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Title: Validity and Reproducibility of a Food Frequency Questionnaire among Lebanese  

adults for the Assessment of Food Groups 

 

 

 

Background: Diet is a major modifiable risk factor in the etiology of chronic diseases. 

Dietary assessment is a critical step in evaluating diet-disease association and in 

formulating recommendation for dietary interventions. To date, there exists no valid 

dietary assessment tool for adults in Lebanon. The purpose of this study was to develop 

and examine the validity and reliability of a Food Frequency Questionnaire (FFQ) for 

the assessment of dietary intake in relation to food groups among Lebanese adults. 

 

Methods: Healthy Lebanese adults of both genders, aged between 18 and 65 were 

recruited from various faculties and offices at the American University of Beirut 

(AUB), Lebanon (n=120) by convenient sampling. Participants completed the FFQ 

twice, during a one year interval. Within each of the four seasons of this one year, three 

24-hour recalls (24-HRs) representing two weekdays and one weekend were collected. 

Sociodemographic, lifestyle questionnaire and anthropometric measurements were also 

collected. For the development of the FFQ, a list of 94 culturally appropriate food items 

were included and they were categorized into 23 food groups with 4 frequency options 

(daily, weekly, monthly, never). Food items were analyzed into food groups based on 

usage or similarities in composition. Similar grouping was conducted for the 24-HR. 

Calorie estimation of the various food groups was conducted using Nutritionist Pro 

software. For validity, dietary intake data collected via the FFQ was compared to the 

mean of repeated 24-HR recalls (MPRs). Percent difference in means, spearman rank 

correlations and Bland-Altman plots were used to assess the validity of the developed 

FFQ. Intra-class Correlation Coefficient (ICC), percent agreement, and weighted kappa 

(κ w) were used to evaluate the FFQ‘s reproducibility. Statistical Package for Social 

Sciences (SPSS) was used in the analysis and a p<0.05 indicated significance. 

 

Results: Out of the 120 adults, 110 completed the study (dropout rate: 8.3%). The mean 

(±SD) age of subjects was 38.75 (±0.91) years. Mean difference derived from the mean 

of MPRs and FFQ-2 was positive for most food groups indicating an overestimation of 

intake. Spearman correlation coefficients (r) for the association of the FFQ and mean 

24-HR for the validity ranged from 0.20 for ‗fresh fruit juices‘ (p<0.05) and 0.74 for 

‗alcoholic beverages‘ (p<0.01). Bland-Altman‘s Limits of agreements (LoA) showed 

acceptable agreement between the FFQ and the mean of MPRs in estimating portions 

for most food groups with mean differences lying between -0.52 for ‗Pizzas and pies‘ 

and 1.90 for ‗meat‘ intake.  The majority of data points in the Bland-Altman plots lied 

between the LoA, closer to the middle horizontal line. Larger differences between the 

FFQ mean 24-HR were observed for most groups at higher intake. As for the 
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reproducibility, ICC was calculated between FFQ-1 and FFQ-2. It ranged from 0.31 for 

‗meat‘ (p<0.05) to 0.97 for ‗miscellaneous‘ food group (p<0.01). The latter included 

mustard, ketchup, pickles (cucumber, eggplant) and thyme. The κ w values and their 

agreement ranged from 0.22 ―fair‖ for ‗pasta and other cereals‘ food group to 0.96 

―almost perfect‖ for ‗miscellaneous‘ food group. The average percent agreement 

between FFQ-1 and FFQ-2 in ranking participants into the same or adjacent quartiles 

was 82.81%, highest for ‗miscellaneous‘ (100%) and lowest for the pasta and other 

cereals‘ food group (71.82 %). 

 

Conclusion: Findings of this study suggested that the developed FFQ is a valid and 

reliable tool in assessing dietary intake among Lebanese adults. This FFQ could be used 

in future studies to examine nutritional status and evaluate diet-disease associations 

among adults in Lebanon. 
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CHAPTER I 

INTRODUCTION 

 

A. General Overview 

Diet is a major modifiable risk factor in the etiology of chronic diseases 

including cardiovascular diseases (Stampfer, Hu, Manson, Rimm, & Willett, 2000), 

diabetes (Wennehorst et al., 2016), and all-cause mortality (Streppel et al., 2014). 

Dietary assessment evaluates dietary intake in order to identify population at risk 

of diet- related problems, provide data for planning of nutrition support, modify 

nutritional recommendations and monitor the progress and efficacy of the adherence to 

dietary guidelines, therapy and interventions (Taren, Dwyer, Freedman, & Solomons, 

2002). 

The purpose for which the dietary assessment is needed, determines the tool to 

use (Wrieden, Peace, Armstrong, & Barton, 2003). Various methods have been 

developed for assessing dietary intake at the population level, each with strengths and 

limitations (Wrieden et al., 2003).They range from techniques such as 24 hour recalls, 

estimated or weighted food records, narrative diet histories and Food Frequency 

Questionnaires (FFQs), to a more complex biochemical approach such as measuring 

markers of nutrient intakes in blood, urine or other biological samples (Moghames et 

al., 2015). 

Although weighed diet records and biomarkers are the ‗gold standards‘ of 

dietary assessment, each of the various methods of dietary assessment presents a distinct 

set of advantages, associated errors and practical difficulties to be considered (Cade, 

Thompson, Burley, & Warm, 2002; Moghames et al., 2015). Food records and 24-hour 
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recalls (24-HRs) are commonly used and are time-consuming, require literacy, and costs 

of these methods make them unsuitable for large-scale studies (Willett, 1998). FFQs, on 

the other hand, are considered to be more practical and economical for the collection of 

dietary data in large-scale epidemiological studies for they are easier to administer, less 

intrusive, less time-consuming, relatively inexpensive and less burdensome for both 

interviewers and participants (McPherson, Hoelscher, Alexander, Scanlon, & Serdula, 

2000; Willett, 1998). In addition, unlike 24-HRs and food records, which are both 

considered as short term dietary assessment tools, FFQs cover a longer period of dietary 

recall varying from months to years (Cade et al., 2002). Measuring average long-term 

diet may be more valuable than measuring the intake of few specific days, particularly 

when aiming to assess the relation between food and long-latent diseases with 

modifiable risk factors, such as obesity and diet related non-communicable diseases 

(Willett, 1998). 

In order to understand the role of diet in prevention and control of disease, there 

is a need to have a valid, reliable assessment tool. FFQ has been validated in many 

countries such as Iran (Malekshah et al., 2006), United Arab Emirates (UAE) and 

Kuwait (Dehghan et al., 2012), and Jordan (Tayyem, Abu-Mweis, Bawadi, Agraib, & 

Bani-Hani, 2014b). However, since food consumption is culture specific, the accuracy 

of dietary intake information generated by FFQs is highly dependent on the validity and 

reproducibility of the FFQs in the populations in which they are intended to be used 

(Stevens et al., 1996). 

Nevertheless, the validity of a tool for the assessment of diet is culture and 

ethnic specific (Stevens et al., 1996). Moreover, there is a nutrition transition, erosion of 

the traditional diets which are rich in fruits and vegetables (Naja et al., 2011), and a shift 
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toward a more westernized type of dietary intake (Carvalho, Dutra, Pizato, Gruezo, & 

Ito, 2014) which is a risk factor for non-communicable diseases and are associated with 

high intakes of processed, energy-dense, low nutrient foods (Drake et al., 2013; Willett 

& Stampfer, 2013; World Health Organization, 2003). To date, there exists no valid 

dietary assessment tool for adults in Lebanon. Hence, the purpose of this study is to 

validate the FFQ. 

 

B. Objectives  

The aim of this thesis was to validate a culturally sensitive FFQ for the 

assessment of dietary intake by food groups among Lebanese adults. More specifically, 

the objectives include:  

 Develop a FFQ that capture food group intake with culturally appropriate food list 

that are commonly used among Lebanese adults as well as the portion size, 

frequency and an open-ended section. 

 Determine the relative validity of the developed FFQ as compared to the means 

obtained by repeated Multiple Pass 24-HR recalls (MPR) over a period of 12 

months. 

 Evaluate the reproducibility of this FFQ after 12 months following initial 

administration. 
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CHAPTER II 

LITERATURE REVIEW 

 

A. Overview of Non-Communicable Diseases 

Non-communicable diseases (NCDs) have been on rise worldwide (Food and 

Agriculture Organization of the United Nations, 2017). The three-main nutrition-related 

NCDs are: cardiovascular diseases (CVDs), diabetes and cancer, which have emerged 

as the leading causes of morbidity and mortality (Food and Agriculture Organization of 

the United Nations, 2017; Sibai, Fletcher, Hills, & Campbell, 2001). 

Worldwide, 71% (around 2/3) of total deaths were attributed to NCDs (World 

Health Organization, 2018b)  with over 75% (30.7 million)  occurring in the low-middle 

income countries. (LMIC) (World Health Organization, 2015). These countries (LMIC) 

are undergoing nutrition and disease transition as a result of increased modernization 

and globalization (Global Health Institute & American University of Beirut, n.d.). 

In 2008, almost 60% of total deaths (1.2 million) in Arab countries were due to 

NCDs (Naja et al., 2017). 

In Lebanon, westernization and changes in lifestyle (World Health Organization, 

2009)  coupled with high literacy (85%) and high urbanization (81%) (World Health 

Organization, 2016) have contributed to a rapid increase in NCDs and obesity 

prevalence as well as the triple burden of malnutrition (World Health Organization, 

2009). 

The WHO-NCD country profile report (2014) showed that NCDs contributed to 

85% of total deaths in Lebanon, with CVDs accounting for 47%, followed by cancer 

(22%), and diabetes (4%) (World Health Organization, 2014). 
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This change in lifestyle (physical inactivity, smoking, unhealthy eating patterns) 

has also led to nutrition transition from traditional Mediterranean diet (high in fruits and 

vegetables and complex carbohydrates) to a more westernized one (lower in 

carbohydrates, higher in animal-based food, high in sugar and processed food) in the 

Eastern-Mediterranean region (EMR) and more specifically in Lebanon (Naja et al., 

2011; Naja et al., 2017; Sibai et al., 2010).  

According to WHO, the major modifiable risk factors for most NCDs are the use 

of tobacco, alcohol consumption, physical inactivity, unhealthy diets, overweight and 

obesity and high blood pressure and cholesterol (Global Health Institute & American 

University of Beirut, n.d.; Kim & Oh, 2013; World Health Organization, 2017, 2018a).  

Numerous studies have highlighted a strong association between dietary intake 

and chronic diseases (Food and Agriculture Organization of the United Nations, 2017), 

since diet is a major modifiable risk factor in the etiology of chronic diseases including 

CVDs (Stampfer et al., 2000), diabetes (Wennehorst et al., 2016), and all-cause 

mortality (Streppel et al., 2014). 

Measuring average long-term diet may be more valuable than measuring the 

intake of a few specific days, particularly when aiming to assess the relation between 

food and related long-latent diseases with modifiable risk factors, such as obesity 

(Willett, 1998). 

In order to understand the role of diet in prevention and control of disease, there 

is a need to have a valid, reliable assessment tool. The FFQ has been validated in many 

countries such as Iran (Malekshah et al., 2006), UAE and Kuwait (Dehghan et al., 

2012), and Jordan (Tayyem, Abu-Mweis, Bawadi, Agraib, & Bani-Hani, 2014a). 

However, since food consumption is culture specific, the accuracy of dietary intake 
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information generated by FFQs is highly dependent on the validity and reproducibility 

of the FFQs in the populations in which they are intended to be used (Stevens et al., 

1996). Thus, the validity of a tool for the assessment of diet is culture and ethnic 

specific (Stevens et al., 1996).  

Moreover, the nutrition transition, erosion of the traditional diets which are rich 

in fruits and vegetables (Naja et al., 2011), and the shift toward a more westernized type 

of dietary intake (Carvalho et al., 2014) which are the risk factors for the NCDs-related 

dietary factors. These are associated with high intakes of processed, energy-dense, and 

low nutrient foods (Drake et al., 2013; Willett & Stampfer, 2013; World Health 

Organization, 2003). Also, obesity is increasing in Lebanon and in many countries of 

the MENA (World Health Organization, 2014). Hence, there is a need to validate the 

FFQ to accurately assess the dietary intake and relate it to diseases. 

 

 

B. Dietary Assessment 

1. Definition of Dietary Assessment 

Dietary assessment estimates the quantity, quality and frequency of food and its 

dietary components consumed over a period of time. It is often conducted to calculate 

the intake of energy, food and food groups, as well as macro and micro nutrients in 

order to compare it against a reference method (Biro, Hulshof, Ovesen, & Cruz, 2002). 

Dietary assessment is needed in order to evaluate one‘s dietary intake, identify 

population at risk of diet- related problems, generate data to allow for the appropriate 

planning of nutrition support programs, modify nutritional recommendations and 

monitor the progress and efficacy of the adherence to dietary guidelines, therapy and 

interventions (Taren et al., 2002). The purpose for which the dietary assessment is 
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needed will determine the appropriate tool to use (Wrieden et al., 2003). Various 

methods have been developed for assessing dietary intake at the population level, each 

having certain strengths and limitations (Wrieden et al., 2003). The methods range from 

simple techniques such as dietary recalls, food records or diaries, dietary histories, 

observed intake and FFQs, to a more complex biochemical approach such as chemical 

analyses of duplicate collections of consumed food and biological assessments such as 

doubly-labelled water and plasma carotene, etc. (Moghames et al., 2015). 

The complexity of diet is a true challenge for modern nutritional epidemiology 

since individuals are exposed to many causal factors. For instance, people are not aware 

of the content of the food they consume, and they rarely make changes to their diet at 

specific periods of time. People‘s nutrient intake also varies from one day to the another 

as they do not eat the same foods everyday (Willett, 1998). Evaluating the dietary intake 

of a population represents a true challenge for contemporary nutritional epidemiology 

(Serra-Majem et al., 2009). In order to measure food or nutrient intake, the dietary 

method should involve the following procedure: the individual should report all the 

food he/she consumes and identify the foods such that an appropriate item can be 

chosen from standard food tables. Quantifying the portion size of each food item, 

determining  the frequency of the food consumed , as well as calculating the nutrient 

intake should also be considered (Wrieden et al., 2003).  

The quality of a diet is assessed based on healthy eating patterns or food guides 

for the general population or whether it can prevent diet-related diseases (Carvalho et 

al., 2014). It can be assessed by measuring the macro and micronutrients or food and 

food groups that an individual consumes (Kolodziejczyk, Merchant, & Norman, 2012). 
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A central feature of the dietary intake of free living individuals is the variation 

from day to day superimposed on an underlying consistent pattern (Willett, 1998). This 

variation has been considered the main reason for the inability to find significant 

associations between an individual‘s dietary intake and disease (Van Staveren, Burema, 

Deurenberg, & Katan, 1988). 

 

2. Dietary Assessment Methods  

The complexity of dietary intake measurement and the challenges facing it make 

no single method able to assess dietary exposure perfectly under all conditions (Shim, 

Oh, & Kim, 2014). In other words, inaccurate dietary assessment may be a serious 

obstacle to understand the impact of dietary factors on disease (Shim et al., 2014). 

Furthermore, the individual‘s ability to recall and conceptualize the exact potion 

sizes of food that has been already consumed determines how accurate the measurement 

of the long-term dietary exposure is. No method can assess dietary intake without error. 

For example, some individuals tend to report socially desirable dietary habits during the 

assessment of current dietary intake (Cade et al., 2002; Willett, 1998). 

The most appropriate measurement method depends on the objectives of the 

research, its design, the accuracy of data required, funds, available resources and 

personnel, and the skills of population of interest (Huybrechts, De Backer, De Bacquer, 

Maes, & De Henauw, 2009; Shim et al., 2014). Dietary assessment methods can be 

collected at three different levels: the national, household, or the individual level. 

Although data collected at the individual level is the most useful for assessing the 

adequacy of a diet, household data and food supply provide information that can be 

used for other purposes (World Health Organization & Food and Agriculture 

Organization of the United Nations, 1996). There are two approaches to measure food 
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consumption by individuals: the prospective and retrospective methods, both of which 

are subjective estimates (Shim et al., 2014). The prospective methods require that 

subjects report their dietary intake either at the time of consumption or afterwards. 

These include the food records (weighted and estimated), observed intakes, and 

chemical analysis of duplicate diets. The prospective methods directly measure current 

diet and can be carried out for varying lengths of time, but they are labor intensive and 

require adequate literacy, they also might over or under estimate the accurate intake and 

might not reflect the actual diet. As for the retrospective methods, they involve recalling 

either recent or past data. These methods include 24-hour dietary recalls, FFQ and the 

diet histories. They are considered to be less labor intensive, as well as easier and less 

expensive to administer, but they could result in the collection of inaccurate data due to 

poor memory or the imprecise description of the portion size. In nutritional 

epidemiology, the most commonly used methods are the 24-hour recall, food record and 

the FFQ (Subar et al., 2001). 

 

a. 24-Hour Recall 

The 24-HR recall is an in-depth open-ended interview conducted by a trained 

dietary interviewer aiming to collect detailed information about everything the 

participant consumed (foods and beverages) from midnight to midnight of the previous 

day or over the last 24-HR period (Willett, 1998). The interview is usually conducted 

either face to face or by telephone (Thompson & Subar, 2001). It usually takes around 

20 to 30 minutes to complete (Shim et al., 2014). Although it can be self-reported, it is 

recommended that the interview be carried out by a trained dietary interviewer who is 

better capable of being accurate and precise by taking into account the methods of food 
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preparations, ingredients used in mixed dishes, name of the brand of commercial 

products, and the use of dietary supplements (Willett, 1998). Sometimes the interviewee 

may be a parent or a caretaker if the subject is a child or mentally incapable adult 

(Willett, 1998). Intensive training for the interviewer is essential in order to obtain 

accurate and comprehensive recalls. The interviewer should maintain a neutral attitude 

toward all responses, ask non-judgmental questions, use open ended questions in 

probing for foods, and avoid asking leading questions (Willett, 1998). 

The 24-HR method requires the accurate quantification of the amounts of foods 

that are estimated in reference to a common size container, standard measuring cups and 

spoons, a three-dimensional food model, or two-dimensional (2D) aids such as 

photographs (Shim et al., 2014) . 

Typically, the data collected from several 24-HR is averaged together on both 

weekdays (WD) and weekends (WE) (Trabulsi & Schoeller, 2001) since a single day‘s 

intake is not representative of the individuals actual dietary intake (Block, 1982). 

There are many advantages and disadvantages to the 24-HR method. Some of its 

advantages include the use of open-ended questions that allows participants to provide a 

detailed account of their dietary intake, thus resulting in an accurate estimation of their 

actual intake. It‘s relatively of low respondent burden since the literacy of the 

respondent is not required (Shim et al., 2014). Hence, the collected data is more likely 

to be representative of the general population (Thompson & Subar, 2001). Moreover, 

this method is quick and non-intrusive (Biro et al., 2002). The 24-HR method is suitable 

for large scale surveys and can be administered by telephone (Wrieden et al., 2003). 

The main disadvantage of the 24-HR method, however, is its dependency on 

short-term memory (episodic) (Shim et al., 2014). It also only reflects the short-term 
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intake (Shim et al., 2014), not to mention biases that may be introduced by the recall 

process or the interviewer (Shim et al., 2014). Also, multiple days are required to assess 

the usual intake since a single observation provides poor measure of an individual‘s 

typical intake (Shim et al., 2014; Subar et al., 2006; Van Staveren et al., 1988; Wrieden 

et al., 2003). Fluctuations due to intra-individual day to day variation in nutrient intake 

might be present as well (Bingham, 1987; Block, 1982; Goldbohm et al., 1994; 

Margetts & Nelson, 1997). McPherson et al., (2000) states that highly trained 

interviewers are needed (McPherson et al., 2000). 

A major source of error when collecting the 24-HR is related to the participant‘s 

memory which is associated with age, knowledge, mood, intelligence, gender, attention, 

and the consistency of eating patterns (Krall, Dwyer, & Coleman, 1988). Memory errors 

can be minimized by considerable training and practice of the interviewers. The 

interviewer‘s ability to help participants remember what they ate, by collecting a brief 

history of the previous day‘s activities and relating these activities to the food intake 

before the beginning of the recall questions, will help jog the participant‘s memory. 

Also, the participant will have the chance to carefully reflect on his/her eating behavior 

if provided in a  relaxed and unhurried atmosphere (Willett, 1998).  

In 1999, the United States Department of Agriculture (USDA) has developed the 

Multiple Pass Food Recall (MPR) which is a 5-step approach aiming to improve the 24-

HR (Moshfegh et al., 2008). The steps to collect the 24-HRs using the MPR approach 

include: 

1) Asking the participant to start by quickly listing the foods eaten in the preceding day 

without respect to time sequence, 

2) Asking about any forgotten foods, 
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3) Asking the time and occasion at which foods were consumed,  

4) Probing for specific details about each of the foods and beverages consumed, 

including their portion size, preparation method, brand names, and supplement intake,   

5) And last, a final probe review of the consumed foods (Conway, Ingwersen, Vinyard, 

& Moshfegh, 2003). 

 

b. Food Record  

The food record method is an open-ended approach that requires the participant 

to record all the food and beverages consumed on one or more days. This usually 

includes detailed information about the participant‘s dietary intake such as brand names, 

ingredients and recipes of mixed dishes, methods of food preparation, the amounts 

consumed, and the portion sizes (Bingham et al., 1988; McPherson et al., 2000; 

Thompson & Subar, 2001). The amounts consumed are quantified either by using a 

scale or household measures such as cups or spoons or estimated using models, pictures 

or no aid (Thompson & Subar, 2001). Food intake is supposed to directly be recorded 

by the participant at the time of consumption to minimize the reliance on memory 

hence, reducing the potential recall biases (Willett, 1998). No more than seven days are 

included when multiple consecutive days are recorded and it is unsatisfactory to record 

more than four consecutive days since the participant‘s reported intake is likely to 

decrease and the foods and amounts consumed may be related such as eating left-overs 

from the previous days. Therefore, in order to increase the representativeness of the 

participant‘s diet, it is advantageous to collect non-consecutive single-day records 

(Thompson et al., 2002).  
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The food record (or dietary record methods) has some strengths and limitations. 

One of its strengths is the use of open-ended questions that provide a detailed intake 

data, thus reflecting the actual intake of participants. Since no interviewer is required, 

the interviewer bias is eliminated, and since it does not rely on memory, recall bias is 

also minimized (Thompson & Subar, 2001).  

Some of its limitation, on the other hand, include the need for literacy and high 

motivation, and involves a high respondent burden since participants need to be trained 

before participating in order to obtain accurate data (Shim et al., 2014), also this might 

affect the representativeness of the study sample when comparing it to the general 

population (Thompson & Subar, 2001). Additionally, possible under-reporting might be 

present. The diet record is an expensive, time consuming method that focuses on the 

short-term intake (Shim et al., 2014; Thompson & Subar, 2001).  Another disadvantage 

includes the need to have multiple days in order to be able to assess the usual intake. 

Possible changes to one‘s diet might also be present if repeated measures are taken 

(Thompson & Subar, 2001) or if difficulties to report complex dishes is present 

(Watson, Collins, Sibbritt, Dibley, & Garg, 2009). Also, participants might report 

―healthier foods‖ thus increasing the bias of reporting (Bliss, 2004; Thompson & Subar, 

2001).  

 

c. Food Frequency Questionnaire 

Since short-term recall and food record methods are generally unrepresentative 

of one‘s usual intake (if only few days are assessed) and are inappropriate for assessing  

past diet, researchers have sought alternative methods for measuring long-term food 

intake (Willett, 1998). Since feasibility, cost, and time are limiting factors in large 
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epidemiological studies, the best method of choice was the FFQ (Dehghan et al., 2012) 

which was developed in the early 1950s (Willett, 1998). The FFQ is an essential tool in 

epidemiological research (Cade, Burley, Warm, Thompson, & Margetts, 2004; Willett, 

1998) that requires the participants to report their usual intake by inquiring about the 

frequency (per day, per week, per month, or never) and amount of food they ate over a 

specific period of time. The FFQ has been developed for many countries worldwide 

(Willett, 1998). The purpose of the FFQ is its ability to capture the usual intake 

estimates over a long period of time (weeks, months, years) (Shim et al., 2014; Willett, 

1998) this can yield more accurate results than measuring the intake of specific days. 

Hence, FFQ can be more applicable for studying the association of dietary intake with 

long-latent modern diseases such as NCD and cancer (Shim et al., 2014; Willett, 1998). 

The FFQ usually requires around 45 to 60 minutes to be completed since many 

food items are presented (100-150 foods). The questionnaire can be either self-

administered or collected by an interviewer (Shim et al., 2014).  

The 3 main components of the FFQ are the: (1) food list, (2) portion size, and 

(3) the frequency response section (Willett, 1998). The inclusion of ethnic foods in the 

food list of the FFQs is more likely to improve the accuracy of assessing nutrient intake 

among that specific ethnic group (Khokhar et al., 2009). 

The FFQ can be classified as quantitative, semi-quantitative, or qualitative 

(McPherson et al., 2000). The semi-qualitative or non-quantitative FFQ offers no 

additional information on portion size, whereas the quantitative FFQ includes an open-

ended section and the size of portion is estimated by either weights, measures, or food 

models. The semi-quantitative FFQ is the one with specified portion sizes for foods that 

are consumed in typical portions and response answers are limited to the part on the 



15 

question of frequency of intake (McPherson et al., 2000; Serdula, Alexander, Scanlon, 

& Bowman, 2001; Willett, 1998). 

Compared to other dietary assessment tools, FFQs, which capture the habitual 

intake, have considerable advantages in terms of practicality. They are easier to 

administer, inexpensive, less intrusive, and are generally suitable for long-term studies 

with large sample size (Shim et al., 2014; Willett, 1998; Willett & Hu, 2006). 

Despite the major benefits of the FFQ, its use may be limited due to poor design 

and inappropriate application (Serra-Majem et al., 2009). Because the FFQ employs a 

closed-ended style, recall bias might arise, thus leading to a low level of accuracy. 

That‘s why the FFQ should be evaluated before being used as a dietary assessment tool, 

in which case a coefficient correlation of 0.5 to 0.7 is considered high (Shim et al., 

2014; Willett, 1998). Other aspects of the FFQ is that it relies on generic memory which 

enables the participant to provide a global estimate of the types of foods, frequency of 

intake, and amounts eaten over a longer period of time (habit and repetitious actions). 

This is different from the episodic memory associated with the 24-HR method which 

provides the recall over a limited time span that covers immediate past events. 

However, it has been contended that errors associated with these forms of memory are 

not entirely independent of each other since both can still be influenced by social 

desirability and conceptualizing of portion sizes (Willett, 2001). 

The FFQ method is based on estimates of portion sizes, thus over reporting of 

healthy food might be possible. Additionally, the FFQ needs to be validated in relation 

to a reference method (Wrieden et al., 2003) because non-validated FFQs can result in 

false or null or positive relationships between habitual dietary intake  and chronic 

diseases (Tayyem et al., 2014a). 
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Many FFQs have been developed for different populations, purposes, and 

research needs. Some were developed in the United States and others throughout the 

world (Thompson & Subar, 2001) such as South Korea (Shim et al., 2014). A major 

limit of the FFQ arises from the fact that  ethnicity, culture, individual preferences, 

economic status and others affect the dietary habits of each population (Teufel, 1997); 

also, incorrect estimations of exposure might lead to false associations between dietary 

exposure and health outcome (Cade, Thompson, Burley, & Warm, 2002); the FFQ 

should be developed and validated to each population according to different study 

purposes. 

Hence, the development and validation of the FFQ should be culture-specific 

(Teufel, 1997). 

The FFQ is able to predict health outcomes and compare the average dietary 

intakes at both the individual or group level (McPherson et al., 2000). The most 

common use of the FFQ is to rank individuals by their food and nutrient intake levels 

within a group when validated against more detailed and accurate methods of 

assessment (Block, 1982; Willett, 1998). 

 

C. Validity and Reproducibility of the FFQ 

The examination of the dietary association with disease at the level of individual 

foods, food groups, nutrients, and dietary patterns is frequently used. Thus, studies of 

questionnaire validity and reproducibility at these levels are important (Willett, 1998).  

Various approaches have been used to evaluate and assess the performance of 

the FFQ which include: comparing the means, measuring validity and the 
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reproducibility of the FFQ, as well as comparisons with biochemical markers and others 

(Willett, 1998). 

 

1. The Importance of Validated Dietary Assessment Methods 

No dietary method can assess the intake without errors. Therefore, there is a 

need to test the validity of dietary assessment tools to make sure the relationship 

between the method and what it tends to measure and the interpretation of the 

assessment results is appropriate (Willett, 1998). 

It is well known that there is no true gold standard in assessing the dietary 

methods (Block, 1982). Most validation studies are evaluated in comparison to a less-

biased assessment method (Buzzard & Sievert, 1994; Kaaks, Riboli, & van Staveren, 

1995; Kipnis, Carroll, Freedman, & Li, 1999; Kohlmeier & Bellach, 1995; Rockett et 

al., 1997). Validating against Doubly Labeled Water is expensive and restricted to small 

scale studies (Trabulsi & Schoeller, 2001). 

Information from invalid FFQ, or any non-validated dietary assessment tool, 

will lead to false associations between dietary factors and diseases or disease-markers 

(Cade et al., 2002). This is why the validation of the FFQ is essential (Block, 1982; 

Cade et al., 2002; Cade et al., 2004). In addition, using dietary assessment tools that 

have been validated in other populations will contribute to less accuracy when 

collecting data, thus resulting in poor compliance. Hence, the dietary assessment 

method must be tailored and validated for the specific population of interest with regard 

to its food culture and characteristics (Willett, 1998). 
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Moreover, dietary interventions are known to treat and manage chronic diseases, 

hence, the efficacy of dietary intervention necessitates valid measures of diet (Segovia-

Siapco, Singh, Haddad, & Sabaté, 2008). 

Nutrition, in terms of dietary behaviors, food groups, macro and micro nutrients, 

and supplements have been shown to be associated with a variety of chronic diseases 

(Tarasuk & Brooker, 1997). 

 

2. Validation Methods for FFQ 

FFQ are tools that need to be validated in order to accurately measure the dietary 

intake and the performance of the questionnaire (Subar et al., 2001; Willett, 1998). 

Validation is needed to determine the habitual intake, since long-term exposure of a 

particular diet impacts the morbidity and mortality and investigate the diet-disease 

relationships. Willet defines validity as the degree to which the questionnaire (FFQ) is 

able to capture the aspects of diet that it was designed to measure (Willett, 1998). Since 

there is no perfect method to measure food intake, validation studies never compare a 

method with absolute truth; rather they compare one method with another that is maybe 

considered superior (Willett, 1998). In theory, the measurement errors of the FFQ and 

reference method should be independent ( Cade et al., 2002) to avoid false high 

estimates of validity (Willett, 1998). 

A recent review by Cade et al (2002) showed that a variety of different dietary 

assessment tools were used as a reference method. Fifty-six (25%) used the food record; 

59 (26%) used a food record/diary (not including weighed diaries); 50 (22%) used the 

24-hour recall; 14 (6%) used the DHQ; and 27 (12%) used another FFQ. One hundred 

and forty-four (64%) validation studies used only one reference method. Seven (3%) 
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validation studies used both the weighed record and 24-hour recall as reference methods 

(Cade et al., 2002). 

 

a. Food Records or Dietary Recalls 

For studies involving large numbers of individuals, it is challenging to collect 

data for multiple days of intake. The current use of recall and record methods in 

nutritional epidemiology has been to assess the validity of the FFQ, which is used as the 

main dietary data collection tool (Cade et al., 2002; Willett, 1998). This is done by 

collecting one or more recalls/records form a representative sample of the study 

population, then used to adjust associations between nutrient intake and risk of disease 

(Willett, 1998). 

Dietary records (DR) are favored over the 24-HR method and are considered the 

ideal method when validating the FFQ because they produce the least correlated errors 

with the FFQ. Because dietary records are open-ended, they do not rely on memory. 

Additionally, portion sizes are weighted which allows a direct assessment (Feskanich et 

al., 1993; Garnett, Truswell, & Bonney, 1995; Willett, 1998, 2001). DR is used as the 

reference method in most of the validation studies (Serra-Majem et al., 2009). In a 

qualitative study, 75% of the validation studies used DR as the reference method (Cade 

et al., 2004). 

Although the 24-HR is less demanding for the participant than diet recording 

and less likely to influence the actual diet of the subjects, its sources of error tend to be 

more correlated with those in a dietary questionnaire. However, cooperation, high 

motivation, or the literacy of study subjects may be limited (Willett, 1998). Moreover, 

when subjects are of low-income status (Vucic et al., 2009), the 24-HRs, more 
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specifically the multiple pass food recall method may be the best alternative (Cade et 

al., 2002).  Also, the use of the 24-HR as a reference method has been found to be easier 

to use and less expensive to administer when compared to the food record methods 

(Tayyem et al., 2014a), therefore, it has been used in many studies (Bohlscheid-

Thomas, Hoting, Boeing, & Wahrendorf, 1997; Katsouyanni et al., 1997; Sharma et al., 

2008). Since previous attempts in Lebanon failed to use dietary records as gold 

standard, because they require advanced literacy skills and high levels of motivation, we 

shifted toward the use of 24-HR as the reference method. 

Evaluating intake through the 5-step multiple pass food recall technique has 

been shown to accurately assess energy and macronutrients (Conway, Ingwersen, & 

Moshfegh, 2004) and to have stronger correlation with doubly labelled water (DLW) 

and other dietary assessment method (Blanton, Moshfegh, Baer, & Kretsch, 2006). 

Since the FFQ tends to capture the usual intake, dietary information collected 

should be representative of the corresponding dietary pattern. 

 

b. Blood Biomarkers 

Biochemical markers of nutrients in blood or other tissues have been used as 

determinants of the nutrition status, and as comparison method with other dietary 

reference method (Cade et al., 2002). Biochemical markers  provide an estimate of 

dietary intake that is independent of the subject‘s reported dietary intake and therefore 

they are less prone to errors involved with underreporting or poor memory (Cade et al., 

2002). 

While  biochemical markers are the gold standard for assessing the validity and 

reproducibility of a dietary questionnaire since their measurement errors are not 
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correlated with any errors of the dietary questionnaire (Willett, 1998), they are usually 

expensive, invasive or nutrient/ nutrient-group specific, so may only be used to validate 

one or a group of nutrients at a time e.g. carotenoids, Vitamin A, Vitamin E (Cade et al., 

2002). Diet is not only the factor that affects the biochemical markers. 

Other factors play a role as well, such as individual differences in digestion, 

absorption, utilization, uptake, metabolism, excretion and homeostatic mechanism 

which differs from one nutrient to the other (Margetts & Nelson, 1997; Willett, 1998). 

Other errors associated with the biochemical markers are the differences 

between dietary assessment and the true intake, as well as the errors associated with the 

biochemical assay itself. (Cade et al., 2002; Margetts & Nelson, 1997; Willett, 1998). 

Also, physiological variations, fluctuations of the biochemical indicator, 

differences in the bioavailability of some foods, and technical errors in the laboratory 

analysis might be present (Willett, 1998). Other limitation associated with this reference 

method is the limited number of known biomarkers to date and the lack of biomarkers 

for many nutrients such as total carbohydrates, sucrose, fiber, etc. (Willett, 1998). 

 

c. Methods of Triads  

The method of triad was developed to estimate the validity coefficient between 

the true intake and the intake estimated according to a more detailed measure, which in 

our case is the multiple pass 24-HRs, the FFQ, and the biomarkers (Kaaks, 1997). 

Therefore, the ability to show that the FFQ is correlated with the recall method 

and the biochemical indicator strengthen the validity of the study. Also, the magnitude 

of the correlation between the FFQ, 24-HR and the biomarker provides evidence about 

the relative validity of the two-dietary methods (Willett, 1998). The three-way 
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comparison can be used to approximate the level of agreement between the test measure 

and the real intake by estimating the latter from the correlation between the three 

measures (Margetts & Nelson, 1997) and the underlying true intake (Willett, 1998).  

 

3. Reliability of the FFQ 

Another issue of the FFQ design is the reliability or reproducibility of the FFQ, 

which determines whether the FFQ is able to provide reproducible results and whether it 

is important for all types of study design. The reproducibility of the FFQ is the 

consistencies of the FFQ measurements on more than one administration to the same 

person. The most common interval between repeat measures is one year (Cade et al., 

2002). When conducting the reproducibility study, it should be noted that the interval 

between the two administrations should not be as short as few days or weeks because 

participants will remember their previous answers nor too long because participants 

might change their dietary habits (Willett, 1998). On the other hand, high 

reproducibility does not always ensure valid measurements because high correlation 

might be a result of correlated errors (Willett, 1998).  

The reproducibility of FFQ has been examined under a wide variety of 

conditions and it was assessed in 107 of the validation studies (45%) (Cade et al., 2004). 

A correlation coefficients ranging from 0.5 to 0.7 is usually used to compare the 

differences between the 2 responses of the FFQ (Cade et al., 2002; Willett, 1998).  

When an interviewer administers the FFQ, two aspects of reliability should be 

distinguished: the inter-rater reliability and the intra-rater reliability. Inter-rater 

reliability assesses whether different interviewers are able to use the questionnaire 

similarly and achieve similar answers from the same subjects whereas intra-rater 
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reliability assesses whether repeated administration by the same interviewer gives 

similar answers (Cade et al., 2002). 

 

D. Validation of the FFQ by Food and Food Group Consumption Estimates in Adults 

Most of the FFQ validation studies were analyzed at the level of nutrient intake 

(both macro and micro nutrients) (Malekshah et al., 2006; Matos et al., 2012; Preston, 

Palacios, Rodríguez, & Vélez-Rodríguez, 2011; Sahashi et al., 2011; Tayyem et al., 

2014b), 74% (166/223) (Cade et al., 2002). Only few of them exist on validating the 

FFQ at the food and food group levels (Kolodziejczyk et al., 2012; Willett, 1998) 52% 

(115/223) (Cade et al., 2002). 

When validating the FFQ at the level of food and food groups, a major source of 

error regarding the food composition database can be eliminated. Furthermore, the 

variation from day-to-day of nutrient intake has been shown to be the highest (Willett, 

1998). 

In terms of relation between nutrition and disease, specific food groups or 

dietary patterns have been associated with a reduced or increased risk of specific long-

latent diseases such as NCDs and cancer (Barlow, 2007; Willett, 1998). For example, a 

diet rich in fruits and vegetables have been associated with reduced incidence of cancer, 

blood pressure, coronary heart disease and strokes (Carvalho et al., 2014; Willett, 2010), 

while an increased consumption of dairy products was strongly associated with 

lowering insulin resistance (Pereira et al., 2002). 

Food grouping has been used in many countries such as United States of 

America (USA), Japan, Denmark and others  (World Health Organization & Food and 

Agriculture Organization of the United Nations, 1996). Classifying foods into 
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categories, rather than using the nutrient-based approach, makes it easier to develop 

dietary guidelines and recommendations based on the population‘s nutritional status. 

This is because the nutrient-based approach is commonly misapplied and is 

inadequately proven to develop effective nutrition education programs. Thus, might 

lead to confusion among policy makers and in the implementation of guidelines and 

interventions among educators and consumers. Also, scientific evidence has showed 

that nutrients interact differently when presented as foods and no single nutrient is able 

to summarize the benefits or protective effects alone unless clustered in a group 

(Willett, Reynolds, Cottrell-Hoehner, Sampson, & Browne, 1987; World Health 

Organization & Food and Agriculture Organization of the United Nations, 1996).  

 

E. Available Validated FFQs for Adults  

The validation of the FFQs at the level of nutrient and/or food groups has been 

assessed for studies involving all age groups for more than 20 years in countries such as 

USA, United Kingdom (UK), France, Sweden Australia, Japan, Brazil, Greece, 

Germany, etc. (Cade et al., 2004; Kolodziejczyk et al., 2012; McPherson et al., 2000) 

Table 12. Many countries have validated various FFQs depending on the target 

population since the FFQ should be tailored and validated specifically for the 

population under study. For example, in Japan, FFQs have been validated for studies 

involving children, adolescents, and adults (Kobayashi et al., 2011). 

In MENA region, a validation of the FFQs has been done for adults in the 

Islamic Republic of Iran (Malekshah et al., 2006), UAE, and Kuwait (Dehghan et al., 

2012), Israel (Shahar, Fraser, Shai, & Vardi, 2003; Shahar, Shai, Vardi, Brener-Azrad, 

& Fraser, 2003). However, to date, there is no validated FFQ for Lebanese adults. 
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Several published articles in Lebanon that were conducted to examine the dietary intake 

of the adult population and its association with diseases stated that their main limitation 

was the use of non- validated dietary assessment method (mainly the FFQ). (Al Thani et 

al., 2018; Naja et al., 2012; Naja et al., 2013; Naja et al., 2011; Nasreddine et al., 2018). 

This might have led to dilution of the association between diet and disease.  

Therefore, there is an increased need to have a valid and reliable dietary 

assessment tool that is culture-specific, practical, cost effective, time efficient, and 

suitable for large population scale. To date, there exists no validated FFQ tailored for 

Lebanese adults to properly assess their food group intake.  

Hence, the aim of this thesis is to validate a culturally sensitive FFQ for the 

assessment of dietary intake by food groups among Lebanese adults. More specifically, 

the objectives include:  

 Develop a FFQ that capture food group intake with culturally appropriate food list 

that are commonly used among Lebanese adults as well as the portion size, 

frequency and an open-ended section. 

 Compare food and nutrient intake from the developed FFQ to the means obtained by 

repeated Multiple Pass 24-HR recalls (MPR) over a period of 12 months. 

 Evaluate the reproducibility of this FFQ after 12 months following initial 

administration. 
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CHAPTER III 

METHODS 

 

A. Study Design  

This study is an observational, analytical, period cross-sectional study aimed at 

validating and testing the reproducibility of a FFQ against the mean of repeated 24-HR 

using the MPRs approach in a sample of Lebanese adults in order to assess dietary 

intake by food groups.  

 

B. Ethics Approval  

The study was reviewed by the Institutional Review Board (IRB) of the Social 

and Behavioral Sciences at the American University of Beirut (AUB). It was granted 

approval for a period of 2 years starting October 2016 (#NUT.FN.22). All documents 

used in data collection (both English and Arabic versions) were officially stamped by 

the IRB. After the research team explained the protocol of the study, individuals who 

accepted to participate signed a written consent form indicating their approval 

(Appendix I, II). In addition, to ensure privacy and anonymity of all participants in the 

study, participants were assigned random identifiers to all the questionnaires, MPRs, 

consents they have completed. All files were kept in separate locked cabinets to which 

only investigators in this project had access to.  

 

C. Study Participants 

Validation should be done on a representative sample of the study population 

since demographic characteristics might affect the validation study‘s outcome (Margetts 
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& Nelson, 1997; Willett, 1998). 

Healthy Lebanese adults of both genders, working in various faculties and 

offices at AUB were recruited with a sample size of 120 individuals. Eligible 

individuals who met the inclusion and exclusion criteria (Appendix III) and who agreed 

to take part in this study signed the written consent form. 

Inclusion criteria included: 

 Holding the Lebanese nationality or residing in Lebanon for more than 10 years 

 Able to speak the Arabic language 

 Between the ages of 18 and 65 years 

Exclusion criteria: 

 Non-Arabic speaking individuals 

 Pregnant and breastfeeding women 

 Individuals with chronic health conditions that require dietary modifications such as 

diagnosed with eating disorders, diabetes, renal diseases, liver diseases, etc. 

Convenient sampling was used in order to recruit participants which included 

verbal announcements, flyers which were posted in the entrance of all academic 

faculties and departments at AUB, physical plant, student and staff cafeteria, and those 

who were interested contacted us and they were screened for eligibility. Only those who 

met the inclusion criteria were recruited.  

 

D. Study Protocol 

Participants were enrolled in this study for a period of 12 months during which 

up to 12 face-to-face interviews took place in a private setting at the American 

University of Beirut in Lebanon. Face to face interviews took place either at the 
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participant‘s offices – when applicable or subjects were invited to the Nutrition and 

Food Sciences Department (NFSC) department room 520 where interviews took place. 

During the first interview, a socio-demographic questionnaire was administered 

in addition to the lifestyle questionnaire and the first FFQ (FFQ-1). Anthropometric 

measurements of each participant were measured and recorded during the first visit.  

During each of the four seasons, we contacted the participants to schedule face-

to-face interviews at AUB to collect three random 24-HR. The 24-HRs per season 

represented two weekdays and one weekend day, for a total of 12 days of 24-HRs. After 

12 months, participants were invited for a second face-to-face interview at AUB 

whereby the second FFQ (FFQ-2) was administered (Figure 3.1). The seasons were 

defined as spring (March-May), summer (June-August), fall (September-November) 

and winter (December-February). Given that non-compliance might bias the validation 

analysis, participants who completed less than two 24-HRs per season or either of the 

two FFQs were considered as non-compliant and their data was not included in the 

analysis of this study. 

 

 
Figure 3.1. A schematic representation of the study protocol for data collection for 

the validation of a developed FFQ for the assessment of dietary intake among 

Lebanese adults. 
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E. Data Collection 

1. Socio- demographic Questionnaire 

During the first visit, after explaining the study, its protocol as well as signing 

the consent form, the trained research dietitian completed a standard socio-demographic 

questionnaire with the subject. The socio-demographic questionnaire included 

information about the participant‘s age, gender, education, marital status, occupation, 

and crowding index (Appendix IV). The dates of birth of the subjects as well as their 

medical history were also completed (Appendix IV). Variables of the socio-

demographic questionnaire are portrayed in Table 4.1. 

 

2. Lifestyle Questionnaire 

The lifestyle questionnaire enquired about smoking and physical activity habits 

of the participants (Appendix IV). Current and past smoking habits (cigarettes, narghile, 

and cigars) were evaluated. The number of cigarettes or cigars smoked per day, week, 

or month was recorded. As for the use of narghile, the duration of smoking was 

evaluated by the number of minutes per day, week, or month. 

Physical activity habits were assessed by the recommended guidelines for the 

Arabic version of the International Physical Activity Questionnaire (IPAQ) covering the 

last one month (Craig et al., 2003). The IPAQ short form is an instrument designed 

primarily for population surveillance of physical activity among adults (age range of 15-

69 years). This questionnaire asks about three specific types of activities: walking (3.3 

Metabolic Equivalents (METs)), moderate-intensity activities (4.0 METs) and vigorous-

intensity activities (8.0 METs). In the current analysis, total physical activity MET-

minutes/week for each individual was calculated based on the procedure described 
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below:  

Expressed as MET-min per week: MET level x minutes of activity/day x days 

per week 

For total physical activity MET-minutes/week = Walking (METs*min*days) + 

Moderate (METs*min*days) + Vigorous (METs*min*days). 

According to the guidelines set by the IPAQ Research Committee (2005), the 

scores calculated are expressed based on METS-minutes per week (low < 600, 

moderate: at least 600 and high: at least 3,000) (Committee, 2005).  

 

3. Anthropometric Measurements 

Anthropometric measurements of the participants were taken using standardized 

techniques and calibrated equipment. The scale was calibrated using standard weights 

(10 kg, 20kg). The weight scale (SECA 877) and stadiometer (SECA 213) were used to 

measure weight in kilograms (kg) and height in centimeters (cm), respectively. For 

weight measurements, participants were asked to remove as much outerwear as 

possible, remove their shoes and socks, empty their pockets and remove added jewelry. 

Subjects were weighed to the nearest 0.1 kg. Height was measured to the nearest 0.1 cm 

with the subject barefoot. Body mass index (BMI) was calculated as weight (kg)/height 

(m
2
). BMI was calculated as weight (kg)/height (m

2
) and interpreted according to the 

WHO criteria as follows:  

 Moderate and severe underweight: BMI < 17.0 kg/m2 

 Underweight: BMI < 18.5 kg/m2 

 Normal weight: BMI= 18.5–24.9 kg/m2 

 Overweight: BMI= 25.0- 29.9 kg/m2 
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 Obesity: BMI ≥ 30.0 kg/m
2
 

All measurements were carried in duplicates and the average was used. 

 

4. Dietary Intake Assessment  

a. The Multiple Pass Food Recall (MPR) 

The MPR was used to compare with the FFQ was validated. MRP is a 5-step 

approach, developed by the USDA (Moshfegh et al., 2008). The steps to collect the 24-

HRs using the MPR approach included 1) quick food list recall, 2) forgotten food list 

probe 3) time and occasion at which foods were consumed, 4) detailed overall cycle and 

5) final probe review of the consumed foods (Appendix V). 

 A minimum of three to twelve days of intake are generally required to 

characterize usual individual intake (Willett, 1998), therefore, up to 12 MPRs were 

collected from each participant who completed the consent, socio-demographic 

questionnaire and FFQ-1. The MPRs were divided into a set of three 24-HR per season 

(every 3 months) and each set represented 2 WDs and 1 WE day. In the settings of this 

study, paper based- MPRs were found more convenient and were used instead of 

computer-based MPRs. Each MPR sheet required the trained research assistant to 

request the time of each meal‘s intake, the food consumed, its portion size (whether 

standardized portions or by using a 2D food portion visual chart), preparation methods 

as well as the brand of the food, beverages and/or supplement consumed by the 

participant the previous day from time of waking up to the time going to bed at night 

and were recorded on an open questionnaire. The interview lasted for about 15- 20 

minutes on average. 

Participants were not aware of the exact day on which the 24-HR will be 
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collected to maintain the participants‘ regular dietary habits and avoid reporting 

socially-desirable answers. 

 

b. The Food Frequency Questionnaire 

A 4-page FFQ was designed to assess the dietary intake per energy and food 

categories among adults in Lebanon. 

During the interview for the FFQ data collection, the trained research assistant 

enquired the participant‘s consumption of each food item over the past 12 months, the 

usual portion size intake and the frequency of the food consumed (per day, week, month 

or never). The FFQ also included an open-ended section in which participants provided 

information on additional foods, beverages or any supplement they usually consume on 

a regular basis and which are not already in the FFQ‘s food list, if any. The overall 

interview took 30 to 40 minutes on average. 

In both the MPRs and FFQs data collection, a 2D food portion visual chart 

(Appendix VIII) was used in the purpose of aiding participants to estimate the exact 

portion size they consumed. This chart has been validated for use with adult men and 

women 20 to 70+ years of age as part of the Framingham Heart Study especially for the 

use of telephone dietary interviewing (Posner et al., 1992). Standardized portion sizes 

were also used for specific foods such as breads, potatoes, eggs, tuna cans, chocolate 

bars, croissants, chips bags and manakich, to name a few. 

 

F. Development of the FFQ 

This study‘s semi-quantitative FFQ contained three sections: the 94-item food 

list, identifiable portion sizes and a frequency response section (Appendix VI). 
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1. The Food List  

The number of food items in the food list depends on the objective of the study, 

food availability, and the variability of food consumption in the population understudy 

(Cade et al., 2002). 

The number of food items listed in FFQs tends tom vary in terms of importance. 

A review suggested that the number of items listed ranges from 5 to 350 (Cade et al., 

2002). The FFQ of this study which is composed of 94 food items, is considered a 

reasonable number (Cade et al., 2002). 

For the food item to be informative and therefore included in the food list of the 

FFQ, it should either contribute to absolute intake or differentiate between individuals. 

The 3 general characteristics include: the food item must be eaten reasonably by a 

considerable number of individuals. Second, the food must contain a substantial content 

of nutrient/food group of interest. Third, the use of different food should vary from 

person to person in order to be discriminating (Cade et al., 2002; Willett, 1998).  

The compilation of a comprehensive food list was derived from: 

 A review of 24-HR data (n = 200) previously collected in a sample of Lebanese 

adults as part of a national study conducted in Lebanon (Nasreddine et al., 2012). 

Food items that have been frequently cited (>5%) were added to the compiled list of 

the developed FFQ. 

 The developed food list was checked by a panel of experts including licensed 

dietitians and a gastroenterologist, to ensure that it is inclusive of all foods regularly 

consumed by Lebanese adults.  
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  The food items list was checked by a convenient sample of 30 adults, similar in 

characteristics to the target population, to assess if the food list was clear, 

comprehensive, and culturally appropriate 

 The food list was also compared to previously published FFQs, especially FFQs 

validated in the region.  

Food items were listed using generic names and often, foods with similar 

nutritional qualities/culinary use were grouped together for clarity and ease of 

conduction. 

The FFQ food list was composed of 94 food items categorized into 23 food 

groups: 

Cereals and Cereals-Based Products – Pasta and Other Cereals – Potatoes and 

Potato Based Products – Vegetables – Fruits – Fresh Fruit Juices –  Meat (Cured meat, 

meat, offals) – Poultry  – Eggs–  Fish and Seafood – Pulses –Nuts and Seeds – Milk and 

Dairy Products – Yogurt and Yogurt Based Products – Pizza and Pies – Mixed Dishes 

(vegetable based dishes) – Fats and Oils (Added on breads, Used in frying) – Sugar and 

Sugar Derivatives – Cakes and Pastries – Honey, Jam, Molasses, Pudding, Ice cream 

and Halawah – Alcoholic Beverages – Non- Alcoholic Beverages– Miscellaneous.  

 

2. Portion Size 

The purpose of a FFQ is to report usual intake and frequency of individual foods 

from a list of foods over a specified time period (Cade et al., 2002; Zulkifli et al., 1992); 

if absolute nutrient intake is needed, portion size must be included (Subar et al., 2003). 

In order to decrease inter-subject variability in serving size estimation, a 2D food 

portion visual chart was used for the sole purpose of assisting subjects.  
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For portion size, participants were given the option to express the portion size in 

terms of common household measurements (teaspoons, tablespoons, and cups) as well 

as standardized food portions for customary sized food items common in the Lebanese 

market. In order to assist in quantifying the reference portion size, a standard 2D food 

portion visual chart was used. This chart has been developed by Nutrition Consulting 

Enterprises and validated for use with adult men and women aged 20 to 70+ years as 

part of the Framingham Heart Study, especially for the use of telephone dietary 

interviewing (Posner et al., 1992). The FFQ under study did not include one specific 

portion size protocol in order not to lead subjects into a specific answer. In fact, 

correlation coefficients were higher when subjects were allowed to specify their own 

portion sizes when reporting intake (Wiecha, Hebert, & Lim, 1994) 

 

3. Frequency Response 

The frequency of the participant‘s food intake was indicated by how many times 

per day, week, or month the participant has consumed each food item. The frequency of 

foods rarely or never consumed was noted down. Moreover, seasonal adjustments were 

considered for fruits and foods that were eaten at specific times of the year such as hot 

beverages and ice cream, if applicable. 

 

G. Data Analysis 

1. Analysis of Food Items into Food Groups 

Food items collected from the 24-HR were analysed using the The Nutritionist 

Pro software (version 1.2, 2002, First Data Bank, Nutritionist Pro, San Bruno, CA). 

Nutritionist Pro software uses a nutrient database from the Continuing Survey of Food 

Intake of Individuals released in 2002 (Spencer, Elon, Hertzberg, Stein, & Frank, 2005). 
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Lebanese composite dishes recipes using single food items from the USDA database 

were added to the Nutritionist Pro software, in order to cover Lebanese traditional foods 

commonly consumed among our target population. All food items from Nutritionist Pro 

software were extracted into an excel sheet and were given a code similar to the codes 

used in the FFQ. For each subject, the average weight (in grams) and calories of each 

food group consumed was calculated. After that, information obtained were extracted 

with others into SPSS for analysis.  

Statistical data analysis was done to assess the validity and reproducibility of the 

FFQ by the 23 food groups : Cereals and Cereals-Based Products – Pasta and Other 

Cereals – Potatoes and Potato Based Products – Vegetables – Fruits – Fresh Fruit 

Juices –  Meat (Cured meat, meat, offals) – Poultry  – Eggs–  Fish and Seafood – 

Pulses –Nuts and Seeds – Milk and Dairy Products – Yogurt and Yogurt Based 

Products – Pizza and Pies – Mixed Dishes (vegetable based dishes) – Fats and Oils 

(Added on breads, Used in frying) – Sugar and Sugar Derivatives – Cakes and Pastries 

– Honey, Jam, Molasses, Pudding, Ice cream and Halawah – Alcoholic Beverages – 

Non- Alcoholic Beverages– Miscellaneous. The portion intake of each food group was 

calculated as the average weight of each food item over the serving size. Food Servings 

have been adopted from 3 different databases: USDA exchanges, American Dietetic 

Association (ADA) exchanges or local weighting of typical portion sizes (Table 3.1). 

The whole FFQ was composed of a food list of 94 food items grouped into 23 food 

groups. Food items were divided into food groups based on usage, similarities in 

composition, the dietary guidelines, the impact of health and diseases with specific food 

groups, as well as the cultural and ethnic dietary trends of the target population. The 

analysis was performed based on the serving size intake (total number of portions of a 
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food group/day) and the total percent of calories intake (% of calories of a food group 

per total calories intake/day).  

The same trained research dietitians who conducted the interviews with the 

study participants completed the data entry and data analysis. 

Table 3.1. Food groupings for data analysis 

Group 

number 

Food 

groups 

Number 

of items 

Food items obtained from the FFQ and the 

24 HR 

Serving 

size 

1 

Cereals 

and 

Cereal-

Based 

Products  

 

Pita bread white, Whole wheat Pita Bread, 

Arabic saj, Tannour, Brioche, French toast, 

French toast whole wheat, Bagels, white French 

baguette, Whole French baguette, Oat Bran 

Bread, Toasted Rye Bread, Cereal Bar, Cereal 

Granola, kaak (finger or round), Bran or whole 

grain breakfast cereals, regular cereals, Puffed 

Corn Chocolate Flavored, Toast and crackers, 

MUESLI Dried Fruit and Nuts Cereal, Oats, 

Dry, Hard Salted Pretzel, Hamburger Bun, flour 

(white/ coconut), garlic bread 

30g  

2 

Pasta and 

other 

cereals  

 

Bulgur cooked, bulgur with vermicelli, 

Bourghoul bi banadoura, Bourghoul Bil Dfeen 

(Bulgur and chicken/meat) 

Chicken with rice, freekeh, moghrabieh, gratin, 

pumpkin kibbe, lasagne, macaroni gratin, pasta, 

pasta with yogurt and garlic, rice with 

vermicelli, spaghetti, maamoura, tortellini, 

mdardara, couscous, composite pasta cooked, 

plain noodles, white rice, cooked quinoa, brown 

rice, fried rice, rice with meats and nuts, 

Ground Psyllium Seeds 

30g or 1/3 

cup  

3 

Potatoes 

and 

potato-

based 

products 

 

French fries, potato chips regular, potato chips 

light, batata bl sayniyeh (with or without beef), 

batata hara bel kezbara, batata mehshi bi lahme, 

kshk with potato, kebbet el batata, yakhnet 

batata with meat, potato and squash soup, 

baked/ boiled potato, mashed potato, nachos, 

potato wedges, sweet potato, tortilla corn, 

Russian salad 

1 medium 

potato=95g 
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4 Vegetables   

canned asparagus, canned carrot juice, canned 

corn/mushroom/peas, vegetable mix frozen  

 

Carrot juice, Green salad, seasonal salad, dark 

green leafy vegetables, carrots, tomatoes, 

cucumber, spinach, thyme beetroot, pepper, 

green chicory, lettuce/cabbage/broccoli/kale, 

Mint leaves, parsley, radishes, fresh thyme, 

arugula, chopped onions, garlic clove, ginger, 

lemon juice, rocket and green thyme salad, 

tabbouleh tomato grilled with garlic, Caesar 

salad, boiled mushroom, tomato sauce canned, 

Beetroot salad, fattoush, coleslaw (with 

mayonnaise/ with lemon garlic) 

1 cup 

=163g 

 

 

 

 

 

 

1 cup 

=145g 

5 fruits  

Loquats, tangerines, Apple, Custard (Bullock's 

Heart or Cherimoya), apricots, fruits salad, 

blackberries, blueberries, cantaloupe, guava, 

cherries, strawberries, cranberries, apples, 

bananas, oranges, kiwi, mango, pears, plums, 

persimmon, pineapple, raspberries, peaches, 

pomegranate, figs, watermelon, grapes, fruit 

based desserts (cocktails) 

dried fruits (dates, apricots, raisins, figs) 

canned fruits (pineapple, plums) 

1cup=170g 

 

 

 

 

 

½ cup=70g 

 

 

1cup=200g 

6 
Fruit 

juices  
Fresh   orange juice, grapefruit juice  

 

1cup=250g 

7 Meat   

Cured meat: Ham, mortadella (beef/pork), 

hotdog, turkey 

minced meat, sausages, kibbe, Hreese with 

meat, vegetable stew with meat (mixed dishes), 

kafta, shawarma meat, lamb, Steak beef/veal, 

kafta with potato bl saniyeh, kibbi b laban, meat 

fahita, sandwich beef shawarma, soup rice with 

meat balls, beef stroganoff, meat (lamb/beef): 

low medium high fat/ cooked, luncheon meats, 

hamburger  

Offals: Organ meat, Beef brain, liver (chicken, 

lamb), heart (raw, pan fried) 

 

 

 

 

 

30g 
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9 Poultry   

Poultry (breast, thigh, leg, wing, drumstick), 

nuggets, escalope, chicken curry, chicken 

fahita, Chinese chicken, hreese with chicken, 

sandwich chicken shawarma, shawarma 

chicken, tawook, chicken 

crispy/tenders/fingers, chicken patty, quesadilla 

chicken  

30g 

10 Eggs  
3ejjeh eggs, eggs with potato, tomatoes and 

eggs, whole eggs, egg whites, fried/boiled eggs,   

45g 

11 
Fish and 

seafood 
 

Canned fish with oil, canned fish in water, 

fresh/frozen fish, whole/ fillet fish, salmon, 

sardine, shellfish (shrimp, calamari, crab), 

sushi, 

30g 

12 

Pulses, 

nuts and 

seeds  

Pulses  

Beans, chickpeas/lentils/ fava beans, falafel, 

Fassoulia moutabal/ with meat, Fatteh hommos, 

fava beans with bulgur, foul b selek, mjadara, 

soup lentil/home‘s, adas moutabal, canned 

beans  

30g 

Nuts and 

seeds 

green almond, shredded coconut 

Raw nuts and seeds, roasted and unsalted nuts 

and seeds, roasted and salted nuts and seeds, 

peanuts, peanut butter, edamame, mixed nuts, 

seeds, soybeans  

15g 

13 

Milk and 

dairy 

products  

 

Cheese (low fat/ light/ white), double cream, 

feta, shaklish, halloumi, akkawi, cheese (high 

fat/yellow), kashkawan, brie, goat, gouda, 

mozzarella, swiss, cheddar, parmesan, cheese 

(processed/ creamy), picon, smeds, KELSEY'S 

Dip- Spinach Four Cheese, Mozzarella sticks,   

lactose free milk, dry milk (dry, non-fat), 

milkshake, full fat milk, low fat, fat free milk, 

hot chocolate mix prepared with 2 % milk, 

NESTLE CARNATION Rich Chocolate Hot 

Cocoa, Dry Mix, cream fraiche, kashta, 

whipped cream 

45g  

 

 

 

 

 

 

1 cup=250g 

 

 

 

14 

Yogurt 

and yogurt 

based 

products  

 

Labne (regular, low fat, skim), 

yogurt (regular, light), cooked yogurt, laban 

ayran, greek yogurt (whole milk, low fat) 

laban immo 

30 g 

 

 

1cup=270g 

15 
Pizzas and 

pies   
 

Manaeesh (cheese, zaatar, kshk), manouche saj 

(cheese, zaatar), pizza (vegetarian, pepperoni, 

margarita,  

pies, spinach fatayer, samsousak meat/ cheese, 

rkakat cheese, sfiha, shish barak  

150g 

 

 

25g 
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16 

Vegetables 

based 

dishes 

(Mixed 

dishes) 

 

boiled broccoli/cauliflower, vegetable soup 

chicory fried with onions, leb koussa with oil, 

sayniyet khodra, Warak Enab (Bi Zeit), 

eggplant, zucchini cabbage, chard beet leaves, 

grape leaves (stuffed with rice and meat), 

loubieh b lahme, Jew‘s mallow, okra/peas with 

meat, spinach, Artichoke, eggplant, cauliflower 

cooked 

 

 

1 cup= 

260g 

 

 

 

 

1cup=220g 

17 

Fats and 

oil added 

on breads  

 

butter/ghee, mayonnaise (regular, light), olive 

oil, tahini, Vegetable oil, vegetable ghee, 

guacamole sauce, hummus b tahini, tarator, 

sesame oil, coconut oil, flaxseed oil, avocado 

Olives (green, black) 

1 

tablespoon 

(tbsp.) =15g 

 

5 

olives=20g 

18 

Sugar and 

sugar 

derivatives 

 

Sugar (white, brown), candy, jelly beans, 

marshmallow, chocolate (milk, dark), chocolate 

spread, chocolate syrup, cookie, wafer 

20g 

19 
Cakes and 

pastries  
 

Cakes and pastries, unfrosted muffins, frosted 

muffins, plain biscuits, stuffed biscuits, wafer 

biscuits croissant, doughnuts, kaak b haleeb, 

cookies, crepes, pancakes, delights  

Arabic sweets (baklawa, barazek, coconut 

sweets, ghraybe, halawet el jibn, jazareye, ater, 

katayef, mamoul, macaroon, sfof, shaabiyet), 

knefe 

 

30-45g 

(38g) 

 

 

 

90g 

 

2 

Honey, 

jam, 

molasses, 

pudding, 

ice cream 

and 

halaweh  

 

Jam, molasses, halawa, honey, maple syrup, 

ice cream (regular, low fat), 

Jello, regular pudding (custard, mhalabiyeh, riz 

b halib, mghli, snayneye, low fat pudding, 

1tbsp=20g 

 

1cup=220g 

 

21 
Alcoholic 

beverages  
 Beer, whiskey, rum, vodka, wine, arak, gin,   

120g 

22 

Non-

alcoholic 

beverages  

 

Instant Coffee powder/prepared, cappuccino, 

Turkish coffee, 2 in 1, 3 in 1 Nescafe, coffee 

creamer (original, fat free), tea, decaffeinated 

coffee, iced tea, herbal tea, energy and spots 

drinks, soda regular, soda diet, water, sparkling 

water 

canned fruit juices: kiwi strawberry drink, 

Drink Mix Orange Flavor, Prepared with Water 

(tang), tamarind, canned fruit juices, Jallab, 

aloe vera, lemonade, mulberry juice, 

apple/pineapple/grape/ cranberry juice 

1 cup=220g 

 

 

 

1cup=250g 
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23 
Miscellane

ous  
 

mustard, zaatar, ketchup, pickles (cucumber, 

eggplant) 

1 tbsp=20g 

24 others  

Béchamel sauce, garlic sauce, ranch (salad dip), 

kshk, rice with fava beans, soup chicken with 

vermicelli, barley water, popcorn, almond milk, 

protein shake, frosting, spices, cocoa powder, 

condensed milk, tomato paste, onion rings, 

pesto sauce, Caesar salad, barbecue sauce, chia 

seeds, soya sauce, artificial sugar, miso soup, 

vinegar 

 

 
(U.S. Department of Agriculture and U.S. Department of Health and Human Services, 2010); 

(American Diabetes Association and American Dietetic Association, n.d.); (Hwalla, N.., 

Nasreddine, L. & Farhat Jarrar, S., 2012) 

 

 

2. Statistical Analysis 

Statistical analysis was done using Statistical Package for Social Sciences 19.0 

(SPSS for Windows, Version 19.0, Chicago: SPSS Inc.). 

For all continuous variables in the socio-demographic and anthropometric 

questionnaire, means and standard deviations were calculated. On the other hand, 

categorical variables were taken as frequencies. Validity and reliability statistics were 

performed on total number of portions per food groups/day and percent energy intake 

per food group. 

 

a. Validity Statistics 

i. Mean Difference and Correlation Coefficients  

 

Mean of the FFQ-2 and the MPRs were calculated. Mean difference of the two 

methods (FFQ-2 minus the mean of the MPRs) was also calculated as was the percent 

mean difference (
              

          
     ) for all food groups for both the food portion 

intake and percent of energy intake. 
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Although it is useful to compare means for both methods, it is also important to 

provide data on the associations between the intakes measured by the 2 methods 

(Willett, 1998). Since correlation coefficients were by far the most commonly used 

statistical method in 168 (83%) of validation studies (Cade et al., 2002), spearman‘s 

correlation coefficient and agreement between FFQ-2 and MPRs were performed to 

validate this FFQ. Spearman‘s correlation coefficients rank individuals similarly, they 

measure the strength and direction of the association between two different 

measurements at individual level (Verger et al., 2017). They were computed for food 

group estimates between the two methods. In order to detect associations between 

dietary intake with health and disease, a correlation coefficient accepted for validity 

ranges should not be below 0.3 or 0.4 (Cade et al., 2002). Correlation coefficients (r) 

measure the strength of relation between the two methods but not the agreement (Bland 

& Altman, 1986). Hence, the Bland-Altman statistical method was also administered. 

 

ii. Bland- Altman Method 

In order to compare a new measurement technique with an established one, it is 

important to measure the agreement between both methods across the range of intakes 

(Bland & Altman, 1986). A review of 210 agreement studies found that 85 % of the 

studies used the Bland-Altman method as an agreement measure (Zaki, Bulgiba, Ismail, 

& Ismail, 2012). Bland-Altman method is also used to assess whether the difference 

between the methods is the same across the range of intakes, and whether the extent of 

agreement differs for low intakes compared with high intakes (Cade et al., 2004). The 

Bland-Altman method used the differences between observations on the same subject 

and graphically plotting them against the average of both methods per subject. It helped 



43 

determine if there is any bias (systematic difference) between the administrations of the 

questionnaire, and to what extent the two administrations agree (Limits of agreement 

LoA) (Cade et al., 2004).  

The use of the Limits of Agreement (LoA) allowed to asses to what extent the 2 

methods agree/disagree. If the limits are wide, then an overall bias may be present 

(Bountziouka & Panagiotakos, 2010).   

The LoA are 2 values that 95% of the differences should lie between. LOAs are 

calculated as                                            

and                                          . P value less than 0.05 was 

considered statistically significant. 

 

b. Reproducibility Statistics 

i. Intraclass Correlation Coefficient 

The Intraclass Correlation Coefficient (ICC) is used to describe how strongly 

units in the same group look like each other. It differs from other correlation 

coefficients in that it analyses data structured as groups, rather than data structured as 

paired ones. ICC estimates the differences within the subjects and not those among the 

observers (Bountziouka & Panagiotakos, 2010).  However, the ICC ignores ordering 

variances and rather treats the two administered FFQs (1, 2) as two random instruments 

rather than specific methods (Zaki et al., 2012).Therefore, weighted kappa statistic was 

used. 

 

ii. Kappa Test 

The Kappa test is used to measure the agreement between 2 or more observers in 
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assigning the data into different categories. Weighted Kappa (κ w) was administered in 

this study instead of Kappa in order to see how close and how different the ratings of 

the 2 methods were. Also, to evaluate how well the FFQ can categorize individuals into 

quartiles of the food portions and percentage energy intake when compared with the 

FFQ-2. Frequencies of consumption (portion intake per food group as well as 

percentage energy intake per food group) measured by the 2 FFQ administrations were 

divided into quartiles and were compared to determine the degree of agreement in each 

category. According to Landis & Koch (1977), Kappa values were categorized for 

strength of agreement with the following ranges: 0.21 to 0.40 are considered fair,  

0.41 to 0.60 moderate, 0.61 to 0.80 substantial and 0.81-1 almost perfect (Landis & 

Koch, 1977). 

Percent agreement was calculated as quartiles:  

number of subjects in quartiles 1-1,1-2 + number of subjects in quartile 2-1,2-2,2-3 + 

number of subjects in quartile 3-2,3-3,3-4 + number of subjects in quartiles 4-3,4-4 / 

n=110  

 

 

H. Methodological Choices 

1. Sample Size 

For FFQ validation studies, a sample size between 100 and 200 participants is 

considered reasonable (Willett, 1998). 

Validity correlations of 0.5 to 0.7 are generally expected and for 80% power and 

an alpha significate level of 0.05 the sample size will approximately be 110 (Willett, 

1998). 
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As per a recent validation study conducted among a similar population, the 

dropout rate was at 4% (Moghames et al., 2016). Therefore, in order to account for 

potential dropout rates, a sample size of 120 individuals was recruited. This sample size 

will increase the statistical power of the study, especially in light of the intra- and inter- 

variability in dietary intake within and between participants respectively. 

 

2. Dietary Assessment 

a. Use of the Multiple Pass Food Recall as a Gold Standard 

In this study, the MPR was used as a gold standard for dietary intake. In 

validation studies, individual estimates of intake collected from the FFQ must be 

compared with those measured by a more accurate method, a ―gold standard‖. Given 

that there is no perfect measure of dietary intake, the FFQ can be validated against a 

more superior assessment method of intake. In this study, the 24-HRs was the method 

of choice for this purpose. It was collected using the MPR 5-step approach, developed 

the USDA (Moshfegh et al., 2008). This technique has been shown to accurately assess 

energy and macronutrient intake (Conway et al., 2004) and to have stronger correlation 

with DLW as compared with 2 FFQs, the Block FFQ and the National Cancer 

Institute‘s DHQ  (Blanton et al., 2006). This approach has been shown to provide 

accurate dietary data especially when used with participants who are less cooperative, 

less motivated, illiterate, or of low-income when compared with other dietary 

assessment methods such as food records (Vucic et al., 2009; Willett, 1998). 

b. Design of the Food Frequency Questionnaire 

FFQs can reflect the past month, past few months or the past year depending on 

the researcher‘s line of interest (Willett, 1998). The reproducibility of the FFQ was 
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chosen to be 12 months apart since it is the period of time that is found to be not too 

soon for subjects to recall their FFQ-1 answers and at the same time, not too distant so 

that it reflects variation in response and true change in subject‘s dietary intake (Willett, 

1998).  

c. Administration by a Trained Research Dietician 

In this study, 3 trained research dietitians administered the questionnaire. This is 

advantageous because nutritional assessment requires specialist training (McCarthy, 

Cole, Fry, Jebb, & Prentice, 2006) and correlation coefficients were higher for 

interviewer-based FFQs when compared with self-administered ones (Cade et al., 

2004). In addition, self-administered FFQs require careful preparation and pre-testing as 

well as high literacy skills and motivation. They may also lead to an increased rate of 

exclusion due to high number of incomplete answers (Cade et al., 2002).  

 

i. Choice of university for Recruitment 

AUB has 3500 non-academic employees and 903 full time faculty member 

(American University of Beirut, 2018), making it the single largest employer in the 

Lebanese private sector (Waterbury, 2007). Given that AUB is a culturally diverse 

institution with employees from across the country and from various socioeconomic 

statuses; this renders it as a suitable site for participant recruitment. 

 

ii. Length of study period 

The production, availability, and accessibility of various foods in Lebanon is 

seasonal, especially for fruits and vegetables (FAO, 2007). Therefore, in order to 

accurately estimate all the intake of all food items and take into account any variation in 
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intake due to seasonal changes, the study was conducted over twelve months, with 24-

HRs reflecting the intake of participants during each season.  
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CHAPTER IV 

RESULTS 

 

A. List of Variables Used in the Analysis 

Variables of interest for the present analysis were derived from the first visit 

from the 24-HR and the FFQs. Description of variables used in this study is shown in 

Table 4.1. 

 
Table 4.1. List of variables used in the analysis 

Variable Type Description/Coding 

Socio-demographic variables 

participant‘s age (years) Continuous   

participant‘s age (years) Categorical  1= 23-30 years 

2=31-40 years 

3= 41-50 years 

4= ≥ 51 years 

Sex of the participant Categorical 1=Male 

2=Female 

BMI Categorical 1= <18.5 Underweight 

2= 18.5-24.9 Normal 

3= 25-29.9 Overweight 

4= 30-34.9 Obesity class1 

5= ≥35 Obesity class 2 

Governorate Categorical  1=Beirut 

2=Mount Lebanon 

3=South 

4=Nabatiyeh 

5=North 

6=Bekaa 

Marital status of the participant Categorical  1=single 

2=married 

3=widowed 

4=divorced 

Educational level of the 

participant 

Categorical 1=no schooling 

2=primary school 

3=intermediate school 
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4=high school 

5=technical diploma 

6=university degree 

Specialized in health related 

major 

 

Categorical 1=Yes 

2=No 

3=Not applicable 

Occupation  Categorical 1=Academic, full time 

2=Academic, part time 

3=Non-academic, full time 

4=Non-academic, part time 

5=other 

Crowding Index  Categorical 1=≥1 

2=<1 

Do you own the house you 

currently live in? 

Categorical 1=Yes 

2=No 

How many cars does your 

household own? 

Categorical 0=0 

1=1 

2=2 

3= ≥3 

Monthly Income Categorical 1=<600,000L.L 

2=600,000-999,999 L.L 

3=1,000,000-1,499,000L.L 

4=1,500,000-1,999,000L.L 

5=2,000,000-2,499,000L.L 

6=2,500,000-2,999,000L.L 

7=>3,000,000L.L 

 

 

B. Descriptive Data: Socio-demographics and Lifestyle Characteristics  

A total of 120 participants were recruited for the study, 110 completed the study 

(91.67 % response rate).  Main reasons for drop out were lack of interest and lack of 

time. In addition, when less than two 24-HR were collected in any season, or when 2 

FFQs were not completely administered, participants were automatically dropped out.  

Baseline sociodemographic and lifestyle characteristics of the study sample are 

presented in table 2 for the total sample (n=110) and separately for males and females. 

Overall, the study sample consisted of 60.9 % males and 39.1 % females with a mean 

age ± Standard Error of 41.28 ± 1.21 and 34.81±1.17 years, respectively. Most of the 
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participants (40 %) were classified as overweight with a BMI = 25-29.9kg/ m
2
, with 

males having significantly higher BMI than females. Overall, the study sample 

presented a high prevalence of overweight and obesity (40% and 32.7% respectively) 

(p=0.00). Celibacy (never married, divorced, or widowed) was higher in women 

(62.8%) than men (29.9%). The majority of the participants (76.4%) reached a high 

school or above. Only 31.8 % of participants were specialized in a health-related major. 

Most of the participants had a non-academic job (85.5%).  As for the monthly income of 

the household, half of the participants (50 %) reported earning above 3,000,000L.L. 

with females having a significantly higher income than males. Using the crowding 

index measure, 52.7 % of the households had a crowding index ≥1 persons/room, 

reflecting a low socioeconomic status (SES). Compared to males, a lower percentage of 

females smoked cigarettes (p <0.05). More than half of the study population (65.5 %) 

had a moderate intensity of physical activity. 

 

Table 4.2. Socio-demographic characteristics and lifestyle characteristics of the 

study population by gender
a
 

Variables  n(%)    

Socio-demographic 
variables 

Total n=110 Males  
N=67 
Mean (±SE) 

Females  
N=43   
Mean (±SE) 

Significance
b 

Age (years) 38.75 (± 0.91) 41.28 (±1.21) 34.81 (± 1.17) P=0.000 

Age categorized      

23-35 years  43 (39.1) 19(28.4) 24  (55.8) X2=11.120 
P=0.004 35-45 years 34 (30.9) 21 (31.3) 13 (30.2) 

45-62 years 33 (30.0) 27 (40.3) 6 (14) 

BMI (kg/m2)     

18.5-24.9 Normal 30 (27.3) 6 (9) 24 (55.8) X2=29.058, 
P=0.000 25.0-29.9 

overweight 
44 (40) 33 (49.3) 11 (25.6) 

≥30 obese 36 (32.7) 28 (41.8) 8 (18.6) 

Governorate     

Beirut 49 (44.5) 24 (35.8) 25 (58.1) X2=5.281,  
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Outside Beirut 61 (55.5) 43 (64.2) 18 (41.9) P=0.022 

Marital status      

Single, Widowed, 
Divorced 

47 (42.7) 20 (29.9) 27 (62.8) X2=11.613,  
P=0.001 

Married 63 (57.3) 47 (70.1) 16 (37.2) 

Education level      

  Up to intermediate   
             school  

26 (23.6) 22 (32.8) 4 (9.3) X2= 16.437 
P=0.000 

High school  15(13.6) 13(19.4) 2(4.7) 

University/technic
al diploma 

69(62.7) 32(47.8) 37(86.0) 

Specialized in health -
related major (medicine, 
public health, nutrition, 
pharmacy, etc.) 

     

Yes 35 (31.8) 19 (28.4) 16 (37.2) X2=2.689,  
P=0.261 No 74 (67.3) 48 (71.6) 26 (60.5) 

Not applicable  1 (0.9) 0(0) 1 (2.3) 

Occupation     

Academic 16 (14.5) 5 (7.5) 11 (25.6) X2=6.917,  
P=0.009 Non- Academic 94 (85.5) 62 (92.5) 32 (74.4) 

Crowding Index      

<1 52 (47.3) 28 (41.8) 24 (55.8) X2=2.066,  
P=0.151 ≥1 58 (52.7) 39 (58.2) 19 (44.2) 

Do you own the house 
you currently live in? 

    

Yes 75 (68.2) 44 (65.7) 31(72.1) X2=0.498,  
P=0.480 No 35 (31.8) 23 (34.3) 12 (27.9) 

How many cars does 
your household own? 

    

<1 58 (52.7) 43 (64.2) 15 (34.9) X2=9.027,  
P=0.011  2 35 (31.8) 16 (23.9) 19 (44.2) 

≥3 17 (15.5) 8 (11.9) 9 (20.9) 

Total monthly income?     

Below 
3,000,000LL 
(2000$) 

55 (50.0) 41 (61.2) 14 (32.6) X2= 8.591, 
P=0.003 

Above 
3,000,000LL 
(2,000$) 

55 (50.0) 26 (38.8) 29 (67.4) 

Lifestyle practices –
smoking  

    

Current smoker     

Yes  60 (54.5) 44 (65.7) 16 (37.2) P=0.003 
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No 50 (45.5) 23 (34.3) 27 (62.8)  

How long have 
you been a 
smoker 
(Years)n=60 

10.99 (1.01) 11.38 (7.99) 9.94 (7.27) P= 0.532 

Lifestyle practices –
Physical Activity 

    

Low- intensity 
activity 

26(23.6
) 

12(17.
9) 

14(32.6) X2=3.413,  
P=0.181 
 moderate- 

intensity activity 
72 (65.5) 48 (71.6) 24 (55.8) 

high- intensity 
activity 

12 (10.9) 7 (10.4) 5 (11.6) 

a
Categorical variables are reported as N(%): frequency and percentage within column; continuous variables are 

reported as Mean ± SD. SD: Standard deviation. 
 

b Significant differences between males and females; p value was derived from chi-square for categorical variables 

and from independent t test for continuous variables.  

BMI: body mass index (kg/m2) 

18.5-24.9 Normal, 25.0-29.9 Over-weight, ≥30 Obese 

SE: standard error 

 

 

C. Relative Validity of the Questionnaire (Comparison with the Mean of MPRs) 

Mean, mean difference, and percent mean difference of dietary intake of FFQ- 2 

and average of MPRs as expressed by portions of the various food groups (Table 4.3) 

and percent of energy intake of food groups (Table 4.4). Intake of food portions and 

percent of energy intake per food groups according to FFQ-2 and the mean of MPRs for 

comparative validity stratified by sex are displayed in Appendices XI, XII respectively.  

The mean portion intake for ‗cereals and cereals based products‘ food group for 

the Lebanese adults enrolled in the study sample measured by FFQ-2 was found to be 

3.89±2.79 portions. The mean portion intake as measured by mean MPRS was 3.13± 

1.80 portions. Therefore, the mean difference of these 2 methods was found to be 0.76± 

1.98 with a percent mean difference of 25.13%. The same calculations were 

implemented for all food groups, as seen in Table 4.3 and for percent of energy intake 

per food group in Table 4.4. 
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Table 4.3. Intake of food portions per food groups according to FFQ-2 and the 

mean of MPRs for comparative validity 

 

Food Groups FFQ-2 ± S.D  24hr ± S.D Difference ± S.D 
Percent 

difference (%) 

Cereals and cereals 

based products  

3.89±2.79  3.13± 1.80 0.76± 1.98 25.13±64.38  

Pasta and other 

cereals  

3.58± 2.94 3.31± 2.12 0.27± 3.13 45.17± 147.00 

Potatoes and potato 

based products  

0.83± 0.88 0.52± 0.34 0.31± 0.80 69.31± 146.26 

Vegetables  0.70± 0.59 0.99± 0.61 -0.29± 0.71 4.72± 128.01 

Fruits 1.51± 1.24 0.88±0.63 0.63± 0.97 100.07± 192.90 

Fresh fruit juices 0.13± 0.20 0.06± 0.12 0.07± 0.22 -18.40± 80.84 

meat 4.09± 3.48 2.20± 1.58 1.90± 3.23 133.48± 193.15 

Poultry  1.91± 2.26 1.59±1.26  0.32± 2.20 31.20± 116.67 

Eggs  0.55± 0.69 0.39± 0.51 0.16± 0.52 40.98± 136.29 

Fish and seafood  0.71± 0.87 0.67± 0.93 0.05±0.97  22.27± 155.86 

pulses 1.60±1.71  1.51± 1.43 0.90± 1.87 8.39± 100.74 

Nuts and seeds 1.51±2.27  0.56± 0.71 0.95± 2.16 224.72± 484.93 

Milk and dairy 

products  

0.91± 0.87 0.68± 0.51 0.24± 0.78 77.86± 210.32 

Yogurt and yogurt 

based products 

2.14± 3.57 1.84± 1.62 0.30± 3.52 95.09± 316.55 

Pizzas and pies 0.39± 0.52 0.91±0.87  -0.52± 0.96 -31.12± 94.63 

Vegetable based 

dishes 

0.23± 0.18 0.34± 0.23 -0.11±0.25 -16.72± 82.41 

Fats and oils  2.37± 1.40 1.57± 1.37 0.80± 1.57 160.06± 260.41 

Sugar and sugar 

derivatives  

1.91± 2.12 0.82± 0.72 1.09± 1.80 174.27± 284.91 

Cakes and pastries 0.59±0.63  0.71± 0.51 -0.12± 0.67 1.66± 112.31 

Honey, jam, 

molasses, pudding, 

ice-cream and 

halaweh  

0.23± 0.32 0.20± 0.23 0.03± 0.33 -3.30± 122.39 

Alcoholic beverages  0.30± 1.63 0.16± 0.77 0.14± 0.90 28.30± 84.88 

Non-alcoholic 

beverages  

9.14± 3.55 8.02± 2.57 1.15± 2.35 15.55± 32.32 

Miscellaneous  0.43± 0.41 0.28± 0.32 0.15± 0.45 87.58± 222.89 

 

Numbers in this table represent means± SD 

 

A negative percent mean difference implied an underestimation of the FFQ 

when compared with the mean of the MPRs, while a positive percent difference showed 
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that the FFQ overestimated portions and percent energy intake per food groups.  

The results found that the FFQ overestimated the intake of food portions ranging 

between 1.66 % for the ‗cakes and pastries‘ food group and 224.72 % for the ‗nuts and 

seeds‘ food group (Table 4.3).  

 In addition, the FFQ underestimated intake of percent energy intake of 9 food 

groups: ‗pasta and other cereals‘, ‗vegetables‘, ‗fresh fruit juices‘, ‗meat‘, ‗pulses‘, 

‗pizzas and pies‘, ‗vegetables based dishes‘, ‗cakes and pastries‘ as well as ‗honey, jam, 

molasses, pudding, ice cream and halaweh‘. Percent mean difference ranged between 

underestimating 75.28 % for ‗vegetables‘ and overestimating 305.78 % for ‗fats and 

oils‘ (Table 4.4). 

 

Table 4.4. Percent of energy intake per food groups according to FFQ-2 and the 

mean of MPRs for comparative validity 

 

Food Groups FFQ-2 ± S.D MPR ± S.D Difference ± S.D 
Percent 

difference (%) 

Cereals and cereals 

based products  

13.08± 7.76 12.76± 5.46 0.32± 5.85 2.73± 47.94 

Pasta and other cereals  5.69± 4.10 7.93± 5.04 -2.24± 5.56 -2.61± 82.63 

Potatoes and potato 

based products  

7.81± 6.21 6.74±4.44  1.07± 5.62 32.09± 97.82 

Vegetables  0.80± 0.83 4.16± 2.77 -3.36± 2.58 -75.28± 23.86 

fruits 5.86± 4.24 4.63±3.18 1.23± 3.48 41.64± 105.83 

Fresh fruit juices 0.65 ± 1.02 0.33± 0.72 0.32± 1.01 -25.30± 70.54 

meat 4.15± 3.54 7.57±5.09  -3.41± 5.03 -33.11± 55.97 

Poultry  4.22±4.13  5.04± 3.86 -0.81± 4.95 4.67± 93.36 

Eggs  1.77± 2.35 1.57± 2.11 0.20± 1.79 42.24± 178.62 

Fish and seafood  1.37±1.28  1.63± 2.18 -0.27± 2.16 2.44± 119.48 

pulses 2.98± 2.93 3.75± 3.82 -0.78± 3.83 -10.65± 80.97 

Nuts and seeds 5.18± 6.85 2.39± 2.93 2.79± 6.13 157.94± 370.98 

Milk and dairy 

products  

5.10± 4.73 4.86± 3.04 0.24± 4.53 22.26± 114.16 

Yogurt and yogurt 

based products 

1.97± 1.63 2.31± 2.02 -0.34± 1.92 19.34± 135.68 

Pizzas and pies 4.85± 4.17 10.77± 7.41 -5.92± 7.24 -43.01± 48.90 

Vegetable based dishes 1.82±1.92 4.29± 3.26 -2.47± 3.37  -38.41± 78.45 

Fats and oils  10.94± 6.31 4.54± 3.34 6.40± 6.67 305.78± 435.53 
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Sugar and sugar 

derivatives  

7.18± 7.18 3.72± 3.29 3.46± 5.59 119.52± 185.87 

Cakes and pastries 4.18± 4.42 6.22± 4.25 -2.03± 5.19 -21.88± 77.60 

Honey, jam, molasses, 

pudding, ice-cream 

and halaweh  

1.01± 1.22 1.56± 1.70 -0.55± 1.90 -42.56± 55.01 

Alcoholic beverages  1.05± 3.42 0.96± 5.28 0.08± 3.21 5.02± 66.01 

Non-alcoholic 

beverages  

3.48± 3.20 4.16± 2.93 -0.68± 3.11 0.16± 92.64 

Miscellaneous  0.50± 0.76 0.91± 1.85 -0.41± 1.86 181.87± 594.20 

 

Moreover, Spearman correlation coefficients for comparative validity between 

the FFQ and the mean of MPRs were computed for portion intake per food group (Table 

4.5) as well as for percent energy intake per food group (Table 4.6). Spearman 

coefficients in both tables were all statistically significant except for percent energy 

intake for ‗fats and oils‘, and ‗Honey, jam, molasses, pudding, ice-cream and halaweh‘ 

food groups. The values for portion intake ranged between 0.20 for ‗fresh fruit juices‘ 

and 0.74 for ‗alcoholic beverages‘ (Table 4.5). As for the percent energy intake per food 

group, Spearman‘s coefficients ranged between 0.23 for ‗fresh fruit juices‘ and 0.74 for 

‗alcoholic beverages‘ (Table 4.6). Spearman correlations for portion intake and percent 

energy intake per food group obtained using FFQ-2 and the average of MPRs for 

comparative validity stratified by sex are displayed in Appendices XIII, XIV 

respectively. 

 

Table 4.5. Spearman correlations for portion intake per food group obtained using 

FFQ-2 and the average of MPRs for comparative validity 

 

Food Groups Spearman’s r 

Cereals and cereals based products  0.670** 

Pasta and other cereals  0.314** 

Potatoes and potato based products  0.503** 

Vegetables  0.308** 

Fruits 0.616** 
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Fresh fruit juices 0.199* 

Meat 0.359** 

Poultry  0.386** 

Eggs  0.526** 

Fish and seafood  0.217* 

pulses 0.312** 

Nuts and seeds 0.430** 

Milk and dairy products  0.452** 

Yogurt and yogurt based products 0.486** 

Pizzas and pies 0.281** 

Vegetable based dishes 0.402** 

Fats and oils  0.346** 

Sugar and sugar derivatives  0.626** 

Cakes and pastries 0.351** 

Honey, jam, molasses, pudding, ice-cream and halaweh  0.238* 

Alcoholic beverages  0.741** 

Non-alcoholic beverages  0.715** 

Miscellaneous  0.385** 
** Correlation is significant at the 0.01 level  

*Correlation is significant at the 0.05 level  

 

Table 4.6. Spearman correlations for percent of energy intake per food group 

obtained using FFQ-2 and the average of MPRs for comparative validity 

 

Food Groups Spearman’s r 

Cereals and cereals based products  0.643** 

Pasta and other cereals  0.298** 

Potatoes and potato based products  0.495** 

Vegetables  0.443** 

Fruits 0.575** 

Fresh fruit juices 0.226* 

Meat 0.229* 

Poultry  0.291** 

Eggs  0.421** 

Fish and seafood  0.258** 

pulses 0.295** 

Nuts and seeds 0.428** 

Milk and dairy products  0.459** 

Yogurt and yogurt based products 0.636** 

Pizzas and pies 0.369** 

Vegetable based dishes  0.318** 

Fats and oils  0.183 

Sugar and sugar derivatives  0.559** 

Cakes and pastries 0.341** 

Honey, jam, molasses, pudding, ice-cream and halaweh  0.079 
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Alcoholic beverages  0.742** 

Non-alcoholic beverages  0.626** 

Miscellaneous  0.355** 

  * P value < 0.05;  

** P value < 0.01 

 

As part of validating the FFQ against the mean of MPRs, Bland-Altman plots 

were charted for portion intake for all food groups (Figure 4.1) and the mean difference, 

95% LoA, slope, intercept, and confidence interval are presented for portion intake 

(Table 4.7). Mean difference, 95% Limits of Agreement (LoA) and regression slope of 

differences of FFQ-2 against the mean of MPRs for portion intake and percent energy 

intake per food group for assessment of relative validity stratified by sex are displayed 

in Appendix XV. 

For most food groups, the mean difference was close to 0, lying between -0.52 

for ‗Pizzas and pies‘ and 1.90 for ‗meat‘, thus indicating sufficient agreement between 

the 2 methods for most food groups. As for the Limits of Agreement, LoA between 4.72 

and -3.20 for ‗cereals and cereals based products‘ portion intake suggests that 95% of 

the difference between the FFQ and the MPRs mean lie between this range. For each 

food group, consistency of agreement was examined across the range of intakes. This 

was achieved by estimating the regression slope of differences (β) between the FFQ and 

mean of MPRs summarized in Table 4.7. A positive slope in differences indicates that 

the FFQ overestimated the intake when compared with the mean of the MPRs. A 

positive slope also indicates that at high levels of intake, there is a poor agreement 

between the FFQ and the MPRs (FFQ overestimates the intake). While a negative slope 

indicates that the FFQ underestimated the intake. For portion intake, the slopes ranged 

between -0.47 for ‗pizzas and pies‘ and 0.96 for ‗alcoholic beverages‘. 
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Table 4.7. Mean difference, 95% Limits of Agreement (LoA) and regression slope 

of differences of FFQ-2 against the mean of MPRs for portion intake per food 

group for assessment of relative validity 

 

Food Groups 

 

 

Mean 

Differe

nce 

95% LOA
a
 

Beta / 

Slope
b
 

Intercept 
P 

value
c
 

Confidence 

Interval
d
 

Cereals and cereals 

based products  

0.76 4.72 -3.20 0.543 -1.02 0.000 0.36, 0.65 

Pasta and other 

cereals  

0.27 6.53 -5.99 0.33 -1.47 0.000 0.23, 0.78 

Potatoes and potato 

based products  

0.31 1.91 -1.29 0.77 -0.47 0.000 0.96, 1.33 

Vegetables -0.29 1.13 -1.72 -0.04 -0.25 0.69 -0.34, 0.23 

Fruits 0.63 2.57 -1.32 0.69 -0.31 0.000 0.63, 0.94 

Fresh fruit juices  0.07 0.51 -0.36 0.49 -0.004 0.00 0.55, 1.11 

meat 1.90 8.35 -4.56 0.690 -1.328 0.00 0.82, 1.23 

Poultry  0.32 4.72 -4.08 0.54 -1.11 0.00 0.58, 1.06 

Eggs  0.16 1.21 -0.89 0.39 -0.02 0.00 0.21, 0.54 

Fish and seafood  0.05 1.98 -1.89 -0.08 0.11 0.44 -0.34, 1.15 

pulses 0.09 3.83 -3.65 0.18 -0.33 0.06 -0.01, 0.55 

Nuts and seeds 0.95 5.27 -3.38 0.84 -0.51 0.00 1.23, 1.58 

Milk and dairy 

products  

0.24 1.80 -1.33 0.53 -0.31 0.00 0.48, 0.91 

Yogurt and yogurt 

based products 

0.30 7.35 -6.74 0.67 -1.89 0.00 0.87, 1.34 

Pizzas and pies -0.52 1.40 -2.44 -0.47 0.03 0.00 -1.15, -0.55 

Vegetable based 

dishes 

-0.11 0.40 -0.61 -0.25 0.00 0.01 -0.66, -0.10 

Fats and oils  0.80 3.94 -2.34 0.02 0.75 0.84 -0.24, 0.29 

Sugar and sugar 

derivatives  

1.09 4.68 -2.51 0.85 -0.51 0.00 1.03, 1.31 

Cakes and pastries -0.12 1.23 -1.47 0.22 -0.33 0.02 0.05, 0.59 

Honey, jam, 

molasses, pudding, 

ice-cream and 

halaweh  

0.03 

 

 

0.69 -0.63 0.36 -0.08 0.00 0.26, 0.79 

Alcoholic beverages  0.14 1.94 -1.65 0.96 -0.02 0.00 0.68, 0.76 

Non-alcoholic 

beverages  

1.11 

 

5.89 -3.66 0.44 -2.04 0.00 0.22, 0.51 

Miscellaneous  0.15 1.05 -0.75 0.25 0.01 0.00 0.11, 0.68 
a LoA determined as mean difference ± 2×standard deviation of the differences 
b Slope of the average of methods regressed on difference between methods 
c Statistical significance of β 
d Confidence interval of β 
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The Bland-Altman charts (Figure 4.1) graphically represent plots of the 

difference between the 2 methods against their mean and the LoA per food group thus 

showing any extreme or outlying observations.  For most food groups, the regression 

line was positive, indicating that the FFQ tended to overestimate the intake when 

compared the average intake of the MPRs. However, for ‗Vegetables‘, ‗Fish and 

seafood‘, ‗Pizzas and pies‘ and ‗Vegetable based dishes‘, the FFQ tended to 

underestimate their intake; however, it was insignificant for ‗vegetables‘ and ‗fish and 

seafood‘ groups (Figure 4.1). In addition, for all food groups, the points on the graphs 

are closely assembled within the LoA, close to the middle horizontal line (zero 

difference), meaning that the FFQ‘s estimation has low magnitude of error (no 

systematic biases). Bland-Altman charts for portion intake for all food groups as 

predicted by the FFQ and mean of MPRs stratified by sex are displayed in Appendices 

XVI, XVII respectively.  

 

 

1. Cereals and cereal based products 

 

 

 
 

 

 

 

 

 

2. Pasta and other cereals 
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3. Potatoes and potato based products 

 

 
 

4. Vegetables  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

5. Fruits  

 

 

 

 

6. Fresh fruit juices 
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7. Meat 

 

 

 
 

 

 

8. Poultry  

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

9. Eggs 

 

 

 
 

 

 

10. Fish and seafood 
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11. Pulses 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

12. Nuts and seeds 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13. Milk and dairy products  

 

 

 

 

 

 

14. Yogurt and yogurt based products 
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15. Pizzas and pies 

 

 

 

 

16. Vegetable based dishes 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

17. Fats and oils 

 

 
 

 

 

18. Sugar and sugar derivatives 
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19. Cakes and pastries 

 

 
 

 

 

20. Honey, jam, molasses, pudding, ice-

cream and halaweh  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

21. Alcoholic beverages  

 

 
 

 

 

22. Non-alcoholic beverages 
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23. Miscellaneous 

 
 

 

 

Figure 4.1. Bland-Altman charts for portion intake for all food groups as predicted 

by the FFQ and mean of MPRs 

 

 

 

 

D. Relative Reproducibility of the Questionnaire (Comparison between FFQ-1 

and FFQ-2) 

 

In order to assess the reproducibility of the FFQ, ICC was calculated between 

FFQ-1 and FFQ-2, as displayed in Table 4.8 for food portions per food group and Table 

4.9 for percent energy intake per food group. For food group portion intake, the ICC 

was significant for all food groups. An ICC greater than 0.50 was found for most food 

groups. The correlation range for reliability of the FFQ was found to range from 0.31 

for ‗meat‘ to 0.97, p<0.01, for ‗miscellaneous‘ food group which includes mustard, 

ketchup, pickles (cucumber, eggplant) and zaatar, (Table 4.8). As for ICC for percent 

energy intake for food group shown in Table 4.9, it ranged between 0.29 for ‗vegetable 

based dishes‘ food group, up to 0.76 for ‗fruits‘. 
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Table 4.8. Intraclass Correlation Coefficients ICC for food portions intake per 

food group obtained using FFQ-1 and the FFQ-2 for comparative reliability 

 

Food Groups Mean FFQ-1 ± 

S.D 

Mean FFQ-2 ± 

S.D 

ICC 

 

Cereals and cereals 

based products  

5.49± 4.02 3.89± 2.79 0.612** 

Pasta and other 

cereals  

4.11± 4.90 3.58± 2.94 0.500** 

Potatoes and 

potato based 

products  

1.04± 1.54 0.83± 0.88 0.572** 

Vegetables  0.81± 0.64 0.70± 0.59 0.459** 

Fruits 1.68± 1.20 1.51± 1.24 0.711** 

Fresh fruit juices 0.23± 0.31 0.13± 0.20 0.455** 

Meat 4.82± 4.00 4.09± 3.49 0.313* 

Poultry  2.31± 2.39 1.91± 2.26 0.696** 

Eggs  0.63± 0.75 0.55±0.69  0.707** 

Fish and seafood  1.18± 1.31 0.71± 0.87 0.446** 

pulses 1.78± 2.18 1.60± 1.71 0.645** 

Nuts and seeds 1.56± 1.98 1.51± 2.27 0.370** 

Milk and dairy 

products  

1.22± 1.17 0.91± 0.87 0.474** 

Yogurt and yogurt 

based products 

2.24± 2.79 2.14± 3.57 0.617** 

Pizzas and pies 0.58± 0.61 0.39± 0.52 0.516** 

Vegetable based 

dishes 

0.30± 0.37 0.23± 0.18 0.347* 

Fats and oils  2.59± 1.63 2.37± 1.40 0.609** 

Sugar and sugar 

derivatives  

2.15± 2.02 1.91± 2.12 0.824** 

Cakes and pastries 0.83± 1.11 0.59± 0.63 0.455** 

Honey, jam, 

molasses, pudding, 

ice-cream and 

halaweh  

0.29± 0.44 0.59± 0.63 0.736** 

Alcoholic 

beverages  

0.23± 0.63 0.30± 1.63 0.549** 

Non-alcoholic 

beverages  

9.58± 4.21 9.14± 3.55 0.783** 

Miscellaneous  0.45± 0.44  0.43± 0.41 0.969** 

* P value < 0.05; ** P value < 0.01 
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Table 4.9. Intraclass Correlation Coefficients (ICC) for percent energy intake per 

food group obtained using FFQ-1 and the FFQ-2 for comparative reliability 

 

Food Groups Mean FFQ-1 ± 

S.D 

Mean FFQ-2 ± 

S.D 

ICC 

Cereals and cereals 

based products  

14.53± 8.53 13.08± 7.76 0.592** 

Pasta and other 

cereals  

5.44± 4.02 5.69± 4.10 0.431** 

Potatoes and 

potato based 

products  

7.79± 7.78 7.81± 6.21 0.672** 

Vegetables  0.94± 1.26 0.80± 0.83 0.338* 

Fruits 5.96± 4.60 5.86± 4.24 0.764** 

Fresh fruit juices 0.86± 1.20 0.65± 1.02 0.596** 

Meat 4.82± 4.00 4.15± 3.54 0.325* 

Poultry  4.49±3.51  4.22± 4.13 0.525** 

Eggs  1.77± 2.29 1.77± 2.35 0.555** 

Fish and seafood  1.99± 2.09 1.37± 1.28 0.319* 

pulses 2.77±2.70  2.98± 2.93 0.523** 

Nuts and seeds 5.10± 6.42 5.18± 6.85 0.428** 

Milk and dairy 

products  

5.85± 5.05 5.10± 4.73 0.453** 

Yogurt and yogurt 

based products 

1.89± 1.77 1.97± 1.63 0.581** 

Pizzas and pies 5.64± 4.79 4.85± 4.17 0.308* 

Vegetable based 

dishes 

2.19± 3.72 1.82± 1.92 0.289* 

Fats and oils  9.59± 6.13 10.94± 6.31 0.691** 

Sugar and sugar 

derivatives  

6.87± 5.82 7.18± 7.18 0.692** 

Cakes and pastries 4.67± 5.39 4.18± 4.42 0.342* 

Honey, jam, 

molasses, pudding, 

ice-cream and 

halaweh  

1.01± 1.04 4.18± 4.42 0.642** 

Alcoholic 

beverages  

0.82± 2.12 1.05± 3.42 0.640** 

Non-alcoholic 

beverages  

4.38± 4.22 3.48± 3.20 0.597** 

Miscellaneous  0.64± 0.85 0.50± 0.76 0.248 

* P value < 0.05; ** P value < 0.01 
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Table 4.10. Values of agreement between the two methods (FFQ-1 and FFQ-2) as 

measured by the weighted kappa statistic and percent agreement results for food 

portions intake per food group for comparative reliability 

 

Food Groups 

 

Percent Agreement (%) 

W
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g
h
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d

 

K
a
p

p
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95 % CI Rank* 
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a
m

e 

q
u
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E
x
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e 

q
u

a
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Cereals and cereals 

based products  

44.55 86.36 13.64 0.429 0.308-0.549 Moderate 

Pasta and other cereals  38.18 71.82 28.18 0.223 0.082-0.365 Fair 

Potatoes and potato 

based products  

48.18 85.45 14.55 0.458 0.336-0.580 Moderate 

Vegetables  31.82 82.73 17.27 0.297 0.182-411 Fair 

Fruits 45.45 83.64 16.36 0.405 0.280-0.531 Moderate 

Fresh fruit juices 42.73 75.45 24.55 0.296 0.159-0.433 Fair 

Meat 37.27 74.55 25.45 0.238 0.097-0.379 Fair 

Poultry  36.36 81.82 18.18 0.331 0.207-0.454 Fair 

Eggs  40 82.73 17.27 0.331 0.206-0.456 Fair 

Fish and seafood  53.64 82.73 17.27 0.472 0.346-0.599 Moderate 

pulses 35.45 75.55 24.45 0.246 0.111-0.382 Fair 

Nuts and seeds 40.91 79.09 20.91 0.309 0.172-0.445 Fair 

Milk and dairy 

products  

35.45 78.18 21.82 0.260 0.122-0.398 Fair 

Yogurt and yogurt 

based products 

46.36 85.45 14.55 0.399 0.269-0.530 Fair 

Pizzas and pies 46.36 85.45 14.55 0.423 0.299-0.548 Moderate 

Vegetable based 

dishes 

42.73 86.36 13.64 0.399 0.278-0.520 Fair 

Fats and oils  45.45 80 20 0.363 0.232-0.493 Fair 

Sugar and sugar 

derivatives  

44.55 82.73 17.27 0.380 0.252-0.507 Fair 

Cakes and pastries 38.18 81.82 18.18 0.336 0.208-0.464 Fair 

Honey, jam, molasses, 

pudding, ice-cream 

and halaweh  

49.09 81.82 18.18 0.414 0.282-0.546 Moderate 

Alcoholic beverages  83.64 94.55 5.45 0.714 0.592-0.835 Substantial 

Non-alcoholic 

beverages  

40 85.45 14.55 0.385 0.265-0.505 Fair  

Miscellaneous  94.55 100 0 0.956 0.922-0.990 Almost 

perfect 

*(Landis & Koch, 1977) 
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Reproducibility analysis results using Kappa agreement between the 

administrations of both the FFQ-1 and FFQ-2 for portions intake (Table 4.10) and 

percent energy intake per food group (Table 4.11) were computed to compare 

classification of food group‘s data into quartiles.  Percent agreement in the same 

quartiles, adjacent quartiles and opposite quartiles of intake were also calculated. 

For portion intake per food group, the weighted kappa values and their 

agreement rank ranged from 0.22 ―fair‖ for ‗pasta and other cereals‘ food group to 0.96 

―almost perfect‖ for ‗miscellaneous‘ food group. As for the reproducibility, the percent 

of individuals that were correctly classified into the same or adjacent quartile varied 

from 71.82 % for the ‗pasta and other cereals‘ food group to 100% for ‗miscellaneous‘. 

 

 

Table 4.11. Values of agreement between the two methods (FFQ-1 and FFQ-2) as 

measured by the weighted kappa statistic and percent agreement results for 

percent energy intake per food group for comparative reliability 

 

Food Groups 

 

 

Percent Agreement (%) 
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Cereals and cereals 

based products  

47.27 85.45 14.55 0.414 0.287-0.541 Moderate 

Pasta and other cereals  35.45 72.73 27.27 0.223 0.087-0.360 Fair 

Potatoes and potato 

based products  

51.82 88.18 11.82 0.502 0.383-0.621 Moderate 

Vegetables  40 80.91 19.09 0.326 0.195-0.457 Fair 

Fruits 41.82 80.91 19.09 0.363 0.236-0.489 Fair 

Fresh fruit juices 43.64 72.73 27.27 0.309 0.171-0.446 Fair 

Meat 37.27 75.55 24.45 0.238 0.097-0.379 Fair 

Poultry  34.55 82.73 17.27 0.297 0.171-0.422 Fair 

Eggs  36.36 80.91 19.09 0.311 0.183-0.439 Fair 

Fish and seafood  36.36 80.91 19.09 0.282 0.148-0.416 Fair 

pulses 39.09 72.27 27.73 0.297 0.164-0.429 Fair 

Nuts and seeds 40 79.09 20.91 0.282 0.146-0.418 Fair 
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Milk and dairy 

products  

36.36 77.27 22.73 0.282 0.151-0.413 Fair 

Yogurt and yogurt 

based products 

37.27 77.27 22.73 0.267 0.133-0.402 Fair 

Pizzas and pies 36.36 73.64 26.36 0.238 0.100-0.377 Fair 

Vegetable based dishes 45.45 90 10 0.458 0.340-0.576 Moderate 

Fats and oils  37.27 75.45 24.55 0.282 0.150-0.414 Fair 

Sugar and sugar 

derivatives  

34.55 78.18 21.82 0.282 0.155-0.409 Fair 

Cakes and pastries 45.45 77.27 22.73 0.341 0.201-0.480 Fair 

Honey, jam, molasses, 

pudding, ice-cream 

and halaweh  

39.09 81.82 18.18 0.341 0.214-0.467 Fair 

Alcoholic beverages  82.73 90 10 0.779 0.655-0.904 Substantial 

Non-alcoholic 

beverages  

49.09 86.36 13.64 0.458 0.335-0.581 Moderate 

Miscellaneous 33.64 79.09 20.91 0.253 0.123-0.383 Fair 

*(Landis & Koch, 1977) 

 

 

For percent energy intake of food groups, the weighted kappa values and their 

agreement rank ranged from 0.22 ―fair‖ for the ‗pasta and other cereals‘ to 0.78 

―substantial‖ for ‗alcoholic beverages‘. As for the reproducibility, the percent of 

individuals that were correctly classified into the same or adjacent quartile varied from 

72.27 % for ‗pulses‘ food group to 90% for both ‗vegetable based dishes‘ and ‗alcoholic 

beverages‘ food groups (Table 4.11). 
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CHAPTER V 

DISCUSSION 

 

A. Major Findings of the Study  

Compared with other dietary assessment methods, FFQs are the most practical 

and cost-effective approach for assessing habitual intake and in assessing diet in large-

scale nutritional epidemiological studies (Shim et al., 2014; Willett, 1998; Willett & Hu, 

2006). However, since the food consumption is culture specific (Stevens et al., 1996) 

and food availability, accessibility and individual preferences can vary greatly between 

settings, it has been recommended that FFQ should be validated specifically for the 

populations they are intended to be used in order to provide the greatest chance for valid 

and reliable findings (Sharma, 2011; Teufel, 1997).  

A large number of studies on validating FFQ exists in literature, however, only 

few are for food or food groups. (Segovia-Siapco et al., 2008). 

To our knowledge, this is the first Arabic FFQ to be validated in Lebanon for 

adults. The validity of an Arabic semi-quantitative FFQ was evaluated against 8-12 

MPRs in a sample of Lebanese adults. The 24-HR was chosen as the reference method 

for assessment of validity because they have high response rate and good quality of 

response, and do not to interfere with the actual dietary habits of the participants 

(Bohlscheid-Thomas et al., 1997; Malekshah et al., 2006). Also, they are easier to use, 

do not require literacy and less time consuming compared to food records (Tayyem et 

al., 2014b). 

 In addition, the reliability of the FFQ was assessed by administering the FFQ 

twice during a 1-year interval. 
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B. Main Findings on Relative Validity of the FFQ 

The mean differences between portion intakes of each food group were 

compared between the FFQ and the mean of MPRs in order to assess the validity of this 

FFQ. In addition, spearman correlations coefficients as well as Bland-Altman statistics 

and plots were calculated to evaluate the validity. 

In this study, the spearman correlations coefficients between the FFQ and the 

dietary recall ranged between 0.20 and 0. 74 and were significant with p<0.01 except 

for ‗Fruit juices‘, ‗Fish and seafood‘, and ‗Honey, jam, molasses, pudding, ice cream 

and halaweh‘ food groups which were significant at p< 0.05 (Table 4.6). 

 

1. Comparison with other validation studies: 

Similar to our findings, validation studies of intake of food groups assessed by 

FFQ have correlations between 0.3 and 0.8 (Bohlscheid-Thomas et al., 1997; Cade et 

al., 2002; Feskanich et al., 1993; Goldbohm et al., 1994; Huybrechts et al., 2009; Jain, 

Howe, Johnson, & Miller, 1980; Pietinen et al., 1988; Salvini et al., 1989; Willett, 

1998). (Table 5.1) 

In this study, the ‗Cereals and Cereal-Based Products‘ food group spearman 

correlation coefficient between the FFQ and the mean MPRs was 0.67 with p<0.01. 

When compared with similar validation studies (Appendix IX), this study‘s spearman 

correlation coefficient of ‗Cereals and Cereal-Based Products‘ was higher than Siapco 

et al (2008)‘s correlation coefficient of 0.47 and 0.42 of Steinmann et al. (2017). As for 

the ‗potatoes and potato based products‘ food group, its correlation coefficient was valid 

with a coefficient of 0.50 higher than other validation studies (0.37, 0.11, 0.45, 0.155, 
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0.31, 0.184) (Bohlscheid-Thomas et al., 1997; Dehghan et al., 2013; Hu et al., 1999; 

Ogawa et al., 2017; Steinemann et al., 2017; Verger et al., 2017). 

In this study, ‗fruits‘ and ‗vegetables‘ food groups had a correlation coefficient 

of 0.62 and 0.31 respectively. For both food groups, the correlation coefficients were 

higher than other validation studies (Barbieri, Crivellenti, Nishimura, & Sartorelli, 

2015; Segovia-Siapco et al., 2008; Steinemann et al., 2017; Verger et al., 2017); but 

lower than the correlation coefficients (0.77 for vegetables and 0.63 for fruits) from 

Dehghan et al. (2012), a study conducted on 166 Chilean adults, validating the FFQ 

versus four 24-hour recalls (Dehghan et al., 2013). As for the ‗Fish and sea-food‘ group, 

its correlation coefficient was 0.22, lower than all the comparable studies (Barbieri et 

al., 2015; Hu et al., 1999; Steinemann et al., 2017; Verger et al., 2017).  

As for nuts and seeds (r=0.43), similar findings were reported by Hu et al., 

(1999) (0.45) and Dehghan et al., (2012) (0.35), even though they included only nuts in 

their food group, whereas a lower correlation was found by Bohlscheid et al., (1997) 

(0.18). 

Similar findings were reported in literature for ‗milk and dairy products‘ as well 

as ‗yoghurt and yoghurt based products‘ (Bohlscheid-Thomas et al., 1997; Dehghan et 

al., 2012; Ogawa et al., 2017; Steinemann et al., 2017). 

For the rest of food groups, the comparison with the literature is presented in the 

Appendix IX which summarizes the spearman correlations coefficients evaluating the 

validity between FFQs validated by food groups against 24-HR or food records (gold 

standard) for adults. 

In this study, there has been an overestimation in certain food groups and 

underestimation in others. Compared to dietary records and recalls, FFQs tend to 
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overestimate intake (Block, 1982; Wrieden et al., 2003). This overestimation might be 

due to a problem that faces most dietary assessment methods which is underreporting of 

intake with 24-HR or dietary records  (Knudsen et al., 2016; Paalanen et al., 2006). 

 

a. Overestimation 

The results of this study showed an overestimation of dietary intake by the FFQ 

as compared to the 24-HRs for all food groups (mean difference was positive) except 

for ‗fresh fruit juices‘, ‗pizzas and pies‘, ‗vegetable based dishes‘, as well as ‗honey, 

jam, molasses, pudding, ice cream and halaweh‘ food groups. This tendency of the FFQ 

to overestimate dietary intake was also reported by previous studies in both the adult 

and paediatric populations (Bel-Serrat et al., 2014; Bohlscheid-Thomas et al., 1997; Eck 

et al., 1991; Hollis et al., 2017; Livingstone, Robson, & Wallace, 2004; Medin et al., 

2017; Nelson, Black, Morris, & Cole, 1989; Paalanen et al., 2006; Sahashi et al., 2011; 

Silva-Jaramillo, Neutzling, & Drehmer, 2015; Tabacchi et al., 2015; Watson et al., 

2009). Such an overestimation was expected because FFQs are known to reflect higher 

estimates than the reference method, it might be because of potential underestimation of 

dietary recall and partly because averaging amount of intake over 1 year in a FFQ is 

prone to misjudgement in estimation (Fernández-Ballart et al., 2010; Verger et al., 

2017). Also, such an overestimation could be due to the large number of foods listed 

under each food group in the FFQ (Bohlscheid-Thomas et al., 1997). Similarly, 

inaccurate reporting of consumption frequency and/or the amount of foods commonly 

consumed could be an additional source for this overestimation (Hunter et al., 1988). 

Overall, the FFQ tends to overestimate intake when compared to the 24-HRs, 

especially for foods that are frequently consumed such as ‗fruits‘, ‗vegetables‘ and ‗fats 
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and oils‘ since they are recalled with more consistency and therefore are less 

misclassified than those consumed occasionally (Block, 1982; Buch-Andersen, Pérez-

Cueto, & Toft, 2016; Hebden, Kostan, O‘Leary, Hodge, & Allman-Farinelli, 2013; 

Steinemann et al., 2017; Wrieden et al., 2003). 

For fruits and vegetables food groups, the results of this study were comparable 

to the literature. FFQ tended to overestimate the intake of fruits and vegetables, a 

possible justification for this overestimation might be in response to social desirability 

where healthy foods tend to be over-reported (Macdiarmid & Blundell, 1998; Paalanen 

et al., 2006).  Similar findings for overestimation were found by other validation studies 

(Buch-Andersen et al., 2016; Hebden et al., 2013; Steinemann et al., 2017; Verger et al., 

2017). An overestimation of ‗vegetables‘ food group only was reported by Fernandez-

Ballart et al., (2010) and Kesse-Guyot et al., (2010). In contrast, Spencer et al., (2005), 

Lin et al., (2017) found that there was an underestimation of ‗fruits‘ and ‗vegetables‘ 

food groups (Lin et al., 2017; Spencer et al., 2005).  

For ‗fats and oils‘ food group there was an overestimation of intake. The 

findings of this study were consistent with those in the prior literature that 

overestimated fat intake (Spencer et al., 2005). ‗Fats and oils‘ as well as ‗sugar and 

sugar derivatives‘ tend to be overestimated by the FFQ with a mean difference of 

160.06, and 174.27% respectively. These food groups are considered typical foods that 

are easily forgotten when reporting foods consumed when keeping the 24-HR. In the 

FFQ, the use of ‗fats and oils‘ as well as ‘sugar and sugar derivatives‘ were asked 

separately and that ensured they were reported. Whereas in the 24-HR, participants 

might forget to report if they added sugar to their coffee or to report the amount of fat 
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used in cooking or in salads. This might explain why they tend to be overestimated by 

the FFQ.  

 

b. Underestimation 

In contrast, certain food groups were underestimated in the FFQ when compared 

with the 24-HR such as vegetable-based dishes since it is difficult to estimate their 

portion size and rather tended to be ignored. Also, there was a tendency to 

underestimate unhealthy food groups such as sweets and cakes because they are known 

to be socially unaccepted foods and hence are usually underreported (Macdiarmid & 

Blundell, 1998; Paalanen et al., 2006). In this study, ‗pizza and pies‘, ‗cakes and 

pastries‘, and ‗honey, jam, molasses, pudding, ice cream and halaweh‘ food groups 

were underestimated. 

Comparing food groups across different studies can be challenging, because of 

differences in how foods are grouped, and due to cultural differences in what is eaten 

(Medin et al., 2017). 

 

2. Findings on the Reproducibility of the FFQ 

In order to evaluate reproducibility, the FFQ was administered twice, 1-year 

apart, minimizing potential temporal changes in subject‘s dietary intake 

The intra-class correlation coefficients between the two FFQ administrations 

were between 0.31 for meat group to 0.97 for miscellaneous. The observed values of 

these measures suggested that the results were similar to the results of other reliability 

studies that reported correlation coefficient in the range of 0.5-0.7 between the two 
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administrations of an FFQ (Table 5.1). According to Cade et al. (2002) and Willet 

(1998), a reliability coefficient ranging between 0.5 and 0.7 is considered adequate. 

Both spearman and ICC correlations were used to assess reliability between the 

2 FFQs in similar validation studies. However, since spearman correlations consider 

only correlations or rankings, ICC is considered a more appropriate reproducibility test 

correlations since it takes into account the agreement and differences in ratings in 

addition to correlations between raters (Shrout & Fleiss, 1979).  

This FFQ had similar correlation coefficients in most food groups as compared 

with  similar validation studies from Iran (Esfahani, Asghari, Mirmiran, & Azizi, 2010), 

Jordan (Tayyem et al., 2014b), Germany (Bohlscheid-Thomas et al., 1997), France 

(Kesse-Guyot, Castetbon, Touvier, Hercberg, & Galan, 2010) (Appendix X). 

In addition, the weighted kappa statistic was used to evaluate the reliability of 

this FFQ as it could represent the agreement and classification of quartiles of portion 

intakes between FFQ 1 and 2. The weighted kappa measured between the two FFQs in 

this study ranged from fair to almost perfect, from 0.22 to 0.96 for portions intake. 

When comparing this FFQ‘s weighted kappa with those from a similar validation 

studies, it showed that this study had higher weighted kappa values for all food groups 

than the weighted kappa values conducted on German adults (Haftenberger et al., 2010), 

0.09 - 0.54, Barbieri et al., (2014) who conducted a FFQ validation study on Brazilian 

pregnant women in which kappa values ranged from 0.07 to 0.46, Moghames et al., 

(2016), 0.349 - 0.63, and Huybrechts et al., (2009), 0.15-0.43 (Table 5.1). 

 The percentage of individuals who were classified into the same and adjacent 

quartiles was, on average, 86.52% as the second FFQ, ranging from 71.82 % for ‗pasta 

and other cereals‘ and 100% for ‗miscellaneous‘ food group. Additionally, this study 
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had higher classification percentages for all food groups when compared to that of 

Barbieri et al. (2014) which was able to classify 59-84 % into the same or adjacent 

category as well as 68-94% of Haftenberger et al., (2010), 79.17-97.50% of Moghames 

et al., and 68-83% of Fernandez-Ballart et al., (2010).  

Therefore, this FFQ had good reliability when measuring all food groups, having 

most ICC above 0.5, the minimum correlation for an assessment tool to be considered 

reliable (Cade et al., 2002).  

In summary, the findings of this study suggested that this FFQ is valid and 

reliable in reflecting the actual food group consumption as well as in ranking the intake 

of Lebanese adults. 

 

Table 5.1. Comparing methodology and correlation ranges of published FFQs 

validated by food groups 

 

A
u

th
o
r 

P
la

ce
/ 

co
u

n
tr

y
 Study 

population 

Dietary 

assessment  

Parameters used  Main findings  

M
o
g
h

a
m

es
 e

t 
a
l.

, 
2
0
1
6

 

L
eb

an
o
n

 111 

Lebanese 

Children (5-

10 years) 

FFQ vs 4 

MPR 

 Mean difference  

 Spearman correlation 

 Percent agreement  

 95% LOA 

 ICC 

 Kw 

 Spearman 

correlation: 

0.26-0.54 

 ICC: 0.31– 0.73 

 Percent agreement in 

same category:  

79.17-97.50% 

 

 

T
a
y
y
em

 e
t 

a
l.

, 

2
0
1
4
 

Jo
rd

an
 101 men 

and women  

FFQ vs 3 

24-HR 

recalls 

 Spearman rank 

correlation 

coefficient  

 Kendall‘s tau-b 

 Spearman 

correlation:0.70-0.98 

 Percent agreement: 

25.5-43.6% 
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B
ij

a
n

i 
et

 a
l.

, 

2
0
1
8
 

Ir
an

  200 subjects FFQ vs 2 

24hr recalls 

 Median 

 Correlation 

coefficients 

 Bland Altman  

 Correlation 

coefficients 0.25-

0.62 for male and 

0.25-0.60 for female 

E
sf

a
h

a
n

i 
et

 a
l.

, 
2
0
1
0
     

Ir
an

  132 adult 

men and 

women  

FFQ vs 12 

24-HR 

recalls 

 ICC 

spearman correlation 

 Median difference  

 Tertile classification  

 

 ICC: 0.41-0.94 for 

men and 0.45-0.74 

for women  

 Validity correlations: 

 0.03-0.77 for men 

and 0.12-0.79 for 

women  

 Percent agreement: 

12.8-60.6% for men 

and 15.7-62.9% for 

women 

B
o
h

ls
ch

ei
d

 e
t 

a
l.

, 
1
9
9
7
 

G
er

m
an

y
 104 men 

and women  

35-64 years  

FFQ vs 12 

24-HR 

recalls 

 Median Difference 

 Spearman correlation  

 Correlation 

coefficients 

 Percent agreement  

 Quintiles  

 Correlation 

coefficients:  0.14-

0.90  

 Spearman 

correlation: 0.49-

0.89 

S
ia

p
co

 e
t 

a
l.

, 
2
0
0
7

 

U
S

A
 87 adults  

30-72 years 

FFQ vs 6-8 

24-HR 

recalls 

 Mean difference 

 correlation 

coefficients 

 Kappa 

 High Correlation 

coefficient 0.82  
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H
u

 e
t 

a
l.

, 
1
9
9
9
 

B
o
st

o
n
 127 men 

40-75 years  

FFQ vs 1 

wk diet 

record 

biomarkers  

 Pearson Correlation  

 Factor loading matrix  

 Correlation: 0.45-

0.74 

 Reliability 

correlation for factor 

scores: 0.70; 0.67 

O
g
a
w

a
 e

t 
a
l.

, 
2
0
1
7

 

Ja
p
an

  188 

pregnant 

women  

FFQ vs 3d-

DR 

 Mean intake 

 Spearman correlation 

coefficients 

 Percent agreement   

 Spearman 

correlation: -0.02-

0.57 

 Percent agreement 

into same or adjacent 

quintiles: 60.4% 

B
a
rb

ie
ri

 e
t 

a
l.

, 
2
0
1
4

 

B
ra

zi
l 

 

75 adult 

pregnant 

women  

FFQ vs 3 

24-HR 

recalls 

 Median  

 Pearson correlation 

coefficients  

 Percent agreement  

 Quadratic kappa 

 Pearson correlation 

coefficient: 0.01-0.51 

 Percent agreement 

into same or adjacent 

quartile:59-84% 

 Kappa: 0.07- 0.46 

H
a
ft

en
b

er
g
e
r 

et
 a

l.
, 
2
0
1

0
 

G
er

m
an

y
  161 

participants 

(18-80 

years) 

FFQ vs 2 

24-HR 

recalls 

 Mean difference 

 Spearman correlation 

coefficients  

 Percent agreement 

 Weighted kappa   

 Spearman correlation 

coefficient: 0.15-0.80  

 Percent agreement: 

same or adjacent 

quartile: 68-94% 

 Weighted kappa: 

0.09-0.54   
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R
o
y
 e

t 
a
l.

, 
2
0
1
6

 

A
u
st

ra
li

a 
 

100 young 

adults  

FFQ vs 

weighted 

food record  

 Spearman correlation 

coefficients  

 Median 

 Mean difference 

 Tertile scores 

 Weighted kappa 

 95% LOA  

 Weighted kappa: -

0.11-1 

 95% LOA: -3.59-

1.22 

 

S
te

in
m

a
n

n
 e

t 
a
l.

, 
2
0
1
7

 

S
w

it
ze

rl
an

d
  56 adults FFQ vs 4-d 

weighted 

food record 

 Mean difference 

 Spearman correlation 

coefficient 

 correlation 

coefficient: 0.09-

0.92 

J
a
ck

so
n

 e
t 

a
l.

, 
2
0
1
2

 

K
an

y
e 

B
o
ts

w
an

a 
 

122 

individual 

(18-75 

years) 

FFQ vs 4 

24-HR 

recalls 

 Spearman correlation 

coefficient 

 Weighted kappa 

 Percent agreement  

 Spearman 

correlation: 0.18-

0.58 

 

D
eh

g
a
n

 e
t 

a
l.

, 
2
0
1
2
 

A
rg

en
ti

n
a 

 

156 men 

and women  

FFQ vs 4 

24-HR 

recalls 

 Mean difference 

 correlation 

coefficient 

 Percent agreement  

 Weighted Kappa 

 

 

 correlation 

coefficient: 0.11-0.80 

 Percent agreement in 

same category:  59-

85%  
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V
er

g
e
r 

et
 a

l.
, 
 2

0
1
7

 

 F
ra

n
ce

   324 adults FFQ vs 3 

web based 

24-HR 

recalls  

 Mean difference 

 Median  

 correlation 

coefficient 

 Percent agreement  

 Bland Altman 

 Spearman 

correlation:0.16-0.65 

F
er

n
a
n

d
ez

-B
a
ll

a
rt

 e
t 

a
l.

, 
2
0
1
0

 

S
p
ai

n
  158 men 

and women  

(55-80 

years) 

FFQ vs 3d 

DR 

 Percent agreement 

 Pearson correlation 

coefficient 

 ICC 

 Reproducibility 

Pearson correlation 

coefficient: 0.50-0.82 

 ICC: 0.63-0.90 

 Validity Pearson 

correlation 

coefficient: 0.42-0.72 

 ICC: 0.40-0.82 

 Percent agreement in 

same or adjacent 

quartile: 68-83% 

K
es

se
-G

u
y
o
t 

et
 a

l.
, 
2
0
1

0
 

F
ra

n
ce

   140 men 

and women  

FFQ vs 24-

HR dietary 

record 

 Mean difference 

 Spearman correlation 

coefficient 

 Pearson correlation 

coefficient 

 ICC 

 

 

 Reproducibility ICC: 

0.25-0.83for men, 

0.32-0.84 for women 

 Spearman correlation 

coefficient: 0.12-0.79 

for men, 0.21-0.74 

for women  
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X
ia

 e
t 

a
l.

, 
2
0
1
1
 

C
h
in

a 
 

168 Chinese 

female 

adolescents 

(12-18 

years) 

FFQ vs nine  

3 24-HR 
 Spearman correlation 

 ICC 

 Kappa 

 Percent agreement 

 Spearman 

correlation: 

0.41-0.65 

 ICC: 0.56 – 0.73 

 Kappa: 0.35-0.52 

 Percent agreement in 

same category: 64.9 

– 83.9% 

 Misclassification: 

1.2-5.4 % 

R
o
u

m
el

io
ti

 &
 L

eo
ts

in
id

is
, 
2
0

0
9

 

G
re

ec
e 

 

200 Greek 

children  

(10-12 

years) 

FFQ vs 

7 24-HR 
 Correlation 

coefficient  

 Kappa 

 Spearman 

correlation: 

0.58-0.90 

 Kappa: 0.361-0.812 

M
a
tt

h
y
s 

et
 a

l.
, 
2
0
0
7

 

B
el

g
iu

m
  104 Belgian 

adolescents 

(12-18 

years) 

FFQ vs 

3 DR 
 Spearman correlation 

 

 Validity Spearman 

correlation: 0.20- 

0.64 

H
u

y
b

re
ch

ts
 e

t 
a
l.

, 
 2

0
0
9

  
B

el
g
iu

m
 650 

Preschool 

children 

(2.5-6.5 

years) 

FFQ vs 3d 

EDR 

 Median differences 

 ICC 

 Spearman 

 Weighted kappa 

 Bland Altman plots 

 Classification by 

quartiles 

 ICC: 0.53-0.79 

(moderate 

correlation) 

 Spearman: 0.23-0.62 

 Weighted kappa: 

0.15-0.43 

 Percent agreement in 

the same or adjacent 

quartile: 67-88% 
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B
a
ro

u
d

i 
et

 a
l.

, 
2
0
1
9

 

L
eb

an
o
n
  120 adults  FFQ vs 8-12 

24-HR 

recalls 

 Mean difference  

 Spearman correlation 

 ICC 

 Weighted Kappa 

 Percent agreement 

 Bland Altman  

 Spearman 

correlation: 0.20-

0.74 

 ICC: 0.31-0.97 

 Percent agreement in 

the same or adjacent 

quartile: 71.82-100% 

 Weighted kappa: 

0.22-0.96 

 

(Moghames et al., 2015), (Bijani et al., 2018), (Tayyem et al., 2014b), (Bohlscheid-Thomas et al., 

1997),(Segovia-Siapco et al., 2008), (Hu et al., 1999),(Ogawa et al., 2017), (Barbieri et al., 2015), 

(Haftenberger et al., 2010), (Roy, Hebden, Rangan, & Allman-Farinelli, 2016), (Steinemann et al., 2017), 

(Jackson et al., 2013), (Saldiva et al., 2017), (Dehghan et al., 2013), (Verger et al., 2017), (Fernández-

Ballart et al., 2010), (Kesse-Guyot et al., 2010), (Xia et al., 2011), (Roumelioti & Leotsinidis, 2009), 

(Esfahani et al., 2010; Huybrechts et al., 2009; Matthys, Pynaert, De Keyzer, & De Henauw, 2007)  
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CHAPTER VI 

STRENGTHS, LIMITATIONS AND POTENTIAL BIASES 

 

Some strengths of this study are that it included 8 to 12 24-HR administered 

over 12 months (3 recalls/season: 2 WDs, 1 WE), which reduced the daily and seasonal 

variations in our study population (representative of usual intake). The FFQs were 

conducted by trained interviewers that ensured adequate completion, helped participants 

understand the process and minimized the misinterpretation of portion size intake and 

frequencies. In addition, standardized portion sizes or 2 D food portion visual charts 

were used to help subjects accurately quantify what they consumed. 

This study, however, have some limitations. When assessing the validity of a 

method (FFQ) using another method as reference (e.g. food record, dietary recall), it is 

important that the errors in the two methods are uncorrelated (Knudsen et al., 2016). 

The 24-HR, as compared with dietary records, cannot evaluate the exact validity and 

relative validity of an FFQ. But, because previous attempts have failed in Lebanon to 

use food records as gold standard, since it requires high literacy and high motivation, 

and since the gold standard should be culture-specific, 24-HR recall, more specifically 

the MPR approach which help in minimizing memory bias since it uses the 5 probing 

stages, was used as a gold standard. 

A potential limitation of the present validation study is the lack of an objective 

reference measure, e.g. a biomarker of dietary intake independent of self-reported 

intake, with which to compare the FFQ, to further examine the validity of the FFQ 

(Steinemann et al., 2017). However, there is a lack of biomarkers to reflect wider 

aspects of dietary intake, and the use of biomarkers for validation of dietary assessment 
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methods is costly (Knudsen et al., 2016). On the other hand, the purpose of the FFQ is 

to rank the participants according to intake rather than to assess the absolute intake. 

Therefore, a relative validation method, such as the dietary recall, may be appropriate in 

assessing validity. 

Another limitation is the use of USDA‘s food and nutrient database as the 

primary reference database for portion sizes since there is no food composition data 

specific to Lebanese food composition databases. However, for traditional Lebanese 

dishes, a specific food composition table developed for middle eastern foods was used 

(Pellet & Shadarevian, 1970).  

Moreover, the high day-to-day variability of dietary intake, errors in estimation 

of portion size and limitations of recall ability might be the reason of the observed 

moderate agreement between the FFQ-2 and the mean of 24-HRs (Livingstone et al., 

2004; Nelson et al., 1989). 

Also, no data collected on access or availability of food groups. This is 

particularly important when comparing with other countries.  

The way the questionnaire was built (e.g. 10 years ago, n=200) amidst the 

nutrition transition. 

In light of the mentioned limitations, some potential biases that might affect the 

internal validity of the study such as memory, social desirability, recall and selection 

biases might be present. However, some were minimized. For example, in order to 

minimize the social desirability bias, interviewers were trained not to give any 

judgmental reactions during the interview. In addition, participants were not notified on 

the exact day of dietary assessment interview not to change their diets and to minimize 

the study effect bias. Also, in order to minimize recall bias (overweight subjects tend to 
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underestimate their intake whereas lower SES subjects tend to over-report their intake), 

interviewers were trained not to drill on answers, not to ask leading questions, and not 

to give any judgmental attitude. data entry, it was minimized by random At the level of 

checking. The considerable training and practice of the interviewers can minimize both 

memory errors and observer/interviewer bias.  
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CHAPTER VII 

CONCLUSION AND RECOMMENDATIONS 

 

To our knowledge, this is the first study to validate an Arabic semi-quantitative 

FFQ developed to measure the food groups‘ intake among Lebanese adults. The results 

of this study showed that the 94-item FFQ was valid in measuring all food groups in 

terms portion intake as well as percent energy intake. As for reliability, this study‘s 

results indicated a fair to almost perfect reproducibility for the assessment of portion 

intake and fair to substantial for percent energy intake for all food groups in the FFQ. 

Therefore, this FFQ can provide an accurate and precise assessment of dietary intake 

over a one-year period in this population; it also can be useful in ranking individuals 

accurately based on food group intake.  

This FFQ can be considered as an appropriate tool to assess and characterize 

usual dietary intake of Lebanese adults in epidemiological studies. Since it can reflect 

long-term dietary intakes needed to assess diet-disease relationships of large number of 

subjects in epidemiological studies. 

For future studies evaluating food groups‘ intake among adults, it is important to 

investigate the value of using this FFQ in diet-disease associations as well as monitoring 

the adherence of the Lebanese adult population to dietary guidelines, nutrition therapy 

and interventions. This FFQ can also help researchers track changes in diet over time. 

Dietitians and health care professionals who want to evaluate adult‘s dietary intake by 

food group and identify whether they are meeting or exceeding the food based dietary 

guidelines (FBDG) can also use it. It is also useful for policy makers and governmental 
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to use it in order to address practical nutritional messages and monitor population health 

intervention programs. 
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APPENDIX I 

PARTICIPANT CONSENT FORM (ENGLISH VERSION) 
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APPENDIX II 

PARTICIPANT CONSENT FORM (ARABIC VERSION)  
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APPENDIX III 
 

SCREENING FORM PROTOCOL (ENGLISH VERSION)  
 

 

 

  



100 

APPENDIX IV 
 

SOCIO-DEMOGRAPHIC AND ANTHROPOMETRIC 

MEASUREMENTS‘ QUESTIONNAIRE (ENGLISH 

VERSION) 
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APPENDIX V 

24-HR RECALL (ENGLISH VERSION) 
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APPENDIX VI 
 

FOOD FREQUENCY QUESTIONNAIRE (ENGLISH 

VERSION) 
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APPENDIX VII 

FOOD FREQUENCY QUESTIONNAIRE (ARABIC VERSION) 
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APPENDIX VIII 

THE 2-D PORTION SIZE FOOD VISUAL POSTER 

(NOT TO SCALE) 
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APPENDIX IX 

SUMMARY OF SIMILAR FFQ VALIDATION STUDIES‘ 

VALIDATING FOOD GROUPS IN ADULTS AND THEIR 

VALIDITY CORRELATION FINDINGS 

 

Food Groups 

Spearman correlations for validity 

between FFQ-2 and DR or 24-hour recalls 

T
h

is
 s

tu
d

y
’s

 S
p

ea
rm

a
n

 

co
rr

el
a

ti
o

n
 c

o
ef

fi
ci

en
ts

 

(*
*

p
<

0
.0

1
; 

*
 p

<
0

.0
5
) 

B
o

h
ls

c
h

ei
d

 e
t 

a
l.

, 
1

9
9
7
 

S
ia

p
co

 e
t 

a
l.

, 
2
0

0
8
 

B
a

rb
ie

ri
 e

t 
a

l.
, 

2
0

1
4
 

D
eh

g
a

n
 e

t 
a

l.
, 

 2
0

1
2

 

V
er

g
er

 e
t 

a
l.

, 
2

0
1
7
 

E
sf

a
h

a
n

i 
et

 a
l.

, 
 2

0
1
0
 

M
en

/w
o

m
e
n

 

O
g

a
w

a
 e

t 
a

l.
, 
2

0
1
7

 (
D

R
) 

S
te

in
m

a
n

n
 e

t 
a

l.
, 

2
0

1
7

 

(D
R

) 

H
u

 e
t 

a
l.

, 
1
9

9
9

 (
D

R
) 

Cereals and 

Cereal-Based 

Products 

 0.47  

  

  

0.42 

(Cereals 

and 

grains) 

 

0.670** 

Potatoes and 

potato-based 

products 

0.37   

0.11 0.184 

0.24/0.43 0.155 

0.31 

0.45 

0.503** 

Vegetables 0.34 0.25 0.005 0.77 0.224 0.66/0.50 0.331 0.29  0.308** 

fruits 0.50 0.32 0.28 
0.63 0.439 

0.71/0.31 0.313 
0.59 

 

0.67 

0.76 

0.616** 

Fruit juices   0.26     0.199* 

Meat 0.53    0.373  0.221 0.68  0.359** 

Poultry         0.48 0.386** 

Eggs 0.41  0.05 0.30 0.155  0.405 0.41 0.56 0.526** 

Fish and 

seafood 
0.21  0.30 

 0.327 
  

0.31 
0.74 

0.217* 

Pulses 0.14   
  

0.25/0.28  
0.13 

(legumes) 
0.46 

0.312** 

Nuts and 

seeds 
0.18   

0.35 

(nuts

) 

 

0.51/0.38  

 
0.45 

(nuts) 

0.430** 

Milk and 

dairy 

products 

0.56 
 

 
0.38 

0.53  

0.73/0.56 

0.54 

 

0.40 

without 

cheese 

 

0.452** 

Yogurt and 

yogurt based 

products 

   

 0.557 

 

 

 

0.486** 

Pizzas and 

pies 
   

  
  

 0.29 

(pizza) 

0.281** 
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Fats and oils 0.43 0.40  
0.80 0.395 

  
 

 
0.346** 

Sugar and 

sugar 

derivatives 

 0.13 

0.20 

  

0.77/0.65 
 

 

0.25 

(desserts) 0.51 

0.626** 

Cakes and 

pastries 
 

0.18 

  
  

 
 

0.351** 

Honey, jam, 

molasses, 

pudding, ice 

cream and 

halaweh 

  

  

0.53/0.60 

(Honey, 

jam) 

 

 

 

0.238* 

Alcoholic 

beverages 
0.90 0.85  

0.47 0.650 
 -0.015 

0.71 
 

0.741** 

Non-alcoholic 

beverages 

 

 
0.68  

0.43  
  

 
 

0.715** 

 

(Bohlscheid-Thomas et al., 1997), (Segovia-Siapco et al., 2008), (Barbieri et al., 2015), (Dehghan et al., 2013), 

(Verger et al., 2017), (Ogawa et al., 2017), (Steinemann et al., 2017), (Esfahani et al., 2010; Hu et al., 1999) 
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APPENDIX X 

SUMMARY OF SIMILAR FFQ VALIDATION STUDIES‘ 

VALIDATING FOOD GROUPS IN ADULTS AND THEIR 

RELIABILITY CORRELATION FINDINGS 
 

Food Groups 

 

 Correlation coefficients measuring reproducibility 

between FFQ-1 and FFQ-2 

T
h

is
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d

y
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 c
o

rr
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a
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co
ef
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*
*

 

M
o
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t 
a

l.
, 

2
0

1
5
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a
n

o
n

 

T
a

y
y
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 e

t 
a

l.
, 

2
0

1
4

 J
o

rd
a

n
 

E
sf

a
h

a
n

i 
et

 a
l.

, 

2
0

1
0

 I
ra

n
 

(m
en

/w
o

m
en

) 

H
a

ft
en

b
er

g
er

 e
t 

a
l.

, 

2
0

1
0

  
G

er
m

a
n

y
 

B
o

h
ls

c
h

ei
d

 e
t 

a
l.

, 

1
9

9
7

 G
er

m
a

n
y
 

H
u

y
b

re
c
h

ts
 e

t 
a

l.
, 

2
0

0
9

 B
el

g
iu

m
 

H
u

 e
t 

a
l.

, 
1
9

9
9
 

B
o

st
o

n
 

K
es

se
-G

u
y

o
t 

et
 a

l.
, 

2
0

1
0

 F
ra

n
ce

 

(m
en

/w
o

m
en

) 

Cereals and 

Cereal-Based 

Products 

0.825  
 

  0.54 
  0.612** 

Potatoes and 

potato-based 

products 

  
0.64/0.45 

0.27 0.71  
0.67 0.53/0.53 0.572** 

Vegetables 
0.720 0.757 0.76/0.74 0.29 0.54 0.58  0.69/0.68 0.459** 

fruits 
0.851 

0.786 0.83/0.64 0.51 0.61 0.68 0.71 0.75/0.32 0.711** 

Fruit juices 
    0.62   0.455** 

Meat 

0.690 

0.848  0.29 0.77    0.313* 

Poultry 
     0.74  0.696** 

Eggs 
0.983  0.20 0.73  0.68 0.83/0.74 0.707** 

Fish and 

seafood 

  0.36 0.77  0.61 0.65/0.66 0.446** 

Nuts and 

seeds 

 

0.58/0.46 

 0.66  

0.53 

(nuts) 

0.68/0.68 

(nuts) 

0.370** 

Pulses 
0.822 

0.822 

(legumes) 

0.66/0.52 

(legumes) 

 

   

0.36 0.25/0.48 

(legumes) 

0.645** 

Milk and 

dairy 

products 

0.809  

0.73/0.68 0.63 

(milk) 

0.55 

 

0.70 

 

  0.474** 
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Yogurt and 

yogurt based 

products 
0.809 

 

 

 

   
  0.617** 

Pizzas and 

pies 

 
   

0.60 

(pizza) 

 0.516** 

Fats and oils 
0.337 0.695  0.70 0.57   0.37/0.58 0.609** 

Sugar and 

sugar 

derivatives 

 0.815 
0.86/0.83 

0.45 

(sweets) 

  
0.54 0.62/0.69 0.824** 

Cakes and 

pastries 

0.752 

0.815 

 

 

  

0.455** 

Honey, jam, 

molasses, 

pudding, ice 

cream and 

halaweh 

  

0.54/0.83 

(honey, 

jam) 

   

 0.736** 

Alcoholic 

beverages 

   0.60 0.89   0.72/0.84 0.549** 

Non-

alcoholic 

beverages 

0.776  
 

0.61   
 0.58 0.783** 

*Spearman correlation; **Intraclass correlation (ICC) 

(Moghames et al., 2015), (Tayyem et al., 2014b), (Haftenberger et al., 2010), (Bohlscheid-Thomas et al., 1997), 

(Huybrechts et al., 2009), (Hu et al., 1999), (Esfahani et al., 2010; Kesse-Guyot et al., 2010) 
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APPENDIX XI 

INTAKE OF FOOD PORTIONS PER FOOD GROUPS 

ACCORDING TO FFQ-2 AND THE MEAN OF MPRS FOR 

COMPARATIVE VALIDITY STRATIFIED BY SEX 
 

Food Groups 
 

FFQ-2 ± S.D  24hr ± S.D Difference ± S.D Percent difference (%) 

 M F M F M F M F 
Cereals and cereals 
based products  

4.93±2.97 2.27±1.39 3.73±1.87 2.21±1.20 1.21±2.32 0.06±0.96 38.63±68.66 4.10±51.05 

Pasta and other 
cereals  

3.82±3.41 3.20±1.98 3.37±2.29 3.22±1.86 0.45±3.66 -

0.02±2.08 

59.26±170.57 23.70±99.28 

Potatoes and potato 
based products  

0.97±0.98 0.61±0.64 0.57±0.37 0.45±0.29 0.40±0.90 0.17±0.59 72.57±156.75 64.33±130.33 

Vegetables  0.72±0.52 0.66±0.69 0.96±0.60 1.05±0.63 -

0.24±0.66 

-

0.39±0.79 

15.72±130.52 -12.41±123.54 

Fruits 1.70±1.43 1.20±0.79 0.96±0.72 0.76±0.44 0.75±1.13 0.44±0.64 114.20±214.64 79.36±155.83 

Fresh fruit juices 0.15±0.23 0.10±0.15 0.04±0.10 0.08±0.15 0.10±0.26 0.25±0.11 -21.58±90.68 -15.01±71.74 

meat 4.73±4.10 3.11±1.86 2.58±1.81 1.60±0.81 2.14±3.87 1.51±1.81 120.27±164.81 153.31±229.97 

Poultry  2.38±2.65 1.17±1.14 1.86±1.43 1.18±0.79 0.53±2.62 -

0.01±1.24 

35.98±123.39 24.10±106.98 

Eggs  0.69±0.80 0.34±0.40 0.46±0.58 0.28±0.35 0.23±0.59 0.05±0.37 58.21±152.07 9.16±95.62 

Fish and seafood  0.87±1.02 0.47±0.46 0.62±1.01 0.74±0.79 0.25±0.95 -

0.28±0.92 

72.55±196.15 -33.94±54.39 

Pulses 1.82±1.89 1.26±1.33 1.62±1.59 1.33±1.13 0.19±2.09 -

0.07±1.50 

13.74±108.40 0.83±89.85 

Nuts and seeds 1.67±2.58 1.25±1.66 0.56±0.69 0.55±0.73 1.10±2.53 0.70±1.41 283.40±580.99 119.58±201.01 

Milk and dairy 
products  

1.02±0.96 0.73±0.68 0.71±0.53 0.63±0.49 0.33±0.82 0.10±0.70 86.90±202.81 64.09±223.05 

Yogurt and yogurt 
based products 

2.76±4.34 1.17±1.35 2.12±1.70 1.39±1.39 0.64±4.32 -

0.22±1.55 

86.34±265.47 108.42±384.74 

Pizzas and pies 0.47±0.63 0.26±0.23 1.13±1.01 0.57±0.43 -

0.65±1.18 

-

0.31±0.39 

-23.80±109.36 -43.43±61.88 

Vegetable based 
dishes 

0.21±0.18 0.26±0.18 0.30±0.21 0.40±0.26 -

0.09±0.24 

-

0.14±0.27 

-16.70±90.13 -16.75±70.76 

Fats and oils  2.65±1.48 1.94±1.15 1.91±1.59 1.04±0.66 0.74±1.74 0.90±1.27 144.96±237.50 183.80±294.29 

Sugar and sugar 
derivatives  

2.14±2.27 1.56±1.82 0.91±0.80 0.69±0.55 1.23±1.89 0.87±1.65 170.32±235.81 180.65±353.49 

Cakes and pastries 0.71±0.69 0.40±0.46 0.72±0.52 0.69±0.49 -

0.01±0.75 

-

0.29±0.50 

23.50±131.88 -32.75±57.92 

Honey, jam, 
molasses, pudding, 
ice-cream and 
halaweh  

0.31±0.38 0.10±0.14 0.24±0.26 0.14±0.15 0.07±0.39 -

0.03±0.18 

9.05±122.50 -21.27±121.90 

Alcoholic beverages  0.42±2.07 0.12±0.30 0.20±0.98 0.09±0.22 0.21±1.13 0.03±0.24 48.09±93.87 4.12±70.00 

Non-alcoholic 
beverages  

9.61±3.90 8.40±2.80 8.81±2.55 6.81±2.09 0.81±2.58 1.59±1.99 8.87±31.03 25.96±31.87 

Miscellaneous  0.46±0.41 0.38±0.41 0.30±0.33 0.24±0.31 0.16±0.43 0.14±0.49 83.65±231.65 93.46±212.16 
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APPENDIX XII 

PERCENT OF ENERGY INTAKE PER FOOD GROUPS 

ACCORDING TO FFQ-2 AND THE MEAN OF MPRS FOR 

COMPARATIVE VALIDITY STRATIFIED BY SEX 
 

Food Groups FFQ-2 ± S.D 24hr ± S.D Difference ± S.D Percent difference (%) 

 M F M F M F M F 
Cereals and 
cereals based 
products  

14.73±8.18 10.51±6.34 14.10±5.76 10.67±4.22 0.62±6.22 -0.16±5.27 4.96±47.46 -0.75±49.04 

Pasta and other 
cereals  

4.71±3.49 7.22±4.55 7.29±5.30 8.92±4.48 -2.58±5.78 -1.70±5.21 -4.27±83.99 -0.09±81.44 

Potatoes and 
potato based 
products  

7.78±6.32 7.86±6.12 6.82±4.52 6.61±4.35 0.95±6.10 1.26±4.84 23.61±99.07 45.01±95.62 

Vegetables  0.66±0.52 1.02±1.13 3.19±1.82 5.68±3.29 -2.53±1.78 -4.65±3.09 -71.86±26.91 -80.62±17.07 

Fruits 5.51±4.11 6.41±4.43 4.55±3.19 4.75±3.20 0.96±3.40 1.66±3.60 31.39±97.59 56.65±116.43 

Fresh fruit juices 0.65±1.05 0.65±0.97 0.22±0.46 0.51±0.98 0.43±1.17 0.15±0.69 -32.94±72.21 -17.19±70.13 

meat 4.83±4.17 3.10±1.86 8.20±5.89 6.58±3.31 -3.37±5.94 -3.47±3.19 -26.36±58.59 -43.24±50.80 

Poultry  4.52±4.70 3.76±3.04 5.28±4.01 4.66±3.63 -0.76±5.44 -0.89±4.13 -4.13±86.91 17.76±101.90 

Eggs  1.99±2.80 1.41±1.37 1.67±2.24 1.42±1.89 0.33±1.85 -0.01±1.71 55.09±201.32 18.50±126.73 

Fish and 
seafood  

1.46±1.38 1.22±1.11 1.33±2.09 2.10±2.25 0.13±1.81 -0.88±2.51 30.10±141.90 -28.47±79.18 

Pulses 2.76±2.41 3.31±3.61 3.75±4.05 3.75±3.50 -0.99±4.00 -0.44±3.57 -12.57±79.94 -7.94±83.54 

Nuts and seeds 4.68±6.73 5.96±7.05 2.16±2.56 2.74±3.42 2.53±6.46 3.21±5.63 179.71±439.0

9 

118.94±200.93 

Milk and dairy 
products  

5.19±5.21 4.98±3.93 4.62±3.06 5.24±2.99 0.56±4.83 -0.26±4.01 28.91±118.49 12.12±107.82 

Yogurt and 
yogurt based 
products 

2.09±1.81 1.79±1.31 2.33±1.85 2.29±2.29 -0.24±2.03 -0.49±1.74 4.54±102.50 41.89±173.59 

Pizzas and pies 5.40±4.84 4.00±2.68 12.06±7.79 8.77±6.35 -6.66±7.79 -4.77±6.18 -44.22±50.03 -40.96±47.51 

Vegetable based 
dishes 

1.29±1.37 2.65±2.34 3.44±2.79 5.62±3.51 -2.16±2.96 -2.97±3.92 -38.90±90.16 -37.70±58.44 

Fats and oils  9.34±4.27 13.42±8.03 5.17±3.61 3.56±2.61 4.18±4.88 9.86±7.61 182.35±248.8

8 

499.74±577.72 

Sugar and sugar 
derivatives  

6.79±6.65 7.78±7.98 3.72±3.56 3.71±2.86 3.07±4.09 4.07±6.53 117.15±180.3

2 

123.34±196.84 

Cakes and 
pastries 

4.76±5.18 3.29±2.67 5.52±3.72 7.31±4.82 -0.76±5.27 -4.02±4.43 -7.01±89.88 -45.32±44.57 

Honey, jam, 
molasses, 
pudding, ice-
cream and 
halaweh  

1.14±1.18 0.82±1.26 1.42±1.46 1.79±2.02 -0.28±1.70 -0.97±2.13 -33.89±58.99 -55.16±46.66 

Alcoholic 
beverages  

1.08±3.73 1.00±2.89 1.23±6.69 0.55±1.30 -0.15±3.57 0.45±2.57 4.55±66.49 5.59±69.43 

Non-alcoholic 
beverages  

3.05±2.66 4.16±3.84 4.25±2.86 4.02±3.05 -1.20±2.42 0.14±3.84 -19.55±71.21 30.85±112.78 

Miscellaneous  0.45±0.60 0.56±0.96 0.91±2.03 0.90±1.54 -0.46±2.01 -0.34±1.61 91.98±504.77 316.70±693.43 
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APPENDIX XIII 

SPEARMAN CORRELATIONS FOR PORTION INTAKE PER 

FOOD GROUP OBTAINED USING FFQ-2 AND THE 

AVERAGE OF MPRS FOR COMPARATIVE VALIDITY 

STRATIFIED BY SEX 

 

 
Food Groups 
 

Spearman’s r 

 M F 

Cereals and cereals based products  0.471** 0.614** 

Pasta and other cereals  0.254* 0.482** 

Potatoes and potato based products  0.472** 0.534** 

Vegetables  0.368** 0.304* 

Fruits 0.624** 0.588** 

Fresh fruit juices 0.038 0.445** 

Meat 0.319** 0.337* 

Poultry  0.373** 0.310* 

Eggs  0.521** 0.485** 

Fish and seafood  0.352** 0.210 

Pulses 0.271* 0.413** 

Nuts and seeds 0.407** 0.471** 

Milk and dairy products  0.482** 0.425** 

Yogurt and yogurt based products 0.438** 0.494** 

Pizzas and pies 0.072 0.520** 

Vegetable based dishes 0.329** 0.430** 

Fats and oils  0.338** 0.187 

Sugar and sugar derivatives  0.611** 0.607** 

Cakes and pastries 0.318** 0.426** 

Honey, jam, molasses, pudding, ice-cream 
and halaweh  

0.185 0.322* 

Alcoholic beverages  0.728** 0.783** 

Non-alcoholic beverages  0.694** 0.767** 

Miscellaneous  0.322** 0.556** 
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APPENDIX XIV 

SPEARMAN CORRELATIONS FOR PERCENT OF ENERGY 

INTAKE PER FOOD GROUP OBTAINED USING FFQ-2 AND 

THE AVERAGE OF MPRS FOR COMPARATIVE VALIDITY 

STRATIFIED BY SEX 

 
 

Food Groups 
 

Spearman’s r 

 M F 

Cereals and cereals based products  0.680** 0.533** 

Pasta and other cereals  0.185 0.450** 

Potatoes and potato based products  0.459** 0.535** 

Vegetables  0.338** 0.549** 

Fruits 0.571** 0.582** 

Fresh fruit juices 0.060 0.435** 

Meat 0.205 0.292 

Poultry  0.333** 0.250 

Eggs  0.430** 0.385* 

Fish and seafood  0.339** 0.202 

Pulses 0.271* 0.338* 

Nuts and seeds 0.410** 0.467** 

Milk and dairy products  0.442** 0.460** 

Yogurt and yogurt based products 0.612** 0.696** 

Pizzas and pies 0.353** 0.335* 

Vegetable based dishes 0.167 0.240 

Fats and oils  0.347** 0.122 

Sugar and sugar derivatives  0.530** 0.616** 

Cakes and pastries 0.371** 0.374* 

Honey, jam, molasses, pudding, ice-cream 
and halaweh  

0.144 0.061 

Alcoholic beverages  0.708** 0.796** 

Non-alcoholic beverages  0.656** 0.620** 

Miscellaneous  0.247* 0.539** 
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APPENDIX XV 

MEAN DIFFERENCE, 95% LIMITS OF AGREEMENT (LOA) 

AND REGRESSION SLOPE OF DIFFERENCES OF FFQ-2 

AGAINST THE MEAN OF MPRS FOR PORTION INTAKE 

PER FOOD GROUP FOR ASSESSMENT OF RELATIVE 

VALIDITY 
 

Male:  

Food Groups 
 
 

Mean 
Differe
nce 

95% LOAa 
Beta / 
Slopeb 

Intercept P valuec 
Confidence 
Intervald 

Cereals and cereals 
based products  

1.21 5.84 -3.43 0.523 -1.18 0.000 0.33, 0.77 

Pasta and other cereals  0.45 7.76 -6.86 0.388 -1.81 0.001 0.26. 0.99 

Potatoes and potato 
based products  

0.40 2.20 -1.41 0.779 -0.520 0.000 0.95, 1.43 

Vegetables -0.24 1.08 -1.16 0.152 -0.050 0.220 -0.58, 0.14 

Fruits 0.75 2.99 -1.50 0.695 -0.308 0.000 0.59, 0.99 

Fresh fruit juices  0.10 0.62 -0.42 0.685 -0.036 0.000 1.07, 1.83 

meat 2.14 9.88 -5.59 0.696 -1.771 0.000 0.80, 1.35 

Poultry  0.53 5.78 -4.72 0.563 -1.339 0.000 0.56, 1.20 

Eggs  0.23 1.42 -0.96 0.413 0.008 0.001 0.18, 0.59 

Fish and seafood  0.25 2.15 -1.64 0.012 0.245 0.925 -0.25, 0.27 

pulses 0.19 4.36 -3.97 0.177 -0.256 0.152 -0.99, 0.62 

Nuts and seeds 1.10 6.16 -3.95 0.871 -0.648 0.000 1.35, 1.79 

Milk and dairy products  0.33 1.97 -1.32 0.591 -0.319 0.000 0.49, 0.99 

Yogurt and yogurt 
based products 

0.64 9.28 -8.00 0.741 -2.494 0.000 0.99, 1.57 

Pizzas and pies -0.65 1.70 -3.01 0.436 0.024 0.000 -1.28, 0.41 

Vegetable based dishes -0.08 0.39 -0.57 0.141 -0.034 0.256 -0.59, 0.16 

Fats and oils  0.74 4.23  -2.74 0.080 0.991 0.522 -0.45, 0.23 

Sugar and sugar 
derivatives  

1.23 5.00 -2.55 0.844 -0.478 0.000 0.95, 1.29 

Cakes and pastries -0.01 1.49 -1.50 0.285 -0.320 0.019 0.07, 0.80 

Honey, jam, molasses, 
pudding, ice-cream and 
halaweh  

0.07 0.86 -0.72 0.372 -0.083 0.002 0.22, 0.92 

Alcoholic beverages  0.21 2.48 -2.05 0.974 -0.010 0.000 0.68, 0.77 

Non-alcoholic 
beverages  

0.81 5.96 -4.35 0.556 -3.551 0.000 0.29, 0.65 

Miscellaneous  0.16 1.01 -0.70 0.231 0.032 0.060 -0.01, 0.66 
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Female: 

Food Groups 
 
 

Mean 
Differe
nce 

95% LOAa 
Beta / 
Slopeb 

Intercept 
P 
valuec 

Confidence 
Intervald 

Cereals and cereals 
based products  

0.06 1.98 -1.86 0.223 -0.338 0.151 -0.07, 0.42 

Pasta and other 
cereals  

-0.02 4.14 -4.18 0.073 -0.321 0.641 -0.31, 0.49 

Potatoes and potato 
based products  

0.17 1.35 -1.01 0.698 -0.377 0.000 0.69, 1.36 

Vegetables -0.39 1.19 -1.96 0.093 -0.505 0.552 0.33, 0.61 

Fruits 0.44 1.71 -0.83 0.608 -0.242 0.000 0.41, 0.98 

Fresh fruit juices  0.03 0.24 -0.19 0.042 0.022 0.788 -0.21, 0.28 

meat 1.51 5.12 -2.10 0.692 -1.111 0.000 0.75, 1.48 

Poultry  -0.01 2.47 -2.48 0.357 -0.691 0.019 0.10, 1.07 

Eggs  0.05 0.79 -0.68 0.149 -0.001 0.341 -0.18, 0.52 

Fish and seafood  -0.28 1.55 -2.11 0.485 0.309 0.001 -1.52, -0.42 

pulses -0.07 2.9 -3.07 0.165 -0.400 0.289 -0.22, 0.72 

Nuts and seeds 0.69 3.52 -2.12 0.733 -0.168 0.000 0.68, 1.24 

Milk and dairy 
products  

0.09 1.50 -1.30 0.338 -0.239 0.027 0.06, 0.94 

Yogurt and yogurt 
based products 

-0.22 2.87 -3.31 0.032 -0.167 0.840 -0.47, 0.39 

Pizzas and pies 0.31 0.46 -1.08 0.583 0.016 0.000 -1.13, -0.44 

Vegetable based 
dishes 

-0.14 0.40 -0.68 0.360 0.043 0.018 -0.99, -1.00 

Fats and oils  0.90 3.64 -1.84 0.507 -0.498 0.001 0.44, 1.44 

Sugar and sugar 
derivatives  

0.87 4.16 -2.43 0.861 -0.631 0.000 1.08, 1.58 

Cakes and pastries -0.29 0.71 1.29 0.070 -0.245 0.654 -0.47, 0.30 

Honey, jam, 
molasses, pudding, 
ice-cream and 
halaweh  

-0.03 0.33 -0.39 0.053 -0.022 0.734 -0.61, 0.43 

Alcoholic beverages  0.03 0.50 -0.44 0.366 -0.009 0.016 0.07, 0.66 

Non-alcoholic 
beverages  

1.59 5.57 -2.39 0.384 -0.974 0.011 0.08, 0.59 

Miscellaneous  0.14 1.12 -0.84 0.288 -0.025 0.061 -0.03, 1.08 
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APPENDIX XVI 

BLAND-ALTMAN CHARTS FOR PORTION INTAKE FOR 

ALL FOOD GROUPS AS PREDICTED BY THE FFQ AND 

MEAN OF MPRS FOR MALES 
 

 

 
1. Cereals and cereal based products 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Pasta and other cereals 

  

 

 
 

 

 

 

3. Potatoes and potato based products 

 

 

 

 

 

 

 

 

 

 

 

 

 
4. Vegetables  
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5. Fruits  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. Fresh fruit juices 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. Meat 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
8. Poultry  
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9. Eggs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10. Fish and seafood 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11. Pulses 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

12. Nuts and seeds 
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13. Milk and dairy products  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14. Yogurt and yogurt based products 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

15. Pizzas and pies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

16. Vegetable based dishes 
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17. Fats and oils 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

18. Sugar and sugar derivatives 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

19. Cakes and pastries 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

20. Honey, jam, molasses, pudding, ice-

cream and halaweh  
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21. Alcoholic beverages  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

22. Non-alcoholic beverages 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

23. Miscellaneous 
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APPENDIX XVII 

BLAND-ALTMAN CHARTS FOR PORTION INTAKE FOR 

ALL FOOD GROUPS AS PREDICTED BY THE FFQ AND 

MEAN OF MPRS FOR FEMALES

 
 

 

 
1- Cereals and cereal based products 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2- Pasta and other cereals 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

3- Potatoes and potato based products 

 

 

 

 

 

 

 

 

 

 

 

 

 
4- Vegetables  
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5- Fruits  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6- Fresh fruit juices 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7- Meat 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
8- Poultry  
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9- Eggs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10- Fish and seafood 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11- Pulses 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

12- Nuts and seeds 
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13- Milk and dairy products  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14- Yogurt and yogurt based products 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

15- Pizzas and pies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

16- Vegetable based dishes 
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17- Fats and oils 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

18- Sugar and sugar derivatives 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

19- Cakes and pastries 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

20- Honey, jam, molasses, pudding, ice-

cream and halaweh  
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21- Alcoholic beverages  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

22- Non-alcoholic beverages 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

23- Miscellaneous 
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