intakes were obtained for fermented beverages (includ-
ing coffee, beer, wine), fermented cereals/grains (includ-
ing wholegrain bread), and fermented dairy (including
yoghurts). Correlation coefficients in the higher accept-
able range were obtained for rye bread and cheeses

Table 2 Mean Intake of Fermented and Non-Fermented Products Assessed by FFQ and 24-Hour Recalls

FFQ 24-h Recall % Difference
in group
means
(absolute
difference)b

Meana SD Consumers Meana SD Consumers

Energy, kcal/day 2143.7 504.8 809 2129.2 444.2 809 0.7 (14.5)

Fermented beverages 605.5 (4.5%) 376.7 782 609.6 (5.5%) 371.8 774 −0.7 (−4.1)

Coffee 457.6 (0.2%) 303.0 744 448.3 (0.8%) 287.9 742 2.1 (9.3)

Beer 82.8 (1.7%) 163.0 436 85.7 (1.8%) 174.4 267 −3.3 (−2.9)

Wine 65.0 (2.6%) 88.5 613 75.3 (2.8%) 100.0 507 −13.7 (−10.3)

Fermented cereals/grains 128.7 (15.0%) 52.1 806 142.6 (17.3%) 52.7 805 −9.7 (−13.9)

Brown bread 23.9 (2.6%) 36.0 535 24.6 (2.9%) 33.1 464 −2.6 (−0.7)

White bread 8.7 (1.1%) 15.6 531 18.6 (2.3%) 29.2 418 −53.4 (−9.9)

Wholegrain bread 82.4 (9.5%) 52.4 760 79.4 (9.3%) 55.5 723 3.8 (3)

Rye bread 3.3 (0.3%) 9.5 262 3.2 (0.3%) 11.7 103 5.1 (0.1)

Other bread 8.6 (1.1%) 14.3 274 7.7 (1.0%) 15.5 271 10.8 (0.9)

Pastries 1.8 (0.4%) 4.3 368 2.2 (0.4%) 6.7 117 −16.4 (−0.4)

Chocolate 5.6 (1.4%) 7.9 715 9.0 (2.2%) 10.8 575 −37.4 (−3.4)

Fermented dairy 170.6 (8.2%) 125.3 804 175.5 (8.5%) 129.8 795 −2.8 (−4.9)

Cheeses 31.6 (4.9%) 25.2 785 31.7 (5.2%) 20.4 761 −0.3 (−0.1)

Yoghurts 93.7 (2.5%) 90.5 704 81.8 (2.0%) 90.3 586 14.6 (11.9)

Quark 3.0 (0.1%) 16.5 60 13.9 (0.5%) 34.2 207 −78.6 (−10.9)

Buttermilk 42.3 (0.6%) 75.1 316 0.4 (0.01%) 7.3 3 10,224.4 (41.9)

Non-fermented dairy 152.7 (5.5%) 136.1 802 136.8 (5.5%) 132.4 752 11.7 (15.9)

Butter 3.0 (1.0%) 7.7 309 3.0 (1.0%) 6.0 308 0.8 (0)

Cream 3.0 (0.4%) 7.1 685 7.9 (0.7%) 13.4 444 −62.5 (−4.9)

Ice cream 6.1 (0.7%) 9.1 520 7.8 (0.9%) 14.7 242 −22.0 (−1.7)

Milk 140.7 (3.5%) 136.1 691 115.6 (2.6%) 131.9 591 21.7 (25.1)

Non-fermented soya 9.3 (0.3%) 34.3 683 11.1 (0.3%) 46.4 92 −15.9 (−1.8)

FFQ Food frequency questionnaire, SD Standard deviation
aMean energy-adjusted intakes for the entire validation sample. Values are in g/day (and as % average daily energy intake) (n = 809)
bPercent difference is calculated using [(FFQ - Recall)/Recall] × 100% for each food or food group. For comparison, the absolute difference (FFQ – Recall) is
also provided
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(0.40 ≤ rs ≤ 0.49), while correlation coefficients in the
lower acceptable range were found for brown bread,
white bread, pastries, and chocolate (0.20 ≤ rs ≤ 0.39).
Only for three fermented foods (‘other bread’, quark,
buttermilk) was the correlation coefficient was less than
0.20. All correlations were statistically significant (p <
0.01). Crude and energy-adjusted attenuation factors for
two 24-h recall replicates were consistently high for fer-
mented beverages (0.81), coffee (0.85), beer (0.71), wine
(0.64), while moderate values were observed in the range
of attenuation factors for fermented cereals/grains
(0.51), wholegrain bread (0.47), rye bread (0.54), fermen-
ted dairy (0.52), cheese (0.42), and yoghurts (0.53) (Add-
itional file 3, Table S3). In comparison, lower values in
the range of attenuation factors were obtained for brown
bread (0.28), white bread (0.26), ‘other bread’ (0.19), pas-
tries (0.23), chocolate (0.32), and quark (0.14). For
buttermilk, accurate attenuation factors could not be
calculated due to the low variance of the person-specific
biases compared to the within- and between-person

variances. As expected, for all food groups, attenuation
factors improved with increasing replicates of the refer-
ence 24-h recall from two (0.14–0.86) to eight (0.24–
1.0). Energy-adjustment had little effect on the attenu-
ation factors. Sex-specific correlation coefficients (crude
and energy-adjusted) were similar compared to those
obtained for the total population, as well as between
men and women, for virtually all fermented food groups
(Additional file 6, Table S4). Energy-adjustment gener-
ally had a negligible effect on the sex-specific correlation
coefficients, but were amplified for less commonly
consumed foods, in the positive (i.e., other bread and
buttermilk in men, quark and other bread in women) or
negative direction (i.e., rye bread and quark in men,
buttermilk in women).
Similarly, for non-fermented food groups, strong cor-

relations were obtained for non-fermented dairy, includ-
ing milk, while acceptable correlations were obtained for
butter and non-fermented soya (in the higher range),
and ice cream and cream (in the lower range) (Table 3).

Table 3 Quintile Cross-Classification and Spearman’s Correlations for Fermented and Non-Fermented Foods

Agreement of Quintiles for Food Group Intakea Spearman’s Rank Correlation Coefficient (rs)

Food Group Same Quintile (%) Adjacent Quintile (%) Extreme Quintile (%)b Crude Energy-Adjusted

Fermented beverages 47.6 40.9 0.4 0.80** 0.78**

Coffee 48.8 37.2 0.9 0.76** 0.74**

Beer 39.9 35.0 1.7 0.67** 0.53**

Wine 46.4 38.9 0.3 0.76** 0.74**

Fermented cereals/grains 38.1 41.3 1.2 0.68** 0.63**

Brown bread 30.3 34.9 6.2 0.25** 0.28**

White bread 35.2 34.5 4.7 0.33** 0.35**

Wholegrain bread 38.8 37.9 1.9 0.61** 0.55**

Rye bread 33.9 34.2 3.0 0.43** 0.42**

Other bread 28.1 32.1 6.8 0.11** 0.17**

Pastries 29.2 33.7 5.4 0.20** 0.27**

Chocolate 27.8 39.8 3.8 0.36** 0.38**

Fermented dairy 43.1 40.2 0.9 0.68** 0.69**

Cheeses 32.9 38.1 2.2 0.46** 0.47**

Yoghurts 34.5 41.5 1.7 0.56** 0.55**

Quark 30.2 36.3 5.3 0.13** 0.31**

Buttermilk 25.2 32.6 5.6 0.10** 0.18**

Non-fermented dairy 40.9 41.5 0.9 0.68** 0.67**

Butter 36.6 37.6 2.5 0.48** 0.51**

Cream 28.7 30.5 5.4 0.20** 0.21**

Ice cream 26.1 35.1 5.7 0.23** 0.21**

Milk 40.9 41.9 1.1 0.67** 0.66**

Non-fermented soya 34.1 36.0 4.1 0.40** 0.41**

FFQ Food frequency questionnaire. **, p < 0.01.
aMean energy-adjusted intake values for each food group were used to divide participants into quintiles
bPercentage of 1st quintile participants in the FFQ classified into the 5th quintile in the recall, or vice versa
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The crude and energy-adjusted attenuation factors ob-
tained were high for non-fermented dairy (0.69–0.98)
and butter (0.65–0.97), moderate for milk (0.57–0.72)
and non-fermented soya (0.6–0.76), and lower for cream
(0.32–0.5) and ice cream (0.18–0.63) (Additional file 3,
Table S3). Sex-specific correlation coefficients (crude
and energy-adjusted) for non-fermented food groups
were similar compared to those obtained for the total
population, as well as between men and women (Add-
itional file 6, Table S4).

Bland-Altman analyses
The results of the Bland-Altman analyses revealed good
agreement in group-level intakes for total fermented
beverages, including coffee and beer (Additional file 2,
Table S2). Good agreement was also demonstrated for
brown bread, wholegrain bread, rye bread, ‘other bread’,
pastries, chocolate, fermented dairy, and cheeses (mean
difference between − 0.1 to 9.3 g/day; pdifference ≥ 0.05).
However, for wine, total fermented cereals/grains, white
bread, chocolate, yoghurts, quark, and buttermilk, sig-
nificant differences were found between the two dietary
assessment methods (mean difference between − 3.4 to
41.9, pdifference < 0.0001). The results of the regression
analyses further revealed a significant amount of propor-
tional bias for wine, white bread, rye bread, pastries,
chocolate, cheese, quark, and buttermilk (pslope < 0.0001).
For certain foods (wine, white bread, pastries, chocolate,
cheese, and quark), the FFQ tended to consistently
underestimate their consumption compared to the 24-h
recalls, while intakes were overestimated for others (rye
bread and buttermilk). A small bias for coffee, beer,
brown bread, and ‘other bread’ was also observed (p <
0.05) (Additional file 2, Table S2). These results were
also confirmed visually in the Bland-Altman plots for
the main fermented food groups (Fig. 1) and subgroups
(Additional file 4, Figure S1).
For non-fermented foods, good agreement between

dietary assessment methods was demonstrated for butter
and non-fermented soya (mean difference between 0.02 to
− 1.8; p ≥ 0.05), while poor agreement was revealed for
total non-fermented dairy, cream, ice cream, and milk
(mean difference between − 4.9 to 25.1; pdifference < 0.0001)
(Additional file 2, Table S2). The results of the regression
analyses demonstrated significant proportional bias for
butter, cream, ice cream, and non-fermented soya (pslope <
0.0001) (Table 1 and Additional file 5, Figure S2).

Summary of validity assessment
A summary assessment of the different aspects of valid-
ity between the FFQ and 24-h recall methods is provided
in Table 4.

Discussion
Consumption of fermented foods by adults in the
Netherlands
While it has been previously estimated that 5 to 40% of
foods in the human diet are fermented [39], a quantita-
tive evaluation of the contribution of fermented foods to
the human diet had not been conducted prior to this re-
port. Based on the present analysis, approximately 16 to
18% of foods consumed in this population are fermented
food items, while a further 9 to 14% are composite
dishes that contain a fermented ingredient, indicating
that there is a high prevalence of fermented foods in the
Dutch diet. These estimates are also likely to be valid for
other countries (in Europe or worldwide) in which pri-
marily Western diets are consumed.

Reliability of the current FFQ for estimating fermented
food intake
In the present study, we also assessed the relative validity
of a FFQ compared to multiple 24-h recalls for estimat-
ing the intake of fermented foods in a Dutch adult
population. Using a combination of validation methods,
including percent difference, quintile cross-classification,
Spearman’s correlation, and Bland-Altman plots, fer-
mented food groups that had acceptable or good validity
across all measures included total fermented beverages,
coffee, wholegrain bread, rye bread, fermented dairy, and
cheese. From the non-fermented food groups that were
assessed, butter was the only food with uniformly good/
acceptable validity. In addition, wine, beer, fermented
cereals/grains, white bread, chocolate, yoghurts, non-
fermented dairy, milk, and non-fermented soya all had
good ranking ability (as indicated by the strong correl-
ation coefficients and high agreement in quintile cross-
classification), albeit poor parametric assessment of dif-
ferences (as indicated by the low agreement in percent
difference and Bland-Altman).
Fermented foods with the highest consumption levels

included coffee (~ 453 g/day; ~ 0.5% of daily energy in-
take), yoghurts (~ 88 g/day; ~ 2.3% of daily energy in-
take), beer (~ 84 g/day; ~ 1.8% of daily energy intake),
wholegrain bread (~ 81 g/day; ~ 9.4% of daily energy in-
take), wine (~ 65 g/day; ~ 2.7% of daily energy intake),
and cheese (~ 32 g/day; ~ 5.1% of daily energy intake).
These foods, with the exception of coffee, also corres-
pond to the top fermented foods contributing to total
daily energy intake in this study. Comparing our findings
to studies in other European populations, mean daily in-
takes were similar for coffee (404 g/day), bread products
(64 to 146 g/day), butter (5 g/day), cheese (25 to 58 g/
day), yoghurt (95 g/day), and soya products (6 to 10 g/
day) [12, 13, 15, 40]; however, milk consumption in our
study is a little lower than previously reported (220 to
230 g/day) [12, 13, 15]. As indicated previously, the
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comparison of mean energy-adjusted daily intakes for the
fermented food groups revealed group-level differences ran-
ging from 0.3% (for cheeses) to 10,224% (for buttermilk).
Foods that are consumed by the majority of the population
on a regular basis, such as coffee, bread, and cheeses, showed
comparable intakes for 24-recall and FFQ assessments (− 0.3
to 9.7%), which was expected. The most striking differences
in mean intakes were for buttermilk and quark (10,224 and
− 78.6%, respectively), which might be a consequence of the
difference in number of consumers between the FFQ and re-
call for these foods (60 vs. 207 for quark, 316 vs. 3 for butter-
milk). Moreover, the results of both comparison of mean
intakes and Bland-Altman revealed that intakes for most fer-
mented food groups were slightly underestimated by the
FFQ when compared to the 24-h recalls, which is expected

since the 24-h recall, by design, generally captures a greater
proportion of the diet than the FFQ.
Since a critical measure of success for an FFQ is its

ability to accurately rank individuals into high- and low-
intakes based on their habitual diet [13], we evaluated
ranking ability using both Spearman’s correlation and
quintile cross-classification. High Spearman’s correlation
coefficients (rs ≥ 0.50) were obtained for all fermented
beverage groups (total fermented beverages, coffee, beer,
wine), total fermented cereals/grains, wholegrain bread,
total fermented dairy, yoghurts, total non-fermented
dairy, and milk. Since the use of different dietary assess-
ment instruments in distinct populations could affect re-
sults, we compared our results with those obtained from
other studies for similar food groups. Streppel et al. [15]

Fig. 1 Bland-Altman plots demonstrating relative validity of FFQ versus 24-h recalls for main fermented food groups. Group-level relative validity
assessed for: (a) fermented beverages, (b) fermented cereals/grains, (c) chocolate, and (d) fermented dairy. The middle line indicates the mean
difference, while the upper and lower lines indicate the 95% confidence intervals, respectively [calculated as: mean ± (standard deviation of the
mean difference X 1.96)]
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assessed the relative validity of a previous version of the
FFQ used in the current study in 128 elderly Dutch indi-
viduals. Comparing the FFQ data to three 24-h recalls,
Pearson’s correlations of 0.71 to 0.93 for bread, 0.46 to
0.61 for cheese, 0.68 to 0.75 for milk and milk products,
and 0.50 to 0.66 for soya and vegetarian products were
obtained. Similar validation studies have been conducted
in 161 German adults [12], 100 Belgian adults [14], 1213
German adolescents [13], and 56 Swiss adults [40], com-
paring a FFQ to multiple 24-h recalls, 7-day estimated
diet records, diet history interviews, and 4-day weighted
food records, respectively. Collectively, the correlations
obtained in these studies of 0.69 to 0.78 for coffee, 0.40

to 0.42 for dairy products, 0.63 for butter, 0.63 to 0.66
for milk, 0.49 for curd cheese, soured milk, and yoghurt,
0.25 to 0.61 for cheese, 0.59 for ice cream, and 0.16 to
0.48 for bread and cereals, are similar to those deter-
mined in the current study (0.78 to 0.80 for coffee, 0.20
to 0.21 for butter, 0.66 to 0.67 for milk, 0.46 to 0.47 for
cheese, 0.55 to 0.56 for yoghurt, 0.21 to 0.23 for ice
cream, and 0.63 to 0.68 for total fermented cereals/
grains). The interesting exception is that the correlation
coefficients determined for total fermented cereals/
grains (rs 0.63) and wholegrain bread (rs 0.55) in our
study are slightly lower than those reported in Streppel
et al. [15] (rs 0.71 to 0.93 for bread). Although total

Table 4 Summary of Validity Assessments Between the FFQ and 24-h Recalls for Fermented and Non-Fermented Foods

Method % Difference Correlation Coefficient Quintile Cross-Classification Bland-Altmana

Aspect of
Validity
Measured

Agreement
(group level)

Strength and direction of association
(individual level)

Agreement (individual level) Presence, direction, and
extent of bias (group level)

Interpretation
Criteria

Acceptable:
0.0 to 10.0%
Poor: > 10%

Good: ≥0.50
Acceptable: 0.20 to 0.39 (lower
range); 0.40 to 0.49 (higher range)
Poor: < 0.20

Good: ≥50% in same/adjacent
quintile; ≤5% in extreme quintile
Poor: < 50% in same/adjacent
quintile; > 5% in extreme quintile

Good: p > 0.05
Poor: p ≤ 0.05

Fermented
beverages

Acceptable Good Good Good

Coffee Acceptable Good Good Good (bias)

Beer Poor Good Good Good (bias)

Wine Poor Good Good Poor (bias)

Fermented
cereals/grains

Acceptable Good Good Poor

Brown bread Acceptable Acceptable (low) Poor Good (bias)

White bread Poor Acceptable (low) Good Poor (bias)

Wholegrain
bread

Acceptable Good Good Good

Rye bread Acceptable Acceptable (high) Good Good (bias)

Other bread Poor Poor Poor Good (bias)

Pastries Poor Acceptable (low) Poor Good (bias)

Chocolate Poor Acceptable (low) Good Poor (bias)

Fermented dairy Acceptable Good Good Good

Cheese Acceptable Acceptable (high) Good Good (bias)

Yoghurts Poor Good Good Poor

Quark Poor Poor Poor Poor (bias)

Buttermilk Poor Poor Poor Poor (bias)

Non-fermented
dairy

Poor Good Good Poor

Butter Acceptable Acceptable (high) Good Good (bias)

Cream Poor Acceptable (low) Poor Poor (bias)

Ice cream Poor Acceptable (low) Poor Poor (bias)

Milk Poor Good Good Poor

Non-fermented
soya

Poor Acceptable (high) Good Good (bias)

FFQ Food frequency questionnaire. Acceptable and good validity assessment outcomes are bolded.
aThe presence of proportional bias for each food group is indicated in brackets
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bread consumption in this elderly population (126 to
133 g/day) is comparable to total fermented cereals/
grains intake by the study cohort described in the
current publication (129 to 143 g/day), older adults tend
to have more stable diets and different dietary patterns
than those of younger adults, which might account for
this difference in correlation coefficients. The attenu-
ation factors obtained for the food groups investigated
in this study were considerably higher for fermented
beverages, coffee, beer, and wine (range between 0.64–
1.0) than for brown bread, white bread, ‘other bread’,
pastries, chocolate, and quark (range between 0.14–
0.77). Since attenuation factors closer to one indicates a
better overall estimation of intake [36], these results sug-
gest that intake estimates for all fermented beverages are
reliable across the dietary methods used here. Mean-
while, intake estimates were weaker for fermented ce-
reals and grains, wholegrain bread, rye bread, fermented
dairy, cheeses, and yoghurts, and weakest for brown
bread, white bread, ‘other bread’, pastries, chocolate, and
quark. These effects correspond with other assessments
of validity for the food groups investigated.
Our results for quintile cross-classification further

supported a high level of agreement between the FFQ
and 24-h recall in ranking participants for the majority
of fermented foods, non-fermented dairy, and soya, even
when using more stringent criteria of quintiles and cut-
offs of 5% for misclassification. Other validation studies
have reported similar cross-classifications for cheese
(46.8% same quartile, 50% same tertile), milk (45.6–
49.5% same quartile), milk and soya products (57.4%
same tertile), butter (49.7–50.3% same quartile) [12–14],
and slightly lower cross-classification for coffee (75.2%
same quartile) and ice cream (44.1% same quartile) [13].
Interestingly, in these studies and ours, bread products
had a lower accurate classification rate (33.1–39.2% in
same tertile or quartile, and 6.4–8.4% in opposite quar-
tile [12–14]; 28.1–38.8% in same quintile and 1.2–6.8%
in opposite quintile (present study)). Although total fer-
mented cereals/grains had good cross-classification, the
same is not true for the corresponding subgroups, which
may be also be attributed to the misclassification of
bread products by consumers for FFQs. Sporadically
consumed foods (e.g., quark) or seasonal foods (e.g., ice
cream) also tended to have a higher discordance and de-
gree of misclassification between methods. However,
these results were expected due to the lower probability
of assessing such foods on recall days, compared to the
FFQ which evaluates a larger reference period [12].

Study strengths and limitations
A strength of this study is the inclusion of a large popula-
tion size for validation. Moreover, we utilised multiple as-
sessment methods, which allows for a more comprehensive

evaluation of relative validity at both the individual and
group level [31]. Notwithstanding, there are several limita-
tions to address, the most dominant of which relate to the
inherent limitations associated with using the FFQ and 24-
h recall to measure dietary intake. Firstly, in an ideal valid-
ation, the comparison and reference methods should have
independent error sources [9]. Both the FFQ and 24-h re-
call rely on the memories and perceptions of the partici-
pants, which can lead to higher estimates of validity [13].
Moreover, both methods rely on the same food compos-
ition table and tools to classify foods and quantify portion
sizes, as an additional source of correlated error. Thus, only
relative validity could be determined in this study. Secondly,
estimates of portion sizes were performed using standard
portion sizes and household measures. While these are
commonly used approaches, different interpretations of
household portion sizes can lead to misclassification and
measurement bias. In particular, this misclassification may
be more pronounced in estimates of absolute intake (i.e., in
g/day), while a small effect is anticipated on the ranking
ability of the FFQ (i.e., into quintiles of intake). Ongoing in-
novations in technology-based tools are aimed to reduce
this source of measurement bias in dietary assessment.
Thirdly, foods that are not frequently consumed or con-
sumed only seasonally may be inconsistently or unevenly
captured, depending on when the diet was assessed.
Fourthly, since the dietary assessments in NQplus were per-
formed from 2011 to 2014, we cannot exclude the possibil-
ity of changes in diet that would obscure the underlying
assumption that participants have very stable diets at the
time of assessment.
A further aspect worth highlighting is that the FFQ

used in the NQplus study was not specifically designed
to assess the intake of fermented foods; consequently,
not all fermented food products could be captured by
this method and some may only be represented by a
food group comprising fermented and non-fermented
foods. Indeed, 247 fermented foods were reported for
the 24-h recall compared to only 39 in the FFQ. The fer-
mented foods in this validation study primarily consisted
of foods common to the Western diet (e.g., coffee,
breads, dairy), but there exists a wealth of fermented
foods from other cultures and regions that are increas-
ingly consumed due to globalisation (e.g., kombucha, ke-
fir, kimchi, natto, tempe). Novel fermented foods are
also being developed, driven by the realisation of their
potential impacts on health [41], and that consumption
of fermented foods with live microorganisms may pro-
mote a healthy gut microbiota [42, 43]. Conversely, some
traditionally fermented products (e.g., pickles, olives,
mozzarella) are no longer fermented due to modernisa-
tion of food processing technologies [44]. As such, fer-
mented and non-fermented versions of the same
products become indistinguishable to consumers. This
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emphasises the importance for developing a FFQ specific
for fermented food products. Nevertheless, the present
study reveals the strengths and limitations of each tool
for assessing fermented food intake, highlights the need
to design a FFQ to specifically assess fermented food in-
take, and aids in our goal of developing unbiased bio-
markers of intake for fermented foods. Improved dietary
assessment of fermented foods is expected to aid future
trials that investigate associations between fermented
food intake and (cardiometabolic) health.

Conclusions
About a fifth of the Dutch diet consists of fermented
food items. Adequate to good relative validity was deter-
mined for the FFQ compared to the 24-h recall across
all statistical measures for commonly consumed foods,
including total fermented beverages, coffee, wholegrain
bread, rye bread, total fermented dairy, cheeses, as well
as butter (non-fermented). For wine, beer, total fermen-
ted cereals/grains, white bread, chocolate, yoghurts, as
well as total non-fermented dairy, milk, and non-
fermented soya, good ranking ability of participants into
their levels of consumption could be established, albeit
poor agreement in absolute intakes. For quark and
buttermilk (fermented), as well as cream and ice cream
(non-fermented), acceptable relative validity between the
two methods could not be established; thus, the intakes
for these food groups should be interpreted with caution
in future studies using this population. Developing a
FFQ specific for fermented foods would be valuable to
capture global fermented foods that are increasingly
consumed, and to delineate between fermented and
non-fermented versions of foods that could obscure in-
vestigations between fermented food intake and health.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s40795-020-00394-z.

Additional file 1: Table S1. Identification and Classification of
Fermented Foods from the FFQ and 24-h Recalls in NQplus.

Additional file 2: Table S2. Mean Individual Percent Difference and
Test Statistics from Bland-Altman Analyses for the Validation Sample (n =
809).

Additional file 3: Table S3. Attenuation Factors for the Reference 24-h
Recall Compared to the Food Frequency Questionnaire.

Additional file 4: Figure S1. Bland-Altman plots demonstrating relative
validity of the FFQ versus 24-h recalls for fermented food subgroups.

Additional file 5: Figure S2. Bland-Altman plots demonstrating relative
validity of the FFQ versus 24-h recalls for non-fermented foods.

Additional file 6: Table S4. Sex-Specific Spearman’s Correlations for
Fermented and Non-Fermented Foods.

Abbreviations
24-h: 24-hour; DNFCS: Dutch National Food Consumption Survey; FFQ: Food
frequency questionnaire; NDARD: National Dietary Assessment Reference
Database; NQplus: Nutrition Questionnaires plus

Acknowledgements
We thank all participants for their valuable contribution to this study and
their cooperation. We would also like to thank the dedicated research staff
that was involved in execution of this study. We would like to give a special
thanks to the dieticians of the Division of Human Nutrition at Wageningen
University in Wageningen, the Netherlands. We would also like to thank
Veiligheids-en Gezondheids Regio Gelderland-midden (Arnhem, The
Netherlands) for their help with recruitment. We further thank Taymara
Abreu and Laura Trijsburg for statistical guidance for attenuation factor
calculations.

Authors’ contributions
K.J.L performed the validation analyses, interpreted the data, and wrote the
draft manuscript, with support from E.M.B-B. E.M.B-B, K.J.B, E.J.M.F., and G.V.
were involved in project conceptualization, supervision, and administration.
E.J.M.F. and G.V was involved in funding acquisition. E.J.M.F, K.J.B, and G.V
reviewed and edited the final manuscript. All authors read and approved the
final manuscript.

Funding
Funding to conduct the validation analyses was provided by Agroscope, the
Federal Department of Economic Affairs, Education and Research (EAER),
Federal Office for Agriculture (FOAG) (Bern, Switzerland) for the
Cardioferment Project. NDARD/NQplus was core funded by ZonMw (ZonMw,
Grant 91110030). NDARD/NQPlus were also supported by Wageningen
University (Wageningen, the Netherlands); add-on funding ZonMW Gezonde
Voeding DHD-index (ZonMw, Grant 115100007); add-on validation of BBMRI
FFQ and Maastricht FFQ (Grant BBMRI-NL RP9 and CP2011-38).

Availability of data and materials
The datasets supporting the conclusions of this article are included within
the article (and its additional files).

Ethics approval and consent to participate
The NQplus study was approved by the ethical committee of Wageningen
University and Research and was conducted according to the Declaration of
Helsinki. Written informed consent were obtained from all participants prior
to commencement of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 30 April 2020 Accepted: 29 October 2020

References
1. Marco ML, Heeney D, Binda S, Cifelli CJ, Cotter PD, Foligné B, et al. Health

benefits of fermented foods: microbiota and beyond. Curr Opin Biotechnol.
2017;44:94–102. https://doi.org/10.1016/j.copbio.2016.11.010.

2. Gille D, Schmid A, Walther B, Vergères G. Fermented food and non-
communicable chronic diseases: a review. Nutrients. 2018;10(4):E448. https://
doi.org/10.3390/nu10040448.

3. Tapsell LC. Fermented dairy food and CVD risk. Br J Nutr. 2015;113(Supp 2):
S131–5. https://doi.org/10.1017/S0007114514002359.

4. Chen M, Sun Q, Giovannucci E, Mozaffarian D, Manson JE, Willett WC, et al.
Dairy consumption and risk of type 2 diabetes: 3 cohorts of US adults and
an updated meta-analysis. BMC Med. 2014;12:215. https://doi.org/10.1186/
s12916-014-0215-1.

5. Soedamah-Muthu SS, Masset G, Verberne L, Geleijnse JM, Brunner EJ.
Consumption of dairy products and associations with incident diabetes,
CHD and mortality in the Whitehall II study. Br J Nutr. 2013;109(4):718–26.
https://doi.org/10.1017/S0007114512001845.

6. Iwasa M, Aoi W, Mune K, Yamauchi H, Furuta K, Sasaki S, et al. Fermented
milk improves glucose metabolism in exercise-induced muscle damage in
young healthy men. Nutr J. 2013;12:83. https://doi.org/10.1186/1475-2891-
12-83.

Li et al. BMC Nutrition            (2020) 6:69 Page 13 of 14

https://doi.org/10.1186/s40795-020-00394-z
https://doi.org/10.1186/s40795-020-00394-z
https://doi.org/10.1016/j.copbio.2016.11.010
https://doi.org/10.3390/nu10040448
https://doi.org/10.3390/nu10040448
https://doi.org/10.1017/S0007114514002359
https://doi.org/10.1186/s12916-014-0215-1
https://doi.org/10.1186/s12916-014-0215-1
https://doi.org/10.1017/S0007114512001845
https://doi.org/10.1186/1475-2891-12-83
https://doi.org/10.1186/1475-2891-12-83


7. An SY, Lee MS, Jeon JY, Ha ES, Kim TH, Yoon JY, et al. Beneficial effects of
fresh and fermented kimchi in prediabetic individuals. Ann Nutr Metab.
2013;63(1-2):111–9. https://doi.org/10.1159/000353583.

8. Cade J, Thompson R, Burley V, Warm D. Development, validation and
utilisation of food-frequency questionnaires - a review. Public Health Nutr.
2002;5(4):567–87. https://doi.org/10.1079/PHN2001318.

9. Kristal AR, Peters U, Potter JD. Is it time to abandon the food frequency
questionnaire? Cancer Epidemiol Biomark Prev. 2005;14(12):2826–8. https://
doi.org/10.1158/1055-9965.EPI-12-ED1.

10. Brouwer-Brolsma EM, Brennan L, Drevon CA, van Kranen H, Manach C,
Dragsted LO, et al. Combining traditional dietary assessment methods with
novel metabolomics techniques: present efforts by the food biomarker
Alliance. Proc Nutr Soc. 2017;76(4):619–27. https://doi.org/10.1017/
S0029665117003949.

11. Rutishauser IH. Dietary intake measurements. Public Health Nutr. 2005;8(7A):
1100–7. https://doi.org/10.1079/phn2005798.

12. Haftenberger M, Heuer T, Heidemann C, Kube F, Krems C, Mensink GB.
Relative validation of a food frequency questionnaire for national health
and nutrition monitoring. Nutr J. 2010;9:36. https://doi.org/10.1186/1475-
2891-9-36.

13. Truthmann J, Mensink GB, Richter A. Relative validation of the KiGGS food
frequency questionnaire among adolescents in Germany. Nutr J. 2011;10:
133. https://doi.org/10.1186/1475-2891-10-133.

14. De Keyzer W, Dekkers A, Van Vlaslaer V, Ottevaere C, Van Oyen H, De
Henauw S, et al. Relative validity of a short qualitative food frequency
questionnaire for use in food consumption surveys. Eur J Pub Health. 2013;
23(5):737–42. https://doi.org/10.1093/eurpub/cks096.

15. Streppel MT, de Vries JH, Meijboom S, Beekman M, de Craen AJ, Slagboom
PE, et al. Relative validity of the food frequency questionnaire used to assess
dietary intake in the Leiden longevity study. Nutr J. 2013;12:75. https://doi.
org/10.1186/1475-2891-12-75.

16. van Dongen MC, Wijckmans-Duysens NEG, den Biggelaar LJ, Ocké MC,
Meijboom S, Brants HA, et al. The Maastricht FFQ: development and validation
of a comprehensive food frequency questionnaire for the Maastricht study.
Nutrients. 2019;62:39–46. https://doi.org/10.1016/j.nut.2018.10.015.

17. Brouwer-Brolsma EM, Streppel MT, van Lee L, Geelen A, Sluik D, van de Wiel
AM, et al. A National Dietary Assessment Reference Database (NDARD) for
the Dutch population: rationale behind the design. Nutrients. 2017;9(10):
E1136. https://doi.org/10.3390/nu9101136.

18. Brouwer-Brolsma EM, van Lee L, Streppel MT, Sluik D, van de Wiel AM, de
Vries JHM, et al. Nutrition questionnaires plus (NQplus) study, a prospective
study on dietary determinants and cardiometabolic health in Dutch adults.
BMJ Open. 2018;8(7):e020228. https://doi.org/10.1136/bmjopen-2017-
020228.

19. Rhee JJ, Sampson L, Cho E, Hughes MD, Hu FB, Willett WC. Comparison of
methods to account for implausible reporting of energy intake in
epidemiologic studies. Am J Epidemiol. 2015;181(4):225–33. https://doi.org/
10.1093/aje/kwu308.

20. Banna JC, McCrory MA, Fialkowski MK, Boushey C. Examining plausibility of
self-reported energy intake data: considerations for method selection. Front
Nutr. 2017;4:45. https://doi.org/10.3389/fnut.2017.00045.

21. Michels KB, Giovannucci E, Joshipura KJ, Rosner BA, Stampfer MJ, Fuchs CS,
et al. Prospective study of fruit and vegetable consumption and incidence
of colon and rectal cancers. J Natl Cancer Inst. 2000;92(21):1740–52. https://
doi.org/10.1093/jnci/92.21.1740.

22. Turner-McGrievy GM, Davidson CR, Wilcox S. Does the type of weight loss
diet affect who participates in a behavioral weight loss intervention? A
comparison of participants for a plant-based diet versus a standard diet trial.
Appetite. 2014;73:156–62. https://doi.org/10.1016/j.appet.2013.11.008.

23. The Dutch National Institute for Public Health and the Environment (RIVM)
Nevo-Tabel. Nederlands Voedingsstoffenbestand. Den Haag:
Voedingscentrum; 2011. Available from: https://nevo-online.rivm.nl/.

24. Siebelink E, Geelen A, de Vries JH. Self-reported energy intake by FFQ
compared with actual energy intake to maintain body weight in 516 adults.
B J Nutr. 2011;106(2):274–81. https://doi.org/10.1017/S0007114511000067.

25. Feunekes GI, Van Staveren WA, De Vries JH, Burema J, Hautvast JG. Relative
and biomarker-based validity of a food-frequency questionnaire estimating
intake of fats and cholesterol. Am J Clin Nutr. 1993;58(4):489–96. https://doi.
org/10.1093/ajcn/58.4.489.

26. Brouwer-Brolsma EM, Berendsen AAM, Sluik D, van de Wiel AM, Raben A, de
Vries JHM, et al. The Glycaemic index-food-frequency questionnaire:

development and validation of a food frequency questionnaire designed to
estimate the dietary intake of Glycaemic index and Glycaemic load: An
effort by the PREVIEW consortium. Nutrients. 2019;11(1):E13. https://doi.org/
10.3390/nu11010013.

27. The Netherlands Nutrition Centre. Richtlijnen Schijf van Vijf (guidelines
wheel of five). Den Haag: Voedingscentrum; 2016. Available from: https://
www.voedingscentrum.nl/. Accessed 8 Aug 2019.

28. Swiss Society for Nutrition. Schweizer Lebensmittelpyramide (Swiss Food
Pyramid). Schweizerische Gesellschaft für Ernährung, Bern, Switzerland.
Available from: http://www.sge-ssn.ch/lebensmittelpyramide. Accessed 8
Aug 2019.

29. U.S. Department of Health and Human Services and U.S. Department of
Agriculture. 2015-2020 dietary guidelines for Americans. 8th ed.
Washington, DC: U.S. Department of Health and Human Services; 2015.
Available from: https://health.gov/dietaryguidelines/2015/guidelines/.
Accessed 8 Aug 2019.

30. Willett WC. Nutritional epidemiology. 3rd ed. New York: Oxford University
Press; 2013.

31. Lombard MJ, Steyn NP, Charlton KE, Senekal M. Application and
interpretation of multiple statistical tests to evaluate validity of dietary
intake assessment methods. Nutr J. 2015;14:40. https://doi.org/10.1186/
s12937-015-0027-y.

32. Takachi R, Ishihara J, Iwasaki M, Hosoi S, Ishii Y, Sasazuki S, et al. Validity of a
self-administered food frequency questionnaire for middle-aged urban
cancer screenees: comparison with 4-day weighed dietary records. J
Epidemiol. 2011;21(6):447–58. https://doi.org/10.2188/jea.JE20100173.

33. Wong MY, Day NE, Wareham NJ. Measurement error in epidemiology: the
design of validation studies II: bivariate situation. Stat Med. 1999;18(21):
2831–45. https://doi.org/10.1002/(sici)1097-0258(19991115)18:21<2831::aid-
sim282>3.0.co;2-3.

34. Kipnis V, Subar AF, Midthune D, Freedman LS, Ballard-Barbash R, Troiano RP,
et al. Structure of dietary measurement error: results of the OPEN biomarker
study. Am J Epidemiol. 2003;158(1):14–21. https://doi.org/10.1093/aje/kwg091.

35. Freedman LS, Schatzkin A, Midthune D, Kipnis V. Dealing with dietary
measurement error in nutritional cohort studies. J Natl Cancer Inst. 2011;
103(14):1086–92. https://doi.org/10.1093/jnci/djr189.

36. Trijsburg L, de Vries JH, Boshuizen HC, Hulshof PJ, Hollman PC, van’t Veer P,
et al. Comparison of duplicate portion and 24 h recall as reference methods
for validating a FFQ using urinary markers as the estimate of true intake. Br
J Nutr. 2015;114(8):1304-1312. doi: https://doi.org/10.1017/
S0007114515002871.

37. Bland JM, Altman DG. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet. 1986;1(8476):307–10. https://
doi.org/10.1016/S0140-6736(86)90837-8.

38. R Core Team. R: a language and environment for statistical computing.
Vienna: R Foundation for Statistical Computing; 2019. Available from:
https://www.R-project.org/.

39. Borresen EC, Henderson AJ, Kumar A, Weir TL, Ryan EP. Fermented foods:
patented approaches and formulations for nutritional supplementation and
health promotion. Recent Pat Food Nutr Agric. 2012;4(2):134–40. https://doi.
org/10.2174/2212798411204020134.

40. Steinemann N, Grize L, Ziesemer K, Kauf P, Probst-Hensch N, Brombach C.
Relative validation of a food frequency questionnaire to estimate food
intake in an adult population. Food Nutr Res. 2017;61(1):1305193. https://
doi.org/10.1080/16546628.2017.1305193.

41. Şanlier N, Gökcen BB, Sezgin AC. Health benefits of fermented foods. Crit
Rev Food Sci Nutr. 2019;59(3):506–27. https://doi.org/10.1080/10408398.
2017.1383355.

42. Mota de Carvalho N, Costa EM, Silva S, Pimentel L, Fernandes TH, Estevez
Pintado M. Fermented foods and beverages in human diet and their
influence on gut microbiota and health. Fermentation. 2018;4:90. https://doi.
org/10.3390/fermentation4040090.

43. Bell V, Ferrão J, Fernandes T. Nutritional guidelines and fermented food
frameworks. Foods. 2017;6(8):E65. https://doi.org/10.3390/foods6080065.

44. Breidt F, McFeeters RF, Perez-Diaz I, Lee C-H. Fermented vegetables. In:
Doyle MP, Buchanan RL, editors. Food microbiology: fundamentals and
Frontiers. 4th ed. Washington, D.C: ASM Press; 2013. p. 841–55.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Li et al. BMC Nutrition            (2020) 6:69 Page 14 of 14

https://doi.org/10.1159/000353583
https://doi.org/10.1079/PHN2001318
https://doi.org/10.1158/1055-9965.EPI-12-ED1
https://doi.org/10.1158/1055-9965.EPI-12-ED1
https://doi.org/10.1017/S0029665117003949
https://doi.org/10.1017/S0029665117003949
https://doi.org/10.1079/phn2005798
https://doi.org/10.1186/1475-2891-9-36
https://doi.org/10.1186/1475-2891-9-36
https://doi.org/10.1186/1475-2891-10-133
https://doi.org/10.1093/eurpub/cks096
https://doi.org/10.1186/1475-2891-12-75
https://doi.org/10.1186/1475-2891-12-75
https://doi.org/10.1016/j.nut.2018.10.015
https://doi.org/10.3390/nu9101136
https://doi.org/10.1136/bmjopen-2017-020228
https://doi.org/10.1136/bmjopen-2017-020228
https://doi.org/10.1093/aje/kwu308
https://doi.org/10.1093/aje/kwu308
https://doi.org/10.3389/fnut.2017.00045
https://doi.org/10.1093/jnci/92.21.1740
https://doi.org/10.1093/jnci/92.21.1740
https://doi.org/10.1016/j.appet.2013.11.008
https://nevo-online.rivm.nl/
https://doi.org/10.1017/S0007114511000067
https://doi.org/10.1093/ajcn/58.4.489
https://doi.org/10.1093/ajcn/58.4.489
https://doi.org/10.3390/nu11010013
https://doi.org/10.3390/nu11010013
https://www.voedingscentrum.nl/
https://www.voedingscentrum.nl/
http://www.sge-ssn.ch/lebensmittelpyramide
https://health.gov/dietaryguidelines/2015/guidelines/
https://doi.org/10.1186/s12937-015-0027-y
https://doi.org/10.1186/s12937-015-0027-y
https://doi.org/10.2188/jea.JE20100173
https://doi.org/10.1002/(sici)1097-0258(19991115)18:21<2831::aid-sim282>3.0.co;2-3
https://doi.org/10.1002/(sici)1097-0258(19991115)18:21<2831::aid-sim282>3.0.co;2-3
https://doi.org/10.1093/aje/kwg091
https://doi.org/10.1093/jnci/djr189
https://doi.org/10.1017/S0007114515002871
https://doi.org/10.1017/S0007114515002871
https://doi.org/10.1016/S0140-6736(86)90837-8
https://doi.org/10.1016/S0140-6736(86)90837-8
https://www.r-project.org/
https://doi.org/10.2174/2212798411204020134
https://doi.org/10.2174/2212798411204020134
https://doi.org/10.1080/16546628.2017.1305193
https://doi.org/10.1080/16546628.2017.1305193
https://doi.org/10.1080/10408398.2017.1383355
https://doi.org/10.1080/10408398.2017.1383355
https://doi.org/10.3390/fermentation4040090
https://doi.org/10.3390/fermentation4040090
https://doi.org/10.3390/foods6080065

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Population for the validation study
	Food frequency questionnaire (FFQ)
	24-h recalls
	Identification and classification of fermented foods
	Statistical analysis

	Results
	Participants in the validation study
	Identification of fermented foods in the diet and comparison of mean intakes
	Quintile cross-classification
	Spearman’s correlations
	Bland-Altman analyses
	Summary of validity assessment

	Discussion
	Consumption of fermented foods by adults in the Netherlands
	Reliability of the current FFQ for estimating fermented food intake
	Study strengths and limitations

	Conclusions
	Supplementary Information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

