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Abstract

Purpose We investigated whether group-level bias of a

24-h recall estimate of protein and potassium intake, as

compared to biomarkers, varied across European centers

and whether this was influenced by characteristics of

individuals or centers.

Methods The combined data from EFCOVAL and EPIC

studies included 14 centers from 9 countries (n = 1,841).

Dietary data were collected using a computerized 24-h

recall (EPIC-Soft). Nitrogen and potassium in 24-h urine

collections were used as reference method. Multilevel

linear regression analysis was performed, including indi-

vidual-level (e.g., BMI) and center-level (e.g., food pattern

index) variables.

Results For protein intake, no between-center variation

in bias was observed in men while it was 5.7% in women.
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For potassium intake, the between-center variation in bias

was 8.9% in men and null in women. BMI was an

important factor influencing the biases across centers

(p \ 0.01 in all analyses). In addition, mode of adminis-

tration (p = 0.06 in women) and day of the week

(p = 0.03 in men and p = 0.06 in women) may have

influenced the bias in protein intake across centers. After

inclusion of these individual variables, between-center

variation in bias in protein intake disappeared for women,

whereas for potassium, it increased slightly in men (to

9.5%). Center-level variables did not influence the results.

Conclusion The results suggest that group-level bias in

protein and potassium (for women) collected with 24-h

recalls does not vary across centers and to a certain extent

varies for potassium in men. BMI and study design aspects,

rather than center-level characteristics, affected the biases

across centers.

Keywords Diet � Protein � Potassium � Biomarker �
Validity � 24-h dietary recall � Multilevel

Introduction

There is an increasing interest in identifying and under-

standing geographical variations in dietary intake. For

instance, a number of international studies have been per-

formed in Europe with the purpose of investigating dietary

exposure and testing hypotheses on diet–disease associa-

tions assessing dietary intake collected in different geo-

graphical areas [1–3]. Another example is that dietary intake

data collected through national nutritional monitoring

surveys across different European countries can be used to

develop and evaluate nutritional policies under the EU

commission framework [4]. However, to correctly estimate

the variation in dietary intake across populations in those

investigations, it is necessary to obtain data that are as

accurate and comparable as possible.

The collection of dietary data for comparisons between

populations should preferably be performed using the same

and standardized dietary assessment method. To that end, a

repeated nonconsecutive 24-h dietary recall interview

using EPIC-Soft has been recommended for assessing

dietary intake in future national food consumption surveys

[4, 5]. Subsequently, the evaluation of this method was

performed within the European Food Consumption Vali-

dation (EFCOVAL) study [6] .

An established approach to evaluate the validity of

dietary assessment instruments is to compare self-reported

dietary intake with its related biomarker estimates. In

particular, recovery-based biomarkers have a precisely

known quantitative relation to absolute daily intake and are

a valid reference to estimate the bias in dietary intake

reports [7]. Moreover, recovery biomarkers provide refer-

ence estimates of dietary intake with errors that are likely

to be uncorrelated with the errors of self-reported dietary

methods [8, 9]. Two of the few available recovery bio-

markers to assess the bias in nutrient intake are urinary

nitrogen and potassium [10, 11].

Previously, the accuracy of protein as estimated by one

24-h dietary recall using EPIC-Soft has been evaluated

using urinary nitrogen in the European Prospective Inves-

tigation into Cancer and Nutrition (EPIC) study. In this

study, protein intake was underestimated at the group level

and varied across European centers, that is, ratios between

nitrogen intake and excretion ranged from 0.69 (Greece) to

0.99 (Ragusa-Italy) in men and from 0.54 (Greece) to 0.92

(Paris-France) in women [12]. More recently, in the

EFCOVAL study, the average of two nonconsecutive days

of protein and potassium intake assessed with this com-

puterized 24-h recall and compared to their respective

biomarkers revealed underestimation that ranged across

five European centers between 2 and 13% for protein

intake and between 4 and 17% for potassium intake [13].

These results suggested that differences in the performance

of the 24-h recall may exist across European countries.

A number of reasons have been hypothesized to explain

the observed variation in biases in protein and potassium

intake between-centers in the EPIC and EFCOVAL studies.

For instance, differences in characteristics at the center

(e.g., food pattern) or individual level (e.g., socioeconomic

status, BMI) could explain differential misreporting of

dietary intake. However, an evaluation of the potential

effect of characteristics at the individual and center (coun-

try) level on the validity of the method was lacking. The

M.-C. Boutron-Ruault

Inserm, Centre for Research in Epidemiology

and Population Health, Villejuif, France

A. Naska

Department of Hygiene, Epidemiology and Medical Statistics,

WHO Collaborating Center for Food and Nutrition Policies,

University of Athens Medical School, Athens, Greece

F. L. Crowe

Nuffield Department of Clinical Medicine, Cancer Epidemiology

Unit, University of Oxford, Oxford, UK

H. Boeing

Department of Epidemiology, German Institute of Human

Nutrition, Potsdam, Rehbrücke, Germany
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analyses initially conducted in the EPIC and EFCOVAL

data on protein and potassium bias used a single-level

model with ‘fixed effects’, which did not allow for simul-

taneous separation of within- and between-center variance.

These previous analyses also did not consider all possible

explanatory variables at the individual and center levels to

be included in the model. Therefore, to gain a more in-depth

understanding of the accuracy of nutrient intake assessed by

the 24-h recall across European centers, the individual and

center level ought to be considered simultaneously. For that

purpose, multilevel modeling can be used by means of

‘random effect models’. The random effect model approach

allows for estimating the effects of individual- and center-

level characteristics, and their impact on the estimates of

between-center variation in the bias of nutritional assess-

ment [14].

Furthermore, pooling the data from the EFCOVAL and

EPIC studies increased the number of geographical regions

considered, the heterogeneity of the dietary patterns and

the statistical power to evaluate the bias in protein and

potassium intake collected with 24-h recalls across Euro-

pean populations using multilevel analysis. Therefore, the

objective of this paper was to further investigate whether

the group-level bias in intake of protein and potassium

collected with 24-h recalls using EPIC-Soft varied across

European centers and whether this was affected by char-

acteristics at the individual and center level.

Subjects and methods

Study population

This study combines study populations from two European

studies, the EPIC calibration sub-study and the EFCOVAL

validation study, together representing 9 European coun-

tries. Previous publications described in detail the rationale

and methods of the studies [1, 15–17]. Within the EPIC

cohort, *37,000 individuals comprised the subsample of

the calibration sub-study. Between 1995 and 2000, these

individuals were randomly chosen from the EPIC cohorts

for completing a single standardized 24-h dietary recall

(EPIC-Soft) to calibrate baseline food frequency ques-

tionnaires (FFQ) [1]. More details about the study popu-

lation from the calibration study are reported elsewhere [9,

12]. In a convenience subsample of the calibration study,

24-h urines were collected from 1,386 participants from 12

EPIC centers in 6 countries (Paris in France; Florence,

Naples, Ragusa, Varese and Turin in Italy; some combined

regions in Greece; Cambridge and Oxford in the United

Kingdom; Bilthoven in the Netherlands; and Heidelberg

and Potsdam in Germany). Urine was collected over the

same day as the 24-h recall (44%) or within a maximum of

6 days afterward (56%). Furthermore, lifestyle information

was collected at baseline from all EPIC study participants.

To optimize the sample sizes in some centers, the initial 12

centers from the EPIC administrative areas were redefined

into 9 centers [12], labeled hereafter as Heidelberg, Pots-

dam, Paris, Greece, Central/Southern Italy (including

Florence, Naples and Ragusa), Northern Italy (including

Varese and Turin), Bilthoven, Cambridge, and Oxford. In

the EFCOVAL validation study, dietary information was

collected in five European centers, that is, Ghent (Bel-

gium), Brno (Czech Republic), Nice (France), Wageningen

(the Netherlands) and Oslo (Norway), in the years 2007

and 2008. In total, 600 participants underwent two stan-

dardized 24-h recall interviews using EPIC-Soft software

and following a randomized schedule [13]. In addition,

they provided two 24-h urines, covering the same days as

the 24-h recalls. Participants were healthy individuals, who

did not take diuretics or followed prescribed therapy. Both

studies were conducted according to the guidelines laid

down in the Declaration of Helsinki, and procedures

involving human subjects were approved by ethical com-

mittees of the centers involved in the data collection.

In the combined assessment, data from 1986 participants

from 14 European centers (9 from the EPIC study) were

initially used. From these, 145 participants were excluded

from the protein analyses and 176 from the potassium

analyses. Reasons for exclusion were that data of the 24-h

recall (n = 18), urinary protein (n = 13) or potassium

(n = 44) was not available, participants were on a

restricted diet (n = 51), or \50% of para-aminobenzoic

acid (PABA) was recovered (n = 63)—see details in the

24-h urine collection section. Thus, the final sample in the

data set included 1,841 participants for the data analyses of

protein and 1,810 for potassium.

An overview of the two studies and the pooled data are

given in Table 1.

Dietary data

In both the EPIC and the EFCOVAL study, the 24-h recalls

were collected using EPIC-Soft version 9.16. The structure

and standardization procedure of EPIC-Soft have been

described elsewhere [13, 18, 19]. Briefly, EPIC-Soft is a

computer-assisted 24-h dietary recall that follows stan-

dardized steps when describing, quantifying, probing and

calculating dietary intake [18]. The 24-h recalls were col-

lected by trained dietitians through face-to-face interviews

in the EPIC centers. In EFCOVAL, one telephone and one

face-to-face interview were applied in random order in

each subject. These were also applied by trained dietitians

or nutritionists who followed a course using similar

instructions and guidelines as used in the EPIC study. In

both studies, dietary data of all days of the week were
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collected. In EPIC, protein and potassium food composi-

tion values from each national food composition database

were standardized across countries within the European

Nutrient Database (ENDB) project, in collaboration with

national compilers and other international experts [20]. For

EFCOVAL, protein and potassium intake were calculated

using country-specific food composition databases.

To align both EFCOVAL and EPIC data sets, only the

first 24-h recall information from the EFCOVAL partici-

pants was pooled in the data set. Consequently, the

Table 1 Overview of EPIC and EFCOVAL studies and the pooled database

Parameter EPIC (1995–2000) EFCOVAL (2007–2008) Pooled

n 1,386 600 1,841 after exclusions

24-h Recall

Number of

administrations

1 2 1st

Mode of

administration

FF FF/T (at random) Both FF/T

Days of the week All included, uneven All included, with small

differences

All included, uneven

EPIC-Soft Version 9.16 9.16 9.16

Photo booklets Full version developed at IARC Country-specific selection with

new pictures on bread shapes

and household measurements

Nutrient values Standardized European database (ENDB) Country-specific FCT Different levels of standardization

Protein Assumed the laboratory analyses used to

assess protein in foods are comparable

(mostly by Kjeldahl)

Assumed the laboratory analyses

used to assess protein in foods

are comparable (mostly by

Kjeldahl)

Prot/N data between countries are

comparable in terms of laboratory

analysis

Conversion factor

Nitrogen ? Protein

Harmonized PROT values by standardizing

CF as follows: If N available then

PROT = N 9 6.25; otherwise: If N_CF

available then N = Prot/N_CF and new

Prot = N 9 6.25

Different CF used: FR, BE and

NO (Jones Factors). CZ: 6.25

and NL 6.38 for dairy and all

other foods 6.25

Unstandardized and standardized

CF; In EFCOVAL: NL and FR

standardized, others not.

(see methods section)

Potassium Assumed the laboratory analyses used to

assess K in foods are comparable

Assumed the laboratory analyses

used to assess K in foods are

comparable

Assumed the laboratory analyses

used to assess K in foods are

comparable

Retention factor:

Losses in K when

foods are cooked

RF applied: Cooked single foods linked to

raw foods were adjusted by retention

factors (food group specific)

K losses were not considered

when some cooked foods were

linked to raw foods

K contents of single foods in

EFCOVAL were adjusted as done

in EPIC.

Biomarker 1 9 24 h urine collection 2 9 24 h urine collections 1st urine corresponding 1st recall

Urinary Nitrogen Kjeldahl method (laboratory in UK) Kjeldahl method (laboratory in the

NL)

Laboratorial comparison in a

subsample

Urinary potassium Flame photometry (laboratory in UK) Ion Electrode (laboratory in the

NL)

Laboratorial comparison in a

subsample

PABA correction Excluded \70 and [110% Excluded \50% Excluded \50%

PABA adjustment between 70 and 85% PABA adjustment between 50 and

85%

PABA adjustment between

50 and 85%

Other nondietary data

Educational level 5 categories: none, primary, technical/

professional school, secondary and longer

education (inc. university)

3 categories: low, intermediate

and high

4 categories: none, low,

intermediate and high

Weight and Height Measured and self-reported that have been

corrected, except for Paris sample

(See Haftenberger et al. [27])

Measured Measured and self-reported that

have been corrected, except to

Paris sample

CF Conversion factor, EFCOVAL European Food Consumption Validation, ENDB EPIC Nutrient Database, EPIC European Prospective

Investigation into Cancer and Nutrition, FCT Food composition tables, FF Face-to-Face interview, FR France, BE Belgium, NO Norway,

CZ Czech Republic, NL Netherlands, UK United Kingdom, IARC International Agency for Research on Cancer, K potassium, N nitrogen,

PABA para-aminobenzoic acid, PROT protein, RF retention factor, T telephone interview
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EFCOVAL measurements consisted of 24-h recalls col-

lected by telephone and face-to-face interviews. Further-

more, an attempt has been made to standardize food

composition values between EPIC and EFCOVAL studies.

Similar to what has been done within the ENDB frame-

work, losses in the potassium values of cooked single

foods, that have been linked to raw foods in the food

composition data, were adjusted by applying the same

retention factors than those initially used for the EPIC data.

For protein, standardization of the EPIC data was per-

formed by applying the 6.25 conversion factor (CF) instead

of food-specific CFs to convert nitrogen into protein intake.

Within EFCOVAL, such standardization was only possible

for the data from Wageningen (NL) and Nice (FR) because

it was not possible to retrieve the original CF information

applied in the protein composition of the foods in the other

three centers that represented 9.9% of the total study

population. Energy values were computed by adding the

contributions from protein, carbohydrates, fat and alcohol

intake and using related Atwater factors (17, 17, 37 and

29 kJ per gram, respectively) [21].

There were some differences between the databases

used in the EPIC-Soft software in the EPIC and EFCOVAL

studies. These differences were mainly related to the

upgrade of food lists, standard units, descriptors for food

identification [22] and selection of food pictures for food

quantification. Nevertheless, the purpose of updating these

databases in EPIC-Soft was to take into account actual

differences in consumption between the centers while the

procedures to collect them were still standardized.

24-h urine collection and recovery biomarkers

for protein and potassium intake

For the EFCOVAL participants, only the first 24-h urine

collection corresponding to the first 24-h recall was used in

the pooled data set. Twenty-four hour urine collections

were verified for completeness by using para-aminobenzoic

acid (PABA) tablets (PABAcheck, Laboratories for

Applied Biology, London). Complete logistics of 24-h

urine collections and laboratory analyses are described

elsewhere [12, 13]. In brief, after collection, the 24-h urines

were transported to the study centers where they were

weighed and aliquoted. Then, specimens were stored at

-20 �C until shipment on dry ice to the central laboratories

in Cambridge (EPIC) and Wageningen (EFCOVAL). Uri-

nary nitrogen was determined by the Kjeldahl technique in

both studies. Urinary potassium was determined using an

IL 943 flame photometer (Instrumentation Laboratory) in

EPIC and using an ion-selective electrode on a Beckman

Synchron LX20 analyzer in EFCOVAL. PABA was mea-

sured by colorimetry in both studies [12, 13, 23]. Urine

samples with PABA recoveries below 50% were treated as

incomplete and excluded from the data analyses. Speci-

mens containing between 50 and 85% of PABA recovery

had their urinary protein and potassium concentrations

proportionally adjusted to 93% [24]. Furthermore, we did

not exclude participants with PABA recovery above 110%,

as we assumed that those collections were complete. This

procedure for dealing with PABA recovery is different

from previously published data in the EPIC study [12],

resulting in a larger sample sizes for some EPIC centers.

Taking into account extra-renal losses (*19%) and the fact

that protein on average contains 16% of nitrogen, urinary

protein was calculated as [6.25 9 (urinary nitrogen/0.81)]

[11, 25]. Urinary potassium was estimated by dividing the

measured value by 0.77, assuming that 77% of potassium

intake is excreted through the urine when considering fecal

excretion [10, 26].

Laboratory calibration study

With the purpose of harmonizing biomarker laboratory

data, a calibration study was conducted among laboratories

that performed analyses in the EPIC and EFCOVAL

studies. Therefore, during the Summer of 2008, 50 urine

samples of the EPIC study that were previously analyzed

for protein and potassium content by the MRC Dunn

Clinical Nutrition Centre in Cambridge (UK) were reana-

lyzed by the laboratory at Wageningen University (NL).

The results obtained from the two laboratories were com-

pared. In addition, comparability of laboratory methods

used in EPIC and EFCOVAL laboratories was further

substantiated by evaluating standard reference materials

and quality control procedures (e.g., inter-laboratory pro-

ficiency tests) of each laboratory measurement. A report of

the laboratory comparison between studies is presented in

the supplemental material online. Shortly, we did not

observe statistically significant differences between the

measurements by the two labs for nitrogen or potassium.

Therefore, calibration of data between both studies was not

necessary, and original biomarker data of the two studies

were used in our analyses.

Anthropometrics and educational level

In both studies, measurements of body weight and height

were collected for the calculation of body mass index

(BMI). In EPIC, some measurements were self-reported

and were corrected by prediction equations, as described in

Haftenberger et al. [27].

Furthermore, a general lifestyle questionnaire, including

educational level information, was applied at the start of

each study. Educational level was categorized using dif-

ferent categories in the EPIC and EFCOVAL studies (see

Table 1). The proposed classification for the pooled data
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analyses included the following categories: none, low,

intermediate and high, in which technical and secondary

groups of education from the EPIC data were treated as

intermediate levels.

Explanatory variables

Based on preexisting knowledge, we selected full sets of

explanatory variables to be included in the models, which

we expected to vary across individuals or centers and be

correlated with the nutrient bias or intake or biomarker

levels. Variables at the individual level were age (in years),

educational level (categorical), BMI (in kg/m2), mode of

administration of the 24-h recall (face-to-face vs. tele-

phone), day of the week of the 24-h recall (weekday vs.

weekend) and year of recruitment. Explanatory variables at

center level were study (EFCOVAL vs. EPIC), human

development index (HDI, [28]) and a food pattern index.

The variable ‘study’ is meant to represent the distinct

characteristics of each study, such as the period of data

collection. We used the HDI as a proxy for identifying

socioeconomic differences across the centers. The HDI

statistic is composed from national data on life expectancy,

education and per capita gross domestic product, as an

indicator of standard of living, at the country level. Thus,

centers in the same country had the same HDI. To capture

the variability existing in food pattern across the European

centers, a food pattern index was calculated for each

individual and averaged out for each center. For this pur-

pose, we used the variety index component, obtained from

the ‘diet quality index-international’ (DQI-I)[29], to indi-

cate the diversity in food group intake between the centers.

This index assesses whether intake comes from diverse

sources both across and within food groups and varies from

0 to 20 points. It is divided in two parts. First, the overall

food group variety is assessed by inclusion of at least one

serving food per day from each of the five food groups

(meat/poultry/fish/egg, dairy, grains, fruits and vegetables).

Second, variety within protein sources is evaluated, that is,

number of protein sources. The lowest food index score in

our assessment was attributed to Oxford (vegetarians)-UK

(10.5 points) and the highest to the 3 Spanish centers

([18.5 points).

Statistical analyses

Multilevel linear regression models were used to assess the

variation in group-level bias of protein and potassium

intake across the centers and to estimate the effects

of individual- and center-level explanatory variables on

this variation. Individuals were set at the first level and

centers at the second. Statistical analyses were conducted

separately for men and women since our previous single-

level analyses showed different group-level bias for each

gender [13]. The number of centers in the analysis of each

gender is different since the research center in Paris only

included women.

Bias was defined as the ratio between nutrient intake and

its excretion. We chose the ratios instead of absolute values

to take into account differences that were related to high or

low protein and potassium intake across centers. These

ratios were treated as the dependent variable in the

regression models and were log-transformed to improve

normality (ln(individual ratio)).

We fitted three regression models in an increasing order

of complexity (see ‘‘Appendix’’). Model (i) included a

random effect to model between-center variation of protein

and potassium biases across centers (i.e., random inter-

cepts) without explanatory variables. Therefore, we were

able to estimate the between-center variances in group-

level bias in a crude model. In model (ii), individual-level

explanatory variables were added to the fixed part of the

model, whereas in model (iii), center-level variables were

also included. Full sets of individual- and center-level

explanatory variables were included in their respective

regression models, and the optimal subsets of variables

were chosen by using a backward selection. The fit of the

models was tested by the likelihood ratio test, which

compared minus twice the difference of the maximum

likelihood (ML) of that model with the preceding nested

model [14]. The likelihood ratio test statistic was compared

to a v2 distribution with degrees of freedom equal to the

number of extra-parameters in the more complex model

[14]. Results are only presented for models that showed a

statistically significant improvement. Furthermore, we also

attempted to include random slopes to allow the effects of

age and BMI to vary between centers, but their results

suggested homogeneity of the effects and they are, there-

fore, not included in the paper.

The total variance of log-transformed bias of each model

was partitioned in two components, the between-center

variance (or center random effect—r2
u0) and the within-

center between-individual variance (or individual random

effect—r2
e0). To quantify the variation in nutrient biases

across centers, we looked at the between-center random

effect obtained across the fitted models. Even though zero

between-center variation in bias may have been observed

in a simpler model, we proceeded with the more complex

ones to check whether the variance estimates would change

by including different terms into the model (e.g., inclusion

of explanatory variables). To interpret the contribution of

between-center variance, we used two approaches, the

variance partition coefficient (VPC) and the coefficient of

variation (CV) between centers. The VPC was calculated
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as the proportion of total variance that is due to differences

between centers [14].

VPC ¼ r2
u0

r2
u0 þ r2

e0

The CV expresses the variation in the bias between

centers as a percentage, relative to the intake according to

the reference method. Because the analysis of the bias was

done on the logarithmic scale and the ratios on the center

level were close to one,

CV ¼
ffiffiffiffiffiffiffi

r2
u0

q

Statistical analyses were carried out using SAS

statistical package, version 9.1 (SAS Institute Inc., Cary,

NC, USA).

Results

All centers combined, both men and women underreported

protein intake from 1-day 24-h recall by 3 and 5% (ratio

intake/excretion = 0.97 and 0.95), respectively (Table 2).

In men, the ratio between protein intake and excretion

varied from 0.89 in Wageningen (NL) to 1.03 in Central/

Southern Italy (IT). In women, the ratio varied from 0.84 in

Greece (GR) to 1.05 in Oslo (NO). Average underestima-

tion of potassium intake was 1% in men and 3% in women.

In men, the lowest ratio between potassium intake and

biomarker excretion was observed in Nice (FR) and Hei-

delberg (DE) with 0.86, whereas the highest ratio was seen

in Northern Italy (IT) with 1.17. In women, the lowest ratio

was 0.90 in Potsdam (DE) and the highest ratio was 1.08 in

Greece (GR).

Protein intake

Based on the center random effect, between-center vari-

ance in protein bias was null (r2
u0 * 0) in men (Table 3).

In women, the between-center CV in protein biases was

initially 5.7%, which was 3% of the total variance, and

Greece (GR), Paris (FR) and Oslo (NO) were the centers

with a group-level bias deviating from the overall mean

bias (Table 4). After inclusion of individual explanatory

variables, especially BMI, the between-center variance in

bias was reduced by 78% (from 0.0032 to 0.0007) in

women (p \ 0.001). In addition, the remaining between-

center variance in protein biases (CV = 2.6%) was not

significant anymore and no center appeared to deviate

from the mean bias. Other variables that may have con-

tributed to the reduction of between-center variance

in protein biases in women were ‘day of the week’

(p = 0.06) and ‘mode of administration’ (p = 0.06).

When we added center-level variables (e.g., HDI), we did

not observe a significant improvement of the model’s fit

neither for men nor women (data not shown). Therefore,

model ii (random intercepts to model the center effect

with inclusion of variables at the individual level)

was retained as the most adequate model to the data

(Tables 3 and 4).

Potassium intake

In men, the between-center CV in potassium biases was

initially 8.9% (Model i), which was about 5% of the total

variance (Table 5). When applying model ii, the between-

center CV slightly increased to 9.5%. Furthermore, the

biases from 4 centers, that is, Greece (GR), Heidelberg

(DE), Nice (FR) and Northern Italy (IT), seemed to differ

from the overall mean potassium bias. Individual BMI was

a factor influencing the between-center variance in men

(p = 0.002). No between-center variance (r2
u0 = 0) was

initially observed in the potassium biases in women

(Table 6). After including individual variables in the

model, BMI predicted the bias and there was still no sig-

nificant variation across centers in women (CV = 1.7%).

As for the protein analyses, inclusion of center-level vari-

ables (model iii) did not improve the fit of the model, for

men and women.

Discussion

In this paper, we investigated the variation in group-level

bias in self-reported protein and potassium intake collected

with the computerized 24-h recall (EPIC-Soft) across

European adult populations. By using a multilevel model-

ing approach, we observed that the bias in protein intake

did not vary across centers in men, but varied among

women (5.7% of variation) in the crude model with random

intercepts. Bias in potassium intake differed between cen-

ters in men (8.9% of variation), but not in women.

Explanatory variables at the individual level (i.e., BMI, day

of the week and mode of administration) predicted and

explained the between-center variation of bias in protein

and potassium intake. When those were included in the

model, the bias in protein intake in women did not sig-

nificantly vary anymore, and the bias in potassium intake

remained with variations across centers (9.5% of varia-

tion). Selected center-level variables (i.e., HDI) did not

influence the between-center variations in bias in our

assessment.

The major advantage of using multilevel analysis was

that we were able to separate the two variance components

(i.e., within- and between-center) in protein and potassium
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bias in one sole model, which is important for a reliable

comparison of populations [30, 31]. In addition, in this

unique setting of combining data sets from two European

studies, we were able to use dietary and biomarker mea-

surements that were collected using standardized method-

ologies. A comparison of laboratory measurements was

performed to overcome possible inter-laboratory errors,

and an important level of standardization was achieved by

estimating protein and potassium intake from food com-

position tables across the different European centers,

although not completely for Ghent (BE), Brno (CZ) and

Oslo (NO). Furthermore, the large number of centers

originating from different regions of Europe allowed us to

compare populations with different dietary intake profiles.

Yet, our study has limitations that should be considered

in the interpretation of our findings and in the development

Table 3 Multilevel regression analysis of the log-transformed ratio between protein intake and excretion in men across 13 European centers

participating in the EPIC and EFCOVAL studies

Modela Model i Model ii

Random intercept for

center—no explanatory variables

Random intercept for center—explanatory

variables at the individual level

N 817 817

Likelihood ratio 673 644

Likelihood ratio testb p \ 0.001

r2
u0—Center random effect ± SE (p value) 0.000 0

CV (%, relative to reference method) 0% 0%

r2
e0—Within center random effect ± SE (p value) 0.133 ± 0.007 (\ 0.001) 0.129 ± 0.006 (\0.001)

VPC—Variance partition coefficient 0 0

Individual variables—effect (p values) – BMI -0.02 (\0.001)

Weekday versus weekend -0.06 (0.03)

Proportion of between-center variance explainedb – 0%

Centers with bias deviating from the mean

log-transformed ratio

None None

a Fit of model iii was not significantly better than the previous one. Therefore, results are not presented
b Compared to the previous fitted model

Table 4 Multilevel regression analysis of the log-transformed ratio between protein intake and excretion in women from 14 European centers

from the EPIC and EFCOVAL studies

Modela Model i Model ii

Random intercept for

center—no explanatory variables

Random intercept for center—explanatory

variables at the individual level

N 1,024 1,024

Likelihood ratio 751 713

Likelihood ratio testb p \ 0.001

r2
u0—Center random effect ± SE (p value) 0.0032 ± 0.002 (0.05) 0.0007 ± 0.001 (0.24)

CV (%, relative to reference method) 5.7% 2.6%

r2
e0—Within center random effect ± SE (p value) 0.120 ± 0.005 (\0.001) 0.117 ± 0.005 (\0.001)

VPC—Variance partition coefficient 0.03 0.006

Individual variables—effect (p values) – BMI -0.01 (0.001)

Weekday versus weekend -0.05 (0.06)

Mode of administration 0.06 (0.06)

Proportion of between-center variance explainedb – 78%

Centers with bias deviating from the mean

log-transformed ratio

Greece (GR), Paris (FR), Oslo (NO) None

a Fit of model iii was not significantly better than the previous one. Therefore, results are not presented
b Compared to the previous fitted model
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of future research. First, we cannot assume that these

results can be extrapolated for other points of the distri-

bution of protein and potassium intake, which are impor-

tant to assess prevalence above or below a certain cut off

point [32]. As previously shown, we may expect that the

accuracy of other points of the distribution, between the

mean and the ends of the tails, is inferior compared to

the mean bias at the population level [13]. Nevertheless,

this has been the first attempt of using a multilevel

approach to validate dietary intake in an international

context, and an important understanding of between-center

variation in nutrient intake bias as well as factors that can

influence the performance of the method has been

achieved. Second, we were not able to completely

harmonize the food composition data for protein in EFC-

OVAL. However, when we excluded centers with non-

standardized protein composition data from our main

analysis, the results for protein did not change. Third, it can

be questioned whether we have properly dealt with the

results of the laboratory comparison, considering the small

sample size in the calibration study. Based on the nonsta-

tistically significant differences obtained with the t test, we

Table 5 Multilevel regression analysis of the log-transformed ratio between potassium intake excretion in men from 13 European centers from

the EPIC and EFCOVAL studies

Modela Model i Model ii

Random intercept for

center—no explanatory variables

Random intercept for center—explanatory

variables at the individual level

N 799 799

Likelihood ratio 715 706

Likelihood ratio testb p = 0.002

r2
u0—Center random effect ± SE (p value) 0.008 ± 0.004 (0.03) 0.009 ± 0.005 (0.02)

CV (%, relative to reference method) 8.9% 9.5%

r2
e0—Within center random effect ± SE

(p value)

0.139 ± 0.007 (\0.001) 0.138 ± 0.006 (\0.001)

VPC—Variance partition coefficient 0.05 0.06

Individual variables—effect (p values) – BMI -0.01 (0.002)

Proportion of between-center variance

explainedb
– 0%

Centers with bias deviating from the mean log-

transformed ratio

Nice (FR), Heidelberg (GE), Greece (GR),

Northern Italy (IT)

Nice (FR), Heidelberg (GE), Greece (GR),

Northern Italy (IT)

a Fit of model iii was not significantly better than the previous one. Therefore, results are not presented
b Compared to the previous fitted model

Table 6 Multilevel regression analysis of the log-transformed ratio between potassium intake and excretion in women from 14 European centers

from the EPIC and EFCOVAL studies

Modela Model i Model ii

Random intercept for

center—no explanatory variables

Random intercept for center—explanatory

variables at the individual level

N 1,011 1,011

Likelihood ratio 642 629

Likelihood ratio testb p \ 0.001 p \ 0.001

r2
u0—Center random effect ± SE (p value) 0.0000 0.0003 ± 0.0006 (0.34)

CV (%, relative to reference method) 0% 1.7%

r2
e0—Within center random effect ± SE (p value) 0.110 (0.005) \ 0.001 0.109 (0.005) \ 0.001

VPC—Variance partition coefficient 0 0.003

Individual variables—effect (p values) – BMI -0.01 (0.003)

Proportion of between-center variance explainedb – 0%

Centers with bias deviating from the

mean log-transformed ratio

None None

a Fit of model iii was not significantly better than the previous one. Therefore, results are not presented
b Compared to the previous fitted model
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opted not to calibrate the laboratory estimates. However,

multilevel analysis with and without calibration of protein

and potassium biomarker values resulted in similar results.

At last, the generalization of these results to other nutrients

is not warranted given that foods and related nutrients

might be differently misreported [33–35].

In other analysis with EFCOVAL and EPIC data [12,

13], the group-level bias of protein and potassium intake

assessed with 24-h recalls varied across centers. A number

of reasons were suggested to explain this variation in bias,

as for instance a difference in BMI. Differential underre-

porting of dietary intake by overweight and obese indi-

viduals is expected based on the literature [36, 37]. Indeed,

BMI was the explanatory variable predicting most of the

bias in protein and potassium intake in this analysis as well

as explaining the variation of bias across the centers; thus,

confirming the importance of considering BMI when per-

forming the 24-h recalls in Europe.

Besides BMI, the day of the week (weekday vs. week-

ends) and the mode of administration (face-to-face vs.

telephone) appeared to influence the bias in protein intake

across centers, but not in potassium. An explanation for

this difference may be that potassium is a nutrient present

in a greater variety of foods/food groups and more equally

distributed among different food groups than protein [10].

Moreover, higher protein intake has been observed during

weekends across European populations when compared to

weekdays [38]. What regards the comparability of different

modes of administration, comparable results between

telephone and face-to-face interviews could be expected

[39–41], but perhaps populations with different dietary

intake patterns respond differently to these two modes of

administration. Actually, within the EFCOVAL study, we

observed that 24-h recalls collected by telephone inter-

views seemed to provide a more accurate assessment than

by face-to-face interviews in some research centers

(unpublished results).

Furthermore, we observed a between-center variation in

group-level bias in potassium intake in men, but not in

women. As differential reporting bias is suggested among

genders, we speculate that improvements of the reported

24-h recalls might be expected if the person who does the

shopping and/or the cooking of the foods is involved in the

dietary interview.

We hypothesized that certain center characteristics (e.g.,

food pattern index, HDI) could influence the variation of

group-level biases in protein and potassium intake across

the European centers. However, we observed almost no

variation in biases across the centers, except for bias in

potassium intake in men. Therefore, there was not much

variation in bias to be explained by characteristics at the

center level. Nevertheless, we suppose that these charac-

teristics may be relevant in the assessment of less regularly

consumed nutrients and, especially, for foods and food

groups, as we may expect a larger variation in the dietary

intake assessment between populations in Europe than was

found for the nutrients we assessed [42]. For that, more

insight into food pattern indexes to represent country dif-

ferences would be valuable, as the index we have used in

this assessment may have not been sufficiently accurate.

Furthermore, the integration of the two study popula-

tions, which have dietary data collected in different time

periods, did not seem to influence the variation in bias in

protein and potassium intake across centers. Although

slightly higher protein intakes have been observed in the

EFCOVAL centers when compared to EPIC, neither the

‘year of recruitment’ nor the ‘period of collection’ (i.e.,

center-level variable: study) influenced the variation in

bias. In addition, energy intake that was also slightly higher

in the EFCOVAL study did not change any of the results

when added as co-variable (results not shown). Only the

fact that two modes of administrations were used in

EFCOVAL, while only one was used in EPIC probably

played a role in the difference in protein intakes across the

two studies. In fact, mode of administration appeared to be

significantly associated with the variation in bias in protein

intake across the centers.

In conclusion, the present results appear to bring us a

step further to understand and quantify the variation in bias

in the assessment of protein and potassium intake collected

with 24-h recalls across European centers. Remarkably,

almost no variation in protein and potassium biases of the

24-h recalls using EPIC-Soft was observed across the

centers. In addition, the results of this study suggest that

the group-level bias in protein intake for both genders and

potassium intake for women did not vary across centers

and to a certain extent varied for potassium intake in men.

Furthermore, the large number of centers originating from

different regions of Europe allowed us to compare popu-

lations with different dietary intake profiles. In view of

that, the data to be collected in future pan-European

nutritional monitoring surveys should be analyzed and

interpreted taking into account the characteristics that may

influence reports of protein and potassium intake across

countries, especially BMI and mode of administration.

Above all, we suggest to additionally explore the between-

center effect in the ranking of self-reported food groups

and infrequently consumed nutrients across countries as

well as the impact of using distinct modes of administration

in the collection of dietary data across countries.
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Appendix: Specification of models used in the multilevel

approach

The following regression model represents model iii

(random intercepts with individual- and center-level

explanatory variables) in the assessment:

Yij ¼ aj þ b1X1ij; . . .; bnXnij þ c1Z1j; . . .; cnZnj þ eij

aj ¼ aþ u0j

u0j�Nð0;XuÞ
eij�Nð0; r2

eÞ

where, j = the index for the centers (j = 1,…, N), i = the

index for the individuals within the centers (i = 1,…, nj), Yij:

log ratio between dietary intake and biomarker for ith indi-

vidual in the jth center, a: the overall mean of log ratio

between intake and biomarker across all centers, b1,…, bn:

effects of individual explanatory variables X1ij,…, Xnij, c1,…,

cn: fixed effects of the center-level explanatory variables

Z1j,…, Znj, u0j: center-level random effects on the mean of the

intercept of Y, eij: residual error term, assumed to have a

mean of zero and a variance (r2
e = individual random

effect), Thus, this model has fixed-effect parameters (a, bn,

cn) as well as zero-mean random coefficients (u0j, eij).

In model ii (random intercepts with only individual

explanatory variables), the coefficients c1,…, cn of the

center-level variables Z1j,…, Znj are zero. Model i addi-

tionally constrained to zero the coefficients b1,…, bn from

individual variables X1ij,…, Xnij.
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