o

British Journal of Nutrition

British Journal of Nutrition (2012), 108, 1109-1117 doi:10.1017/50007114511006313

© The Authors 2012

Reliability, comparative validity and stability of dietary patterns derived from
an FFQ in the Tehran Lipid and Glucose Study

Golaleh Asghari', Arezoo Rezazadeh', Firoozeh Hosseini-Esfahani', Yadollah Mehrabi®,
Parvin Mirmiran'>* and Fereidoun Azizi®

YObesity Research Center, Research Institute for Endocrine Sciences, Shabid Bebeshti University of Medical Sciences, Tebran,
Islamic Republic of Iran

2School of Public Health, Shabid Bebeshti University of Medical Sciences, Tebran, Islamic Republic of Iran

3Department of Clinical Nutrition and Dietetics, Faculty of Nutrition Sciences and Food Technology, National Nutrition and
Food Technology Research Institute, Shahid Beheshti University of Medical Sciences, PO Box 19395-4741, Tebran, Islamic
Republic of Iran

‘Endocrine Research Center, Research Institute for Endocrine Sciences, Shahid Bebeshti University of Medical Sciences,
Tebran, Islamic Republic of Iran

(Submitted 15 March 2011 — Final revision received 13 October 2011 — Accepted 22 October 2011 — First published online 17 January 2012)

Abstract

The aim of the present study was to assess the reliability, comparative validity and stability of dietary patterns defined by factor analysis for
participants of the Tehran Lipid and Glucose Study. A total of 132 subjects, aged = 20 years, completed a 168-item FFQ (FFQ1, FFQ2)
twice, with a 14-month interval. Over this duration, twelve dietary recalls (DR) were collected each month. To assess the stability of
the FFQ, participants completed the third FFQ (FFQ3) after 8 years. Following these, two dietary patterns — the ‘Iranian Traditional’
and the ‘Western’ — were derived from FFQ1 and FFQ2 and the mean of DR (mDR); and three dietary patterns were identified from
FFQ3: the ‘Tranian Traditional’, the ‘Western’ and the ‘Combined’. The reliability correlations between factor scores of the two FFQ
were 0-72 for the Iranian Traditional and 0-80 for the Western pattern; corrected month-to-month variations of DR correlations between
the FFQ2 and mDR were 0-48 for the first and 0-75 for the second pattern. The 95% limits of agreement for the difference between
factor scores obtained from FFQ2 and mDR lay between —1:58 and +1:58 for the Iranian Traditional and between —1-33 and +1-33
for the Western pattern. The intra-class correlations between FFQ2 and FFQ3 were — 0-09 (P=0-653) and 0-49 (P < 0-:001) for the ‘Tranian
Traditional’ and the ‘Western’, respectively. These data indicate reasonable reliability and validity of the dietary patterns defined by factor
analysis. Although the Western pattern was found to be fairly stable, the Iranian Traditional pattern was mostly unstable over the 8 years of
the study period.
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and implement effective dietary interventions for targeted

groups™. Dietary patterns, defined by factor analysis, models

Most previous literature in the field of nutrition discusses the
relationship between disease and single nutrients or foods.

According to Hu et al.'", there are high correlations between
nutrients and foods, and there is a possibility of synergisticactions
when these are consumed together in a meal. Consumption of a
single food is commonly associated with a certain individual food
pattern. Hence, in order to overcome these limitations, Hu etal®
suggested that analysis of dietary patterns is a useful method to
obtain real dietary combinations. Furthermore, dietary pattern
analysis is applied in order to obtain a better perception of
eating behaviours of different population groups and to design

interrelated variables (food groups) as appearances of combina-
tory factors™. Togo et al.“? stated ‘The factors are weighted com-
binations of foods, which best explain the variance in the food
intake (the correlation matrix)’. Factor scores reflect the value
of each of the foods that identifies the ‘Factors™®. The FFQ or diet-
ary recall is a common dietary assessment questionnaire used to
define dietary patterns”. Using data collected by an FFQ, repre-
sentative of the long-term diet, is more preferable than short-term
methods like dietary recall to study dietary behaviours®.

Abbreviations: DR, dietary recalls; FCT, food composition table; mDR, mean of dietary recalls; TLGS, Tehran Lipid and Glucose Study; USDA, United States

Department of Agriculture.
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The reliability and comparative validity of FFQ represent
‘the consistency of data at different time points when patterns
may have not changed’ and ‘the ability of an FFQ to discrimi-
nate between subjects with true dietary intake differences’,
respectively'”. Hence, the reliability and comparative validity
of dietary patterns use FFQ data to show precision and
accuracy of studied patterns. Stability shows the constancy
of dietary intakes when it may have changed®. When
the same dietary pattern is seen in a person over years, it is
a stable dietary characteristic, and is important because
many of the dietary parameters (individual foods and nutri-
ents) seem to vary largely over time; furthermore, most studies
on reliability and validity of dietary patterns have been
conducted in western countries and assessed by principal com-
ponent analysis»**1?; however, to our knowledge, in Asian
countries with different cultures and dietary habits, only one
similar study has been performed in a Japanese population
while no similar study has been conducted in the Middle
East region. The FFQ used for the Iranian population in the
Tehran Lipid and Glucose Study (TLGS) was validated for
D and food group intakes"'® but not for dietary
patterns. The aim of the present study hence was to assess the
reliability and comparative validity of dietary patterns defined
by factor analysis, using dietary data collected with FFQ and
24h dietary recalls (DR), and to assess the stability of dietary
patterns after 8 years of follow-up of participants of the TLGS.

nutrients

Experimental methods

The present study was initiated in 2002 and conducted on a
subsample of TLGS subjects, urban residents of district-13 of
Tehran, the capital of the Islamic Republic of Iran. Of the
15005 participants of the TLGS (1999—2001)%, a random
sample of 200 cohort members, aged 20 to 70 years, was
invited to participate in the present study; of the 200 enrolled,
162 agreed (participation rate: 81%) and they were pro-
portionately distributed across five 10-year age groups and
two sexes to facilitate generalisation of the results to all age
groups and both sexes. Sample size was determined by con-
sidering a CI of 95% and study power of 80%, a minimum
expected correlation coefficient of 0-25 and attrition rate
estimation of 50%. The inclusion criteria for the present
study were current residence in Tehran for over 3 years and
no history of diabetes or renal or liver disease. We excluded
participants who did not satisfactorily complete the FFQ
(n 12), had more than two missing 24h DR (# 15), or those
who had received a diagnosis of a chronic disease during
the study period (7 3); a total of 132 subjects (sixty-one
males and seventy-one females) remained for the analysis of
reliability and validity. To assess stability of the dietary pat-
terns, these individuals were followed-up for 8 years (2011).
A total of fourteen subjects refused to complete the FFQ and
twenty-nine subjects migrated and we did not have access to
them; hence, eighty-nine subjects completed the FFQ. This
study was conducted according to the guidelines laid down
in the Declaration of Helsinki and all procedures involving
human subjects were approved by the ethics committee of
the Research Institute for Endocrine Sciences of the Shahid

Beheshti University of Medical Sciences. Written informed
consent was obtained from all subjects.

Assessment of dietary intake

During the first phase of study, twelve 24 h DR were collected
from each subject monthly. The first FFQ was completed
1 month before collection of the first 24h DR (FFQ1), the
second, 1 month after the last 24h DR (FFQ2) and the third
at the end of follow-up (FFQ3). Data were collected by trained
dietitians, with at least 3—5 years of experience in the nation-
wide food consumption survey and the TLGSY*'> and for
each participant, completion of both questionnaires was
supervised by the same dietitian.

The FFQ, originally designed for the TLGS, a semi-quantitative
168-item FFQ used to obtain information on dietary intake
over a l-year period, was a Willett format questionnaire™'®
modified based on Iranian food items. It included a list of
foods (with standard serving sizes) commonly consumed by
Iranians™”. Individuals were requested to report their fre-
quency of consumption of a given serving of each food item
during the past year, on a daily, weekly, monthly or yearly
basis. A standard portion size was designated for each item
by using United States Department of Agriculture (USDA)
serving sizes (e.g. bread, one slice; dairy, one cup); however,
household measures were used for some items that were
difficult to report by USDA standards (e.g. beans, one
tablespoon; chicken meat, one leg, breast or wing; rice, one
large, medium or small plate). The frequency reported for
each food item was then converted to a daily intake. Portion
sizes of consumed foods were converted to grams by using
household measures'”. The weight of seasonal items, such
as some vegetables, was calculated based on the number of
seasons that each food was available. Furthermore, twelve
24 h DR were collected, which included the two formal week-
end days (Thursday and Friday in Iran) and ten weekdays
for each subject. All recall interviews were performed at
subjects’ homes to estimate more precisely commonly used
household measures and to limit the number of missing sub-
jects. Researchers checked and resolved any vague recalls.
Mixed foods in the 24h DR were later converted into their
ingredients. Since a very limited number of raw food items
and nutrients can be analysed by the Iranian food composition
table (FCT)*®, the USDA FCT"? was used as the main FCT to
compute energy and nutrient intakes of food items; the Iranian
FCT was used as an alternative for traditional Iranian food
items, like ‘kashk’, which are not included in the USDA FCT.

Food grouping

Food items included in the FFQ and DR were grouped in
certain food groups based on the resemblance of nutrients
D Also, food grouping from other studies was con-
sidered a schema™?>?"_ Iranians eat somewhat differently
from people of other cultures. Taking this a priori knowledge
of diet in Iran into account, plus knowledge of which foods
are eaten and how they are prepared, our food groupings

in foods

were altered. Some food items were considered in a separated
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group because their nutrient content was unique (e.g. eggs);
thus, for both the 24h DR and FFQ data, food items were
allocated to nineteen food groups (Table 1) and the amounts
of each item in grams were summed to obtain the daily intake
of each food group.

Statistical analysis

Data were analysed using SPSS 16 (SPSS, Inc). The
Kolmogorov—Smirnov test and histograms were used to
test the normality of variables. Means of each food group,
energy and nutrient intakes of twelve 24 h DR were calculated.
Food group intakes were energy-adjusted by the residual
method®®. Significant differences in energy-adjusted food
group intakes between the two dietary assessment methods,
i.e. the 24 h DR and FFQ, were analysed by the Wilcoxon test,
and the correlations between them were analysed by the
Spearman correlation test. Factor analysis was used to identify
major dietary patterns based on the nineteen food groups;
factor analysis was performed separately for each FFQ and
the mean of twelve 24h DR food groups. The derived food
groups at baseline were applied to FFQ3 to extract factor
scores. Of the derived factors, the interpretable factors were
retained based on Scree plots®>
method, the Varimax rotation, was used to obtain explainable
factors. The factors derived were labelled on the basis of
interpretation of the data obtained in the present study and
the results available in the literature. The factor score for each
pattern and for each individual was computed by summing
the standardised intakes of each food groups, weighted by
the factor loadings®”, and following this, each individual
received a factor score for each identified pattern.

, when an orthogonal rotation

Table 1. Food groupings used in the dietary pattern analysis

To examine the reliability, intra-class correlation was used
between similar dietary pattern scores derived from the dietary
data of FFQ1 and FFQ2. To examine the stability of dietary
patterns, intra-class correlation was used between FFQ2 and
FFQ3. Spearman correlation coefficients were calculated for
evaluating the correlation between dietary pattern scores
derived from FFQ2 and the mean of DR (mDR), to achieve
comparative validity of dietary patterns derived from FFQ.
In this study, the correlation between FFQ2 and DR was
used for assessing validity, because FFQ2 represents the
time period during which the 24h DR were collected'***
Correlations between food groups from the mDR and those
from FFQ2 might, however, be higher than correlations for
food groups from FFQ1. This difference indicates considerable
learning bias and change of dietary intake over the year®**>,

To reduce the random within-person, month-to-month
variation in food pattern scores derived from the twelve DR,
factor analyses were carried out on the food group intakes
of each twelve 24h DR and the deattenuated correlation co-
efficients for each dietary pattern score were calculated
using the Rosner and Willett formula®®.

Furthermore, Spearman correlation coefficients were used
to evaluate the association between each dietary pattern
score and the energy-adjusted mean of nutrients derived
from the twelve 24h DR. The agreement obtained between
factor scores derived from FFQ2 and mDR was analysed by
calculating the intra-class correlation coefficients and using
the Bland and Altman method“”, which depicted a plot of
the difference between FFQ2 and DR against the mean of
FFQ2 and mDR to determine how much the factor scores
derived from FFQ2 differ from those derived by the DR as a
‘gold standard’ method. If there is no great difference between

Food groups

Food items

Red meats

Organ meats

Poultry, fish and other seafood
Fast foods

Eggs

Carbonated drinks

Dairy products

Fruits and dried fruits

Vegetables

Legumes and nuts

Potatoes

Whole grains

Refined grains

Salty snacks and vegetables
Animal fats

Vegetable oils

Olives

Sugars, sweets and desserts

Tea and coffee

Beef, lamb, calf, chopped meat, hamburger

Liver, kidney, heart, brain

Chicken, canned tuna fish, every kind of fish, shrimp

Fried potatoes, French fries, sausages, pizza

Eggs

Coca-cola, other carbonated beverages, low-energy carbonated beverages

Low- and high-fat milk, yoghurt and cheese, yoghurt drink, chocolate milk, concentrated and creamy yoghurt,
ice cream, cream cheese, other cheeses, kashk

Orange, tangerine, lemon, lime, grapefruit, banana, apple, pear, strawberry and other berries, peach, cherries,
fig, melon, watermelon and persian melon, cantaloupe, raisins or grapes, kiwi, apricots, nectarine, mulberry,
plums, persimmons, pomegranates, date, tinned fruits, natural fruit juices, other dried fruits

Cabbage, cauliflower, Brussels sprouts, kale, carrots, tomatoes, tomato sauce, tomato pasta, spinach, lettuce,
cucumber, eggplant, celery, green peas, green beans, green pepper, turnip, maize, squash, zucchini,
mushrooms, onions and garlic, green leafy vegetables

Beans, peas, lima beans, broad beans, lentils, soya, peanuts, almonds, pistachios, walnuts, hazelnuts,
roasted seeds

Potatoes

Iranian dark breads, barley bread, barley, bulgur

White breads (lavash, baguettes), noodles, pasta, rice, toasted bread, sweet bread, white flour, biscuits

Potato chips, corn puffs, crackers, biscuits, popcorn, pickled vegetables

Animal fats, butter, cream

Vegetable oils, hydrogenated vegetable oils, mayonnaise, margarine

Olives, olive oils

Sugars, candies, Iranian confectioneries (gaz, sohan, noghl), jam, jelly, honey, chocolates, cookies, cakes,
confections, caramels

Tea, coffee
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the two methods, we can use the two (DR/FFQ) interchange-
ably. The limits of agreement were given as 1-96 times the
standard deviation of the difference. Bland and Altman
stated: ‘The limits of agreement are only estimates of the
values which apply to the whole population. We might some-
times wish to use standard errors and CI to see how precise
our estimates are, provided the differences follow a distri-
bution which is approximately Normal?”. Finally, in order
to evaluate the long-term stability, factor scores were split
into quintiles. Then, the agreement of subjects’ quintiles classi-
fications by factor scores between baseline and after 8 years of
follow-up was calculated and the proportions of subjects at
the same quintile, adjacent quintile and opposite quintile
were presented. The weighted k statistics was calculated.
P values <005 were considered significant.

Results

The mean age of the participants was 35-6 (sD 16-8) years, 39-8
(sp 18:8) years for men and 33-4 (sp 15-4) years for women;
mean BMI was 255 (sD 5:2) kg/mz, 247 (sD 3-8) kg/m2 for
men and 26:0 (sD 5'8) kg/m2 for women. Characteristics of
the study participants and the TLGS population have been
reported in a previous study'?. Median daily energy-adjusted
consumption of the nineteen food groups assessed with FFQ
and mDR are presented in Table 2. Some food groups esti-
mated in FFQ1 were higher than their estimates in FFQ2;
these included fast foods, eggs, carbonated drinks, refined
grains, vegetable oil, animal fat and fast foods. In contrast,
estimated animal fats and olives were lower by the FFQ1 in
comparison with FFQ2. On the other hand, eleven food

groups estimated in FFQ2 were higher, and legumes and
nuts, carbonated drinks, red meats and potatoes in FFQ2
were lower than in the mDR. The median estimates of organ
meats, poultry, carbonated drinks and dairy products accord-
ing to FFQ3 were higher than those based on FFQ2. However,
median estimates of red meat, eggs, potatoes, refined grains,
salty snacks, vegetable oil and sugars were lower than those
based on FFQ2. Spearman correlations of daily intakes of
the food groups extracted from the FFQ2, FFQ3 and mDR
are listed in Table 3. Spearman correlation coefficients
ranged from —0-27 for legumes to 0-70 for tea and coffee
(mean 040) for the comparison between FFQ2 and the
mDR. The highest correlation between FFQ2 and FFQ3 was
found for animal fats (0-39) and the lowest correlation for
poultry (0-10), with the mean of 0-28.

Using factor analysis, two major dietary patterns were
extracted for FFQ1, FFQ2 and mDR, and three major dietary
patterns were extracted for FFQ3. The factor loadings for
each pattern derived from FFQ and mDR are shown in
Table 4. Overall, the total percentage of variance explained
by the major dietary patterns derived from FFQ1, FFQ2,
FFQ3 and the mDR, was 27-4, 31:6, 39-0 and 32-0 %, respect-
ively. Thus, two relatively similar patterns, ‘Iranian Traditional’
and ‘Western’, were identified from all four sources and a
‘Combined’ pattern was also identified for FFQ3. The ‘Iranian
Traditional’ was highly loaded for vegetables, fruits, potatoes,
dairy products, legumes and nuts, whole grains, tea and
coffee, olive, eggs, red meat and organ meat, the ‘Western’
was highly loaded for carbonated drinks, salty snacks and
salty vegetables, sugars, sweets, desserts, vegetable oil,
animal fat, fast foods, poultry, fish and other seafood and

Table 2. Daily energy-adjusted intakes of nineteen food groups estimated with the mean of twelve 24-h dietary recalls (mDR) and three FFQ, during

8 years of follow-up: Tehran Lipid and Glucose Study
(Median and interquartile ranges)

mDR{t (n 132)

FFQ1t (n 132)

FFQ2t (n 132) FFQ3t (n 89)

Interquartile Interquartile Interquartile Interquartile
Food groups (g/d) Median range Median range Median range Median range
Red meats 30-9** 181 259 20-4 25.4 195 17-0 14-8
Organ meats 0-05** 0-2 1.0 1-4 1.3 1.5 1.5* 19
Poultry, fish and other seafood 25-3 21-8 197 21-6 22-8 20-3 32.2* 20-7
Fast foods 4.0 7-6 17.9* 20-5 16-1 17-0 132 147
Eggs 158 11-6 171 151 152 12.0 9-3** 11-8
Carbonated drinks 63-0** 65-1 34.9** 541 23-3 46-2 32-6* 45.2
Dairy products 202-5* 124.7 3159 174.3 302-8 166-9 416-6* 277-8
Fruits and dried fruits 217-3* 138-6 4137 237-6 388.7 296-1 321.0 257-0
Vegetables 203.7 98-1 219-8 143.9 2151 126-5 265-1 221-8
Legumes and nuts 34.0** 22.2 33-8 35.7 29.2 24.2 30-6 33-5
Potatoes 24.0** 17-9 12.8 17-8 17-2 177 10-0** 12.3
Whole grains 63.9** 431 67-6 71-3 76-6 74-9 67-8 81-32
Refined grains 328-1** 77-4 458-0** 164-3 360-9 141.0 280-1** 180-2
Salty snacks and vegetables 16-5** 15-3 26-2 255 28-9 24.7 16-8* 205
Animal fats 2.8* 4.8 0-22** 7-2 3-8 6-7 4.5 6-1
Vegetable oils 28-8 11-4 64-4** 50-4 27-8 17-3 18-1** 183
Olives 0-07** 0-2 0-5** 1.5 0-8 1-8 0-7 2.7
Sugars, sweets and desserts 47.1* 236 51.9 29.4 53.4 36-7 29.1** 23-8
Tea and coffee 546-2** 451-4 613-3 581-6 578-6 503-8 546-5 558-9

Medians of energy-adjusted food group intakes were significantly different from FFQ2: *P<0-05, **P<0-01 (Wilcoxon test).
1 Food intakes were energy-adjusted by the residual method. A total of twelve 24 h dietary recalls (DR) were collected from each subject on a consecutive monthly basis.
The first FFQ was completed 1 month before collection of the first 24 h DR (FFQ1), the second, 1 month after the last 24 h DR (FFQ2) and the third one at the end of 8 years

of follow-up (FFQ3).
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Table 3. Spearman correlation coefficients of nineteen food groups estimated with the mean of
twelve 24 h dietary recalls (mDR) and two FFQ, during 8 years of follow-up: Tehran Lipid and

Glucose Study*

FFQ2 v. mDR (n 132)

FFQ2 v. FFQ3 (n 89)

Food groups (g/d) Crude Energy adjusted Crude Energy adjusted
Red meats 0-46 0-30 0-24 0-21
Organ meats 0-37 0-33 0-67 0-50
Poultry, fish and other seafood 0-44 0-35 0-27 0-10
Fast foods 0-35 0-35 0-53 0-34
Eggs 0-40 0-29 0-40 0-32
Carbonated drinks 0-43 0-40 0-50 0-23
Dairy products 0-53 0-50 0-29 0-18
Fruits and dried fruits 0-41 0-30 0-35 0-26
Vegetables 0-54 0-51 0-25 0-27
Legumes and nuts 0-33 0-27 0-29 0-20
Potatoes 0-30 0-29 0-32 0-25
Whole grains 0-52 0-50 0-19 0-25
Refined grains 0-59 0-52 0-41 0-38
Salty snacks and vegetables 0-46 0-46 0-32 0-25
Animal fats 0-43 0-38 0-52 0-39
Vegetable oils 0-41 0-38 0-29 0-18
Olives 0-50 0-48 0-44 0-23
Sugars, sweets and desserts 0-52 0-37 0-40 0-34
Tea and coffee 0-79 0-70 0-43 0-42

*Food intakes were energy-adjusted by the residual method; all P<0-0001. A total of twelve 24 h dietary recalls
(DR) were collected on a consecutive monthly basis. The second FFQ was completed 1 month after collection
of the last 24 h DR (FFQ2) and the third one at the end of 8 years of follow-up (FFQ3).

refined grains, and the ‘Combined’ factor was highly loaded
for potatoes, tea and coffee, vegetable oils, eggs, legumes
and nuts, sugars, whole grains and salty snacks.

Intra-class correlation coefficients between FFQ1 and
FFQ2 were 0-72 (P<0:001) for the Iranian Traditional pattern
and 0:80 (P<0:001) for the Western pattern; coefficients
between FFQ2 and FFQ3 were —0-09 (P=0-653) for the
Iranian Traditional and 0-49 (P<<0:001) for the Western pattern

(Table 5). Correlation coefficients corrected for month-
to-month variation in the DR were 048 for the Iranian
Traditional pattern and 0-75 for the Western pattern. Table 6
shows the correlation between the factor scores of two
major dietary patterns and mean nutrient intakes derived
from the DR. The Iranian Traditional pattern was positively
and the Western pattern was negatively correlated with intakes
of all nutrients shown in the table, except for total fat and

Table 4. Factor-loading matrix for the major dietary patterns identified from means of twelve 24-h dietary recalls (mDR) and three FFQ developed for

the Tehran Lipid and Glucose Study*t

FFQ1 (n 132) FFQ2 (n 132) mDR (n 132) FFQ3 (n 89)
Iranian Iranian Iranian Iranian

Food groups Traditional Western  Traditional ~ Western Traditional ~ Western  Traditional Western Combined
Vegetables 0.73 - 0-71 - 0-54 - - —-0-41 -
Potatoes 0-65 - 0-39 - 0-63 0-24 - - 0-69
Eggs 0-59 - 0-74 0-23 0-69 - - - 0-54
Red meat 0-59 0-22 0-56 0-35 0-42 0-39 0-55 - -
Fruit 0-58 0-20 0-21 - 0-36 - 0-68 - -
Dairy products 0-48 0-25 0-22 - 0-33 0-30 0-74 - -
Whole grains 0-36 - 0-33 - 0-38 - - - 0-42
Tea and coffee 0-29 - 0-42 0-39 0-35 0-29 - - 0-67
Organ meats 0-26 - 0-49 - 0-35 - 0-44 0-27 -
Legumes and nuts 0-20 - 0-61 - 0-54 - 0-43 -0-20 0-43
Carbonated drinks - 0-64 - 0-71 - 0-76 0-54 0-33 -
Salty snacks and vegetables 0-20 0-60 0-54 0-32 0-30 0-33 0-40 - 0-32
Sugars, sweets and desserts - 0-54 - 0-62 - 0-63 0-36 - 0-44
Vegetable oils - 0.52 0.37 0.45 0-50 0-59 - 0.47 0-58
Animal fats - 0-51 - 0-55 - 0-35 0-30 0-49 -
Fast foods - 0-48 - 0-52 - 0-45 0-66 - -
Poultry, fish and other seafood - 0-44 - 0-52 - 0-54 0-70 - -
Olives 0-33 - 0-20 - 0-45 - - —0-42 -
Refined grains - 0-20 - 0-56 0-36 0-67 - 0-72 -

* A total of twelve 24-h dietary recalls (DR) were collected on a consecutive monthly basis. The first FFQ was completed 1 month before collection of the first 24-h DR (FFQ1),
the second, 1 month after the last 24 h DR (FFQ2) and the third one at the end of 8 years of follow-up (FFQ3).

1 Absolute values < 0-2 were excluded from the table for simplicity.
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Table 5. Correlation coefficients for the pattern scores derived from the
mean of twelve 24 h dietary recalls (mDR) and the three FFQ developed
for the Tehran Lipid and Glucose Studyt

Iranian Traditional pattern Western pattern

Crude Correctedt Crude Correctedt
FFQ1 v. FFQ2§ 0.72* - 0-80* -
FFQ2 v. FFQ3§ —0-09 - 0-49** -
FFQ2 v. mDR! 0-48** 0-48 0-74** 0-75
** P<0-001

1 A total of twelve 24 h dietary recalls (DR) were collected on a consecutive monthly
basis (n 132). The first FFQ was completed 1 month before collection of the
first 24h DR (FFQ1, n 132), the second, 1 month after the last 24h DR (FFQ2,
n 132) and the third one at the end of 8 years of follow-up (FFQ3, n 89).

1 Corrected for month-to-month variation in DR.

§ Intra-class correlation.

|| Values are Spearman correlation coefficients.

saturated fat that were negatively correlated with the Iranian
pattern but positively correlated with the Western pattern.

The stability for the scores of two factors (Iranian
Traditional and Western) was assessed over 8 years (Table 7).
The percentage of subjects at the same quintile was higher
for the Western dietary pattern in comparison to the Iranian
Traditional pattern (27-1% v. 20-2%); however, the proportion
of individuals at the opposite quintile was reversed (35-8% v.
41-5%). The weighted k statistics for the Iranian Traditional
and the Western dietary patterns were 0-09 (95% CI — 0-05,
0-23) and 0-20 (95% CI 0:05, 0:34), respectively.

The agreement (intra-class correlation) between the factor
scores of dietary patterns derived from FFQ2 and mDR was
0-79 for the Iranian Traditional dietary pattern and 0-86 for
the Western dietary pattern. In Fig. 1, the Bland—Altman
plots of the Iranian Traditional dietary pattern (a) and the
Western dietary pattern (b) are presented. The 95% limits
of agreement for the difference between the factor scores
obtained from FFQ2 and mDR lay between —1-58 and

+1-58 for the Iranian Traditional dietary pattern; and between
—1-33 and + 1-33 for the Western dietary pattern.

Discussion

In the present study, using factor analysis, two major dietary
patterns were extracted, i.e. the ‘Iranian Traditional’ and
‘Western’ dietary pattern at baseline. These two derived
patterns were relatively similar, both in dietary data obtained
from the FFQ and in the means of twelve DR. The strong cor-
relations among FFQ1 and FFQ2 suggested a high reliability;
and the correlation coefficient between FFQ2 and the mDR
as a reference method, ranged from 0-48 to 0-75 for those
patterns, indicated a reasonable validity of FFQ2 against the
mDR in defining major dietary patterns. Overall, three major
dietary patterns were obtained after long-term follow-up,
including ‘Iranian Traditional’, ‘Western’, which had relatively
similar food groups to the baseline extracted patterns, and a
new pattern or the ‘Combined’ pattern. The Western dietary
pattern showed good long-term stability; the non-significant
correlation of the Iranian Traditional pattern, however,
suggests instability of the mentioned pattern over time.

Few studies have assessed the reliability and validity of diet-
ary patterns, especially in Asian countries; however, because
of socio-economic, cultural and ethnic differences and diver-
sity in food preferences and access to various foods, such
investigations seem necessary in other Middle Eastern popu-
lations. The first derived pattern, or the ‘Iranian Traditional’
one, reflected the common eating habits of Iranian people,
high in vegetables, fruits, potatoes, dairy products, legumes
and nuts, whole grains, tea and coffee, olive, eggs, red and
organ meats; this pattern contained almost all healthy food
items except red and organ meat; this is mainly because in
Iran, more traditional foods are prepared with red meat and
eggs along with vegetables and legumes like stews ‘Khoresh’

Table 6. Spearman correlation coefficients between the Iranian Traditional and Western dietary pattern
scores derived from means of twelve 24h dietary recalls (mDR) and FFQ and mean nutrients intake

obtained from dietary recalls (DR) (n 132)

Iranian Traditional dietary pattern

Energy-adjusted

Western dietary pattern

nutrients from DR* FFQ1 FFQ2 mDR FFQ1 FFQ2 mDR

Carbohydrate 0-13 0-10 0-04 -0-21 —0-08 —0-10
Protein 0-05 0-10 0-14 -0-08 -0-05 -0-07
Total fat -0-13 —0-11 -0.07 0-20 0-06 0-09
Saturated fat —0-08 —0-16 -0-24 0-16 0-03 0-04
Fibre 0-04 0-13 017 —0-31 -0-23 -0-33
Ca 0-06 0-19 0-15 —-0-27 —-0-34 —0-40
Mg 0-34 0-39 0-41 —-0-41 —-0-33 —0-39
K 0-24 0-33 0-34 —0-33 -0-29 —0-37
P 0-16 0-21 0-20 —025 -0-29 —0-31
Zn 0-22 0-29 0-40 —0-19 -0-11 -0-21
Retinol 0-10 0-15 0-29 —-0-15 -0-16 —0-22
B-Carotene 0-19 0-25 0-25 —0-24 -0-15 —0-22
a-Tocopherol 0-10 0-14 0-20 —0-08 -0-13 —-0-07
Vitamin E 0-13 0-12 0-16 —0-01 -0-11 —0-05
Vitamin C 0-27 0-26 0-21 —0-22 -0-21 —019
Thiamine 0-10 0-17 0-20 —0-34 —-0-22 —0-25
Riboflavin 0-13 0-23 0-28 —-0-18 —-0-26 —0-35

* A total of twelve 24 h DR were collected on a consecutive monthly basis. The first FFQ was completed 1 month before col-
lection of the first 24 h DR (FFQ1) and the second, 1 month after the last 24 h DR (FFQ2).
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Table 7. Agreement of the classification to the same, adjacent or opposite quintiles for the Iranian Traditional and Western
dietary pattern scores derived from the second FFQ (FFQ2) and third FFQ (FFQ3) (n 89)*

Same quintile (%) Adjacent quintile (%) Opposite quintile (%) Weighted k 95% ClI
Iranian Traditional 20-2 38-3 41.5 0-09 —0-05, 0-23
Western 271 371 35-8 0-20 0-05, 0-34

*The FFQ2 was completed 1 month after collection of the last 24 h dietary recalls at baseline, and the FFQ3 at the end of 8 years of follow-up.

(dish of red meat and vegetables served with rice) and differ-
ent kinds of ‘omelettes’ (a dish made of eggs with onion,
potato, tomato and pepper). The second factor, loaded
mainly for the Western food groups, was the ‘Western pattern’
(high in carbonated drinks, salty snacks and salty vegetables,
sugars, sweets, desserts, vegetable oil, animal fat, fast foods,
poultry, fish and other seafood and refined grains). Similar
to the Western dietary pattern derived from the Australian ado-
lescents cohort®, poultry and fish were highly loaded for the
Western pattern because in Iranian recipes, they are most
commonly prepared by frying and are usually consumed
with the skin. Furthermore, total fat and saturated fat intake,
the impairing effects of which on human health have been
described elsewhere®3?,
the Western pattern. For both dietary patterns, factor loadings
of the FFQ and mDR food items were partly different; as Hu
et al’? elaborated on it, this was a result of methodological
differences dietary assessment methods,
and different assessment
periods'’; nevertheless, the major patterns extracted from
the FFQ and DR were comparable.

The correlations of the dietary patterns between FFQ1 and
FFQ2 for the Iranian Traditional and the Western pattern
revealed a good reliability; and the correlations of the dietary
patterns between FFQ2 and the mDR for the Iranian
Traditional and the Western pattern represented a reasonable
comparative validity of dietary patterns derived by factor
analysis using the data of FFQ in an Iranian population. For
reducing the effect of difference in seasonal food availability,
twelve DR (one for each month) were collected, which cover
variability in food consumption during different seasons.
Also, the deattenuated validity correlations were calculated
to correct month-to-month within-person variations. Although
the methods of comparative validity and reliability of dietary
patterns were different, the obtained correlations of the pre-
sent study were similar to those documented by other studies,
and ranged between 0-45 and 0-74 in American men" for the
prudent and Western dietary patterns; 0-41 and 0-73 for
healthy, Western and drinker patterns in Swedish women™;
0-34 and 0-61 for green, sweet and traditional patterns for
Danish men and women™; 035 and 0-67 for prudent
and Western patterns for pregnant British women'?”
0-36 and 0-62 for healthy, Western and traditional Japanese
patterns in Japanese men and women”, 0-45 and 036 for
healthy and Western pattern in Australian adolescents®®.

The complex nature of the Iranian Traditional dietary
pattern makes it very difficult to interpret. Because of world-
wide differences in geographical, cultural and methodological
variations (sampling, food grouping, number of variables used

were positively correlated with

between the

random statistical variations

and

in factor analysis), interpretations of dietary pattern analyses
9 Overall, the Western pattern of
the present study is similar to ‘Western’ dietary patterns in the
Health Professionals’ Follow-up Study, the Swedish®, the

should be made with caution

American women®", Spanish men and women participating

32) 28)

in the Spanish SUN project® and Australian adolescents

Besides, a rational agreement was observed in our study
between the FFQ2 and mDR scores, which was in accordance

with the results of previous studies™”1,
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Fig. 1. Bland—Altman plots for agreement between (a) Iranian Traditional
and (b) Western pattern scores derived from the second FFQ (FFQ2) and
mean of twelve dietary records (mDR) among 132 participants of the Tehran
Lipid and Glucose Study.
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The correlation between dietary pattern scores obtained
from mDR and FFQ with specific mean nutrient intakes,
obtained from twelve 24h DR, indicated the face validity of
principal component analysis in our population, an associ-
ation which was expected. Also, the associations of dietary
patterns derived from mDR used as a ‘gold standard’ and
nutrient intakes were higher than those based on the use of
FFQ, a finding in agreement with that of the Hu et al. study*”.

Relatively limited numbers of studies have evaluated
the long-term stability of dietary patterns®®3*  Similarly,
Northstone et al.”> found that four dietary patterns over a
4-year post-partum follow-up in women were mostly consist-
ent, with the exception of loss of the ‘Traditional’ one, which
indicates that the exact comparison could not be made™.
In another study, three patterns were consistently extracted
at four time points; however, an extra ‘snack’ pattern was
derived at the baseline and ‘health conscious’ pattern was
modified at the end of follow-up®®. In contrast, in a study
of middle-aged Swedish women, there was no evidence for
the stability of dietary patterns after 7 years, indicating that
dietary intakes should be updated at least every 7 years®.
Our findings suggest that over an 8-year follow-up in an
Iranian population, dietary patterns were relatively unstable,
with the exception of the Western pattern (intra-class
correlation = 0-49; P<0-001). The variations in the stability
of dietary patterns can be explained by differences in
follow-up duration, age of participants (childhood, adulthood)
and physiological status (growth, pregnancy, etc). Also, nutri-
tion transition is an important issue in losing and introducing
patterns over time, in developing countries like Iran.

Regarding the study limitations, first, we considered DR
as a ‘gold standard’ for assessing the comparative validity of
the FFQ in its description of dietary patterns. The measure-
ment errors in DR and potential changes in eating behaviours
are inevitable®?, Second, limitations of the FFQ (such as
measurement errors including selective under- or over-
reporting of intakes of certain foods, relying on memory,
requiring skilled professionals for the interview)®® for asses-
sing dietary intakes should be taken into account. Third,
there are some limitations in the factor analysis method,
namely several subjective or arbitrary decisions in the use of
factor analysis including the food grouping, number of factors,
rotation method and interpretability of factors®®. Fourth, due
to the small sample size (n 132), we could not separate men
and women to define the major dietary pattern of each sex.
Fifth, the total variance explained by two dietary patterns
derived from FFQ1, FFQ2 and mDR was 27-41, 31-65 and
32-04 %, respectively; hence, these two patterns are not repre-
sentative of all of our patterns available; this despite the fact
that other minor variables were less interpretable. Finally,
using the FCT is another limitation of our study. Not having
a comprehensive Iranian FCT with which to compare intakes,
we do not know how this affects our results concerning
the correlation of dietary pattern scores and nutrients. The
strength of this study was the fact that since there were
no differences between the characteristics of those subjects
who participated in this study and the participants of the
TLGS, the results can be generalised to the cohort population.

Conclusion

Our data indicate reasonable reliability and validity of the
derived dietary patterns defined by factor analysis using data
from the FFQ, which is a suitable approach for determining
the dietary patterns of Iranians and for studying the rela-
tionship between dietary patterns and health outcomes in
epidemiological studies. Although the Western pattern was
found to be fairly stable, the Iranian Traditional pattern was
mostly unstable over the 8 years of the study period.
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