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Abstract

The aim of this study was to assess the ability of the FFQ to describe reliable and valid dietary pattern (DP) scores. In a total of 134 participants of
the European Prospective Investigation into Cancer and Nutrition-Potsdam study aged 35-67 years, the FFQ was applied twice (baseline and
after 1 year) to assess its reliability. Between November 1995 and March 1997, twelve 24-h dietary recalls (24HDR) as reference instrument were
applied to assess the validity of the FFQ. Exploratory DP were derived by principal component analyses. Investigated predefined DP were the
Alternative Healthy Eating Index (AHED) and two Mediterranean diet indices. From dietary data of each FFQ, two exploratory DP were retained,
but differed in highly loading food groups, resulting in moderate correlations (7 0-45-0-58). The predefined indices showed higher correlations
between the FFQ (7{AHED 0-62, Mediterranean Diet Pyramid Index (MedPyr)) 0-62 and r(traditional Mediterranean Diet Score (tMDS)) 0-51).
From 24HDR dietary data, one exploratory DP retained differed in composition to the first FFQ-based DP, but showed similarities to the second
DP, reflected by a good correlation (70-70). The predefined DP correlated moderately (70-40-0-60). To conclude, long-term analyses on explor-
atory DP should be interpreted with caution, due to only moderate reliability. The validity differed extensively for the two exploratory DP. The
investigated predefined DP showed a better reliability and a moderate validity, comparable to other studies. Within the two Mediterranean diet
indices, the MedPyr performed better than the tMDs in this middle-aged, semi-urban German study population.
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One unquestioned health input comes from a large variety of
nutrients that are metabolised in the human body every day.
However, nutrient intake results from diet and dietary behaviour.
Nutritional epidemiology focused for a long time on the health
relevance of the nutrient intake or the role of single food items.
However, during the last two decades, the investigation of
dietary patterns (DP) arose as a promising alternative to investi-
gations on the dietary influence of nutrients or single foods on
health outcomes™,

DP can generally be investigated using (1) predefined dietary
indices for a specific pattern or (2) by the use of exploratory
methods like principal component analysis (PCA). The latter

results in data-driven DP, thus, highly dependent on the under-
lying study-specific data structure of food groups. Despite the
growing number of studies on exploratory DP>¥, data on the
validity and reliability of exploratory DP are sparse. In a system-
atic literature review, we were able to identify only seven studies
investigating validity and reliability of exploratory DP in five
countries worldwide. The included DP were mainly derived
by PCA or factor analysis, except for one Australian study which
used reduced rank regression®. In this review, a moderate val-
idity for all DP was concluded. This was reflected by
correlations ranging between 0-36 and 0-75 and a comparable
number and composition of DP between the FFQ as study instru-

Abbreviations: 24HDR, 24-h dietary recall; AHEI, Alternative Healthy Eating Index; DP, dietary pattern; DS, diet screener; EPIC, European Prospective
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tMDS, traditional Mediterranean Diet Score.
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ment and dietary records (covering 3—7 d) or 24-h dietary recalls
(24HDR) as reference instruments.

Predefined DP based on indices usually depend on food
groups or single food items, which were selected due to universally
accepted knowledge about their role for specific health outcomes.
Numerous such dietary indices have been investigated®3>.
However, an index well investigated across many study popu-
lations is the Alternative Healthy Eating Index (AHED®,
Alternatively of a universal index, predefined DP can also be
used to reflect supposedly healthy regional dietary habits.
Such an example is the Mediterranean diet which has been
investigated in numerous studies, showing associations with
lower chronic disease risk across many study populations
(including non-Mediterranean populations)®. However, a variety
of indices for the Mediterranean diet exist. Most of them differ in
the way estimates of dietary intake are handled in the score cal-
culation. They either use the population-specific distribution
(‘traditional Mediterranean Diet Score’ (tMDS)™) or cut-offs of
absolute intake (Mediterranean Diet Pyramid Index (MedPyn)®.
Despite the variety of studies on associations between these pre-
defined indices and risk for many chronic diseases, systematic
investigations on their validity and reliability are sparse®'?.

The European Prospective Investigation into Cancer and
Nutrition (EPIC)-Potsdam study is one of two cohorts in
Germany within the European-wide multi-centre EPIC study.
The originally developed dietary assessment instrument was a
semi-quantitative FFQ with 158 items and eighty-seven coloured
photographs. Prior to baseline, the relative validity and repro-
ducibility of the food group intake were assessed!”. The relative
validity, assessed by the use of the mean of twelve 24HDR
(mHDR) as reference instrument, was moderate for most food
groups (r0-40-0-60), but extremely low for legumes (0-14)
and extremely high for alcoholic beverages (0-90). The repro-
ducibility, assessed by the repeated application of the FFQ within
a 6-month interval, was good for half of the food groups (corre-
lation > 0-70) and moderate for the other half (»<0-70). The
reproducibility was lowest for bread (70-49) and highest for alco-
holic beverages (» 0-89)1112 validation studies of nutrient intake
in the EPIC-Potsdam cohort and EPIC-Heidelberg cohorts314
indicated a comparable relative validity of nutrient intake mea-
sured by the FFQU?,

The use of DP in analyses of the association between diet
and chronic disease risk often resulted in largely differing esti-
mates between study populations®. Mostly, dietary data were
assessed with only one application of the FFQ in the studies,
which is a cheap and easy method. However, we also need to
ensure not only on food group and nutrient level that the pro-
vided dietary data are not the result of randomness.
Furthermore, the rather low validity and reliability of some
particular food groups™? should not affect the ability of the
FFQ as study instrument in terms of describing valid and reli-
able DP. Only if it can be assured that the derived DP are stable
constructs, associations with chronic disease risk can be inter-
preted with confidence.

Therefore, the aim of this study is to investigate the ability of
the FFQ to describe validly exploratory DP derived by PCA and
predefined dietary indices based on the comparison with DP
derived by dietary data from repeated 24HDR. Another aim is

the investigation of the ability of the FFQ to reliably describe
these DP through the repeated application of the FFQ within
1 year.

Methods
Subjects

The EPIC-Potsdam study started with the recruitment of
participants between August 1994 and September 1998. The
study participants were randomly selected from population
registries in Potsdam and the surrounding area, who met the
age criteria for men (40-64 years) and for women (35-64 years).
Additionally, interested people, who called voluntarily to partici-
pate in the study, were also included, if they met the age criteria.
On average, the participation rate was 22-7 % from all people,
who were contacted via mail, resulting in 27 548 participants
at baseline™®. Within the recruitment procedure, during the time
period from November 1995 to March 1997, a total of 160 partic-
ipants of the EPIC-Potsdam study were asked after the baseline
examinations whether they participate in a sub-study study with
repeated dietary assessments and blood draws. All participants
invited agreed to take part and were divided into three age-
and sex-specific strata according to the EPIC protocol*!.
This sub-study was conducted to assess the validity and reliabil-
ity of the baseline dietary assessment instrument, a 146-item FFQ
by comparing it, among others, with twelve 24HDR. Those par-
ticipants, where information on at least ten (from a maximum of
twelve) 24HDR was available (n 134), were included in the
present analysis. All study procedures were approved by the
Ethical Committee of the State of Brandenburg and participants
agreed by signing the informed consent form. The age range of
men (7 75) and women (12 59) was 40-67 years and 35-00 years,
respectively.

Sociodemographic, lifestyle and dietary assessment

Information on the highest achieved educational level (no
vocational training/vocational training, technical college and
university) and physical activity (sports and biking in hours
per week) was inquired with self-administered question-
naires'?. The first dietary assessment was the FFQ which par-
ticipants had to fill in within the regular recruitment procedure
where the participants were asked in advance to the visit of
the study centre to fill in a self-administered, scanner-readable
questionnaire'®. The FFQ collects semi-quantitatively for
each food item information on the usual portion size and
the average frequency of intake of 146 food items during
the past 12 months. Questions about fat content, types of fats
and sauces used for food preparation and the seasonality of
specific food items were included additionally. Portion size
for each item was estimated via photographs of three different
portion sizes or with standard portion sizes like, for example, a
cup (=150 mD. If several food items belonging to the food
groups were inquired, there is potential to overestimate their
consumption. Hence, questions on the usual consumption of
the main food groups like bread, meat, fruits and vegetables
per week were added at the end of the questionnaire to be
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able to correct for potential overestimation. The questionnaire
was scanned immediately upon arrival of the participant at the
study centre. Completeness and plausibility were verified with
a software program, and missing data were completed or cor-
rected at the end of the examinations together with the partici-
pant'?. The same FFQ was administered again after
12 months. Over the 1-year study phase, twelve computer-
assisted and interviewer-based 24HDR (three in each season)
were conducted on all weekdays and weekend days. The
assessment of foods and recipes in this software programme
was standardised and structured by meals and eating occa-
sions during the day. To ease the estimation of the portion size
of consumed foods, coloured photographs of different portion
sizes were provided”,

Assessment of anthropometry

All anthropometric measures were obtained by trained person-
nel in standardised procedures during the visit in the study centre
once at the beginning of the validation study and for a second
time after 1 year. Body weight was measured using a digital scale
to the nearest 100 g and body height to the nearest mm. BMI was
calculated as body weight in kg divided by the squared body
height in metres for both time points'*. Both anthropometric
measures were obtained to investigate their stability between
the application of both FFQ and its potential influence on the
stability of dietary intake.

Statistical analysis

All statistical analyses were performed with the software pack-
ages Statistical Analysis System (SAS) Enterprise Guide 7.1 with
SAS version 9.4 (SAS Institute Inc.).

Dietary pattern construction

Selected DP, based on the dietary data of the FFQ, were con-
structed. For this purpose, the 146 single food items were
assigned to thirty-nine respective food groups. Exploratory DP
were derived by applying PCA on these food groups. First,
principal components were retained by using the eigenvalue > 1
criterion (in PCA each food group has a variance of 1) to reduce
the dimensionality. Second, the scree plot visualises a possible
‘scree’ in the top-to-ground slope and principal components
were identified above the scree as explaining the majority of
variance. Third, the interpretability criterion (defined as > 3 food
groups with absolute factor loadings > 0-4, as previously
described®) will retain only those principal components, which
indeed reflect the complexity of a DP.

Two different conceptual constructs were considered for the
analysis on predefined dietary indices. The AHEI is an example
for an index to be claimed as healthful, as published by Kroger
et al. within the InterAct consortium including our recent study
population  (online  Supplementary Table S1). The
Mediterranean diet as a regional diet was investigated as
tMDS, where scoring criteria were slightly modified according
to the non-Mediterranean population® (online Supplementary
Table S2). Second, the MedPyr was derived based on predefined
criteria from recommendations on fifteen foods and food groups
categorised to be consumed either in high, moderate or low

quantities in accordance to the algorithm developed by Tong
et al. % (online Supplementary Table S3).

Data analysis

Characteristics of the participants at baseline and after 1 year
were described as medians with interquartile ranges and as per-
centages for categorical variables. To compare the exploratory
DP between the two FFQ and the 24HDR, the explained variance
in food groups by the DP and the contributing food groups with
their respective factor loadings was shown. To potentially
explain the deviant structure of the exploratory DP, the single
thirty-nine food groups (described in detail
Supplementary Table S4) were also compared between the dif-
ferent instruments. The median intake of the food groups as
measured by the FFQ at baseline (FFQ},), by the FFQ after 1 year
(FFQy) and the mean of twelve 24HDR (mHDR) were calculated.
The median difference, the mean absolute deviation from the
median differences and the Spearman correlation coefficients
between both FFQ (reliability) and between FFQ, and mHDR
(validity) were calculated for all food groups in accordance to
a previous analysis by Bohlscheid et al.'V. Deattenuated corre-
lation coefficients were provided to correct for the intra-individ-
ual variation between the twelve 24HDR with the following
formula:

in online

Tdear = To X V/ 1+ 7/k7

where 7ge. is the corrected correlation coefficient, 7, is the
uncorrected correlation coefficient, y is the ratio of the estimated
within-person to between-person variation in the 24HDR and &
is the number of 24HDR®. For the calculation of y, we used the
SAS macro provided by Lu et al.??.

To investigate the potential influence of energy adjustment
on the DP structure and on the reliability and validity of these
DP, an additional PCA was performed with food groups,
adjusted for total energy intake by the residual method®®.

For the three determined predefined dietary indices, mean
difference and its standard deviation were calculated for both
FFQ and mHDR. Spearman rank correlation coefficients were
calculated, which were again also provided as deattenuated cor-
relation coefficients. The three indices were divided into quin-
tiles, and it was investigated how many of the participants
stayed in the same quintile were in the adjacent or opposite
quintile, when comparing the two FFQ and mHDR. Cohen’s
weighted « gives an additional parameter, how well the indices
are in accordance in these comparisons.

To investigate if the DP, derived by the study instrument,
systematically differ from the reference instrument and if the
variance is dependent on the level of the DP, we applied
Bland-Altman plots for the exploratory DP scores and the three
predefined indices.

Results

Median age of the participants in this validation study was
59-2 years for men and 55-5years for women. In men and
women, the body weight at baseline remained almost the same
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Table 1. Sex-specific characteristics of the included study population
(n 134) at baseline and after the validation study period (1 year)
(Median values and interquartile ranges (IQR); numbers and percentages)

Male (n 75) Female (n 59)
Median IQR Median IQR
Age at baseline (years) 5924 51.17,63.62 5553 47-59, 59-26
BMI at baseline (kg/m?) 2667 24.42,28.99 2556 22.60, 27-50
BMI after 1 year (kg/m?) 2644 24.44,28.92 2582 22.75,27-68
Weight at baseline (kg) 81.80 73.70,89-30 65-80 59-90, 71-90
Weight after 1year (kg) 8160 73.50,89-10 66-20 60-00, 71-60
Physical activity 1-50 0-00, 3-00 1-50 0-00, 3-50
(h/week)*
n % n %
Education
No vocational/ 15 20-00 21 3559
vocational training
Technical college 16 21.33 21 35-59
University 44 58-67 17 28-81

* Physical activity is the sum of information on sports (h/week) and biking (h/week).

at the end of the study period (men 818 v. 81-6 kg; women 65-8
0. 66-2 kg). Accordingly, the median BMI was also stable over the
time of 1year. The highest percentage of men had a university
degree, while for women it was the minority. Both men and
women had a rather low physical activity with a median of
1-5 h per week (Table 1).

Reliability of exploratory dietary patterns

The application of PCA on the dietary data from FFQ, resulted
in two DP scores, explaining in total 19-4 % of variance in the
thirty-nine food groups (details of food items belonging to the
food groups in online Supplementary Table S4). The first DP
score was characterised by high factor loadings of different
vegetables, fruits, cereals, vegetable oils and the food group
miscellaneous. The second DP score had high contributions
of potatoes, red and processed meat, offals, butter, beer
and sauces. Again, after 1 year, two DP scores were derived
from FFQ, data which explained similar variance (18-8 %)
as the two pattern scores at baseline. Vegetables, potatoes,
legumes, poultry, fish, vegetable oils and soups were highly
loading on the first pattern score. The second pattern score
was predominantly characterised by high negative loadings
of leafy and root vegetables, fruits, milk and dairy products
and cereals, while potatoes, red meat, vegetable oils, beer,
spirits and sauces were positively loading (Table 2).
Comparing PCA results between FFQy, and FFQ,, the first
derived DP score differed in high loading food groups and
was only comparable in contributions of vegetables and veg-
etable oils. This was reflected in a rather moderate correlation
(r0-45). The second DP showed a more comparable structure
between FFQ,, and FFQ, characterised by high loadings of
potatoes, red meat, beer and sauces. The correlation was
higher than for the first DP, although still moderate (0-58)
(Table 3).

Validity of the exploratory dietary patterns

For mHDR dietary data, the PCA resulted in one DP score, which
explained 10-5 % variance in the food groups. This DP score was
characterised by high loadings of potatoes, other vegetables
(e.g. mushrooms, garlic, onions and mixed salads), bread, red
and processed meat, margarine and other fats, beer and spirits
and a high negative loading of milk and dairy products (Table 2).
The comparison of the first DP score from FFQ; with the DP
score derived by mHDR showed only few comparable food
groups like other vegetables, fish and soups and the correlation
between both patterns was rather low (70-30) (Table 3). The sec-
ond DP score derived by FFQ; showed more consistent high
loading food groups with the DP derived by mHDR, specifically
for potatoes, milk and dairy products, red meat, processed meat,
other fats, coffee, beer and spirits. This was reflected by a higher
correlation (#0-70) (Table 3).

The Bland-Altman plots for the two derived DP scores did not
indicate a systematic deviation for the difference between the
two dietary assessment instruments with higher DP score points
(online Supplementary Figs. S1 and S2).

Sensitivity analyses on exploratory dietary patterns

When we repeated the PCA using energy-adjusted food groups,
a similar number of DP scores were retained. However, the
energy-adjusted DP scores differ extensively in their pattern
structure compared with the unadjusted DP scores (online
Supplementary Table S5). The reliability of the energy-adjusted
DP was lower than for the unadjusted DP scores (# —0-20; 70-12).
The validity for the first DP score by FFQ, against the DP score by
mHDR was moderate (r0-56) and therefore higher than for the
unadjusted DP scores. However, the good relative validity of the
second DP score disappeared after energy adjustment (70-01)
(Table 3).

The investigation of the reproducibility of the thirty-nine food
groups in the FFQ showed for the majority of food groups no
statistically ~ significant ~ median  differences  (online
Supplementary Table S6). The median difference from fourteen
out of thirty-nine food groups was significantly different from
zero, for example, for potatoes, sugar and cake and cookies.
The mean deviation of median differences was very high in fruits
(238 g) and sugar (173 g) in comparison with their mean intake
of both FFQ, which indicates a high variability among individual
differences. Correlations for the majority of food groups were
moderate (70-50-0-70). For almost all beverages in particular,
correlations were fairly good (coffee: 70-73) to good (beer:
r0-93). The lowest correlations were observed for cheese
(r0-24) and vegetable oils (#0-22), although the significance
level was not achieved (online Supplementary Table S7).

The investigation of the validity of thirty-nine food groups
resulted in a median difference of seventeen food groups, signifi-
cantly different from zero, with a range from 0 to 94 g. Of these
seventeen food groups, five had negative differences, suggesting
that the FFQ), estimates a significant higher intake of nuts, bread,
butter, fruit and vegetable juices and wine than the mHDR. The
highest median differences were observed for fruits (51-8 g) and
coffee (93-6 g). The mean deviations of median differences were

/1S£0002S7 L L2000S/£1L01°01L/B10"10p//:5d1Yy *swua3/2103/6.10 8bplquied mmm//:sd1iy 18 3|gejieAe ‘asn Jo swial 3102 abpuquie) ayi 03 193[gns ‘9Z:00:20 38 ZZ0Z JBIA £0 UO ‘98°E61°LZ°S9 :SSapPe dI *24103/6.10°8bpiquied mmm//:sdiy woJly papeojumoq


https://doi.org/10.1017/S0007114520003517
https://doi.org/10.1017/S0007114520003517
https://doi.org/10.1017/S0007114520003517
https://doi.org/10.1017/S0007114520003517
https://doi.org/10.1017/S0007114520003517
https://doi.org/10.1017/S0007114520003517
https://www.cambridge.org/core
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0007114520003517

o

British Journal of Nutrition

1274

F. Jannasch et al.

Table 2. Dietary patterns of FFQ at baseline (FFQy), FFQ after 1 year (FFQ4) and mean of twelve 24-h dietary recalls
(mHDR) and the respective factor loadings* for the thirty-nine food groups

FFQp, FFQ, mHDR
DP score 1 DP score 2 DP score 1 DP score 2 DP score 1
Explained variance 1042 % 8-96 % 10:15% 8-69 % 1021 %
Potatoes - 59 45 46 50
Leafy vegetables 64 - 49 —-45 -26
Fruiting vegetables 59 - 27 -37 -
Root vegetables 65 - 52 -43 -
Cabbages 37 - 53 - -
Other vegetables 54 36 71 - 48
Legumes - 37 47 - 24
Fruits 49 - 22 —45 -21
Nuts - - - -25 -27
Other fruits 31 37 26 - -
Milk and dairy products 36 - - -40 —47
Cheese - 20 - - 22
Pasta, rice 37 - 39 - -
Bread - 34 - - 42
Other cereals 45 - - -52 -25
Red meat - 70 58 49 59
Poultry 28 - 30 - 26
Processed meat 24 42 22 31 64
Offal - 56 - 29 -
Fish - - 41 - 39
Eggs - 26 - - -
Vegetable oils 66 -21 49 49 -
Margarines - 20 - - 46
Butter - 40 - 24 -
Other fats - - - 32 51
Sugar - 24 - 32 -
Cakes, cookies - - - - —
Fruit and vegetable juices 32 - - - -
Soft drinks - 31 - - -
Coffee - - - 34 34
Tea - - - - -
Other non-alcoholic drinks 20 -29 - -32 -29
Wine - —26 - - -
Beer -24 40 24 50 66
Spirits -23 33 - 42 51
Other alcoholic beverages - - - - -
Sauces - 66 36 54 31
Soups 37 39 65 - 30
Miscellaneous 52 - 27 - 22
* Factor loadings < 1201 are not shown.
Table 3. Dietary pattern (DP) scores derived by FFQ at baseline (FFQy), correlations  (Fgear > 0-60). The lowest correlations were

FFQ after 1 year (FFQ4) and mean of twelve 24-h dietary recalls (mHDR)
(Spearman rank correlation coefficients and 95 % confidence intervals)

DP score 1 DP score 2
r 95 % Cl r 95 % Cl

Unadjusted

FFQp, v. FFQ4 045 0-31, 0-58 0-58 0-46, 0-68

FFQ; v. mHDR 0-30 0-15, 0-45 070 0-59, 0-77*
Energy adjusted

FFQp, v. FFQ4 -0-20 —-0-36, —0-03 012 —-0-05, 0-28

FFQ; v. MHDR 0-56 0-43, 0-66 0-01 -0-16, 0-18*

* DP score 2 (FFQ,) v. DP score 1 (mHDR).

high for milk and dairy products (103 g), bread (99 g) and beer
(95 @) (online Supplementary Table S6). The correlations were
notas high as in the reproducibility analysis. Still, potatoes, fruits,
milk and dairy products, other cereals, processed meat, marga-
rine, butter and many beverages showed moderate to good

observed for vegetable oils (74eare —0-01), but also for ‘other fruits’
(e.g. fruit salad and olives) (#gc,e —0-04) (online Supplementary
Table S7).

Reliability of predefined indices

The mean AHEI derived with FFQy, data was 25-2 (sp 5-8) points
of a maximum achieved 43 points, with women achieving more
points than men. The theoretical maximum of seventy points for
this score was not achieved in this population. The mean differ-
ence to the FFQ, for all participants was —2-9 points and was
slightly higher in women than in men. The correlation in all par-
ticipants was moderate and higher in men (0-62) than in
women (r0-59) (Table 4).

The mean of tMDS was slightly lower for the FFQ; compared
with the FFQy,, but the mean difference was less than one scoring
point out of a maximum of fourteen points (from eighteen pos-
sible points) in all participants. In men, the mean difference was
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Table 4. Alternative Healthy Eating Index (AHEI), traditional Mediterranean Diet Score (tMDS) and Mediterranean Diet Pyramid Index (MedPyr) between
FFQ at baseline (FFQy,), FFQ after 1 year (FFQ4) and the mean of twelve 24-h dietary recalls (mHDR) (n 134)
(Mean values, mean differences, standard deviations and correlations)

mHDR v.
FFQ, FFQ, mHDR FFQy, v. FFQ4 mHDR v. FFQq FFQy, v. FFQ4 FFQ,
Mean sD Mean SD Mean SD Mean difference SD Mean difference sD r r Ideatt
AHEI (Max 70P)
All 2520 577 2805 6:09 2673 498 -2.85 516 -1.32 516 0-62 058 0-60
Men 2416 568 2684 611 2577 532 —2.68 5.18 -1.07 563 0-62 052 054
Women 2653 566 2959 576 2795 425 -3.07 517 -1-64 453 0-59 063 064
tMDS (Max 18P)
All 909 255 896 281 843 250 013 2:67 -0-53 2.86 0-51 0-38 040
Men 921 240 901 252 817 253 0-20 2.54 -0-84 2.95 047 032 034
Women 893 274 890 316 876 244 0-03 2.85 -0-14 271 0-54 056  0-60
MedPyr (Max 15P)
All 659 128 656 127 625 110 0-03 111 —-0-31 1.27 0-62 043 045
Men 657 1.22 651 1.24 613 1.12 0-06 110 -0-37 1-31 0-60 039 041
Women 661 136 662 1.32 640 1.07 —-0-01 114 -0-22 1.23 0-64 049 052

r, Spearman rank correlation; rgea, correlation coefficient corrected for intra-individual variation between the 24HDR; 1tMDS, traditional Mediterranean Diet Score; MedPyr,
Mediterranean Diet Pyramid Index.

Table 5. Agreement to the quintiles of the Alternative Healthy Eating Index (AHEI), traditional Mediterranean Diet Score (tMDS) and Mediterranean Diet
Pyramid Index (MedPyr) between FFQ at baseline (FFQ,), FFQ after 1 year (FFQ4) and mean of twelve 24-h dietary recalls (mHDR)
(x Values; 95 % confidence intervals)

Changes in dietary quality indices quintiles

Lower adjacent quintile % Nochange % Higher adjacent quintle %  Opposite quintiles % K* 95 % CI

AHEI

FFQ, v. FFQq 30 224 43 321 25 187 2 1.5 035 024,046

FFQ; v. mHDR 30 224 47 35-1 24 179 1 08 037 0-25,048
tMDS

FFQ, v. FFQq 23 172 41 30-6 30 22.4 3 22 032 021,043

FFQ; v. mHDR 24 179 42 314 31 231 3 22 032 021,043
MedPyr

FFQ, v. FFQq 33 246 49 36-6 28 209 2 1.5 046 036,055

FFQ; v. mHDR 17 12.7 45 336 31 231 4 30 030 0-18,0-41

* k = Cohen’s weighted «x 0.21-0.40 ‘sufficient accordance’, 0.41-0.60 ‘moderate accordance’.

higher than in women, which was also reflected by a lower cor- misclassification in the opposite quintiles was only the case in
relation in men (70-47) than in women (r0-54) (Table 4). a minor proportion (1-5- 2-:2%) of the participants for all three
The mean of MedPyr derived at baseline and after 1 year was indices.

similar (6-6 points) out of an achieved maximum of 9-93 points.
Overall, a theoretical maximum of fifteen points was not

achieved in this study population. The mean difference for Validity of predefined indices

the MedPyr score between FFQy, and FFQ, was very low and The mean difference of the AHEI for the comparison of the
lower in women than in men. The correlation was moderate FFQ1 with mHDR was negative and highest in women (—=1-6 P)
(r0-62) and higher in women than in men (r0-64 v. 0-60) and the correlation was moderate, indicating a reasonable rela-
(Table 4). tive validity of the FFQ (Table 4). The Bland-Altman plot showed
We furthermore evaluated the agreement to the quintiles for that the FFQ, overestimated the adherence to AHEI with higher
the comparison of the two FFQ. It revealed a higher proportion score points (>35 points) in comparison with the reference
of study participants in the ‘no change’ group of the MedPyr instrument mHDR (Fig. 1.
(366 %) compared with the tMDS (30-6 %) and AHEI (32-1 %) The relative validity of the tMDS, evaluated by the mean dif-
(Table 5). This was also confirmed by the Cohen’s weighted «, ference between the FFQ, and the mHDR, which ranged from
which indicates a moderate accordance for MedPyr (x 0-46, 95 % —0-84 for men and —0-14 for women, indicated sex-specific
CI 0:36, 0-55). Still, the majority of participants were grouped in differences. This was also reflected in a higher correlation in
the adjacent quintiles, with a higher proportion of participants women (7geay 0-60) than in men (7ge,y 0-34) (Table 4).
being in the lower adjacent quintile for the AHEI and MedPyr Similar to tMDS, a slightly higher score was found for the
after 1 year. Contrarily, according to the tMDS, more participants MedPyr derived by FFQ,; than the mHDR and the correlation

were assigned to the higher adjacent quintile. A severe indicated a rather low relative validity (rgea0-45). Again,
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Fig. 1. Bland—Altman plot of the AHEI FFQ, v. mHDR. AHEI, Alternative Healthy Eating Index; FFQ,, FFQ applied after 1 year; mHDR, mean of twelve 24-h dietary
recalls.
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Fig. 2. Bland—Altman plot of the tMDS FFQ, v. mHDR. tMDS, traditional Mediterranean Diet Score; FFQ4, FFQ applied after 1 year; nHDR, mean of twelve 24-h dietary
recalls.

correlations in women were slightly higher than in men for the the AHEI (35-1 %), followed by the MedPyr (33-6 %) and the
validity (7gea 052 v. 0-41) (Table 4). tMDS (314 %) (Table 5). For both indices describing the

For both Mediterranean diet scores, the Bland-Altman plots Mediterranean diet, a higher proportion of participants were
did not suggest a systematic deviation of the difference between the classified into the higher adjacent quintile by mHDR data com-
FFQ, and mHDR in dependence of index values (Figs. 2 and 3). pared with FFQ data. The opposite was observed for the AHEL

According to the agreement to the quintiles, most of the For all three indices, a very small proportion of participants were
participants were classified into adjacent quintiles, but a con- classified into the opposite quintiles, ranging from 0-8 to 3-0 %.

siderable proportion were classified into the same quintile of The k as a measure of accordance was overall lower than in the
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dietary recalls.

reliability investigation of the three indices and highest for the
AHEI (x 0-37, 95 % CI 0-25, 0-48).

Discussion

The aim of the current analysis was to investigate how valid and
reliable the semi-quantitative FFQ as dietary intake assessment
instrument can assess DP in the EPIC-Potsdam study. The reli-
ability was assessed by the repeated application of the same
FFQ within the study period of 1 year. The relative validity
was examined by the comparison of DP scores from an FFQ with
DP scores from the mHDR as reference instrument. In terms
of reliability, the exploratory DP scores differed considerably
according to their structure of contributing food groups and
resulted in a moderate correlation, although the second DP score
seemed to be more comparable than the first derived DP score.
The relative validity of the first DP score by FFQ,; was very low,
but the second DP score showed a good relative validity. The
predefined dietary indices AHEI, tMDS and MedPyr showed
rather small differences between the two FFQ and resulted in
moderate to good reliability. The relative validity of the three
indices was reflected by lower, yet still moderate correlations
than in the reliability analysis.

Reliability of exploratory dietary patterns

A former analysis on exploratory DP in 1184 randomly selected
participants of EPIC-Potsdam revealed two DP, which were sim-
ilar in structure of high loading food groups compared with the
two patterns derived with the FFQ,, in this analysis"'®. Hence,
although a limited sample of 134 participants was used in the
recent analysis, the structure of the two baseline DP seems to
be generalisable for this study population. Compared with

existing studies on exploratory DP, the reliability of the FFQ
(r0-45-0-58) to assess DP scores was considerably weaker. A
potential influence of weight changes during the study period
on the stability of the DP scores could be ruled out, because
weight remains stable in both men and women. Correlation coef-
ficients in most previous studies ranged between 0-63 and
0-87%%27 pointing towards a moderate to good reliability.
However, Nanri et al. showed a comparable reliability of DP
scores (r0-55-0-56) to our results®®. A possible explanation
for the weaker reliability than in other studies could be the devi-
ant structure of contributing food groups in the two DP scores
between the FFQ. Furthermore, certain food groups like vegeta-
bles and vegetable oils, which are mainly contributing to the first
DP score in the FFQ, had a rather low reliability (cabbages:
r0-37, root vegetables: 7 0-40, vegetable oils: 70-22) in compari-
son with other food groups. Those food groups, contributing to
the second DP score in both FFQ, were characterised by a mod-
erate to good reliability (potatoes: 70-67, red meat: 0-61, beer:
7093, sauces: 0-62), which was also reflected by a higher reli-
ability of the second DP score compared with the first DP score.

Validity of exploratory dietary patterns

In other studies, the validity of exploratory DP was assessed with
diverse reference instruments, using either 24HDR®*?> or
dietary records covering different numbers of days®®-?, Studies
using the same reference instrument as in our analysis showed
a wide range of correlation coefficients (0-30-0-70)?4%>,
which cover our results (first DP score: 70-30; second
DP score: r0-70). While the validity of the two DP in the
Health Professional Follow-Up Study®® was moderate to good
(r0-52-0-74), Nanri et al @9 reported rather low to moderate cor-
relations (70-32-0-49 in men; r0-36-0-63 in women). Ambrosini
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et al.®” concluded that adjusting the correlations for total energy
intake resulted in a stronger validity. However, in our analysis,
the comparability of the DP score structure did not improve,
when the PCA was applied to energy-adjusted food groups
and correlations between FFQ-derived and mHDR-derived DP
scores were weaker than for the unadjusted ones. A possible
explanation for the weak correlations of the exploratory DP,
in comparison with other studies, could be the rather low
explained variance in the food groups. While the two DP derived
with data from the FFQ,; explained in total 18-8 % of variance, DP
from other studies explained 22-84 %%>?72939) resulting partly
in moderate to good reliability and validity®. However,
explained variance is highly dependent on the number of DP
scores to be retained and also on the number of food groups,
included in the analysis. Hence, a comparison with other studies
is impeded by these influences. Another limitation of the PCA,
possibly explaining the rather low validity, is the retainment of
deviant numbers of DP scores. This was the case in the compari-
son with the FFQ;-derived DP scores with the mHDR-derived DP
score in our analysis.

Reliability of predefined indices

Data on the reliability of dietary assessment instruments measur-
ing predefined indices are sparse, which impede the evaluation
of our results in comparison with other studies. The comparison
of indices describing Mediterranean diet in other studies was
hampered by different assessment instruments like a short diet
screener (Mediterranean Diet Adherence Screener (MEDAS))
instead of an FFQ. The reliability was measured with the
MEDAS applied 1 month apart and resulted in a moderately good
correlation (r0-69, P< 0-001) and a fair agreement (x 0-38)5V,
Weaker correlations in our analysis could be due to the twelve
times longer between both FFQ applications.
Furthermore, it is not surprising that a short screener developed
to assess the Mediterranean diet performs better than a FFQ with
a longer list of inquired food items. Another study investigated
the AHEI-2010 and alternative Mediterranean diet in a multi-eth-
nic Asian population to assess the reliability of a short thirty-
seven-item diet screener (DS)®. The application of two DS
within a 4-month interval resulted in a better reliability (AHEI:
intra-class correlation (JICC) = 0-69; alternative Mediterranean
diet: ICC =0-71) than it was observed in our analysis. Again, this
could be due to the shorter interval between the applications of
the DS. However, comparability between a DS and FFQ remains
constrained.

Since the tMDS was dependent on the distribution of food
groups in the study population by scoring their respective ter-
tiles, the derived scores by the FFQy, and FFQ, were not the same
constructs. To address this limitation, a confirmatory approach of
using tMDS tertiles from FFQy, on the dietary data of FFQ; was
done in a sensitivity analysis (online Supplementary Table S8).
In this case, the mean of tMDS in the FFQ; was higher than
the mean of tMDS by FFQy,, which was also reflected by negative
mean differences. In the original analysis, the mean difference
was higher in men, while in the confirmatory analysis, the differ-
ence is higher in women. The correlation coefficient did not
improve for men, but was slightly improved for women

interval

(r0-54 v. r0-59). Overall, the results were only marginally
improved in comparison with the original analysis. Hence, the
ability of the FFQ to reliably describe the tMDS was not affected.

Validity of predefined indices

The validity of the tMDS was rather low (#ge, 0-40) in this
population. In a Spanish validation study in 107 participants,
FFQ-derived Mediterranean diet scores were compared with
24HDR. The correlations for a modified Mediterranean diet score
resulted in similarly low values (0-33)'?. This score was com-
parable with the tMDS in our analysis. Another investigated score
in this study, the Mediterranean-like diet score, resulted in a
slightly better correlation (70-42)1?. Tt was partly comparable
in its components to the MedPyr, which also resulted in a better
correlation (#geqr 045) in our study.

Another study investigated the validity of a fourteen-item
English version of the MEDAS via the comparison with 3-d food
records®”. The derived Mediterranean diet score correlated
slightly better (0-50) than the tMDS (7geqq 0-40) and MedPyr
(Fgear 0-45) in the current analysis. However, compared with
our FFQ, the MEDAS is a short assessment instrument with the
exclusively measure components of the
Mediterranean diet.

In a multi-ethnic Asian population, the mean DS was com-
pared with a 163-item FFQ as a reference instrument, resulting
in moderate correlations for the indices (AHEI: 70-51; alterna-
tive Mediterranean diet: 70-50) and moderate agreement
(k 0-48-0-58), However, a comparison with our study results
remains limited, since the study instrument and the reference instru-
ment in our analysis differ from the instruments used in this study.

We would expect that several strengths and limitations in our
study contributed to the observed results. While the 24HDR can
serve as a promising reference instrument, because multiple
applications of short-term measurements over a year could
account for seasonally consumed food groups, it also has some
limitations. So, for example, based on the repeated collection of
one day’s dietary intake, a certain food can or cannot be con-
sumed due to the individual consumption frequency. Hence,
the proportion of participants reporting non-consumption could
be higher than for FFQ data. In a former analysis by Hoffmann
et al®? it was also observed that although mean intake esti-
mates of twelve 24HDR were comparable to more sophisticated
methods (e.g. Buck or S-Nusser method), percentiles, standard
deviation and skewness differed between the methods, implying
that individual consumption estimates can differ. To address
these limitations, a more sophisticated method like the
National Cancer Institute (NCD method would result in a differ-
ent distribution and improved estimates of usual intake®®. In the
NCI method, the information from an FFQ can be used to
enhance pseudo-individual estimates of usual dietary intake.
The FFQ information can be used as an adjustment variable.
The days with and without consumption are included in the esti-
mate, that is, not only the amount consumed is considered®®.
Hence, we would expect in our analysis higher correlations
between the food groups, possibly resulting in a different pattern
structure of exploratory DP and in a better relative validity. This
could also apply to the relative validity of the predefined DP.

intention to
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Nevertheless, we decided to use the twelve 24HDR as reference
instrument due to two reasons: on the one hand to ensure the
comparability to other study results and on the other hand to
use a reference instrument being independent of the study instru-
ment. However, for future analyses on usual intake estimates, it is
reasonable to choose the NCI method over simple averaging the
repeated 24HDR due to the advantage of combining different
sources of information and considering that in most observational
studies, the number of available recalls is restricted to 2—4 recalls
rather than twelve recalls as in our validation study setting.

Conclusion

To conclude, the application of PCA as an exploratory method to
dietary data from the FFQ yielded two DP scores with moderate
reliability over a 12-month period in this study population.
Therefore, when changes of dietary habits will be investigated
by using exploratory DP, the distinction will be impeded, if devi-
ations in DP are either the result of real changes in diet over time
or if they are the result of measurement error in this study instru-
ment. Since this is highly dependent on the reliability of those
food groups contributing most to the DP scores, we would rec-
ommend to always investigate the study instrument with regard
to the reliability of single food groups in addition to the reliability
of exploratory DP before analyses of long-term changes in diet
will be undertaken. In contrast, the three examined predefined
dietary indices showed moderate to good reliability. In terms of
validity, FFQ-based exploratory DP differed in numbers and
composition to those based on repeated 24HDR, but the second
DP score showed a good validity. Reasonable validity was also
observed for the three predefined dietary indices. Comparing the
two investigated indices reflecting the Mediterranean diet, the
MedPyr had a higher reliability and validity than the tMDS in this
middle-aged semi-urban German study population.
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