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Abstract

Background: Assessment of dietary intake is fundamental for evaluating the
interrelationships between diet and disease. The present study aimed to develop and
validate the semiquantitative Cypriot food frequency questionnaire (CyFFQ).
Methods: A 171-item paper-and-pencil semiquantitative interview-administered
FFQ was developed, including local foods and culturally specific meals commonly
consumed among Cypriot adults. FFQ reproducibility was assessed by comparing
the energy-adjusted daily macro- and micronutrients intake at baseline (FFQ1) and
1 year later (FFQ?2) using a Wilcoxon matched pairs signed rank test and intraclass
correlation coefficients (ICCs) in a random sample of Cypriot adults. FFQ relative
validity was evaluated by comparing the intake as estimated by FFQ2 with that
obtained from the average of three 24-h recalls taken over the year between FFQ1
and FFQ2. Associations between nutrient intakes estimated using FFQ2 and the
24-h recalls were assessed using Spearman rank correlation and Bland-Altman
plots were used to assess agreement between the FFQ and the 24-h recalls.
Results: Among eligible participants, 68 (78%) completed the study (44.1% males,
aged 30.5-47.5 years). The energy-adjusted intakes of macro- and micronutrients
did not significantly differ between the two FFQs, excluding magnesium. The
FFQ2 and the averaged 24-h recalls were significantly correlated for most macro-
and micronutrients. The median (interquartile) ICC for all macro- and
micronutrients was 0.46 (0.38-0.52) (p <0.05). Agreement was satisfactory
(>30%) for most micro- and macronutrients. Bland—Altman plots also confirmed
good agreement between the two methods.

Conclusions: The CyFFQ is a valid and reliable tool for assessing dietary
consumption in Cypriot adults.

KEYWORDS

24-h recall, Cyprus, dietary assessment, food frequency questionnaire, reproducibility, validity

Key points
* Culturally applicable dietary intake assessment tools are necessary to
evaluate the relationships between diet and health/disease aspects.
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RELATIVE VALIDITY AND REPRODUCIBILITY OF THE CYFFQ

The present study aimed to develop and validate the semiquantitative
Cypriot food frequency questionnaire (CyFFQ).

After developing a 171-paper-and-pencil semiquantitative interview-administered
FFQ, including local and culturally specific meals, both reproducibility and
relative validity were assessed in a random sample of Cypriot adults.

In statistical analysis comparing the FFQ provided to the participants at baseline
and 1 year later, energy-adjusted intakes of macro- and micronutrients did not
significantly differ between the two FFQs, with the exception of magnesium. A
comparison between the energy-adjusted daily macro- and micronutrients intake
1 year later (FFQ2) and the average of three 24-h recalls provided between
baseline and FFQ2 showed significant correlation and agreement, using various
methods, for most macro- and micronutrients.

Our findings indicate that the CyFFQ is a valid and reliable tool for
assessing dietary consumption in Cypriot adults and thus can be used in

future research.

INTRODUCTION

Accurate assessment of dietary intake is fundamental for
evaluating the intricate interrelationships between die-
tary exposures (ranging from dietary patterns to nutrient
intakes) and the subsequent development and progres-
sion of nutrition-related diseases. Food frequency
questionnaires (FFQs) constitute one of several assess-
ment tools for evaluating dietary intake, particularly
within the context of epidemiological studies. They most
often entail the assessment of the frequency of consump-
tion, both within and beyond the home environment, of a
wide array of food items and beverages, as well as
population specific local produce, traditional food
products and culture-specific meals. Moreover, within
the context of semiquantitative FFQs, additional picto-
rial depictions of indicative portion sizes are also
employed to allow the assessment of dietary and nutrient
intake and even compare intake over time. In this context
and compared to alternative dietary assessment tools
(e.g., food diaries), semiquantitative FFQs are often the
preferred choice applied in epidemiological research.’
This is because they may be readily and efficiently
administered to large study populations, account for
variations in weekly and/or seasonal variations in
consumption, and, above all, provide comprehensive
dietary assessments of habitual intake in a single
measurement because they encompass local and cultur-
ally specific foods and meals regularly consumed by
particular populations in contrast to diet records that
provide a snapshot of the previous days' diet.'”

In most populations, dietary consumption is most
often defined not only by the seasonal local availability
of produce and food items, but also by traditional,
cultural and religious practices, including traditional
meals and cooking methods. Hence, culturally specific
FFQs are mandated for the accurate assessment of
dietary and nutrient intake.* Particularly in Mediterra-
nean countries, although local populations readily

adhere to the general principles of the Mediterranean
diet, the latter is enriched with locally available produce
and traditional food items.

In Cyprus, these include traditional cheese and meat
products including ‘haloumi’ cheese, smoked pork tender-
loin ‘lountza’ and fish by-products (e.g., fish roe salad
‘taramosalata’). In addition, based on seasonal availability,
traditional foods are regularly utilised for the preparation
of intricate traditional dishes (e.g., taro root ‘kolokasi’) and
meals (e.g., sautéed pork ‘afelia’, stuffed vine leaves
‘koupepia’, soup made with fermented goat milk and
cracked wheat flour ‘trahana’ soup). Deviations between
Mediterranean countries with respect to preparatory and
cooking methods are also noteworthy. An example is the
array of foods which compose a traditional full course
meal, that is, the abundant array of appetisers, also known
as ‘mzedes’, entailed in Cypriot and Greek meals,
compared to their more limited adoption within other
Mediterranean countries. Finally, despite recent demo-
graphic changes, religiously defined types and frequencies
of meals are most notable in countries such as Cyprus and
Greece, where religious customs according to the Greek
Orthodox religion define transient vegan practices for up to
180220 days of the year.” To account for all of the
aforementioned variations in country specific dietary and
culinary practices, population-specific FFQs have been
developed for several Mediterranean countries, including
Greece® and Lebanon,” which have diets resembling the
Cypriot cuisine and are in close proximity to Cyprus.
However, to date, despite the aforementioned complex
intricacies of the Cypriot cuisine, a validated and culturally
specific FFQ for assessing dietary practices in Cypriots is
lacking.

The present study aimed to develop and validate a
comprehensive and reliable semiquantitative FFQ, for
assessing the dietary intake of Cypriot adults. This new
tool includes local products, traditional food items and
culturally specific meals, at the same time as taking into
consideration the nutritional transition towards the
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Western diet by including foods consumed within the
Western diet.

METHODS
Study design and population

For the validation of the newly developed FFQ, a cross-
sectional study was undertaken with the participation of
a random sample of Cypriot adults from the general
population (N = 87 participants, 46% males) aged 18-75
years. The sample size allows estimations with a
confidence of 10%, given a power of 0.80 at an a-level
of 0.05. Participants were community dwelling from all
the non-Turkish-occupied territory of the Republic of
Cyprus, with a proportional representation from rural
and urban areas. Exclusion criteria included any current
or chronic disease, including any disease that affects
dietary intake, appetite or metabolism, as well as eating
disorders, pregnancy or lactation, and use of any
medication or food supplement (e.g., vitamins) at the
time of recruitment or during the participation in the
study. Potential participants underwent a short screening
telephone interview using a questionnaire prior to
recruitment to ensure eligibility. Data collection was
conducted between February 2017 until May 2019. The
study was approved by the Cyprus National Bioethics
Committee (EEBK/EC/2016/11) before commencing and
all participants provided their written informed consent
before participating.

Study procedure

The study procedure is shown in Figure 1. Participants
were assessed by trained investigators (nutritionists or
dietitians) on five separate occasions every 3 months (0,
3, 6, 9 and 12 months) during the course of 1 year. At
baseline (month 0), demographic (i.e., age, urban vs.

Baseline

*Demographic &
lifestyle data

*Weight and height
measurements

*FFQ1

*|IPAQ

FIGURE 1 Flow chart describing the study
procedure. Relative validity: average of three
24-h recalls compared to energy-adjusted daily
macro- and micronutrients intake 1 year later
(FFQ2) Reproducibility: energy-adjusted daily
macro- and micronutrients intake at baseline P

.............................

rural area of residence, education, expressed as highest
educational level attained, and marital status) and
lifestyle (smoking practices and exercise) characteristics
were assessed. Weight was assessed in the morning in
light clothing and without shoes to the nearest 100 g
using a portable scale (MBF-6000 Digital Body Fat
Analyzer; Charder) and height was assessed without
shoes using a wall-mounted stadiometer (HM-230M;
Charder). Waist circumference was measured at the
height of the umbilical cord using a non-extendible tape
(Hoechstmass). Physical activity was assessed using the
International Physical Activity Questionnaire (IPAQ)-
short version validated in Greek.® Dietary practices were
assessed by the newly developed FFQ as explained
below.

Follow-up assessments were conducted at 3, 6, 9 and
12 months. During follow-up at 3, 6 and 9 months, a
detailed 24-h recall of the food and beverage intake
during the preceding 24 h was taken by the interviewer.
Efforts were made to arrange the appointments on
different days of the week taking into account both
working and non-working days in the 24-h recalls. A
participant's weight was measured as described above.
Changes in health status were assessed and the partici-
pant was withdrawn from the study if the change fell
within the exclusion criteria (e.g., a metabolic disease or
pregnancy). During the final assessment at 12 months,
participants completed the FFQ for a second time to
assess reproducibility or reliability of the FFQ. The
IPAQ-short version was also re-administered to assess
physical activity.

FFQ

A semiquantitative paper-and-pencil FFQ was developed
by two experienced dietitians (EP and GL) aiming to
capture the dietary habits of the Cypriot population and
to include most foods commonly consumed in Cyprus.
To capture culturally specific foods, the methodological

Relative validity: average of 3 24-hr recalls compared to FFQ2

<

Month 3

*24-hour recall

< >

Month 12

*Weight
measurement

Month 9

*24-hour recall

Month 6

*24-hour recall

*FFQ2
*IPAQ

(FFQL1) compared to FFQ2. FFQ, food
frequency questionnaire; IPAQ, International
Physical Activity Questionnaire.

Reproducibility: FFQ1 compared to FFQ2
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framework described by Sharma® was used, including the
following steps: compilation of a complete and accurate
food list, determination of culturally appropriate portion
sizes, categorisation of frequencies of consumption and
development of a food composition table.!** Addition-
ally, because of the diet transition towards a Western
diet, the FFQ also included food items based on current
trends, availability and cost, similar to other popula-
tions.® EP and GL designed the FFQ, including
compilation of the food items to be included following
conduction of 24-h dietary recalls with a population-
based sample as suggested by Sharma.* The food list was
originally drafted based on a Greek FFQ developed by
Trichopoulou’ because Cyprus and Greece share a
similar cuisine. Seasonality was taken into consideration
by including seasonal fruit such as watermelon and citrus
fruits consumed in the summer and winter, respectively,
and dishes such as ‘kleftiko’ and ‘trahana’ soup
consumed in the summer and winter, respectively. The
FFQ was initially piloted in the first 20 participants of
the study who answered energy-adjusted daily macro-
and micronutrients intake at baseline (FFQI). Each
participant answered the FFQ by a face-to-face inter-
view, independently and on separate occasions from all
other participants. The pilot testing was considered a
face and content validation and, following discussion
between the dietitians who developed the FFQ, a
consensus was reached to include some non-traditional
foods such as ‘peanut butter’ and some sauces such as
‘white sauce’ and ‘tomato-based sauce’, which were not
included in the first version of the questionnaire but were
reported by the participants as consumed.

The final FFQ comprises of a food list and a
supplement list. The food list consists of 171 items
divided into the following sections: breakfast cereals,
eggs, bakery goods including traditional savoury or
sweet breakfast/snack items such as olive pie, ‘eliopita’,
cheese pie ‘tyropita’, sweet-tahini pie ‘tahinopita’; cereals
including traditional such as bulgur wheat ‘plugouri’ and
pasta including traditional ravioli filled with ‘haloumi’
cheese, ‘ravioles’; milk and milk products including
traditional cheeses such as ‘anari’, ‘halloumi’ and ‘feta’
cheese, fat spreads and oils; soups including ‘trahana’
soup, meats and meat products and meat dishes
including traditional preserved pork ‘lountza’, meat
dishes such as stuffed vine leaves ‘koupepia’ and pasta
with minced meat and bechamel sauce ‘pastitsio’; fish
and fish products including breaded squid; potatoes,
legumes, pulses and vegetables including beans prepared
traditionally with tomato and olive oil; fresh and dried
fruit of all seasons; various foods such as nuts, dips and
sauces including traditional dips such as ‘tahini’ and
yoghurt dip ‘tzatziki’, biscuits, sweets and savory
products including traditional cakes, beverages including
tea, coffee and soft drinks and alcoholic drinks. Foods
usually consumed outside of the house such as kebab
‘souvlakia’ and pizza were also included in the food list.

Participants were still able to report foods and beverages
in open-ended questions usually consumed but not
included in the questionnaire, although items other than
the ones in the main questionnaire were only rarely
reported, as their consumption frequency was low.

The FFQ was administered by face-to-face interview
by trained investigators. Any answer that seemed invalid
was cross-checked by the principal investigator. Admin-
istration of the questionnaire took approximately 1 h.
For each food, participants were asked to specify the
frequency of consumption in the previous year by
choosing one of nine possible responses. The number
of times/year or frequency factor were also specified to
assist in the conceptualisation of the frequency. The
frequency (times per year) were: ‘never’ (0 times per
year), ‘a few times per year’ (6 times per year), ‘once per
month’ (12 times per year), ‘2-3 times per month’
(30 times per year), ‘once a week’ (52 times per year),
‘twice a week’ (104 times per year), ‘3-4 times per week’
(182 times per year), ‘5-6 times per week’ (286 times per
year) and ‘every day’ (365 times per year). The
participants were also asked to specify the portion size
for each item. This was achieved either using the Greek
translation of the Block Portion Size Pictures (used with
permission after the purchase of copyrights from
NutritionQuest)'® for food items such as cereals, bread,
pasta, meats and so forth, tablespoons or teaspoons for
dips and spreads, respectively, number of food items
(e.g., for biscuits and number of glasses for beverages).
The amount of food in grams or ml was calculated using
the Food Patterns Equivalents Database.!' The compo-
sition of each food was determined using Dietplan 6.0,
in which Cypriot traditional foods and recipes analysed
by the Cyprus General Laboratory and published in the
Cyprus Food Composition Tables'® were added. Addi-
tional references were used for a limited number of For
traditional bakery products, composition information as
analysed using routine laboratory food analysis methods
was provided by the leading bakery store, and, for some
foods/beverages such as energy drinks, the nutrient
profile was obtained from the US Department of
Agriculture Food Data Central database.'* In addition
to the list of food items, the participants were asked to
report how much of the visible fat on meat products as
well as amount of chicken ‘skin’ they consumed. The
options provided were: ‘all or most of 1’, ‘some of it’, ‘as
little as possible or none’ and ‘I don't consume meat/
chicken’. The answers were taken into account in order
to determine the nutritional composition of meat and
meat products. As an example, if a person reported
eating ‘all or most of meat fat’ in the general question,
the option used for nutritional analysis of pork chops
was ‘Pork chops, loin, lean and fat’, whereas, if they
reported ‘some of it’, the options of ‘Pork chops, loin,
lean and fat’ and ‘Pork chops, loin, lean only’ were
averaged, and so on. Additionally, participants were
asked whether they use sugar or honey in their beverages
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and the number of teaspoons used in each. These
responses were multiplied by the number of hot and
cold beverages (tea and coffee) they consumed per day
and added to the rest of the analysis.

Average nutrient intake was computed by multiplying
the specified portion of food consumed by the frequency
factor and the nutrient content. Yearly energy and nutrient
intake were divided to report daily intakes and thus facilitate
comparison with 24-h recall intakes. The supplement list
consists of multivitamins, B-complex vitamins, vitamin A
(not beta-carotene), beta-carotene, vitamin C, vitamin E,
folic acid, calcium, vitamin D only, vitamin D together with
calcium, zinc, selenium, omega-3 fatty acids/fish oils,
probiotics, ginseng, ginkgo-biloba, St-John's wort, echinacea
and glucosamine/chondroitin. The dose, frequency and
duration of use was reported both to ensure compliance of
the participants with the advice against the use of
supplements during the study period, but also to collect
information on supplement use in future studies.

24-H RECALLS

To assess the relative validity of the FFQ against another
dietary method, three 24-h recalls were collected at 3, 6 and
9 months. Twenty-four-hour recalls are most commonly
used reference method for relative validation of FFQs.” Each
participant was interviewed by a nutritionist or dietitian and
was asked to report their food and beverage intake over the
24 h preceding the interview day. The US Department of
Agriculture pencil-and-paper multiple pass method, which
has been previously validated, was used to carry out the 24-h
recalls.'>!® Special attention was given to remind partici-
pants of the use of any oils, sauces, spreads and the cooking
methods to obtain results which were as accurate as possible.
The Greek translation of the Block Portion Size Pictures was
used to estimate the portion size of each food consumed, as
explained above. Data was analysed using the same database
as the FFQ to estimate the nutrient intake over each 24-h
period. For each participant, intakes reported in their 24-h
recalls were averaged to obtain one daily intake measure for
energy and nutrients.

Statistical analysis

Nutrient intakes were expressed in two ways: as absolute
intakes and as energy-adjusted intakes. Medians and
interquartile ranges (IQRs) were calculated.

The reliability of the FFQ was assessed by compari-
son of nutrient intakes calculated based on the two FFQs
completed by each participant. Because most nutrient
intakes were not normally distributed, the Wilcoxon
matched-pairs signed rank test was used. In addition, to
further evaluate agreement between the two FFQs,
intraclass correlation coefficients (ICCs), using a two-
way mixed-effects model as suggested by Koo et al.'’

UHND BDA == 143

were estimated to address variability as a result of
differences within and between participants. The follow-
ing classification was used: poor reliability/reproducibil-
ity: <0.5, moderate reliability/reproducibility: 0.75-0.90
and excellent reliability/reproducibility: >0.9 as also used
in previous studies.” Lastly, individuals were ranked into
quartiles on the basis of nutrient intakes from their two
FFQs. Agreement and disagreement between the two
FFQs were expressed as the proportion of participants
classified, respectively, into the same and extreme (top
and bottom) quartiles of the distribution, for a given
nutrient intake. Agreement was examined using only
energy-adjusted nutrient intakes.

The relative validity of the FFQ was assessed by
comparing mean nutrient intake over the 24-h recalls and
daily nutrient intake based on the second FFQ (energy-
adjusted daily macro- and micronutrients intake 1 year
later [FFQ2]) completed by participants. Associations
between nutrient intakes from each method, were
measured using Spearman rank correlation, partialled
(taking into account) for potential confounders, namely
sex and age as a continuous variable. Coefficients <0.3
are considered as indicating a weak correlation, coeffi-
cients between 0.3 and 0.49 indicate a fair correlation and
coefficients >0.5 indicate a good level of correlation.'®

To further assess agreement between the FFQ and the
24-h recalls, and to detect any bias with the FFQ relative
to the recalls, for each nutrient intake, differences
between the two methods were plotted against the means
of the two methods, as suggested by Bland and Altman.'’
This analysis was reserved for energy intake and for
macro- and micronutrients for which the mean difference
was normally distributed.

Lastly, individuals were ranked into quartiles on the
basis of nutrient intakes from both dietary methods,
using only energy-adjusted nutrient intakes. As above,
agreement and disagreement between the two methods
was expressed as the proportion of participants classified
respectively into the same and extreme (top and bottom)
quartiles of the distribution for a given nutrient intake.?

Sensitivity analyses were also carried out using energy-
adjusted intakes after exclusion of low-energy reporters
(LERs). Energy-adjusted nutrient intake was calculated
using the Atwater general factor system.”’ The basal
metabolic rate (BMR) was calculated for each participant
using the Henry equation®® and this was compared to the
reported daily energy intake to identify LERs (LER =
[BMR X 1.2] — energy intake < —50).* Nominal significance
was set at p <0.05. All statistical analyses were performed
using STATA IC15 (StataCorp LLC).

RESULTS

Eighty-seven participants were recruited and 68 (78%)
completed the study, defined as providing two FFQs,
12 months apart. Thirteen participants dropped out
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because of time constraints, two participants had to
withdraw because of the need to initiate medication or
pregnancy and four participants were excluded from
analysis because their results were not plausible (energy
intake <500 kcal day ! [n = 2] or >5000 kcal day ' [n=2]
at the same time as maintaining a constant weight).
The demographic and anthropometric characteristics of
the participants completing and not completing the study
are presented in Table 1. The participants not completing
the study did not differ significantly from those
completing it.

Table 2 shows the median values and IQRs for reported
daily intakes of energy, macro- and micronutrients obtained
from the two FFQs. The median energy intake in FFQ2 was
higher than FFQI in the unadjusted data, although the
energy-adjusted intakes of most macro- and micronutrients
did not differ between the two measurements. As expected,
intake distributions were narrower after energy adjustment
compared to the unadjusted data. Differences in intakes
were statistically significant for the majority of nutrients in
the comparisons of unadjusted data, whereas, differences
were mostly not significant in the comparisons of energy-
adjusted data, indicating the reliability of the FFQ. Intraclass
correlation coefficients between the two FFQs ranged from
0.12 for thiamine to 0.69 for percentage saturated fat and
were significant at the p <0.05 level in all cases except
thiamine (mg 1000 kcal '), vitamin D (ug 1000 kcal ') and
percentage monounsaturated fatty acids (Table 2). Consid-
ering all macro- and micronutrients, the median (IQR) ICC
was 0.46 (0.38-0.52).

A paired comparison of daily intakes of energy and
nutrients from the two FFQs, excluding low energy
reporters, is provided in the Supporting information
(Table S1), indicating that the results of this sensitivity
analysis are similar to the results of the analysis of all
participants.

The level of agreement between the reported nutrient
intakes in the two FFQs, as a percentage of participants
whose consumption was in the same quartile for both FFQs,
is provided in the Supporting information (Table S2),
including and excluding LERs. Agreement was satisfactory
(>30%) for most micro- and macronutrients. More specifi-
cally, agreement was more than 38% for protein, fats,
carbohydrates, starch, total sugars, fibre, saturated fats,
polyunsaturated fats, frans-fats and alcohol.

Table 3 shows the median values and IQRs for
reported daily intakes of energy, macro- and micronu-
trients obtained from the two methods (24-h recalls and
FFQ?2). Even though median energy intake in FFQ2 was
higher than in the 24-h recalls, energy-adjusted intakes of
macro and micronutrients were significantly correlated
between the two methods. The significant correlations,
adjusted for age and sex, support the validity of the FFQ.
The results were similar after exclusion of LERs, as
shown in the Supporting information (Table S3).

The level of agreement between reported nutrient intakes
in the two methods (24-h recalls vs. FFQ2), as a percentage

TABLE 1
participants

Sex, males

Age

Weight baseline (kg)
Height baseline (m)

BMI baseline (kg m?)
Waist circumference (cm)

Highest attained
education level

Secondary school
College
University
Marital status
Not married
Married
Divorced
Smoking status
Never
Past smokers
Current
Town of residence

Nicosia (% of Cyprus
population = 39%)

Limassol (% of Cyprus
population = 28%)

Larnaca (% of Cyprus
population = 17%)

Ammochostos (% of
Cyprus
population = 5.5%)

Paphos (% of Cyprus
population = 10.5%)

Participants
completing the
study (n = 68)
n (%) or
median (IQR)

30 (44.1)
37.0 (30.5-47.5)
72.3 (56.4-81.1)
1.66 (1.61-1.73)
24.3 (22.2-28.6)

88 (80.0-99.5)

10 (14.7)
9 (13.2)
49 (72.1)

27 (40.3)
35 (52.2)
5(7.5)

33 (49.3)
9 (13.4)
25 (37.3)

30 (44.1)

16 (23.5)

12 (17.6)

5(7.4)

5(7.4)

Demographic and anthropometric characteristics of

Participants not
completing the
study (n=19)

n (%) or
median (IQR)

10 (52.6)
30.0 (24.0-36.0)
71.2 (59.5-84.2)
1.73 (1.62-1.78)
23.4 (20.1-27.7)
89 (78.5-97.0)

1(5.3)
1(5.3)
17 (89.4)

13 (68.4)
6 (31.6)
0 (0.0)

8 (42.1)
7 (36.8)
4 @1.1)

6 (31.6)

6 (31.6)

2 (10.5)

1(5.3)

4 (21.0)

Abbreviations: BMI, body mass index; IQR, interquartile range.

in the same quartile, is shown in the Supporting information
(Table S4), including and excluding LERs. Agreement was
satisfactory (>30%) for most micro- and macronutrients.
More specifically, agreement was more than 30% for protein,
starch, total sugars, trans-fats and fibre. Misclassification
into extreme quartile was evident, however, for saturated fat,
polyunsaturated fatty acids, alcohol, potassium, iron,
vitamin E and vitamin Bg, folate. This is probably a result
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FIGURE 2 Bland-Altman plots indicating non-significant or negligible bias when comparing the energy-adjusted daily macro- and
micronutrients intake 1 year later (FFQ2) with the 24-h recall mean intakes for (a) energy (kcal day 1): mean difference (MD) = 300.98, 95%
confidence interval (CI) = 30.18-571.79; (b) % protein: MD =0.97, 95% CI = —-0.87-1.74; (c) % total fat: MD = 1.23, 95% CI = —-0.62, 3.08; (d) %
monounsaturated fatty acids (MUFA): MD = 1.63, 95% CI = 0.24, 3.02; (e) % carbohydrate: MD = —2.89, 95% CI = —4.85 to —0.94; and (f) % fibre:
MD =0.16, 95% CI = —0.05, 0.36. The solid line represents the mean difference between the two methods used (FFQ and 24-h recalls), whereas the
dashed line represents the distance between the limits of agreement (mean difference + 2 SD). FFQ, food frequency questionnaire.

of the variability, both daily and seasonal, that naturally
occurs in nutrient intake. As also shown in previous
research, the reliability of 24-h recalls for assessing some
nutrients is lower than others.”

Bland-Altman plots of energy and macronutrient
intakes with normally distributed mean differences are
shown in Figure 2. In each plot, the dashed horizontal line
represents the mean difference in the intake measurement
between the FFQ and the 24-h recalls, and the shaded area
shows the limits of agreement (mean difference £ 2 SD). Of
the intake measurements shown in Figure 2, substantial
over-reporting when using the FFQ2 compared to the 24-h
recalls is evident only for energy intake (kcal day™);
however, the mean difference in energy reporting between
the two methods was not normally distributed. For the
remaining macronutrients, intakes display very good agree-
ment between the two methods used. Similar results were
obtained for micronutrients for which the mean difference
between the two methods was normally distributed, such as
iron, calcium, vitamin C and vitamin E (data not shown).

DISCUSSION

The present study developed and validated a previously
lacking FFQ for assessing dietary intake in Cypriot
adults. The FFQ comprises of 171 food items commonly

consumed in Cyprus including traditional foods and
culturally specific dishes, as well as taking into account
the transition towards a Westernised diet. Reproducibil-
ity or reliability was evaluated by comparing the same
FFQ completed at baseline and 12 months (1 year) later,
whereas relative validity was evaluated by comparing the
nutrient intakes as estimated by the FFQ of the intake
during the previous year with the intakes obtained from
three 24-h recalls completed over the year being assessed.
The study has thus evaluated the extent to which the two
dietary methods produce similar rankings of study
participants according to the intake of individual
nutrients. Good agreement was observed between the
energy-adjusted nutrient intakes calculated from the two
FFQs recorded by the same participant 12 months apart,
indicating the questionnaire's reliability. A high level of
agreement between reported nutrient intakes in the two
FFQs was also shown. Furthermore, the questionnaire's
validity was confirmed by examining it against 24-h
recalls and showing significant correlations between the
two dietary assessment methods. Overall, the above
indicate that the FFQ is a reliable and valid dietary
assessment tool to be used in both sexes in the Cypriot
population.

More specifically, the results suggest that the FFQ
had a high reliability because the energy-adjusted intakes
did not differ significantly between the two FFQs. The
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difference in energy intake is a reflection of the
complexity of dietary assessment, where the mere action
of (repeated) dietary reporting can lead to changes in the
actual intake and recording because the person becomes
more aware of their own intake by recording it.

With regard to the observed variations between the
FFQ and the 24-h recalls, our study agrees with previous
reports showing that energy intake is overestimated when
recorded using FFQs compared to 24-h recalls.”> Never-
theless, the correlation coefficients from this study are
comparable, albeit on the lower end, to those for the
Willett FFQ when adjusted for.?® A previous study in an
adult French population also demonstrated acceptable
validity and reproducibility of a FFQ with crude Pearson
correlation coefficients for relative validity ranging from
0.28 to 0.67 in men and from 0.25 to 0.55 in women. In
the same study, the median Pearson correlation coeffi-
cients for reproducibility for men and women were 0.70
and 0.65, respectively.?’” The energy-adjusted correlation
coefficients between FFQ and 24-h recalls in a study in
Moroccan adults were higher, in the range 0.53-0.73.%%
For a dietary instrument to be appropriate in detecting
associations between diet and disease, it has been
suggested that correlations between that instrument
and other dietary assessment methods need to be at least
0.3 or 0.4.%° The correlation in the present study was >0.3
between FFQ and 24-h recall for most macronutrients,
with the exception of percentage energy from saturated
and polyunsaturated fat and some micronutrients. The
Bland-Altman analysis showed a high percentage of
agreement between the FFQ2 and the 24-h recall because
the mean difference for key macro- and micronutrient
intakes demonstrated non-significant or negligible devia-
tions from the expected value of 0. Previous studies also
report on similar limits of agreement.®’

A number of reasons could explain the lower
correlation coefficients observed in the present study
compared to other studies. One reason is the limited
sample size, which, even though sufficient in reference to
the Cypriot population size (0.01% of the population), in
absolute numbers, it is smaller compared to other
studies, such as in that carried out by Subar et al.° for
which the sample comprised approximately 230 parti-
cipants and the study by Kesse-Guyot et al.?” for which
the sample comprised 140 participants. Moreover, the
period between the administration of the two FFQs in
our study was | year, whereas, other studies, which
report higher agreements, use shorter time frames,
such as 1 month®® or 4 months.” As per the
recommendations by Cade et al.> on FFQ reproduc-
ibility, the ‘interval between repeat measurements
should be chosen to minimise changes over time and
recall of previous answers and will depend on the
reference period of the questionnaire’. Because this
FFQ questionnaire was designed to assess diet over the
previous year, the chosen time interval between the two
assessments was 1 year. True changes in intake and

variation in response over 1 year could have con-
tributed to a reduced reproducibility.?'

A further reason could be related to the seasonal
produce consumed, such as fruit and vegetables (e.g.,
watermelon consumed in the summer and citrus fruit
consumed in the winter), as well as the seasonality of
various local dishes (e.g., ‘kolokasi’, ‘kleftiko’ and
others). This seasonality may be more variable compared
to other populations such as the UK. Moreover, the
population characteristics, as well as under-reporting
differ between studies, leading to variations in the results.
Overweight and obese individuals, women and older
subjects, those with a lower socio-economic class and
lower education, smoking, eating habits including dieting
and psychological factors have all been found to be
associated with misreporting energy and nutrient intake
to various extends.’” Biomarkers such as 24-h urine
samples or doubly-labelled water can provide objective
assessments of dictary intake because their errors in
measurement are weakly correlated to those for self-
reported dietary methods and are not influenced by diet.
For these reasons, further validation of this FFQ against
urine biomarkers is currently being planned by the
research team.

Our study has a number of strengths and limitations.
With regard to strengths, to the best of our knowledge,
this is the first comprehensive FFQ to be designed and
used for assessing the dietary intake of Cypriot adults
and includes a number of traditional and culture-specific
foods and dishes. Previous studies assessing diet of
Cypriot adults either used 24-h recalls or 3-day food
diaries.”® or FFQs not specifically validated for this
population.®* As expected, some variation between
energy intake assessed using the 24-h recalls and the
FFQ was demonstrated. By collecting three 24-h recalls
during the year, the effects of some of the inherent
limitations of this diet assessment method, such as
reliance on memory and high day-to-day variation, were
reduced. Some other sources of error in this study include
portion size estimation that might have also differed in
different foods such as for example, seasonal foods (e.g.,
fruit) versus foods consumed on a daily basis (e.g.,
bread), types of foods and food groups (e.g, it is easier to
estimate the portion size of milk compared to the portion
size of breakfast cereals or rice/pasta), as well as
assessment season and time (i.e., repetition of assess-
ment). By using the Block Portion Size Pictures and
assigning a standard portion size and specific amount of
grams or millilitres to each food portion, we reduced the
error related to conceptualising food portions, as well as
limited the within-person variation in portion size when
the same food is consumed on different occasions.’
Other possible sources of error include the inherent
variations between the actual versus estimated nutrient
content of the foods. Because only a limited number of
Cypriot foods have been analysed and only a few
nutrients are included in these analyses,'® the main
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database used to analyse the FFQ and the 24-h recalls
was UK-based to which the Cypriot food analyses were
added. Nevertheless, to reduce these sources of error, we
used the same food codes to analyse both FFQs and 24-h
recalls and run our analyses twice to confirm the findings.
Additionally, because the day of the week may also
influence the validation results, we took care to assess
dietary intake both during weekdays and weekends on a
proportional basis.

Another important type of response bias common
in all nutritional assessment studies, and, also shown
here, is LER, which was high in both assessment
methods. Reporting energy intakes of <1.2 times the
calculated BMR is not compatible with requirements
in the long term and thus unlikely to be the true
intake.?® As mentioned above, a number of factors are
associated with under-reporting. However, we found
similar results in sensitivity analyses after excluding
LERs. Previous studies have also supported the use of
energy-adjusted data with the limitation that this
method may obscure diet-disease relationships, if
absolute intake rather than nutritional composition is
driving the effect.’” In epidemiology, however, the
primary aim is often to place individuals in the correct
rank order, rather than to make accurate estimates of
absolute intakes,”’ something that was successfully
achieved in the present study, as shown by the
agreement between the two dietary assessment meth-
ods. Finally, as mentioned above, the present relative
validation is limited by its subjective nature; never-
theless, further validation using urine biomarkers is
planned to provide an objective assessment of dietary
intake.

In conclusion, the validated FFQ provides an
important tool for the assessment of dietary intake of
Cypriot adults, thus allowing a comprehensive assess-
ment of dietary intakes of important macro- and
micronutrients in epidemiological research and public
health interventions. This is of paramount importance
because the FFQ will offer opportunities to investigate
associations of the culture-specific Mediterranean diet
consumed in Cyprus with health outcomes and also

pave the way for planning population-tailored
interventions.
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