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Abstract

Background Dietary habits strongly influence health, with poor diets contributing to numerous deaths annually.
Addressing this requires improved dietary habits and consistent monitoring thereof. In northern Sweden, a validated
food frequency questionnaire (FFQ) has been used for decades, but trends show that its ability to accurately measure
intake has diminished. With changing eating habits and food supply, updating the FFQ was crucial, leading to the
development of FFQ2020. This study assessed FFQ2020's relative validity using 24-hour recalls and evaluated its
reproducibility.

Methods Participants were recruited from one of the northern-Sweden population-based health screenings and by
advertising. Food intake was registered in an electronic food frequency questionnaire (FFQ2020) (test instrument) and
reference data were obtained by six repeated electronic 24-hour dietary recalls (24HDR). Intakes of single foods were
aggregated into food groups and healthy diet index scores, and daily energy and nutrient intakes were estimated.
Results from the two methods were described and tested in univariate analyses and correlation tests, Bland Altman
plots, cross-classification validity, and intra-class correlation analyses.

Results Totally, 628 adults were invited to participate in the study. Of these, 320 joined, and 244 completed at least
four 24HDRs. The median intakes in food groups, as well as the mean index scores and estimated nutrient intakes,
were largely similar between the FFQ2020 and 24HDR recordings. The correlation coefficients between the two
assessments ranged from 0.253 to 0.693 for food groups, 0.520 to 0.614 for diet indices, and 0.340 to 0.629 for energy
and nutrients. Intra-class correlation coefficients indicated at least good reproducibility for intakes of food groups, diet
index scores, and nutrients. Generally, Bland-Altman plots did not reveal any gross systematic disagreement between
the two methods for any of the assessments. However, there were single observations located outside the upper or
lower 95% confidence interval (C) limits for the difference between FFQ2020 and the 24HDR recordings.

Conclusion In concert, the results suggest that the relative validity and reproducibility of FFQ2020 are acceptable for
trend analyses and group comparisons in large-scale studies but also that extended reference periods would improve
the precision of less frequently consumed foods.

Keywords Food frequency questionnaire, FFQ2020, Northern Sweden Diet Database, Validity, Reproducibility

*Correspondence: ’Department of Odontology, Umed University, Umed, Sweden
Maria Wennberg 3Department of Internal Medicine and Clinical Nutrition, The Sahlgrenska
maria.wennberg@umu.se Academy, University of Gothenburg, Gothenburg, Sweden

1Department of Public Health and Clinical Medicine/Sustainable Health,
Umed University, Umed S-901 87, Sweden

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12937-024-00984-8&domain=pdf&date_stamp=2024-7-23

Wennberg et al. Nutrition Journal (2024) 23:83

Background

An imbalanced diet, characterized by a low intake of fruit
and vegetables and a high consumption of red meat, has
been reported as the largest contributor to the overall
disease burden worldwide, including 11 million deaths
annually from dietary risks [1]. This calls for continuous
monitoring of dietary habits in the population, as well as
tracking of temporal trends in diet patterns, and assess-
ing their associations with disease risks. Various instru-
ments are available to assess dietary intake. The most
used methods include food records, 24-hour dietary
recalls (24HDR), and food frequency questionnaires
(FFQs). While biomarkers can be valuable for monitor-
ing intake of specific nutrients and metabolomics profil-
ing for specific foods, they are less effective in capturing
overall habitual dietary intake. All methods are, however,
susceptible to both random and systematic biases, partly
related to the proband and partly to the instrument itself
[2]. Hence, it is crucial to gain insights into how well a
specific instrument performs in a specific research con-
text, within a specific population, and for an FFQ spe-
cifically ranking capacity. FFQs are comparably easy
to administer, cost-effective, and less burdensome for
the participants, making them a preferred instrument
in large-scale epidemiological studies. However, data
obtained from FFQs must be validated against a more
accurate method before being utilized in research on diet
and health.

The population of northern Sweden has since 1985
been part of two continuous population-based health
screenings, the VIP (Visterbotten Intervention Pro-
gramme) and the Northern Sweden MONICA (Moni-
toring Trends and Determinants in Cardiovascular
Disease) screenings, which are part of the Northern Swe-
den Health and Disease Study (NSHDS). Diet monitor-
ing is integrated into the protocol and the curated and
quality-controlled dietary data make up the Northern
Sweden Diet Database (NSDD). For dietary data collec-
tion, a self-administered FFQ was developed in 1984 and
extensively validated [3-6]. However, over the past 38
years, significant changes have taken place in the vari-
ety of foods available in the market as well as in trends in
food selection and portion sizes in the population [7, 8].
It is suspected that the FFQ used in the VIP and MON-
ICA screenings has lost accuracy over time, as evidenced
by a decrease in the recorded energy intake, despite an
increase in the population’s mean body mass index, as
reported for the VIP population by Winkvist et al. [9].
This loss of accuracy may be attributed to the absence of
modern food items in the FFQ. To address this, we have
developed a modernized, self-administered FFQ, named
FFQ2020, which better captures contemporary dietary
intake patterns. This includes plant-based replacements
for meat and milk, newer varieties of pulses and grains,

Page 2 of 13

noodles, and additional dishes. Though the FFQ2020 was
developed for the VIP and MONICA projects in North-
ern Sweden the design is suitable for any population-
based study in Sweden. Temporal changes in dietary
habits are reported for other countries too [10, 11] and
hence possibly the FFQ2020 can be amended to serve
populations outside Sweden.

Here, we present the relative validity of the FFQ2020
instrument (test instrument) in comparison with
repeated 24HDR (reference). Additionally, we describe
reproducibility based on repeated FFQ2020 assessments.

Methods

Study participants and study design

In the current study, where we aimed to estimate the
relative validity and reproducibility of the FFQ2020, par-
ticipants were recruited from the 8th screening of the
Northern Sweden MONICA study, conducted in the
spring of 2022. The MONICA study has invited popu-
lation-based samples of 25-74-year-old inhabitants in
Norrbotten and Visterbotten—the two northernmost
counties of Sweden—approximately every fifth year since
1986 [12]. For our validation study, with data collection
from January 2022 until September 2023, we specifically
targeted MONICA participants aged 35-64 years to align
with the age range of the VIP study. Invitations were sent
via postal mail to those who in the 2022 MONICA survey
had consented to be contacted for future studies. Addi-
tionally, we recruited participants in the same age group
on a national level through advertisements. Of the 244
participants available for statistical analysis in this study
75.8% were recruited from the Northern Sweden MON-
ICA study and 24.2% through advertisement.

Dietary data collection

FFQ2020 (test instrument)

FFQ2020 is a modernized and updated version of the
paper-version FFQ previously used in the Northern Swe-
den Health and Disease Study [3]. The FFQ2020, avail-
able from the Biobank Research Unit at Umea University,
Sweden (ebf@umu.se), is a semi-quantitative FFQ with
108 questions covering, e.g., fats, dairy products, bread
and cereals, nuts and seeds, fruits and vegetables, pota-
toes, rice, pasta, noodles, legumes, grain products, meats,
fish, eggs, and vegetarian options and drinks (see Table
S1 for components covered by FFQ2020). Intake frequen-
cies are reported on a nine-level scale; never, a couple of
times a year, 1-3 times a month, once a week, 2-3 times
a week, 4-6 times a week, once a day, 2-3 times a day
or 4 times a day or more. Further, photos of four plates
with increasing portion sizes are included for the partici-
pants to indicate their average portion size of (a) potato/
rice/ pasta/ noodles/ grains, (b) meat/ fish/ chicken/ veg-
etarian substitutes, and (c) vegetables (cooked or raw).
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Study data were collected and managed using the RED-
Cap electronic data capture tools hosted at Umea Univer-
sity, Sweden [13]. FFQ2020 data were collected between
spring 2022 and spring 2023, and the respondents were
asked to fill in their habitual consumption frequencies
over the last year. For evaluation of reproducibility, all
participants again filled out FFQ2020 7-12 months after
entering the evaluation study. The baseline FFQ was used
in the validation analyses, and the second FFQ for assess-
ment of repeatability.

24-hour Diet Recalls (24HDR, reference instrument)

Data from repeated 24-hour recalls (24HDR) collected
through the web-based dietary assessment tool Riks-
matenFlex, the Swedish Food Agency (https://www.
livsmedelsverket.se), were used as reference method.
RiksmatenFlex has been validated through recall inter-
views in a national dietary survey of adolescents [14],
where the estimated energy and food intake from Riks-
matenFlex were found to be comparable to those from
the recall interviews. The participants were contacted
by e-mail with a request to enter everything they ate or
drank during the previous 24 h, including amounts, in
the online system. This was performed for six randomly
selected days (including weekdays and weekend days)
over a period of around ten weeks and introduced 3-6
months after the baseline FFQ was completed.

Background data

Relevant background data for the calculation of energy
needs and data relevant for the comparison of groups
were asked for in the screening questionnaire. These
included year of birth, sex, educational level (four levels
from not completed primary school to university), physi-
cal activity (how often did you exercise the last three
months with four options from never to more than 3
times a week), and smoking habits (do you smoke ciga-
rettes with options on never, past or present use). Height
and weight were measured at the screening visit.

Dietary data processing

First, reported intake frequencies of the 108 food/food-
aggregated questions in FFQ2020 were transformed to
intakes per day (0 to 4 intakes/day). To estimate the cor-
responding daily intake frequencies from the 24HDR
recordings, all registered foods were classified accord-
ing to the content of the 108 FFQ questions, aggregated
within each group and participant, and divided by the
number of completed 24HDR days. The numbers of
intakes per day were aggregated to estimated intakes in
30 food groups used either for the validity analyses per
se, or to calculate scores for three a priori diet pattern
indices (relative Mediterranean Diet Index, rMED [15],
Healthy Nordic Food Index, HNFI [16], and Plant-based
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Diet Index, PDI [17]), and to evaluate data-driven diet
patterns from the test and reference recordings (Table
S1). The characteristics of the three diet pattern indices
are presented in Table S2.

Daily energy and nutrient intakes were estimated by
weighting the daily intake frequencies by amounts eaten
(portion) and energy/nutrient content in the Swedish
Food Composition Database at the Swedish Food Agency
(data retrieved 1 July 2023). The portion sizes were either
estimated from the portion size indication on the photos,
by average natural sizes of foods, e.g., an egg or an apple,
or from sex and 10-year age group median intakes from
recordings from the Riksmaten Adult project (down-
loadable at https://www.livsmedelsverket.se/om-oss/
psidata/apimatvanor [18]), after controlling that the lev-
els were largely in line with those reported in the 24HDR
recordings.

Diet data in NSDD are quality defined at three levels,
i.e., having left one of the portion indications unanswered
(exclude level 2), having indicated portion sizes but left
210% missing FFQ questions (exclude level 1), and meet-
ing none of these criteria (exclude level 0, i.e., to be kept
for analyses). To further identify potential inaccurate
dietary recordings, daily energy intake was compared to
sex, height, body weight, and age-relevant resting energy
expenditure requirements, i.e., need at a resting physical
activity level (PAL) [19]. A PAL value below 0.7 (corre-
sponding to the 5% lowest values from the PAL distribu-
tion here) was considered severe under-reporting and
above 3.0 as an implausible over-reporting. Though all
244 study participants fulfilled the basic NSDD qual-
ity criteria, i.e., exclude level 0, 13 participants displayed
very low PAL-values (5% with <0.7) or high (1% with
23.0) based on the FFQ2020 or 24HDR recordings (Fig-
ure S1). To adhere to the present recommendation when
using NSDD data, i.e., to exclude participants with the
lowest and highest relative energy intakes, we report data
for all 244 participants with four or more 24HDR but
also present results where those with low/high PAL are
excluded or indicated.

Statistical analyses
Descriptive statistics for the intakes in food groups are
presented as medians and 25 and 75% percentile limits.
Associations between food group estimates from the
test and reference methods were assessed by Spearman
correlation coefficients. As ranking-based assessments
are common in nutritional epidemiological studies, the
participants were classified into tertile groups by record-
ing method and cross-tabulated to assess the agreement
between classifications by the FFQ2020 versus that by the
24HDRs.

Descriptive statistics for diet index scores, estimated
energy, and absolute nutrient intakes are presented as
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mean values with standard deviations (sd). Here, asso-
ciations between estimates from the test and reference
methods were assessed by Pearson correlation coef-
ficients but Spearman correlations are also shown. To
mitigate the effects of measurement error in diet data
collection, it is common to energy-adjust nutrient
intakes. Therefore, the analyses were repeated for energy-
adjusted nutrient estimates using (a) the residual method,
i.e., from a regression model with total energy intake as
the independent variable and absolute nutrient intake as
the dependent variable with the residuals representing an
energy-independent estimate of nutrient intake [20], or
(b) the energy density method, i.e., units per 1,000 kCal.

Intra-class correlations (ICC) were calculated to esti-
mate the reproducibility of FFQ2020 measurements, i.e.,
intra-rater class correlations between the two recordings
using a 2-way mixed-effects model with an agreement
coefficient and average measures. ICC-values below 0.5
were considered as poor reproducibility, between 0.5 and
0.75 as moderate, between 0.75 and 0.9 as good, and a
value above 0.9 as excellent reproducibility [21].

Bland-Altman analyses were used to indicate system-
atic disagreement between measurements from the test
and reference methods as well as among the repeated
FFQ2020 measurements [22]. These results are shown
in Bland-Altman plots with the 95% CI of the mean dif-
ference indicated. For values within the 95% CI, no sig-
nificant systematic bias was inferred whereas a skewed
distribution outside the 95% CI indicated a systematic
bias.

Data-driven analyses are increasingly utilized in the
field of nutritional epidemiology. However, there are
limited reports on the accuracy of using FFQ data in
such analyses. We assessed this by comparing loading
plots from Principal Component Analysis (PCA) mod-
els based on dietary recording information obtained by
the test method and a reference method, respectively.
The analysis was conducted using SIMCA 17 software
(Sartorius Stedim Biotech, Umed, Sweden). The data in
the PCA models were auto-transformed as per SIMCA’s
rules, which included logarithmic transformation and
auto-scaling to unit variance. This process ensured that
all variables were given equal weight. The outcomes of
the models are presented in terms of model explanatory
values (R?) and cross-validated predictive values (Q?). For
cross-validation, every seventh observation was omitted,
and its value was predicted using models built from the
remaining observations.

Results

Drop-out analysis and dietary recording quality

A total of 674 eligible persons had completed a baseline
food frequency questionnaire (FFQ2020). Of these per-
sons, 93% (n=628) had agreed to and were recontacted
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for participation in the present validation study, which
included repeated 24-hour dietary recalls (24HDRs) and
a follow-up FFQ2020. When invited to begin the 24HDR
recordings, 320 participants provided their consent. Out
of these, 294 completed at least one 24HDR, and 244
completed four or more 24HDRs (Fig. 1A). This latter
group constituted the validation group, serving to esti-
mate the relative validity of FFQ2020 recordings (the test
method) in comparison to repeated 24HDR recordings
(the reference method). A drop-out analysis was done for
the remaining 430 participants who only completed the
baseline FFQ2020 (the drop-out group).

In both the validation and drop-out groups, a higher
proportion of women than men was observed (Table 1).
Participants in the validation group were more likely to
have a university education and appeared to lead health-
ier lifestyles, as suggested by a lower mean body mass
index (BMI) and higher levels of physical activity, com-
pared to those who dropped out. The percentage of par-
ticipants who reported that they had never smoked was
similar in both groups.

In the baseline FFQ2020 survey, 87% of participants
had two or fewer missing responses out of the 108 ques-
tions. This trend of minimal unanswered questions was
consistent across the eligible participants (n=674),
those who consented to participate (n=628), and those
who completed at least one 24-hour dietary recall day
(24HDR) (n=294) (Fig. 1B). Further, less than 2% of
responses were missing across the 108 food-questions,
except for three specific questions regarding the type of
fat used on bread (Fig. 1C). Furthermore, the FFQ2020
data from 98% of the eligible participants and 100% of
those who completed at least one 24HDR were catego-
rized as ‘exclude level 0; indicating ‘good’ quality data
(Fig. 1D).

Intakes of 30 food groups estimated by the test and
reference methods

The relative validity of intakes across 30 food groups
(Table S1) was assessed among the 244 study participants
who completed at least four 24HDRs. Of these, median
intakes of 15 foods/food groups frequently examined in
diet-health association studies are displayed in Fig. 2A.
Data for all 30 groups, including medians, and 25 and
75 percentile limits are found in Table S3. In general,
the FFQ2020 and the repeated 24HDRs yielded simi-
lar trends in median food group intakes. However, the
FFQ2020 tended to yield higher intake estimates for
some food groups (e.g., dairy products) and lower for
others (e.g., refined grain products), compared to the
24HDRs (Fig. 2A, Table S3). Spearman correlation coeffi-
cients ranged from 0.693 (soured milk products) to 0.253
(sugar-sweetened beverages) (Fig. 2A, Table S3). Strong
correlations (coefficients>0.60) were found for alcoholic
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Fig. 1 Flow of participants and recording quality. (A) participant flow chart; (B) proportion (%) missing answers across study participants, (C) across the
108 FFQ2020 questions, and (D) classification by a three-tiered level exclusion score used in NSDD where participants in exclude level 0 have < 10% miss-
ing answers and complete portion size indications, in exclude level 1 have >10% missing answers and complete portion size indications, and those in

exclude level 2 lack >1 portion size indication

Table 1 Characteristics of the validation and drop-out groups

Validation Drop-
group out
group
Number 244 430
Proportion men/women 38.9/61.1 41.9/58.1
Age, years, mean (sd) 498 (8.5) 50.3(8.7)
BMI, mean (sd)'! 26.1 (4.3) 276 (5.6)
Never smoker, % 75.0 714
Education, % with university level 615 46.1
Physical activity, % >twice weekly 43.8 29.1
Proportion with “optimal”FFQ2020 (exclu- 100 96.0

sion score 0)2

"Mean BMI (body mass index) was adjusted for sex and age in general linear
modeling (glm) and the p-value between the two groups was <0.001

2Complete portion indications and <10% missing FFQ2020 questions

beverages, milk, soured milk products, fruits and ber-
ries, wholegrain products, and coffee. Moderate corre-
lations (coefficients >0.40 to <0.60) were noted for the
other food groups, apart from sugar-sweetened bever-
ages, seafood, sausages, red meat, and potatoes (Fig. 2A,
Table S3). Bland-Altman plots for five food groups com-
monly evaluated in studies on diet and health, i.e., dairy
products, fruits and berries, vegetables, wholegrain prod-
ucts, and desserts and sweets, are shown in Fig. 2B. The
plots incorporate data from all 244 participants, but the
13 participants with extreme PAL values are highlighted

in orange. The plots did not reveal any gross systematic
differences between the two dietary assessment methods.
This conclusion is based on the fact that observations
falling outside the 95% CI limits were predominantly
evenly distributed below and above these limits (Fig. 2B).

Cross-classification by intakes of 30 food groups estimated
by the test and reference methods

Tertile cross-classifications of food group intakes based
on ranking by the test and reference methods for the 244
participants are shown in Table S4. There were marked
variations among food groups regarding the proportion
of participants who were correctly classified into the
highest or lowest tertile by both methods. On average,
62% of the study participants were correctly allocated to
the highest tertile by both methods and 53% to the lowest
tertile. For food groups that were reported at least once
in the 24HDR recordings, a correct group allocation into
the lowest tertiles varied from 81% for coffee to 37% for
potatoes. The corresponding numbers for the highest
tertile were 79% for soured milk products and 39% for
poultry. Less than 22% were grossly misclassified for the
highest FFQ tertile, i.e., were not in the highest or adja-
cent 24HDR tertile.
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Fig. 2 Relative validity of FFQ2020 food group assessments. (A) Median daily intakes in food groups by 24HDR and FFQ2020, respectively, with Spearman
correlation coefficients; (B) Bland Altman plots illustrating agreement between the two methods for dairy products, fruits and berries, vegetables (without
potatoes), wholegrain products, and desserts and sweets. The plots incorporate data from all 244 participants, and the 13 participants with extreme PAL

values are highlighted in orange. *** for p <0.001
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Fig. 3 Relative validity of the Healthy Nordic Food Index (HNFI), relative Mediterranean Diet Index (rMED), and the Plant-based Diet Index (PDI). (A) Mean
score and correlation between index scores assessed from 24HDR and FFQ2020 recordings. (B) Tertile cross-classifications for the three indices by test and
reference estimations (C) Bland Altman plots for agreement between the two methods. The plots incorporate data from all 244 participants, and the 13
participants with extreme PAL values are highlighted in orange. *** for p <0.001

Food intake patterns and their cross-classification
estimated by the test and reference methods

The scores for the a priori diet pattern indices HNFI,
rMed, and PDI were compared based on the test and ref-
erence methods. The two methods yielded similar mean

scores for all three indices (Fig. 3A), with correlation
coefficients ranging from 0.520 (HNFI) to 0.614 (PDI)
(Fig. 3A). Between 65% (rMED) to 44% (HNFI) were cor-
rectly classified into the highest or lowest tertile by both
methods (Fig. 3B). The Bland Altman plots did not reveal
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any systematic deviations between the recording meth-
ods (Fig. 3C).

Further, the same food groups from the test and ref-
erence methods were major determinants for the eat-
ing patterns in data-driven modeling (PCA) using the
30 food groups presented in Table S1. The PCA models
had moderately strong explanatory power (R?), i.e., 27%
of the variation was explained by the food group record-
ings in the test method and 29% in the reference method.
The corresponding cross-validated prediction values (Q?)
were 10% and 17%, respectively. The PCA score plots
identified three food groups as the most influential for
eating patterns, regardless of the recording method: (i)
potatoes/vegetables/root vegetables, (ii) meats, and (iii)
desserts/sweets (Fig. 4).

Estimated energy and nutrient intakes by the test and
reference methods

Further, the relative validities for the estimated intake
of energy and 14 nutrients were evaluated (Fig. 5, Table
S5, Table S6). The mean intakes of energy and the evalu-
ated nutrients were highly similar for FFQ2020 and the
24HDRs recordings among the 244 participants (Fig. 5A)
and after exclusion of the 13 participants outside the
defined PAL limits, as well as with or without adjust-
ment for estimated energy intake (Table S5). However,
the correlation coefficients between estimates from the
two methods were generally lower in the group with-
out any exclusions (n=244) compared to the group with
PAL-based exclusions (n=231) (Fig. 5, Table S5). For the
group with PAL exclusions, correlation coefficients for
energy and macronutrients indicated a moderate agree-
ment (Pearson or Spearman coefficients>0.33 to <0.55).
Bland Altman plots did not indicate any systematic devi-
ation between the two recording methods for energy and
macronutrients if the evaluation was limited to the 231
participants with a PAL value within the defined limits

potatoes,
vegetables,
root vegetables
s
o
w© ° ©
©
o
o
desserts,
-8 sweets | © . ‘ ‘ ‘
-4 -2 0 2 4 6 8 10

t[1]

Page 7 of 13

as shown for energy and total fat in Fig. 5B. In contrast,
the exclusion of the 13 participants outside the PAL lim-
its did not affect the pattern for sucrose and wholegrains
(Fig. 5B) or other non-energy nutrients (Table S5).

Cross-classifications of the participants into tertile
groups based on estimated energy and nutrient distribu-
tions were done for both the 244 and 231 participants
(Table S6). On average, 53% of the participants (n=244)
were correctly allocated to the highest or the lowest ter-
tile based on absolute intake. The corresponding number
was 55% for absolute intake among the 231 participants.
Generally, energy adjustment slightly increased the pro-
portions correctly classified.

Reproducibility of FFQ2020-derived information

Finally, also reproducibility of FFQ2020 was evaluated.
Among the 244 participants who had recorded at least
four 24HDR days, 217 respondents completed a second
FFQ2020. The ICC correlation for food groups, diet indi-
ces, and nutrients were all moderate or higher, with the
majority being good and some being excellent (Fig. 6A,
Tables S7, Table S8). The Bland Altman plots did not
reveal any major systematic imbalance, as shown here for
dairy products, the PDI index, and energy (Fig. 6B), but
the exclusion of participants with a PAL value outside the
defined limits improved the agreement for energy and
macronutrients.

Sensitivity analyses in gender strata

Gender-stratified Spearman correlations between intakes
based on FFQ and 24HDR recordings were run for the 30
food groups and three diet indices (Table S9). For both
men and women, the correlation coefficient followed
those reported for all participants (Spearman correla-
tion 0.898 and 0.913, respectively). Though there were no
major differences between men and women for the cor-
relation levels for single food groups or the diet indices,

4+ FFQ2020

_4 | potatoes,
vegetables, ©
-6 1 root vegetables ©

desserts,
O sweets

-10 -8 -6 -4 -2 0 2 4 6

Fig. 4 Dietary patterns from PCA clustering. Score plots from (A) the 24HDR recordings and (B) the FFQ2020 recordings
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women generally had slightly higher correlations (Table
S9).

Discussion
The present study evaluated the relative validity and
reproducibility of the assessment of foods, food intake
patterns, energy, and nutrient intakes by a digital FFQ
(FFQ2020) constructed to reflect today’s food supply in
Sweden and analogous countries. These analyses revealed
the relative validity of intake in most food groups and
some nutrients as high and that of energy and most
other nutrients as acceptable. Correlation, Bland Altman
plots, and ICC analyses revealed a high reproducibility
of intakes in food groups as well as of estimated energy
and nutrient intakes. Further, the FFQ2020 seemed user-
friendly as indicated by the low proportion of missing
answers and the very high proportion judged as exclude
level 0, i.e., eligible for data inferences. Taken together,
the results indicate that the FFQ2020 is suitable for large-
scale studies on diet and e.g., health outcomes.

FFQ2020 was developed in response to the noted
reduction over time in reported energy intakes

concurrent with increasing BMI in the Visterbotten
population [9], when a paper-based FFQ developed in
1984 was continually used. A reason for keeping the same
instrument over the years has been to allow comparisons
over time of consumption patterns (see e.g., Johansson et
al. 2012 [7]). Still, for an FFQ to be valid and informative
it must capture the core intake patterns of the popula-
tion, and it was time for a more modern FFQ covering
contemporary food items.

The relative validity of FFQ2020 was evaluated using
four or more repeated 24HDR as the reference method.
Spearman correlation coefficients ranged for food groups
from 0.253 (sugar-sweetened beverages) to 0.693 (soured
milk products), for a priori diet pattern indices between
0.520 (HNFI) to 0.614 (PDI), and for energy and unad-
justed nutrient intakes between 0.340 (vitamin D) to
0.629 (alcohol). For the macronutrients, all correlation
coeflicients were in the range of moderate agreement. In
data-driven modelling, the same food groups were major
determinants for the eating patterns discovered based
on input data from both methods. Finally, cross-classifi-
cation for energy and nutrients showed on average that
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55% were correctly categorized in the lowest and highest
tertile, respectively, (absolute intake data, n=231), and
corresponding numbers for energy-adjusted intake data
were close to the same.

Several studies have been published recently that also
evaluate the relative validity of an FFQ and that used
similar metrics and were performed in areas of relative
geographical/ cultural proximity to our study. Research-
ers at Harvard have evaluated the relative validity of their
updated FFQ long used in the US Nurses’ Health Study
and Health Professionals Follow-up Study [23]. Here, the
149-food item and 25-food group item FFQ was com-
pared with two 7-day food records conducted 6 months
apart. Like in our study, participants with unreasonably
low or high energy intakes were excluded from analy-
ses. Spearman correlation coefficients for foods were on
average 0.41 among women and 0.45 among men; values
that are in similar ranges to those identified in our study.
The Harvard study used an FFQ with larger number of
food items than we did, and the reference method used
(two 7-day food records) was more detailed and pro-
vided higher precision than did our reference method
(repeated 24HDR). Even so, the correlation coefficients
found in both studies were in similar ranges. This may
reflect the fact that intake patterns captured by a retro-
spective method like FFQ differ from intake patterns
captured by prospective methods such as food diaries

and 24HDR. Therefore, while dietary assessments using
food diaries/24-hour dietary recalls, or food frequency
questionnaires demonstrate high precision, expect-
ing correlations higher than those reported in both our
study and the referenced Harvard study may be unreal-
istic, given the comparison between retrospective and
prospective dietary intake. In the Gu et al. study [23],
beverages had the highest while eggs and meat had the
lowest correlation between the test and reference meth-
ods; again similar to the results in our study. Further,
like in our study the lowest values were found for sugar-
sweetened beverages and highest for alcohol. This likely
reflects that both retrospective and prospective methods
capture food items consumed often and regularly bet-
ter than food items consumed occasionally and irregu-
larly. Gu et al. observed higher correlation levels for food
groups compared to individual food items, which aligns
with our findings from Bland-Altman plots where single
food items demonstrated less agreement than larger food
groups. We suggest that this reflects the broader range
and greater variation observed when groups are formed.
Also, larger food groups likely are consumed more often
and regularly than are each single food item, again yield-
ing better agreement between retrospective and pro-
spective methods. Furthermore, the use of food groups
involves fewer transformation steps and introduces fewer
errors, offering an advantage over nutrients in studies.
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The same researchers also evaluated the relative validity
of their FFQ against 4 repeated 24HDR among women
[24, 25] and men [26]. Energy-adjusted Spearman corre-
lation coefficients were on average among women 0.43,
ranging from 0.23 for lycopene to 0.75 for alcohol, and
among men 0.52, ranging from 0.29 for lauric acid to 0.75
for coffee consumption. Correlations were similar across
strata of BMI, age, and source of participants, which is of
interest when judging our results because we were unable
to conduct such stratified analyses due to limited power.

In another validation study performed in the US, a
63-item FFQ was compared with six or more 24HDR
[27]. Energy-adjusted Spearman correlation coefficients
were 0.50 and 0.52 among men and women, respectively
(range 0.05-0.82), thus correlations were similar for both
sexes similar to what we found for FFQ2020 for food
groups and a priori diet indices. Their coefficients were
highest for beverages and lowest for pasta and regular-fat
yoghurt, thus partially similar to our results. Values were
higher for a diet quality score than for food groups (0.69
and 0.61 for men and women, respectively). Also, the
authors reported correlations to be higher for broader
food groups (e.g., fruits) than for more specific and nar-
row food groups (e.g., citrus fruits), again in agreement
with our results. As mentioned above, this likely reflects
that larger groups of combined food items yield better
agreement than do smaller units when different meth-
ods are compared. Overall, 25 of the 63 food groups
had>80% classified in the same or adjacent quartile
based on both methods.

In Norway, researchers have compared a 279-item
FFQ with three 24HDR [28] with respect to nutrients
and foods. Spearman correlation coefficients ranged
between 0.19 (iodine) to 0.69 (vitamin D) for nutrients
and between 0.31 (fatty fish) to 0.71 (juice) for foods. In
cross-classification, highest agreement was found for
fruits and berries and vitamin D, and lowest agreement
was found for meat, blood and offal. In Denmark, a 376-
item FFQ was compared with three 24HDR [29]. Energy-
adjusted Spearman correlation coefficients ranged from
0.18 to 0.58 for energy and nutrient intakes, and 28-47%
of participants were classified into the same quartile
based on both methods. Comparisons can also be made
with a study from Cyprus [30]. Here, a 171-item FFQ
was compared with three 24HDR with respect to nutri-
ents. Spearman correlation coefficients ranged between 0
(iron) to 0.49 (magnesium). These studies thus exhibited
broader ranges of agreement than did our study.

Similar validation studies also have been performed in
populations with dietary habits less similar to those in
Sweden. Imaeda et al. (2021) conducted a relative valida-
tion of a 47-item FFQ against four 3-d dietary record in
a Japanese population [31]. For 20 food groups, energy-
adjusted Spearman correlation coefficients were among
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men 0.44 with a range of 0.11-0.71, and among women
0.39 with a range of 0.17-0.72. Proportion of cross-clas-
sification into the same or adjacent intake quintile was
58-86% among men and 57-86% among women. Again,
these results are in the same ranges as those of our study.
In another Japanese study, a food combination ques-
tionnaire was compared with four dietary records with
respect to nutrients, foods, and overall diet quality [32].
Median Spearman correlation coefficient for 16 food
groups was 0.32 among women and 0.38 among men, and
median Pearson correlation coefficient for 46 nutrients
was 0.34 among women and 0.31 among men. For the
diet quality indices, correlation coefficients ranged from
0.37 to 0.46. A small relative validation study conducted
among 49 Chinese participants compared a 79-item FFQ
with three 24HDR [33]. For 18 food groups, the aver-
age Spearman correlation coefficient was 0.27. Finally,
in Nigeria a relative validation of an FFQ was recently
conducted [34]. Here, a 60-item FFQ was compared with
three 24HDR. Unadjusted Spearman correlation coeffi-
cients ranged between —0.06 (smoked beef/goat) to 0.55
(smoked fish and soft drinks). For macronutrients, the
values ranged between 0.14 (fat and fiber) to 0.63 (carbo-
hydrates). The proportion of participants classified into
the same intake quartile ranged from 25.6% (fat) to 34.9%
(carbohydrates). In sum, the validity of our FFQ2020
seems to be on par with or even slightly higher than that
of several other recently evaluated FFQs, in general val-
ues seem to be higher for larger food groups than for sin-
gle food items and highest for beverages in most studies,
and few differences have been found in relation to sex,
BMI or age in the other studies. Take-home messages for
future validation studies are to have reasonable expecta-
tions on correlation coefficients when retrospective and
prospective methods are compared, that agreements
will be higher for items consumed more often and more
regularly, and for larger composite scores/groups than for
single food items. Hence, these aspects should all be cov-
ered by both methods, whereas participant characteris-
tics such as sex, BMI, or age are less important to control.

For the 217 participants who filled out FFQ2020 one
more time 7—12 months after the first time, ICC corre-
lations for the most common food groups ranged from
0.57 (red meat) to 0.92 (alcoholic beverages), and ICC
correlations for nutrients from 0.73 (folate) to 0.92 (alco-
hol). Gu et al. [23] found an average ICC of 0.64 for their
evaluated foods, ranging from 0.37 for fat-free cookies/
brownies among men to 0.89 for liquor among men. Bev-
erages had also here the highest reproducibility, whereas
eggs and meat had the lowest. ICC values were higher for
food groups than for individual foods (on average 0.71
for women and 0.72 for men). ICCs for energy and nutri-
ents had among women a mean of 0.68 with a range of
0.50-0.91, and among men a mean of 0.69 with a range
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of 0.49-0.89 [24, 26]. In the other US study [27], ICC
was >0.50 for 83—-97% of their 63 food groups for differ-
ent strata on sex and race. In the Norwegian study, ICC
ranged between 0.10 and 0.81 for nutrients and foods
[28]. In Denmark, Rostgaard-Hansen and colleagues
(2023) reported ICC between 0.52 and 0.88 for energy,
nutrients, and foods [29]. The validation study in Cyprus
obtained a median ICC of 0.46 (range 0.38-0.52) for
nutrients [30]. In Israel, researchers compared a 133-item
FFQ with three 24HDR [35] to evaluate reproducibility.
That study obtained ICC between 0.55 and 0.83 for nutri-
ents and between 0.58 and 0.79 for food groups. In the
study in Japan, Imaeda et al. (2021) obtained ICC for 20
food groups of on average 0.61 among men with a range
of 0.38-0.86, and among women of 0.66 with a range of
0.45-0.84 [31]. Finally, in the Chinese study [33], average
ICC was 0.35 for the 18 food groups. In sum, our FFQ
has a reproducibility in line with or even higher than
other recently evaluated FFQs.

The number of missing answers in FFQ2020 was gener-
ally low, with 87% of the participants having only two or
fewer missing responses. For three questions, concern-
ing type of fat on bread, there was a higher proportion of
missing answers. This is likely due to one type of fat on
bread being preferred and missing answers can likely be
interpreted as "never” due to a misunderstanding of the
structure of the question.

Many of the food groups where only moderate cor-
relations were found between FFQ2020 and the refer-
ence method are foods generally not consumed daily,
for example seafood and sugar-sweetened beverages. It
is likely that more than four to six 24HDRs would have
been needed to obtain a correct estimate by the reference
method and this could have contributed to only moder-
ate correlations for these food groups. Thus, to assess the
validity of the FFQ-recorded food groups with moder-
ate correlations, and conclude if those groups should be
interpreted more cautiously in studies than others, they
need to be compared with reference data covering a lon-
ger period.

During the study period from spring 2022 until autumn
2023, major events such as the covid-19 pandemic and
increased prices due to the war in Ukraine have affected
the civil society [36, 37]. This may have contributed to
changes in food habits. Even so, the validity and repro-
ducibility of FFQ2020 was found to be moderate to good.

Large epidemiological studies have to rely on cost-
effective and easily administered tools for collection of
lifestyle information. Hence, FFQs will always be rel-
evant in studies of associations between long-term
dietary intake and health. Our validation study shows
that FFQ2020 can be used to capture intake of energy
and nutrients, foods and food intake patterns among
groups of people, with acceptable validity and reliability.
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The inclusion also of foods, food groups and food intake
patterns are important, as dietary guidelines often tar-
get food intake rather than nutrient intake and it is food
intake that may be affected by interventions in the pop-
ulation. Hence, research on associations between food
intake patterns and health is crucial and for this purpose
validation studies should also include diet intake infor-
mation on this level.

The strengths of the present study relate to that the
main part of the study group was recruited from the
population-based MONICA project and that 93% of the
participants in the validation group (n=244) had com-
pleted six 24HDR recordings. Also, Spearman correlation
coeflicients were used as intakes of foods generally are
skewed. Further, we evaluated relative validity not only
for energy and nutrients but also for foods, food groups,
and food intake patterns. However, there are limitations
that should be acknowledged when the results are inter-
preted. First, we cannot exclude a selection bias effect
since the fraction of eligible MONICA participants who
gave final consent and completed the 24HDR record-
ings was low (24%), and people committed to a healthy
lifestyle were overrepresented among those who were
enrolled compared to the drop-out group. It should also
be recognized that the allocation of foods and estimation
of portion sizes used for weighting in energy and nutri-
ent assessment are due to errors. However, these errors
are likely random, with effects on the individual assess-
ments but with less impact at the group level. Further,
misreporting, primarily in the form of under-reporting,
is a significant concern in self-reported dietary records,
and it systematically correlates with factors such as age,
sex, and BMI. Various strategies have been proposed to
address this issue. In our study, we evaluated the esti-
mated energy intake against the expected energy need
and adjusted for the estimated energy intake. We discov-
ered that underreporting distorts measures of energy and
macronutrient intakes compared to vitamins and miner-
als. However, no method provides a complete correction.
The decision on how to handle misreporting or underre-
porting rests with the researcher, who must consider the
risk of misleading results and the potential loss of statis-
tical power if observations are excluded. Finally, though
the study was among the larger studies validating an FFQ
against repeated 24HDRs, the power was not sufficient to
stratify the analyses by gender, BMI or age group for the
entire set of evaluated variables.

In conclusion, the results from the present study sup-
port FFQ2020 as a suitable instrument to estimate diet
intake at the group level in large studies. Based on the
results, it is recommended that participants lacking more
than 10% of the food questions and/or a portion size
indication as well as those with low or high energy intake
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in relation to their energy requirements are excluded in
case-control or cohort studies.
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BMI Body Mass Index
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