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AN ABSTRACT OF THE THESIS OF 

 

Raeda Ibrahim El Sayed Ahmad   for    Master of Science 

               Major: Nutrition 

 

 

 

Title: Validity and Reproducibility of a Semi quantitative Food Frequency 

Questionnaire among Lebanese Adults for the Assessment of Energy and 

Nutrients Intake  

 

 

 

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

diseases. Dietary assessment is a critical step in the evaluation of diet-disease 

association and the formulation of recommendations for dietary interventions. Limited 

validated tools exist for the assessment of dietary intake of adults in the Middle East and 

North Africa Region. As for Lebanon, to our knowledge, there exists no valid long-term 

dietary assessment tool for Lebanese adults aged 18-65 years. 

Objectives: The aim of this study is to examine the validity and reliability of a food 

frequency questionnaire (FFQ) for the assessment of dietary intake among Lebanese 

adults.  

Methods: Healthy Lebanese faculty and staff members of both genders, aged between 

18 and 65 years, were recruited from various faculties and offices at the American 

University of Beirut, Lebanon (n=120). 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-HR) representing two weekdays and one weekend were collected. Estimation of 

energy and nutrients‟ intake 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‟s rank correlations and Bland-

Altman plots were used to assess the validity of the developed FFQ. Intraclass 

Correlation Coefficient (ICC), weighted kappa (κ w) and same and adjacent percent 

agreement 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 41.28±9.88 years for males and 34.81±7.70 for females. 

Spearman‟s correlation coefficients (r) for the association of the FFQ and mean 24-HR 

for the validity ranged from 0.239 for „alpha-carotene‟ (p<0.05) to 0.694 for „energy‟ 

(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 nutrients where 

most data points in the Bland-Altman plots lied between the, closer to the middle 

horizontal line. Larger differences between the FFQ mean 24 HR were observed for 

most nutrients at higher intake. As for the reliability, ICC was calculated between FFQ-
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1 and FFQ-2. It ranged from 0.31 for „cobalamin‟ (p<0.01) to 1.00 for „sodium‟ 

(p<0.01). The κ w values and their agreement ranged from 0.25 “fair” for „carbohydrate 

% contribution to total energy‟ to 0.82 “almost perfect” for „protein‟ intake. The 

average percent agreement between FFQ-1 and FFQ-2 in ranking participants into the 

same or adjacent quartiles was 87.12%, highest for „protein‟ (100%) and lowest for „fat 

% contribution to total energy‟ (73.6 %). 

  

Conclusion:  The study‟s findings demonstrated that the developed FFQ is a valid and 

reliable instrument for the assessment of energy, macronutrients and most micronutrient 

intake among Lebanese adults. After validation, this questionnaire will not only serve 

for the assessment of dietary intake among Lebanese adults, but it can also be adapted 

by researchers in neighboring countries possessing dietary patterns similar to those in 

Lebanon.  
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CHAPTER I 

INTRODUCTION 

 

A. General Overview 

Diet is a leading factor in the rising obesity rates which in turn is a major risk for 

non-communicable diseases (NCD) (Lim & Park, 2018; Swinburn et al., 2009). Dietary 

assessment methods are used to assess the diet-disease link and using minimally valid 

tools in epidemiologic studies attenuates this link. (Day, McKeown, Wong, Welch, & 

Bingham, 2001). Therefore, using reproducible and valid dietary assessment methods 

ameliorates the assessment of the diet-disease association since the tool accurately 

measures the aspect of the diet it is intended to measure.  The dietary assessment 

methods that are most commonly used in research are dietary record (DR), 24-hour 

recall (24-HR) and food frequency questionnaire (FFQ) (Shim, Oh, & Kim, 2014). The 

latter is the most commonly used method in epidemiological studies secondary to their 

low cost, ease of administration and their ability to estimate long-term dietary intake 

(Henríquez-Sánchez et al., 2009; W. Willett, 2012). The use of FFQs in epidemiological 

studies permits comparing average nutrient intake of different groups, ranking 

individuals within a group and measuring absolute levels of nutrient intake (Aydemir, 

2002; Illner et al., 2012). 

Validating dietary assessment methods is of great importance to avoid 

systematic biases in epidemiological studies; and this is done through comparing it to a 

superior method, with independent sources of measurement errors, which is the dietary 

record in the case of FFQ validation. However, in many contexts, using 24-HR as a 

reference method is more appropriate since it necessitates less motivation and literacy 
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than the dietary records (W. Willett, 2012).   

 Since there are remarkable variations in the dietary intake across different age 

groups in the same geographic population, it is important to develop FFQs that are 

tailored to each population and further to each age group pertinent to that population. 

Several FFQs have been developed and validated to be used in epidemiological studies 

to assess the dietary intake of adult populations in several countries like the United 

States of America (USA), several European regions, Kingdom of Saudi Arabia and Iran 

(Bijani et al., 2018; Gosadi et al., 2017; Marshall et al., 2016; F. E. Thompson et al., 

2008). In 2016, the Nutrition and Dietetics department at the American University of 

Beirut (AUB) developed and validated a FFQ for Lebanese children population 

(Moghames et al., 2016a); however, up to date and to our knowledge; no validated FFQ 

exists for the assessment of dietary intake among Lebanese adults.  

 

B. Objectives 

The main aim of this study was to validate a semi quantitative food frequency 

questionnaire (SQFFQ) that is culturally specific and suitable for the assessment of 

dietary intake among Lebanese adults. The objectives, therefore, were to: 

1- Develop a culturally specific FFQ that includes a comprehensive list of foods 

frequently consumed by the Lebanese adults. 

2- Assess the relative validity of the developed FFQ in the measurement of energy, 

macronutrients and several micronutrient intake as compared to the mean of 

repeated 24-HRs over the period of 12 months in addition to season-specific 

correlations. 
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3- Determine the repeatability of the developed FFQ after 12 months following the 

primary administration. 
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CHAPTER II 

LITERATURE REVIEW 

 

A. Malnutrition 

Weight is a major determinant of the health status of the immune, metabolic, 

reproductive, and musculoskeletal systems (Haslam & James, 2005). It is one of the 

indicators of malnutrition which can be defined as a disease state brought about by 

either undernutrition due to inadequate intake of energy and other nutrients or 

overnutrition due to excessive intake of energy and other nutrients (Ge & Chang, 2001).  

 

1. Undernutrition 

There are four main forms of undernutrition worldwide, namely protein-energy 

malnutrition, iron deficiency and anaemias, vitamin A deficiency and iodine deficiency 

disorders (Stephenson, Latham, & Ottesen, 2000). Undernutrition is accountable for 

35% of the 9.2 million child deaths yearly (Khan & Bhutta, 2010). 

The need for relieving the global undernutrition has been emphasized in the 

United Nations‟ Sustainable Development Goals (SDGs), a group of global targets for 

enhancing the economic and social welfare of the world‟s poorest countries (SDGs, 

2015). 

 The concern is not solely having access to food and calories. Although many 

people have access to calories, they suffer from micronutrients deficiency. This 

condition is referred to as “hidden hunger” which brings about negative, sometimes 

chronic, implications on health (Burchi, Fanzo, & Frison, 2011). Despite that poor 



5 

nutrition is a global burden, obesity has become an epidemic in several regions of the 

world (Wang & Lobstein, 2006). 

 

2. Obesity  

a. The Global Stand on Obesity 

Albeit hunger remains a burden in several developing countries in Africa, Asia 

and Latin America, excessive body fat is currently a considerable cause of deteriorated 

quality of life and preventable mortality in many affluent countries and in the urban 

populations of developing countries (Haslam & James, 2005; Sullivan, 2011). 

The United Nations‟ third SDG emphasized the need to ensure healthy lives and 

improve the well-being at all ages (SDGs, 2015). Since obesity entails major adverse 

effects on healthy lives and overall well-being, policy actions to develop and implement 

public health strategies to prevent obesity have been created mainly in developed 

countries (Chan & Woo, 2010).   

These policy actions mainly target the food, physical activity and the 

socioeconomic environments to directly influence eating and physical activity 

behaviors. This also necessitates support of health services and clinical interventions 

(Chan & Woo, 2010). One example of an effective policy action in this regard was the 

taxation of sugar sweetened beverages which was associated with a decrease in BMI in 

the USA (Cabrera Escobar, Veerman, Tollman, Bertram, & Hofman, 2013). However, 

policy- based strategies alone are not enough since they are faced by a lot of obstacles. 

Individual lifestyle changes are also important for combating the obesity epidemic 

(Chan & Woo, 2010).   
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b. Prevalence of Obesity 

In 2016, the World Health Organization (WHO) announced that the overweight 

prevalence among adults, 18 years and older, reached 1.9 billion adults among which 

650 million were obese. This indicated that the global obesity has almost tripled since 

1975 (Organization., 2015). Also, it is expected that the number of overweight and 

obese adults will rise to 1.35 billion and 573 million, respectively, by 2030 (Huang & 

Hu, 2015). As for the Eastern Mediterranean Region (EMR), a recent review indicated 

that the estimated average prevalence of adult overweight and obesity reached as high 

as 27% and 24%, respectively (L. Nasreddine, Ayoub, & Al Jawaldeh, 2018). Obesity 

prevalence was noted to be higher among women as compared with men which is 

consistent with the figures seen worldwide (Lim & Park, 2018; L. Nasreddine et al., 

2018).  

 

c. Implications of Obesity 

  Obesity is a disease that is associated with increased risk of non-communicable 

diseases (NCDs) (Lim & Park, 2018). Excess body weight is an independent risk factor 

for cardiovascular disease, cancer and musculoskeletal disorders, and is associated with 

high medical and social costs (Haslam & James, 2005). Even in non-obese populations, 

abdominal obesity is associated with increased risk of type 2 diabetes and 

cardiometabolic disease (Balkau et al., 2008).   

 

B. Determinants of Obesity 

Studies on the determinants and correlates of obesity commenced more than 50 

years ago (Bray, Barry, & Mothon, 1970). The aetiology of obesity goes beyond being 
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simply an imbalance between energy intake and energy output (Alzaman & Ali, 2016). 

In fact, a set of actors contribute to the development of overweight and obesity with the 

commonly attributed determinants in the web of causations being genetic 

predisposition, environmental factors, physical activity and dietary intake (Jelassi, Ben 

Miled, Bellamine Ben Saoud, & Demongeot, 2016).   

 

1. Genetic Predisposition 

 Scientific evidence from genetic epidemiological studies suggested that genetic 

factors play a huge role in the development of obesity, given that 50%–80% of variation 

in body mass index (BMI) can be accredited to heritability (Wardle, Carnell, Haworth, 

& Plomin, 2008). Genetic studies done on BMI have mainly concentrated on how 

average BMI changes with polygenic risk scores (Abadi et al., 2017). Also, results of a 

very recent study, which analyzed data from 12,346 participants; suggested that genes 

distinctly influence the weight rank of individuals at different sections of the BMI 

distribution. This implies that heavier individuals at higher BMI percentiles are more 

likely to be responsive to obesity genetic risks than lighter individuals falling at lower 

percentiles (Wehby, 2018). Genetic predisposition is; however, not enough to determine 

individuals‟ body weight (Jelassi et al., 2016). 

 

2. Environmental Factors and Physical Activity 

Besides genetic predisposition, several environmental factors are also correlated 

with the onset of obesity. The digital and industrial revolutions incited economic 

growth, urbanization and trade that have fuelled macro-societal changes which in turn 

have endorsed nutrition transition to a less healthy diet. These changes corroded the 
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environment quality rendering it an obesogenic one which can be defined as “any 

characteristic that acts as a barrier to maintaining a healthy weight” (Kirk, Penney, & 

McHugh, 2010; Sullivan, 2011). Furthermore, the transition has been aggravated by 

other social changes such as high socio-economic status and sedentarity in several parts 

of the world including the EMR leading to high prevalence rates of obesity (Alzaman & 

Ali, 2016; L. Nasreddine et al., 2018; Sullivan, 2011). 

Physical activity is also an important determinant along with genetic and 

environmental factors. As aforementioned, energy balance comprises two major 

components:  energy intake and energy expenditure.  The latter is mainly determined by 

physical activity whose effect on obesity has been intensively investigated in studies 

among which some have suggested that a physically active lifestyle is correlated with a 

40% attenuation in the genetic predisposition to increased BMI  (Li et al., 2010).    

For instance, the results of a cross sectional study that assessed 24,871 

individuals in China revealed a significant positive association between physical 

activity and lower prevalence of obesity (O. Lee, Lee, Lee, & Kim, 2016). Also, 

analyzing longitudinal data from 1989 to 2011 in China showed that physical inactivity 

secondary to engaging in sedentary habits was positively associated with higher weight 

gain in both adults and children  (Zhang, 2017). Similarly, reports from the Middle East 

region propose that most of this geographical area‟s populations lead a lifestyle that 

hinders an adequate level of physical activity (Yammine, 2017). Not only physical 

activity, but also dietary intake constitutes a direct determinant of weight status. 
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3. Dietary Intake 

The sedentarity in the prevailing obesogenic environment is coupled with the 

availability of relatively cheap, as compared to healthy food; and the rising supply of 

highly palatable, handy and energy-dense foods. These factors all together contribute to 

the escalating trends of the incidence and prevalence of obesity (Du & Eskens, 2010). 

Moreover, some dietary patterns increase the risk of obesity including less frequent 

eating, skipping breakfast and eating meals away from home. Large cross-sectional and 

prospective cohort studies found a clear positive correlation between consumption of 

fast food and weight gain (Du & Eskens, 2010; Jelassi et al., 2016). Individuals who 

consume more fast foods usually have a higher intake of energy, fat, and soft drinks, 

and a lower intake of dietary fibre, fruits and vegetables. This increases their overall 

energy intake and the risk for obesity (Bowman & Vinyard, 2004).  

 

C. Assessment of Dietary Intake 

Despite its numerous determinants, diet remains a leading factor in the rising 

obesity rates (Swinburn et al., 2009). In attempt to combat the obesity epidemic through 

developing and implementing effective population-based strategies; the link between 

diet and obesity needs to be thoroughly assessed (Chan & Woo, 2010). 

Diet is also a major lifestyle-related determinant of numerous chronic diseases. 

Cancer incidence was found to be reduced by one-third secondary to positive changes in 

dietary habits (Doll & Peto, 1981). Cardiovascular disease risk prediction was made 

possible thanks to dietary information (Baik, Cho, Kim, & Shin, 2013) and a low risk of 

all-cause mortality was associated with the consumption of a nutrient-dense diet 

(Streppel et al., 2014).  
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The estimation of dietary intake involves the assembly of information on the 

frequency and quantity of foods consumed and the calculation of energy intake, 

nutrients and probably other constituents of foods (Biro, Hulshof, Ovesen, & Cruz, 

2002). Estimating a sample of the population‟s nutrient intake is a real challenge for 

nutrition research and one of the most convenient methods for estimating dietary and 

nutrients consumption is the administration of dietary assessment methods (Serra-

Majem et al., 2009).   

Dietary intake measurement is mainly conducted for comparing different 

groups‟ average nutrient intake, ranking individuals within a group, and assessing usual 

intake of individuals (R. Lee & Neiman, 2007).  

 

1. Dietary Assessment Methods 

The collection of dietary information can be done at 3 different levels: the 

individual, the household and the population level (Immink et al., 2009). Individual-

level dietary assessment methods, in large population studies, can be crudely divided 

into prospective or retrospective. The retrospective methods involve the recalling of 

nutrient intake of subjects over a defined past time. The retrospective methods comprise 

24-HRs, FFQs and diet history questionnaires (DHQ). On the other hand, prospective 

methods involve the subjects‟ reporting of their dietary intake after or at the same time 

of dietary consumption. The prospective methods include the food record and observed 

chemical analysis of duplicated diets (Immink et al., 2009). 

Both retrospective and prospective methods can be done either by self-report or 

by the help of a trained interviewer (Shim et al., 2014). The latter requires that the 

interviewer be knowledgeable about foods present in the marketplace and about 
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preparation techniques for both regional and ethnic foods. The 24-HR, DR and FFQ are 

the most widely used in nutritional epidemiological research (Shim et al., 2014).  

 

a. 24-Hour Recall 

The 24-hour recall (24-HR) is an interview carried out for collecting information 

about the foods and beverages that were eaten and drank by the interviewed subject 

over the past 24 hours. Although it can be self-reported, 24-HR is best performed by a 

trained and skilled dietary interviewer who should possess competency in asking the 

proper sequence of open-ended neutral questions and in probing on forgotten foods, 

methods of food preparation, composite dishes‟ ingredients, commercial products‟ 

brand names in addition to supplemental intake (Frances E. Thompson & Subar, 2013). 

24-HR is commonly carried out in person or over the telephone. The latter is mainly 

used to conserve the element of surprise to avoid any dietary changes due to being 

aware of the time of the interview. The subject is usually the interviewee; however, the 

caretaker would be the interviewee in case the subject is mentally incapacitated adult or 

a child (W Willett, 1998). Since reporting the dietary intake of a single day may not 

represent the individual‟s overall usual dietary intake, multiple 24-hours including 

weekdays and weekends are conducted and their data are averaged together (Block, 

1982; Trabulsi & Schoeller, 2001).  

24-HR has several advantages among which is relying on short-term memory. 

Also, it can collect detailed qualitative information concerning the consumed food 

(Trabulsi & Schoeller, 2001). It is rapid, cheap, non-intrusive and is light on the subject, 

especially if coupled with choices of practical food portions (Biro et al., 2002). 

Moreover, literacy is not a requisite for conducting this method which doesn‟t exert 
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heavy burden on the subject. This makes it very likely that the subject agreeing to 

participate represents the general population; which renders this method ideal for use in 

several populations (Frances E. Thompson & Subar, 2013).  Despite the above-listed 

strengthens, 24-HR has some limitations that need to be considered. 

Among the drawbacks of this method is the fact that no subject has perfect 

knowledge and memory of their intake of foods and beverages. Due to the reliance of 

this method on the subject‟s memory, intra-individual variation from one day to another 

may increase the daily fluctuations. This renders a single 24-hour recall an unreliable 

indicator of an individual‟s usual intake. Preferably, a trained interviewer needs to 

conduct multiple 24-HRs to make up for the inter-day variations for the ultimate intake 

estimation (McPherson, Hoelscher, Alexander, Scanlon, & Serdula, 2000; W Willett, 

1998). To attenuate some of the limitations of using 24-HR, the United States 

Department of Agriculture (USDA) developed the Multiple Pass Food Recall (MPR) 

(Moshfegh et al., 2008; Raper, Perloff, Ingwersen, Steinfeldt, & Anand, 2004). 

 

i.  The Multiple Pass Food Recall (MPR) 

The MPR is a valid dietary assessment technique that comprises 5 steps which 

allows the revision of intake more than once to retrieve forgotten foods and eating 

occasions. First, a “quick list” where the subjects, without interruption, list all the foods 

and beverages they have consumed over the past 24 hours. Second, the subject is 

reminded by the interviewer of a forgotten food list usually missed out in 24-hour recall 

reporting. Third, the interviewer asks the subject about the time and meal of the 

reported foods. Fourth, the interviewer probes in a detailed cycle about the foods and 

beverages eaten so details about portion sizes, way of preparation, brand names and 
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supplemental intake are collected. Fifth, a final probe for the whole 24-hour recall is 

done (Blanton, Moshfegh, Baer, & Kretsch, 2006). A good estimate of an individual‟s 

usual nutrient intake can be provided by several MPRs conducted on an individual over 

various seasons (R. Lee & Neiman, 2007).  

 

b. Dietary Record 

The dietary record (DR) approach involves that the subjects record the foods and 

beverages, the amounts of each item consumed (weighed or estimated by using visual 

portion size pictures/household cooking measurements), the time the food was 

consumed, and specific ingredients used in mixed dishes. Recording is done over either 

one or several consecutive days that represent weekdays and weekends. For optimal 

accuracy, the recording should be done at the time of the meal to avoid dependence on 

memory. Accurate information on food consumed during recording period times can be 

provided by the DR mainly since it does not require relying on the subject‟s memory 

(Trabulsi & Schoeller, 2001). 

To fill out the DR; however, subjects are required to be intensively trained on 

recording, to have high literacy and high motivation. The latter requirements may not be 

feasible for a wide sector of the population which can render the sample 

nonrepresentative of the general population. Since this method is considered 

burdensome on subjects, the quality of the information recorded tends to drop with four 

or more days of recording (Frances E. Thompson & Subar, 2013). Moreover, since 

recording complex dishes can be difficult on subjects, they may change their dietary 

habits to ease the reporting (Watson, Collins, Sibbritt, Dibley, & Garg, 2009) or may 

falsely report “healthier foods” hence increasing social desirability reporting bias (Bliss, 
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2004; Trabulsi & Schoeller, 2001).  Furthermore, several non-consecutive, random days 

representing different seasons are needed to arrive at useful estimates for the DRs to be 

correctly representative of usual intake (R. Lee & Neiman, 2007). 

24-HR and DR are rarely used for dietary intake estimation in large scale 

epidemiological research secondary due to the high effort needed to collect and process 

multiple days of recalls or food records (W Willett, 1998).  Alternatively, these methods 

are used to assess mean intake among smaller groups and in FFQs‟ validation studies.  

FFQs are currently the leading method for large-scale intake estimation (W. Willett, 

2012). 

 

c. Food Frequency Questionnaire 

Food frequency questionnaires are developed to measure average long-term diet 

instead of providing short-term intake precise estimate (W. Willett, 2012). As compared 

to the 24- HR and the DR, the FFQ enables a much longer recall of food intake over the 

preceding few months or year.  

 

i. Types of Food Frequency Questionnaires 

Three different types of food frequency questionnaires exist depending on the 

way portion size information is collected. For qualitative food frequency questionnaires, 

no portion size information is collected. As for SQFFQs, the frequency of intake 

regarding standard portion size for each food listed ought to be reported by the 

respondent. Quantitative food frequency questionnaires ask the respondents to report 

portion size information (Sempos, 1992). 

  The SQFFQ is the mostly used version of this dietary assessment method 
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(Sempos, 1992). This is due to several reasons. First, they can estimate nutrients unlike 

qualitative FFQs. Second, SQFFQs can be self-administered in 15-20 minutes unlike 

lengthy interviews of quantitative FFQs. Third, self-administered SQFFQs can be used 

to assess the intake of large sample sizes as in cohort studies since they can be 

electronically delivered to the respondents (Sempos, 1992). Despite the numerous 

strengths of using FFQs, some limitations of this methodology exist. The quantification 

of portions and/or frequencies may be inaccurate with FFQ administration as it involves 

a long recall period (Illner et al., 2012). 

 

2. The Importance of Validated Dietary Assessment Tools 

Poor compliance and weak accuracy in the data collected is noted with using 

dietary assessment tools validated in other contexts. Consequently, developing dietary 

assessment tools specific to the target population are needed to properly assess the 

dietary intake of that population. To be culturally sensitive and agreeing with the basic 

food culture, validation of dietary assessment methods is better done by region 

(Torheim et al., 2001).  

Using low validity dietary assessment methods in epidemiologic studies highly 

weakens nutritional intake- disease link; a problem referred to as regression dilution. 

For this reason, the use of valid dietary assessment tools is highly recommended for 

better association between nutritional intake and disease (Day et al., 2001). 

 

a. Implementation in Research 

Using a reproducible, valid, cheap, and unburdensome dietary assessment 

method is essential in research situations. They can also provide a satisfactory 
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estimation of long-term dietary intake given that a central feature of dietary intake states 

that an underlying consistent dietary pattern superimposes the day to day variations in 

intake (W. Willett, 2012). This fundamental rule is one the reasons why FFQ is the most 

commonly used dietary assessment method in epidemiological studies (Henríquez-

Sánchez et al., 2009; W. Willett, 2012). 

 

D. The Food Frequency Questionnaire 

1. FFQs in Research 

a. The Application of FFQs in Research  

Using FFQs in epidemiological studies enables comparing average nutrient 

intake of different groups, ranking individuals within a group as well as estimating 

absolute levels of nutrient intake (Aydemir, 2002; Illner et al., 2012). Ranking 

individuals by relative levels of nutrient intake permits epidemiologists to evaluate 

etiological hypotheses and interactions. The FFQ comprises a list of foods for which the 

respondent is required to specify how often he/she eats from each as in x times per 

day/per week/per month or rarely/never (Janet Cade, Rachel Thompson, Victoria 

Burley, & Daniel Warm, 2002). Foods with similar nutritional qualities are grouped 

together for ease of use. FFQ lists can range from 40 to 200 food items and FFQs with 

longer lists were found to be more valid than shorter ones (W. Willett, 2012). Assessing 

nutrient intake among specific ethnic groups is more likely enhanced with using FFQs 

including ethnic foods pertaining to that group (Khokhar et al., 2009). 
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b. The FFQ as an Assessment Tool in Nutritional Research 

Currently, the food frequency questionnaire is considered the most practicable 

and cost-effective method for collecting comprehensive dietary data in large-scale 

epidemiological studies (W. C. Willett & Hu, 2006). Methods that involve frequencies 

are considered useful in epidemiological studies since they can be used reliably among 

large study populations (Block, 1982; Subar, 2004). Hence, since FFQs can measure 

habitual intake, they can be useful for the estimation of the link between nutrient intake 

and disease and predict the health of both individuals and groups (W Willett, 1998) . 

For all the previously mentioned advantages, mainly translation to nutrients, 

reflection of seasonal variation and ease of administration; FFQs have been more 

widely used in research than 24-HRs and DRs (M. Livingstone & Robson, 2000; 

Welch, Luben, Khaw, & Bingham, 2005). Hence, it may be beneficial to sacrifice 

specific dietary intake of few days for favor of cruder intake information on dietary 

intake over a longer period. This is especially advantageous when correlating dietary 

intake to long-latent diseases such as Non Communicable Diseases (W. Willett, 2012) . 

After collecting the FFQ data, the reported foods are all summed up then 

multiplied by portion size, by intake frequency and by nutrient content per portion to 

estimate a daily intake of nutrients (Bliss, 2004).  

 

2. Validity and Reproducibility 

Accurately measuring diet aspect for which it has been developed to measure is 

referred to as validity which is an important aspect when using FFQs. Using invalid 

dietary assessment tools can result in incorrect information which can falsify the 

association between nutritional intake and diseases (Cade, Burley, Warm, Thompson, & 

Margetts, 2004). Validating FFQs against more detailed and accurate dietary intake 
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assessment methods „gold standard‟ render them suitable for the assessment of long-

term dietary intake at the food groups, macronutrient and micronutrient levels. This 

“gold standard”, although never perfect, is superior to the tool to be validated (Janet 

Cade et al., 2002; W Willett, 1998).  Besides validity, reliability is another important 

trait of FFQs. 

Another important aspect of a FFQ is whether it can produce reproducible 

results. The term reliability, in this context, refers to getting the same questionnaire 

measurement upon more than one administration at different times to the same person, 

especially knowing that no identical conditions exist on repeated measures (W. Willett, 

2012) .  

 

a. The Use of Reference Dietary Assessment Methods for Validation 

Since there is no absolute truth in dietary assessment and no perfect assessment 

method exists, the measurement errors pertinent to the two methods to be compared 

should be as independent as possible. The reference dietary assessment method with the 

most uncorrelated error sources with the FFQ is the dietary record (W. Willett, 2012). 

Therefore, when deciding on a reference method to validate a FFQ, the first choice is 

ideally dietary records; however, dietary records are very demanding from the subjects, 

are likely to affect their actual diet and require high literacy and motivation for 

cooperation. Hence, the 24-HR is recommended for use when there are limited subjects‟ 

literacy and cooperation even though this method, like FFQ, relies on memory and may 

involve distorted estimations of portion sizes of reported consumed foods and beverages 

(Hebert et al., 1999).  
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3. Available Validated FFQs for Adults  

Over the past 15 years, several FFQs aiming at assessing the dietary patterns of 

numerous populations were developed and validated in different countries like USA, 

Colombia, Brazil, Jamaica, India, Turkey and several European regions (Bautista, 

Herrán, & Pryer, 2005; Gunes et al., 2015; Hebert et al., 1999; Sichieri & Everhart, 

1998; F. E. Thompson et al., 2008; Torheim et al., 2001). In some countries, several 

FFQs are developed for the various populations like adults, children less than 5 years of 

age and children less than 10  years of age which emphasizes the high importance of 

tailoring FFQs that are specific to different population studies (Araujo, Yokoo, & 

Pereira, 2010; Fumagalli, Monteiro, Sartorelli, Vieira, & Bianchi, 2008; Mendes et al., 

2011)  

In the Middle East and North Africa region, FFQs were developed and validated 

for adults in countries like the Islamic Republic of Iran and the Kingdom of Saudi 

Arabia (Bijani et al., 2018; Gosadi et al., 2017; Malekshah et al., 2006). However, other 

countries like United Arab Emirates and Kuwait have developed culture-specific food 

frequency questionnaires that still need to be validated (Dehghan et al., 2005). In 

Lebanon, a FFQ was designed and validated to assess the dietary intake of Lebanese 

children; however, no valid FFQ specific to Lebanese adults exists to date (Moghames 

et al., 2016a). 

 

a. Methodological Comparisons in Published FFQ Validation Studies 

A summary of a sample of FFQ validation studies is depicted in Table 2.1. 

Overall, the studies included in Table 2.1 had a wide range of 60-966 adults enrolled. 

Three out of seven of the studies had a population less than 100 participants (Bautista et 
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al., 2005; Hebert et al., 1999; Sichieri & Everhart, 1998), and three studies had a 

number of participants between 100 and 200 (Bijani et al., 2018; Gosadi et al., 2017; 

Gunes et al., 2015) and the study that interviewed a large number of participants is the 

one conducted in a big nation, i.e. the USA (F. E. Thompson et al., 2008).  

Of the seven studies summarized in Table 2.1, six used 24-hour recalls as a 

reference method to validate the FFQ. The number of days for the 24-hour recalls was 

two days in 3 out of 7 of the studies. While two studies validated the FFQ against four 

24-hour recalls, only one study used one 24- hour recall (Bautista et al., 2005).  

Cade et al. conducted a more formal review of 227 FFQ validation studies and 

found that 75% of the 227 FFQ validation studies of these 227 validation studies were 

validated against another dietary assessment method (Cade et al., 2004). The studies 

that utilized 24-HR as a reference method to validate their FFQ used 1 to 28 days of 

recall with a mode of one day (Table 2.1).  

 

Table 2.1. Comparing Methodology of Globally Published FFQs Validated for 

Adults. 

 

Reference Questionnaires compared Population 

(F. E. Thompson et al., 

2008) 

124-item FFQ vs two 

consecutive 24-HRs 

966 American adults (mean age of 

66 years) 

(Bautista et al., 2005) 60-item FFQ vs 7 days of 

weighed intake registry (7-WIR) 

97 Colombian adults (20–40 years 

old) 

(Gunes et al., 2015) 229-item FFQ vs four 24-HRs 120 Turkish adults (mean age 50 

years) 

(Hebert et al., 1999) 92-item FFQ vs two 24-HRs 60 Indian adults (mean age 33.7 

years) 

(Sichieri & Everhart, 

1998) 

61-item FFQ vs four 24-HRs 94 Brazilian adults 

(Bijani et al., 2018) 138-item FFQ two 24-HRs 200 men and women of 68 years 

mean age 

(Gosadi et al., 2017) 140-item FFQ vs one 24-HR 183 Saudi students studying at 

King Saud University in the 

Kingdom of Saudi Arabia 
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CHAPTER III 

METHODS 

 

A. Study Design and Sample Size 

This was an observational cross-sectional study designed for the aims of 

developing, validating and testing the reproducibility of a Food Frequency 

Questionnaire (FFQ) against 12 Multiple Pass Food Recalls (MPRs) in a sample of 

Lebanese adults aged 18 – 65 years.  

 

B. Ethics Approval 

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

Social and Behavioral Sciences at AUB and was given approval for a period of two 

years starting June 2016. A written consent form (Appendix I) was completed by each 

participant announcing his/her willingness to participate in the research project. The 

privacy and confidentiality of participants was conserved by designating random 

identifiers to the questionnaires and the MPRs to ensure subjects‟ anonymity. All 

consent forms, questionnaires and MPRs were stored in locked cabinets to which 

investigators had exclusive access to.  

 

C. Study Participants 

The study population in this research study is adults working in various faculties 

and offices at AUB. Eligible individuals who proved to meet the inclusion and 

exclusion criteria and who agreed to take part in this study signed a written consent 

form. 
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Inclusion criteria: 

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

 Able to speak the Arabic language 

 Aged between 18 and 65 years 

Exclusion criteria: 

 Students 

 Non-Arabic speaking individuals 

 Pregnant or breastfeeding women 

 Individuals with chronic health conditions that require dietary modifications such as 

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

(Appendix III). 

 

As for the sample size; for FFQ validation studies, it is considered appropriate to 

work on a sample size between 100 and 200 participants (WC.  Willett, 1998). The 

dropout rate was at 4% according to a recent validation study conducted among a 

similar population (Moghames et al., 2016b). Thus, to account for potential dropout 

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

to elevate the statistical power of the study, especially with the presence of intra- and 

inter- variability in dietary intake within and between participants respectively. 

 

D. Study Protocol  

Each participant was enrolled in this study for a total of 12 months which 

entailed 14 face-to-face interviews that took place in a private setting at AUB where 

participants were recruited. This private setting was either the participants‟ office or 
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NFSC department, room 520 (Clinical Research room) where the interviews took place. 

During the first interview, a socio-demographic questionnaire was conducted in addition 

to a lifestyle questionnaire and the first FFQ (FFQ-1). Also, in the first visit; 

anthropometric measurements of each participant were taken and recorded.  

During each of the four seasons, all participants were approached to schedule 

face-to-face interviews at AUB to collect three random MPRs. The MPRs represented 

two weekdays and one weekend day per season, for a total of 12 days of MPRs. After 

12 months, the participants were re-contacted for a face-to-face interview at AUB upon 

which the second FFQ (FFQ-2) was administered (Fig. 3.1). The seasons are defined as 

spring (March-May), summer (June-August), fall (September-November) and winter 

(December-February). Since non-compliance can bias the validation analyses, 

participants who fill out less than two MPRs per season or fail to complete both FFQs 

were considered as non-compliant and their data were excluded from the study analysis. 

 

 

Figure 3.1. 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. Recruitment Strategy 

Participants were invited to the study via several methods from verbal 

announcements during departmental or office general meetings to using flyers 

distributed everywhere on campus. In addition, flyers were posted in the entrance of all 

academic faculties and departments at AUB, student and staff cafeteria, post office and 

physical plant. The posting of flyers took place in coordination with the administration 

of each of these academic/administrative units. Serious efforts were made to recruit a 

study population from across all departments and offices at AUB. A trained research 

assistant certified by the Collaborative Institutional Training Initiative (CITI) for ethical 

research conduct contacted interested faculty and staff members for briefing them about 

the purpose of the study, assuring their qualification, and finally recruiting them in the 

study (Fig. 3.2).  

 

 

 

Figure 3.2. Strategy Adapted to Recruit Participants in the Study Validating a 

FFQ Among Lebanese Adults. 
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F. Data Collection 

1. Socio-Demographic Questionnaire  

The socio-demographic questionnaire included information about the 

participant‟s age, gender, education, marital status, occupation, and crowding index 

(Appendix IV). 

 

2. Lifestyle Questionnaire 

The lifestyle questionnaire inquired into the smoking and physical activity habits 

of the participants (Appendix IV). 

- Current and past smoking habits (cigarettes, narghile, and cigars) were assessed. 

The number of cigarettes or cigars smoked per day, week, or month were reported. 

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 using questions and scoring methods set by 

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

(Craig et al., 2003). 

 

3. Anthropometric Assessment 

Anthropometric measurements of participants were obtained using standardized 

techniques and calibrated equipment. The weight scale (SECA 877) and stadiometer 

(SECA 213) were used to measure weight (kg) and height (cm), respectively. Before 

measuring the weight, study subjects were requested to take off their shoes and as much 

outerwear as possible. Participants were weighed to the nearest 0.1 kg. As for their 

heights, they were measured to the nearest 0.1 cm with the subjects barefoot. Then 
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Body mass index (BMI) was calculated as weight (kg)/height (m
2
). All measurements 

were conducted in duplicates and the averages were used (Appendix IV). 

 

4. Dietary Intake Assessment  

a. Development of the FFQ 

A 4-page semi-quantitative FFQ was designed to assess the dietary intake per 

energy and nutrients among adults in Lebanon. The FFQ includes three sections: the 

food list, the portion size, and the frequency response (Appendix V). 

 

i. Food List 

To compile the food list, the following approaches were adopted: 1) A review of 

24-HRs (n=200) previously collected in a sample of Lebanese adults as part of a 

national study conducted in Lebanon (Lara Nasreddine et al., 2012). Frequently cited 

(>5%) food items were included in the food list of the developed FFQ; 2) The 

developed food list was reviewed by a panel of experts which included licensed 

dietitians and a gastroenterologist, who are familiar with the common dietary habits 

among Lebanese adults; 3) A convenience sample of 30 adults who is similar in 

characteristics to the target population checked the food items list to examine if the food 

list is clear, comprehensive, and culturally convenient; 4) The food list was also 

compared to previously published FFQs, mainly FFQs validated in the region. Food 

items were listed using generic names and, in several cases, foods with similar 

nutritional characteristics/culinary use were assembled together for lucidity and ease of 

conduction. 
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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.  

 

ii. Portion Sizes 

As for portion size, subjects 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. A standard two-dimensional (2-D) food portion visual chart was utilized to 

assist in quantifying the reference portion size. This chart has been developed by 

Nutrition Consulting Enterprises and validated for use amongst adults aged 20 to 70+ 

years as part of the Framingham Heart Study, especially for telephone dietary 

interviewing (Posner et al., 1992). 

 

iii. Frequency 

 The participant‟s food intake frequency was indicated by how many times per 

day, week, or month he/she has consumed each food item during the previous year. The 

frequency of intake of foods seldom or never consumed was also indicated. In addition, 
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the amounts of fruits and foods whose intake varies throughout the year, such as ice 

cream and hot beverage, was seasonally adjusted, if applicable. 

 

b. Administration of Dietary Assessment Methods 

i. Food Frequency Questionnaires 

During the interview for the FFQ data collection, the research assistants 

questioned the participants about their consumption of each food item over the past 12 

months. If the item was consumed, the usual portion size intake and the frequency of the 

food consumed was noted down. The developed FFQ also includes an open-ended 

section in which the participants can indicate their intake of further foods or beverages 

that they routinely consume at least once a week and that are not included in the FFQ‟s 

food list.  

 

ii. 24-Hour Recalls 

In most cases, twelve 24-HRs were collected per participant, divided into sets of 

three 24-HRs per season (Appendix X). The 24-HRs were collected using the Multiple 

Pass Food Recall (MPR) 5-step approach, developed by the United States Department 

of Agriculture (USDA) (Moshfegh et al., 2008). The steps to collect the 24-HRs using 

the MPR approach include 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. The research assistants asked about information related 

to the time of intake of each food item, the type of food consumed, its portion size, 

preparation methods and the brand of the foods/ beverages/ supplements consumed. The 

participants were not informed of the day of the MPRs‟ interviews ahead of time, 
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therefore, they were contacted on the same day of the encounter for them to maintain 

their usual unbiased food intake to avoid getting socially desirable answers. The intake 

estimates as measured by the twelve MPRs were used as reference methods to validate 

the FFQ.  

The administration of both the FFQs and MPRs was done by trained research 

assistants. This is favorable since nutritional assessment necessitates specialist training 

and correlation coefficients were reported to be higher for interviewer-based FFQs 

when compared with self-administered ones (Cade et al., 2004). Self-administered FFQs 

require accurate preparation, pre-testing and high literacy skills and encouragement. 

Self-administered FFQs may also be associated with a high number of incomplete 

answers which may lead to an increased exclusion rate (JE. Cade, R. Thompson, V. 

Burley, & D. Warm, 2002). In addition, it was made sure that same in-person approach 

in data collection was used to reduce potential bias from use of in-person versus phone 

administration of both FFQs and 24-HRs. 

A 2D food portion visual chart (Appendix VIII) was used in both the MPRs and 

FFQs data collection to aid participants in estimating 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. 
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G. Data Analysis 

1. Analysis of Food Items into Energy and Nutrients 

As for the FFQ nutrients intake, the frequency per day of each food item 

consumed was multiplied by its portion size to calculate the total amount in grams of 

food intake per day, and consequently the total energy, macronutrients and 

micronutrients consumed per day (Bingham et al., 1994).  

Food items collected from the MPR were analysed using 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). 

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 like the codes used in 

the FFQ. For each subject, the average amount of energy and macronutrients and 

micronutrients were 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 energy, the macronutrients (carbohydrates, sugar, proteins, fats, cholesterol, 

saturated fat, polyunsaturated fats, monounsaturated fat and dietary fibers) and selected 

micronutrients namely the minerals sodium, potassium, calcium, iron, phosphorous, 

magnesium, zinc, and manganese and the vitamins/vitamin precursors vitamin A (RE), 

vitamin C, vitamin D, thiamin, riboflavin, niacin, pyridoxine, folate, cobalamin, biotin, 

beta-carotene, alpha-carotene, alpha- tocopherol and alpha- carotene. 
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2. Statistical Analysis 

Statistical analysis was done using Statistical Package for Social Sciences 19.0 

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

Means and standard deviations were calculated for all continuous variables in 

the socio-demographic and anthropometric questionnaire. On the other hand, categorical 

variables were taken as frequencies. Validity and reliability statistics were performed on 

percent energy intake and total amount of nutrients consumed per day. 

 

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 energy  and nutrients‟ intake. 

Despite it is useful to compare means of both methods, providing data on the 

associations between the intake measured by the 2 methods is also important (W 

Willett, 1998). Spearman‟s correlation coefficient and agreement between FFQ-2 and 

MPRs were calculated to validate this FFQ since correlation coefficients were the most 

commonly used statistical method in 168 (83%) of validation studies (Janet Cade et al., 

2002). Individuals can be ranked similarly by Spearman‟s correlation coefficients which 

measure the strength and direction of the association between two different 

measurements at individual level (Verger et al., 2017). Spearman‟s correlation 

coefficients were computed for energy and nutrients‟ estimates between the FFQ and 

the MPRs.  To identify associations between dietary intake with health and disease, a 

correlation coefficient approved for validity ranges should not be below 0.3 or 0.4 
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(Janet Cade et al., 2002). The strength of relation between the two methods, but not the 

agreement, can be measured by correlation coefficients (r) (Bland & Altman, 1986). To 

better assess agreement between the two methods, the Bland-Altman statistical method 

was used. 

 

ii. Bland-Altman Method  

It is important to measure the agreement between a new assessment technique 

and an established one across the range of intake in order to compare both methods 

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

Altman method was used in 85 % of the studies as an agreement measure (Zaki, 

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

difference between the methods is the same across range of intake, and whether the 

extent of agreement differs for high intake compared with low intake (Cade et al., 

2004). The differences between observations on the same subject were used by Bland-

Altman method which enables graphically plotting them against the average of both 

methods per subject. The Bland-Altman method also helps determine if there is any bias 

(systematic difference) between compared methods, and the extent of agreement of the 

two administrations (Limits of agreement LoA) (Cade et al., 2004).  

The use of the LoAs allows the assessment of the extent of 

agreement‟/disagreement of the two methods. Wide limits indicate the presence of an 

overall bias (Bountziouka & B Panagiotakos, 2010).   

The LoAs are two values that 95% of the differences between the two methods 

should lie between. LoAs are calculated as: 

                                           and                      
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                     . A 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 the degree of 

resemblance between units in the same group. The ICC differs from other correlation 

coefficients in that it allows the analysis of data structured as groups, rather than data 

structured as paired ones. ICC estimates the differences between the two 

administrations of the FFQ within the subjects and not those among the observers 

(Bountziouka & B Panagiotakos, 2010).  However, using solely the ICC is not enough 

since it ignores ordering variances and instead treats the two administered FFQs (1, 2) 

as two random instruments rather than specific methods (Zaki et al., 2012). Hence, 

weighted kappa statistic was used. 

 

ii. Kappa Test 

The Kappa test is used to measure the agreement between two or more observers 

in assigning the data into different categories. In the present study, weighted Kappa (κ 

w) was administered instead of Kappa to see the degree of closeness and difference of 

the ratings of the two methods. κ w was used to examine how well the FFQ-1 can 

categorize individuals into quartiles of the energy and nutrients‟ intake when compared 

with the FFQ-2. According to Landis & Koch (1977), Kappa values were classified for 

strength of agreement according to 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 & 
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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. List of Variables Used in the Analysis 

Variables of interest for the present analysis were derived from the first visit, the 

MPRs and the FFQs. Description of variables used in this study is shown in Table 3.1. 

 

Table 3.1. 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 
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2=primary school 

3=intermediate school 

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=>3,000,000 L.L 

 

 

 

 

 

  



36 

CHAPTER IV 

RESULTS 

 

A. Descriptive Characteristics of Study Participants 

The number of participants who consented to participate in the study was 120 

subjects; however, 10 subjects dropped out hence 110 participants completed the study 

as depicted in Table 4.1. The main reasons for drop outs were either that subjects were 

so hard to reach which hindered completing a minimum of two MPRs, or left AUB or 

American University of Beirut Medical Center (AUBMC) institution during the one 

year study period hence were no longer eligible to stay in the study, or were not very 

cooperative in terms of arranging a meeting with the research assistants. Table 4.1 

describes the socio-demographic characteristics of the study population. Of the 110 

Lebanese adults participating in the study, 67 (60.9 %) were males and 43 (39.1%) were 

females. The age of the participants ranged between 18 and 65 years among which 43% 

are below the age of 35 years. Of the participants, 72.7 % were either overweight or 

obese and 76.4 % of the participants reached an educational level of high school and 

above. Of the participants, 31.8 % worked in health-related jobs and 85.4 % were non-

academic AUB/AUBMC staff members. The crowding index was greater than 1 for 

52.7 % of the participants and 68.2 % of the subjects owned the house they were 

residing. All the participants owned at least one car in their household and only 15.5 % 

owned three or more cars. The total monthly income of the participants exceeded 2000 

USD for half of them.  
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As related to lifestyle practices, 54.5 % of the participants reported to be 

smokers with an average mean of 10.99 ± 1.01 years of smoking. For physical activity, 

results showed that 23.6 % of the participants were engaged in low intensity physical 

activity while only 10.9 % reported to perform high intensity physical activity and more 

than half had a moderate intensity physical activity (Table 4.1). There were notable 

differences between females and males with respect to sociodemographic 

characteristics. The mean age of the females was less than that of males; more males 

were in the overweight and the obesity ranges while males reported to be more 

physically active than females (Table 4.1). The percentage of males who smoked was 

greater than that of females. Compared to males, females had both higher academic 

achievements and higher household incomes.  

 

Table 4.1. 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±9.88 34.81± 7.70 P=0.000 

Age categorized      

<35  years  43 (39.1) 19(28.4%) 42  (55.8) X
2
=11.120 

P=0.004 35-45  years 34 (30.9) 21 (31.3) 13 (30.2) 

>45  years 33 (30.0) 27 (40.3) 6 (14) 

BMI (kg/m
2
)     

18.5-24.9 Normal 30 (27.3) 6 (9) 24 (55.8) X
2
=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) X
2
=5.281,  

P=0.022 Outside Beirut 61 (55.5) 43 (64.2) 18 (41.9) 

Marital status      

Single, Widowed, Divorced 47 (42.7) 20 (29.9) 27 (62.8) X
2
=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) X
2
= 16.437 
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High school  15(13.6) 13(19.4) 2(4.7) P=0.000 

University/technical 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) X
2
=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) X
2
=6.917,  

P=0.009 Non- Academic 94 (85.5) 62 (92.5) 32 (74.4) 

Crowding Index (CI)     

<1 52 (47.3) 28 (41.8) 24  (55.8) X
2
=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) X
2
=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) X
2
=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) X
2
= 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 
 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

) 

X
2
=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 Overweight, ≥30 Obese 

SE: standard error 

CI: Crowding Index  
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B. Relative Validity of the Questionnaire (Comparison with the Mean of 8-12 MPRs) 

Table 4.2 reports the mean, mean difference and percent mean difference of 

energy and nutrients‟ intake estimated by FFQ-2 and the average of the 8-12 MPRs. The 

mean caloric intake for the adults enrolled in the study sample measured by FFQ-2 was 

found to be 17.5832±667895 kcal. On the other hand, the mean caloric intake of 8-12 

MPRs across the study sample was 1015801±953813 kcal. Therefore, the mean 

difference between the estimations from the two methods was 790896±9.58.7 kcal 

with a percent mean difference of 26899 %. The same variables were calculated for a 

list of selected nutrients depicted in Table 4.2. 

A positive percent mean difference indicated an overestimation while a negative 

percent difference implied that the FFQ underestimated nutrient intake as compared to 

the MPRs. The results indicated that the FFQ overestimated the intake of all 

macronutrients with a wide range between 82.12 % and 2.4% for total fat and protein 

intake respectively. As for micronutrients, the FFQ overestimated 17 out of 22 studied 

micronutrients. Among the overestimated micronutrients, vitamin C was overestimated 

by the highest percentage of 254.76% while calcium was the least overestimated by 

4.5%. The intake of only few nutrients were underestimated by FFQ as compared with 

the mean of the MPRs; namely the macronutrients cholesterol (%)  and saturated fats 

and the micronutrients vitamin A (RE), sodium, beta-carotene, alpha-carotene, 

riboflavin, niacin and cobalamin.   
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Table 4.2. Intake of Energy and Nutrients According to FFQ-2 and the Mean of 

MPRs for Comparative Validity 
 

Nutrient  Mean FFQ-2 ± 

SD 

Mean MPR ± 

SD 

Mean difference 

± SD 

Percent mean 

difference (%) 

Energy (Kcalories) 17.5832±667895 1015801±953813 790896±9.58.7 26899±79862 

Protein (%) 783.±2806 7836±08.2 08075±0869 186±19807 

Proteins (g) 88.96±40.81 74.50±26.18 14.46±33.31 22.10±46.69 

Carbohydrate (%) 21819±7855 10.90±1.63 1.36±3.07 12.71±28.60 

Carbohydrate (g) 285.58±127.19 218.37±71.64 67.21±100.61 33.71±51.46 

Fat, Total (%) 5.03±1.61 4.57±0.79 0.45±1.43 10.37±32.35 

Fat, Total (g) 116.67±53.76 90.10±27.99 25.68±47.39 82.12±124.33 

Cholesterol (%) 10.66±7.50 11.65±6.35 -1.0±5.80 -1.0±47.07 

Cholesterol (mg) 249.47±178.88 233.27±144.11 16.20±137.86 18.46±70.33 

Saturated Fat (%) 1.02±0.37 1.18±0.24 -0.17±0.36 -12.55±30.28 

Saturated Fat (g) 20.08±12.77 23.62±7.81 0.46±12.24 7.16±54.05 

Monounsaturated Fat 

(%) 
1.79±0.67 1.73±0.45 0.060±0.60 5.22±34.04 

Monounsaturated Fat (g) 41.87±21.36 34.38±12.42 7.50±17.77 24.57±52.39 

Polyunsaturated Fat (%) 1.20±0.47 1.01±0.23 0.19±0.42 20.15±41.03 

Polyunsaturated Fat (g) 28.20±14.10 20.05±6.71 8.15±12.75 43.08±63.79 

Dietary Fiber, Total (g) 24.13±11.22 18.26±6.63 5.88±9.06 2.90±12.03 

Sugar, Total (%) 3.89±1.95 3.62±1.37 0.27±1.70 10.28±50.83 

Sugar, Total (g) 88.90±52.32 70.81±27.37 18.10±45.73 31.19±74.28 

Sodium (mg) 2264.85±1095.82 2460.02±776.84 -195.17±846.54 -8.27±31.58 

Potassium (mg) 3062.19±1313.76 2415.47±762.57 646.72±1091.29 30.48±47.59 

Vitamin A (RE) 525.74±415.34 1015.73±633.92 -489.98±648.12 -35.59±44.84 

Beta-Carotene (μg) 
1985.63±1205.87 3657.73±2149.02 

-

1672.10±2097.41 
-10.39±16.28 

Alpha-Carotene (μg) 76.98±45.16 425.47±499.81 -348.49±492.42 -143.67±223.59 

Vitamin C (mg) 250.89±99.40 81.20±35.11 169.70±94.83 254.76±172.11 

Calcium (mg) 811.0±375.36 791.62±260.48 19.38±327.57 4.50±41.36 

Iron (mg) 15.60±6.67 12.78±4.82 2.82±5.90 28.82±50.47 

Vitamin D (μg) 2.12±1.96 1.29±1.11 0.83±1.48 141.28±317.0 

Alpha-Tocopherol (mg) 14.25±7.23 10.25±4.25 4.0±6.12 8.16±15.20 

Thiamin (mg) 1.37±0.57 1.27±0.47 0.10±0.42 11.86±36.0 

Riboflavin (mg) 1.55±0.73 1.78±1.00 -0.23±0.95 -0.78±47.36 

Niacin (mg) 22.30±11.43 60.60±84.33 -38.30±82.82 -8.80±62.21 

Pyridoxine (Vitamin B6) 

(mg) 
1.95±1.00 1.57±0.59 0.38±0.84 32.70±62.57 
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Folate (Total) (μg) 395.52±185.0 318.0±111.67 76.66±155.01 29.60±53.13 

Folate (DFE) 422.23±201.81 323.20±114.11 99.04±167.30 28.81±51.98 

Cobalamin (Vitamin B12) 

(μg) 
4.36±3.39 5.27±5.57 -0.91±6.0 -37.88±128.87 

Biotin (μg) 17.32±9.86 15.41±6.94 1.91±8.65 19.82±62.27 

Phosphorus (mg) 1503.39±750.00 992.52±355.45 510.90±661.70 56.81±70.02 

Magnesium (mg) 331.78±129.70 278.91±89.19 52.87±101.51 22.24±41.14 

Zinc (mg) 12.72±5.87 9.20±3.47 3.52±4.97 44.98±61.74 

Manganese (mg) 4.07±1.72 3.57±2.20 0.48±2.19 22.89±44.22 

 

Table 4.3 shows the correlation coefficients for comparative validity between 

FFQ-2 and the mean of 8-12 MPRs. Spearman‟s correlation coefficients for energy 

macronutrients and selected micronutrients were statistically significant. The values of 

Spearman‟s correlation coefficients for energy and macronutrients ranged from 0.370 

for percent saturated fat (p<0.01) to 0.694 for total energy intake (p<0.01). Spearman‟s 

correlation coefficient values for the micronutrients ranged from 0.239 for alpha-

carotene (p<0.05) to 0.672 for sodium (p<0.01). Energy and all assessed nutrients 

except for cobalamin, alpha_carotene and vitamin C showed a Spearman‟s correlation 

coefficient ≥ 0.3. 

 

Table 4.3. Spearman’s Correlation Coefficients for Energy and Nutrients Intake 

Obtained Using FFQ-2 and the Average of MPRs for Comparative Validity 
 

Nutrient  Spearman’s r 

Energy (kcalories) 0.694** 

Protein (%) 0.406** 

Protein (g) 0.616** 

Carbohydrate
 
(%) 0.456** 

Carbohydrate
 
(g) 0.581** 

Fat, Total
 
(%) 0.460** 

Fat, Total
 
(g) 0.565** 

Cholesterol
 
(%) 0.482** 
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Cholesterol
 
(mg) 0.579** 

Saturated Fat
 
(%) 0.370** 

Saturated Fat
 
(g) 0.453** 

Monounsaturated Fat
 
(%) 0.474** 

Monounsaturated Fat
 
(g) 0.629** 

Polyunsaturated Fat
 
(%) 0.510* 

Polyunsaturated Fat
 
(g) 0.578** 

Dietary Fiber, Total
 
(g) 0.610** 

Sugar, Total
 
(%) 0.560** 

Sugar, Total
 
(g) 0.497** 

Sodium
 
(mg) 0.672** 

Potassium
 
(mg) 0.559** 

Vitamin A (RE) 0.357** 

Beta-Carotene
 
(μg) 0.309** 

Alpha-Carotene
 
(μg) 0.239* 

Vitamin C
 
(mg) 0.333** 

Calcium
 
(mg) 0.564** 

Iron
 
(mg) 0.590** 

Vitamin D
 
(μg) 0.527** 

Alpha-Tocopherol
 
(mg) 0.605** 

Thiamin
 
(mg) 0.654** 

Riboflavin
 
(mg) 0.555** 

Niacin (mg) 0.441** 

Pyridoxine (Vitamin B6)
 
(mg) 0.400** 

Folate (Total)
 
(μg) 0.560** 

Folate (DFE) 0.585** 

Cobalamin (Vitamin B12)
 
(μg) 0.273** 

Biotin
 
(μg) 0.562** 

Phosphorus
 
(mg) 0.546** 

Magnesium
 
(mg) 0.635** 

Zinc
 
(mg) 0.559** 

Manganese
 
(mg) 0.642** 

* P value < 0.05; ** P value < 0.01 
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The mean difference, 95% limits of agreement (LoA), slope and confidence 

intervals for energy and assessed nutrients are presented in Table 4.4. Mean 

agreement/difference indicates how well the FFQ and MPRs agree on average. The 

LoAs provide information on the degree of errors between methods, the direction of the 

bias between methods and whether the bias is constant across levels of intake (Bland & 

Altman, 1986). For example, LoAs of -1010.97 kcal to 1732.35 kcal suggests that 95% 

of the differences in energy intake between FFQ-2 and mean of MPRs lie within this 

range (Table 4.4).  

Agreement consistency was examined across the range of intake for energy each 

of the studied nutrients. This was done through estimating the regression slope of 

differences (β) between the FFQ and mean of the 8-12 MPRs summarized in Table 4.4. 

This method regressed the average of the FFQ and the MPRs on their differences 

(Bland & Altman, 1999).  For energy and macronutrients, the slopes ranged between 

0.277 for cholesterol (mg) and 0.727 for polyunsaturated fatty acid (g). As for the 

assessed micronutrients, the regression slope ranged between -0.998 for vitamin D (µg) 

and 0.793 for vitamin C (mg). The signs of the slopes indicate the directions of the 

regression lines and whether the nutrient is overestimated or underestimated by the FFQ 

as compared with the mean of the MPRs. Findings show that all the resulting slopes of 

the regressions lines were positive for energy and the majority of the nutrients (all 

except for beta-carotene, alfa-carotene, vitamin D, niacin, riboflavin and manganese), 

suggesting that there is at least a considerable fraction of the study participants who 

overestimate their dietary intake on the FFQ relative to the mean of the MPRs. 
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Table 4.4. Mean Difference, 95% Limits of Agreement (LoA) and Regression Slope 

of Differences of FFQ-2 Against the Mean of 8-12 MPRs for Energy and Nutrient 

Intake for Assessment of Relative Validity. 
 

Nutrient Mean 

Difference 

95% LoA
a
 Beta / 

Slope
b
 

Intercep

t 

P 

value
c 

 

 

Confidence 

Interval
d
 

Energy (Kcalories) 360.6855 -1010.97 1732.35 0.526 -673.55 0.000 0.324,0.614 

Protein (%) 0.0351 -1.89 1.960 0.327 -1.386 0.000 0.169,0.586 

Protein (g) 14.46 -3.20 4.72 0.491 -30.137 0.000 0.361,0.730 

Carbohydrate (%) 1.364 -4.781 7.51 0.706 -9.573 0.000 0.764,1.126 

Carbohydrate (g) 67.21 -134.008 268.428 0.609 -104.067 0.000 0.511,0.849 

Fat, Total (%) 0.4548 -2.40 3.31 0.658 -3.866 0.000 0.703,1.097 

Fat, Total (g) 25.68 -69.10 120.45 0.622 -60.069 0.000 0.628,1.024 

Cholesterol (%) -0.982 -12.50 10.54 0.219 -3.205 0.022 0.030,0.369 

Cholesterol (mg) 16.1966 -259.51 291.91 0.277 -46.465 0.003 0.088,0.431 

Saturated Fat (%) -0.1659 -0.88 0.55 0.431 -0.830 0.000 0.363,0.845 

Saturated Fat (g) 0.46 -24.02 24.94 0.483 -15.870 0.000 0.448,0.921 

Monounsaturated Fat (%) 0.0609 -1.14 1.26 0.411 -0.838 0.000 0.295,0.727 

Monounsaturated Fat (g) 7.4944 -28.05 43.03 0.565 -17.949 0.000 0.481,0.853 

Polyunsaturated Fat (%) 0.1939 -0.64 1.03 0.662 -0.814 0.000 0.713-1.106 

Polyunsaturated Fat (g) 8.1532 -17.34 33.64 0.727 -14.854 0.000 0.782,1.126 

Dietary Fiber, Total (g) 5.8799 -12.25 24.01 0.563 -7.612 0.000 0.459,0.815 

Sugar, Total (%) 0.2727 -3.13 3.68 0.388 -1.437 0.000 0.249,0.661 

Sugar, Total (g) 18.0952 -73.37 109.56 0.622 -46.946 0.000 0.619,1.010 

Sodium (mg) -195.17 -1888.25 1497.91 0.415 -1171.11 0.000 0.240,0.586 

Potassium (mg) 646.7169 -1535.86 2829.29 0.567 -1184.12 0.000 0.483,0.854 

Vitamin A (RE) -489.9849 -1786.22 806.25 0.415 -4.80 0.000 -0.893,-0.366 

Beta-Carotene (μg) -1672.1007 -10670.53 7326.33 -0.542 633.249 0.000 -1.059,-0.575 

Alpha-Carotene (μg) -348.4861 -1333.33 636.36 -0.984 128.100 0.000 -1.962,-1.833 

Vitamin C (mg) 169.6890 -19.97 359.35 0.793 -47.308 0.000 1.115,1.499 

Calcium (mg) 19.3759 -635.77 674.52 0.400 -358.032 0.000 0.265-0.677 

Iron (mg) 2.8208 -8.96 14.61 0.361 -3.189 0.000 0.215-0.632 

Vitamin D (μg) -46.7330 -133.04 39.57 -0.998 1.281 0.000 -1.908,-1.860 

Alpha-Tocopherol (mg) 3.9998 -8.24 16.24 0.551 -4.127 0.000 0.472,0.855 

Thiamin (mg) 0.1048 -0.74 0.95 0.244 -0.180 0.010 0.052,0.380 

Riboflavin (mg) -0.2331 -2.12 1.66 -0.341 0.490 0.000 -0.664,-0.206 

Niacin (mg) -38.3027 -203.95 127.34 -0.965 37.597 0.000 -1.926,-1.737 

Pyridoxine (Vitamin B6) (mg) 0.3844 -1.49 2.26 0.510 -0.869 0.000 0.484,0.942 

Folate (Total) (μg) 76.6624 -233.35 386.67 0.533 -146.757 0.000 0.437,0.817 

Folate (DFE) 99.0395 -235.55 433.63 0.587 -160.728 0.000 0.514,0.880 

Cobalamin (Vitamin B12) (μg) -0.9059 -12.88 11.07 0.465 2.924 0.000 -1.084,-0.506 

Biotin (μg) 1.9128 -15.39 19.22 0.386 -5.527 0.000 0.247,0.662 

Phosphorus (mg) 510.8686 -812.53 1834.27 0.680 -647.399 0.000 0.737,1.119 

Magnesium (mg) 52.8724 -150.14 255.89 0.441 -85.088 0.000 0.276,0.627 

Zinc (mg) 3.5170 -6.41 13.45 0.547 -3.684 0.000 0.465,0.849 

Manganese (mg) 0.4845 -3.90 4.867 -0.263 1.828 0.005 -0.596,-0.106 
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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To thoroughly estimate agreement between the FFQ and the MPRs, Bland-

Altman method of plotting the mean difference between FFQ-2 and the mean of the 8-

12 MPRs for energy and nutrients‟ intake was used (Appendix IX). In the Bland-

Altman plots, linear regression analysis showed a significant upward trend of the 

difference between the estimates of FFQ-2 and the mean of MPRs with increased intake 

of energy and all assessed nutrients except for those of beta-carotene, alpha-carotene, 

riboflavin, niacin, vitamin D and manganese (Appendix IX). Fig. 4.1 shows the Bland-

Altman plots for energy, protein, carbohydrates, fats, sugar, vitamin C, iron, vitamin D, 

beta-carotene, alpha tocopherol, and dietary fiber intake. These plots show that the 

regression lines were positive for these nutrients, except for vitamin D and beta-

carotene, indicating the overestimation of their intake by the FFQ. However, most of the 

values lie between the 95% LoAs and near the mean difference line and similar results 

were observed for the other assessed nutrients (Appendix IX). 

The figures in Appendix X show the Bland-Altman plots for the population 

stratified by gender. The plots revealed comparability in the direction of the regression 

lines, the clustering of values around the bias line (mean difference line) and between 

the 95% LoAs for energy and most nutrients. Differences in agreement between females 

and males were only shown with respect to the intake of protein, cholesterol and sodium 

where the regression lines show an upward trend for males and a downward trend for 

females for these three nutrients (Appendix X). It is important to note that results 

showed that there is no statistical significant difference between the means of the 

number of MPRs completed by males and females (t-test p value=0.951) with means ± 

SDs of 10.52±1.005 and 10.53±1.099 for males and females respectively.   
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Figure 4.1. Bland-Altman charts for energy, protein, carbohydrates, fats, sugar, 

vitamin C, iron, vitamin D, beta-carotene, alpha tocopherol, and dietary fiber 

predicted by the FFQ and mean of MPRs. 
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C. Relative Reproducibility of the Questionnaire (Comparison Between FFQ-1 and 

FFQ-2) 

 

The Intraclass Correlation Coefficient (ICC) was computed for FFQ-1 and FFQ-

2 to assess the reproducibility of the FFQ and the results are displayed in Table 4. 5. An 

ICC score greater than 0.5 was found for most nutrients and all scores were statistically 

significant except for that of vitamin A (RE). The correlation range for reliability of the 

FFQ was found to range from 0.305 for cobalamin (μg); p<0.05, to 1.000 for sodium 

(mg); p<0.01. The values of ICC for energy and energy adjusted macronutrients ranged 

from 0.373; p<0.05, for cholesterol to 0.849 for total energy intake; p<0.01.  

 

Table 4.5. Intraclass Correlation Coefficients (ICC) for Energy and Nutrients 

Intake Obtained Using FFQ-1 and the FFQ-2 for Comparative Reliability. 

 

Nutrients Mean FFQ-1 ± S.D Mean FFQ-2 ± S.D ICC 

Energy (Kcalories) 2935.30±1433.64 2511.82±1145.12 0.849 ** 

Protein (%) 3.88±0.81 3.81±1.03        0.381* 

Protein (g) 113.46±60.04 96.99±56.81 0.795** 

Carbohydrate
 
(%) 11.92±2.11 11.54±2.54 0.559** 

Carbohydrate
 
(g) 351.12±182.72 258.96±135.70 0.767** 

Fat, Total
 
(%) 4.72±1.06 4.73±1.05 0.658** 

Fat, Total
 
(g) 135.63±67.64 116.32±54.76 0.726** 

Cholesterol
 
(%) 12.21±10.41 11.78±10.23        0.373* 

Cholesterol
 
(mg) 348.02±297.80 314.94±371.62 0.600** 

Saturated Fat
 
(%) 0.96±0.24 0.97±0.28 0.573** 

Saturated Fat
 
(g) 28.34±15.84 24.68±14.20 0.765** 

Monounsaturated Fat
 
(%) 1.73±0.50 1.71±0.51 0.735** 

Monounsaturated Fat
 
(g) 49.10±24.49 42.38±21.99 0.796** 

Polyunsaturated Fat
 
(%) 1.07±0.32 1.15±0.36 0.520** 

Polyunsaturated Fat
 
(g) 30.89±16.65 28.27±15.03 0.730** 

Dietary Fiber, Total
 
(g) 27.83±13.13 24.06±11.24 0.765** 

Sugar, Total
 
(%) 3.66±1.25 3.66±1.55 0.683** 

Sugar, Total
 
(g) 106.03±61.48 88.76±52.64 0.766** 

Sodium
 
(mg) 3185.46±1675.93 2418.29±1268.80 1.000** 

Potassium
 
(mg) 3707.06±1715.08 3146.56±1421.48 0.817** 

Vitamin A (RE) 697.44±778.52 588.85±682.55        0.211 

Beta-Carotene
 
(μg) 2328.52±1317.35 1981.08±1214.09 0.403** 

Alpha-Carotene
 
(μg) 93.41±59.92 77.71±46.88 0.461** 

Vitamin C
 
(mg) 273.51±122.02 251.10±99.67 0.745** 

Calcium
 
(mg) 1012.19±490.49 840.01±421.70 0.736** 

Iron
 
(mg) 19.18±9.26 16.24±8.02 0.795** 

Vitamin D
 
(μg) 2.55±1.92 2.31±2.38 0.706** 
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Alpha-Tocopherol
 
(mg) 16.27±8.70 14.75±8.24 0.690** 

Thiamin
 
(mg) 1.76±0.85 1.45±0.56 0.770** 

Riboflavin
 
(mg) 1.93±0.93 1.65±0.94 0.705** 

Niacin (mg) 27.44±15.23 23.33±13.33 0.781** 

Pyridoxine (Vitamin B6)
 
(mg) 2.46±1.38 2.03±1.18 0.616** 

Folate (Total)
 
(μg) 468.52±223.64 404.85±197.62 0.771** 

Folate (DFE) 507.93±255.77 433.25±215.18 0.748** 

Cobalamin (Vitamin B12)
 
(μg) 7.22±9.42 5.65±8.72 0.305* 

Biotin
 
(μg) 19.91±12.37 18.88±13.98 0.745** 

Phosphorus
 
(mg) 1770.65±805.13 1503.39±749.10 0.810** 

Magnesium
 
(mg) 402.03±173.41 344.61±147.84 0.795** 

Zinc
 
(mg) 16.59±10.03 14.07±9.97 0.666** 

Manganese
 
(mg) 5.00±2.35 4.18±1.86 0.726** 

* P value < 0.05; ** P value < 0.01  

 

The reproducibility analysis results using Kappa agreement between the two 

administrations of the FFQ are presented in Table 4.6. To compare nutrient data 

classification into tertiles, the kappa test was used. The κ w values and their agreement 

rank for energy and macronutrient intake ranged from 0.25 ranked “fair” for percent 

carbohydrate intake adjusted for energy to 0.82 a rank of “almost perfect” for protein. 

For most nutrients, the weighted kappa relations were ranked “moderate”. The weighted 

kappa values for the studied micronutrients ranged between 0.353 for beta carotene (fair 

agreement) to 0.565 for potassium (moderate agreement).  

Also, for reproducibility, the percent of individuals correctly classified into the 

same and adjacent tertile varied from 73.6% (total fat %) to as high as 100% (protein 

intake). As for the micronutrients, the same and adjacent percent agreement ranged 

from 80.91 % for alpha-carotene
 
(μg) to 93.64% for both potassium and phosphorous. 

For most nutrients, the FFQ was able to correctly classify subjects into the same and 

adjacent tertile greater than 73.6 % of the time. 
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Table 4.6. Values of Agreement between the Two Methods (FFQ-1 and FFQ-2) As 

Measured by the Weighted Kappa Statistic and Same and Adjacent Percent 

Agreement Results for Energy and Nutrients Intake for Comparative Reliability. 

 

Nutrients Weighted 

kappa 

Confidence 

Interval 

Same and 

Adjacent Percent 

agreement (%) 

Rank* 

Energy (Kcalories) 0.570 (0.475,0.665) 94.55 Moderate 

Protein (%) 0.816 (0.749,0.882) 100 Almost perfect 

Protein (g) 0.546 (0.439,0.652) 91.82 Moderate 

Carbohydrate
 
(%) 0.249 (0.111,0.387) 76.36 Fair 

Carbohydrate
 
(g) 0.531 (0.421,0.641) 90.91 Moderate 

Fat, Total
 
(%) 0.293 (0.164,0.422) 73.6 Fair 

Fat, Total
 
(g) 0.487 (0.376,0.599) 90 Moderate 

Cholesterol
 
(%) 0.316 (0.190,0.442) 80 Fair 

Cholesterol
 
(mg) 0.446 (0.323,0.569) 85.45 Moderate 

Saturated Fat
 
(%) 0.301 (0.164,0.438) 80 Fair 

Saturated Fat
 
(g) 0.560 (0.460,0.661) 95.45 Moderate 

Monounsaturated Fat
 
(%) 0.321 (0.194,0.447) 81.82 Fair 

Monounsaturated Fat
 
(g) 0.472 (0.365,0.580) 90.00 Moderate 

Polyunsaturated Fat
 
(%) 0.291 (0.167,0.416) 80.91 Fair 

Polyunsaturated Fat
 
(g) 0.399 (0.274,0.525) 81.82 Fair 

Dietary Fiber, Total
 
(g) 0.516 (0.402,0.631) 87.27 Moderate 

Sugar, Total
 
(%) 0.368 (0.236,0.499) 81.82 Fair 

Sugar, Total
 
(g) 0.563 (0.452,0.673) 90.00 Moderate 

Sodium
 
(mg) 0.502 (0.399,0.605) 91.82 Moderate 

Potassium
 
(mg) 0.565 (0.465,0.666) 93.64 Moderate 

Vitamin A (RE) 0.389 (0.263,0.516) 83.64 Fair 

Beta-Carotene
 
(μg) 0.353 (0.232,0.474) 83.64 Fair 

Alpha-Carotene
 
(μg) 0.370 (0.246,0.493) 80.91 Fair 

Vitamin C
 
(mg) 0.494 (0.378,0.611)  87.27 Moderate 

Calcium
 
(mg) 0.457 (0.333,0.580) 85.45 Moderate 

Iron
 
(mg) 0.471 (0.362,0.580)  90.00 Moderate 

Vitamin D
 
(μg)     0.486 (0.367,0.604) 89.09 Moderate 

Alpha-Tocopherol
 
(mg) 0.372 (0.251,0.493) 83.64 Fair 

Thiamin
 
(mg) 0.522 (0.413,0.631) 90.00 Moderate 

Riboflavin
 
(mg) 0.466 (0.358,0.574) 91.82 Moderate 

Niacin (mg) 0.413 (0.303,0.524) 90.00 Moderate 

Pyridoxine (Vitamin B6)
 
(mg) 0.505 (0.392,0.619) 90.00 Moderate 

Folate (Total)
 
(μg) 0.471 (0.350,0.592) 85.45 Moderate 

Folate (DFE) 0.442 (0.321,0.563) 85.45 Moderate 

Cobalamin (Vitamin B12)
 
(μg) 0.458 (0.331,0.584) 88.18 Moderate 

Biotin
 
(μg) 0.396 (0.269,0.523) 83.64 Fair 

Phosphorus
 
(mg) 0.516 (0.412,0.621) 93.64 Moderate 

Magnesium
 
(mg) 0.480 (0.375,0.586) 90.91 Moderate 

Zinc
 
(mg) 0.495 (0.385,0.605) 88.18 Moderate 

Manganese
 
(mg) 0.461 (0.338,0.583) 83.64 Moderate 

*(Landis & Koch, 1977) 
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CHAPTER V 

DISCUSSION 

 

A. Major Findings of the Study 

To our knowledge, the present study presents the first Arabic FFQ to be 

validated among Lebanese adults. The use of this FFQ will assist in the assessment of 

adult Lebanese dietary intake in epidemiological studies and will aid in the 

understanding of the diet-disease link (Shim et al., 2014). The validity of this FFQ was 

assessed by comparing it to 8-12 MPRs in a sample of Lebanese adults and its 

reproducibility was evaluated through the administration of the FFQ to the same 

subjects twice during an interval of one year. The results suggested that this FFQ which 

was tailored to assess the intake of Lebanese adults is both valid and reliable. Being 

validated in the same population it was intended to be used in renders the greatest 

chance for valid and reliable findings (Sharma, 2011; Teufel, 1997). The major finding 

of this study is that the developed FFQ is a valid and reliable tool for assessing energy, 

macronutrients and numerous micronutrients in Lebanese adult population. 

 

B. Major Findings on Validity of the FFQ 

To assess the FFQ validity, the mean differences between intake of energy, 

macronutrients, and micronutrients were compared between the FFQ and the mean of 8-

12 MPRs. Spearman‟s correlation coefficients and Bland-Altman statistics and plots 

were also obtained to evaluate the FFQ validity. 

It is well known that when compared to 24-HRs and dietary records, FFQs have 
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the tendency to overestimate nutrient intake (Kabagambe et al., 2001; Rimm et al., 

1992). In the present study‟s FFQ, energy intake was overestimated by 790896 kcalories 

(Table 4.2). All macronutrients were overestimated with a wide range between 82.12 % 

and 2.4% for total fat and protein intake respectively. Among the energy and 

macronutrients intake, only cholesterol and saturated fat intake were underestimated by 

the FFQ when compared with the mean of the 8-12 MPRs. As for overestimated 

micronutrients, which were 17/22 studied micronutrients, vitamin C was overestimated 

by the highest percentage of 254.76% while calcium was the least overestimated by 

4.5% (Table 4.2).  

As aforementioned, FFQs are known to provide estimates higher than the 

reference method which makes the overestimation of this study and those in literature 

predictable. The overestimation reflected by FFQs when compared to dietary recalls 

might be due to potential underestimation of dietary recall and to potential 

misjudgement by FFQ brought about the long period of recall of the FFQ which is 

usually one year (Fernández-Ballart et al., 2010). Such an overestimation might also be 

due to the large number of foods listed under each food group in the FFQ and due to 

inaccurate reporting of consumption frequency and/or the amount of foods commonly 

consumed (Bohlscheid-Thomas, Hoting, Boeing, & Wahrendorf, 1997; Hunter et al., 

1988). This tendency of overestimation of the FFQ was also noticed in most of the 

validation studies in literature shown in Table 5.1 (Araujo et al., 2010; Athanasiadou et 

al., 2016; Bautista et al., 2005; Bijani et al., 2018; Collins et al., 2014; Fumagalli et al., 

2008; Gunes et al., 2015; Hebert et al., 1999; Jackson et al., 2001; Knudsen et al., 2016; 

Steinemann et al., 2017; Torheim et al., 2001; Watson et al., 2009; Yuan et al., 2017). 

Results also showed that few nutrients assessed were underestimated by the FFQ 
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extrapolations when compared to the MPRs. For the macronutrients, only cholesterol 

(%) and saturated fat intake were underestimated of those of the MPRs by 1% and 12.55 

% respectively. More variations were noticed with micronutrients with underestimation 

ranging from -0.78 % for riboflavin to 143.69 % for alfa-carotene. Micronutrients on 

average were underestimated by 35.05% and they were namely vitamin A (RE), 

sodium, beta-carotene, alpha-carotene, riboflavin, niacin and cobalamin. 

To describe the strength and direction of the correlation between FFQ estimates 

for energy and the selected nutrients and those of the MPRs, Spearman‟s correlation 

coefficients were obtained (Table 4.2). It is suggested that correlation need to be at least 

0.3 or 0.4 to detect associations between diet and disease (Janet Cade et al., 2002). In 

the present study, results showed that the Spearman‟s correlation coefficients between 

the FFQ and the mean of the MPRs ranged between 0.24 and 0.70 with an overall 

average of 0.52. The average of the correlations for the energy and macronutrients was 

0.52 and for the assessed micronutrients was 0.51. More specifically, Spearman‟s 

correlation coefficients were 0.37 for percent saturated fat intake and 0.70 for percent 

total energy intake. The extreme results for micronutrients were close to those of the 

macronutrients, 0.24 for alfa carotene and 0.67 for sodium (Table 4.3). The Spearman‟s 

correlation coefficients were all positive and above 0.24 which suggests an overall 

positive moderate correlation between the FFQ and the mean of the MPRs.  

According to Bland and Altman (1986), it is not ideal to use correlation 

coefficients to analyze agreement between methods. Correlation coefficients measure 

the strength of a relation between two variables rather than the actual agreement 

between them. For instance, if the intake of a nutrient from one measurement is double 

that of its intake from the other measurement; this would result in a high correlation 
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coefficient and a strong relation between the two methods. However, the two methods 

might poorly agree in assessing the intake of this nutrient. Correlations show the 

relation between methods, and it is less likely that two methods measuring the same 

aspect not be related (Bland & Altman, 1986). In the present study, the FFQ was 

designed to quantify the absolute level of intake, which cannot be accomplished by 

correlations, rather than to rank individuals according to nutrient intake which makes 

using correlations inadequate.  

Besides mean difference and correlations, Bland-Altman‟s method was applied 

to data in the present study to summarize the difference between energy and nutrients‟ 

intake across a range of intake and provide a measure of the average relative to the 

difference of energy and nutrients‟ intake between the FFQ and the mean of the MPRs 

(Appendix IX). This enabled to identify whether the developed FFQ presented errors 

(over or under-estimations) and whether these errors appeared at different levels of 

intake (Bland & Altman, 1986). In the Bland-Altman plots, linear regression analysis 

revealed a significant upward trend of the difference between the estimates of FFQ-2 

and the mean of MPRs as related to intake of energy and all studied nutrients except for 

those of beta-carotene, alpha-carotene, riboflavin, niacin, vitamin D and manganese 

(Appendix IX). This implies that at lower levels of intake of energy and nutrients 

(except for beta-carotene, alpha-carotene, riboflavin, niacin, vitamin D and manganese), 

the estimates of FFQ better agreed with those of the mean of MPRs as compared with 

higher intake. Extreme or outlying observations are also shown by the Bland-Altman 

plots and they were checked among energy and nutrients to examine whether it is the 

same subject. The checking revealed heterogeneity in the subjects‟ that outliers 

pertained to.  
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Bland-Altman plots of energy and several nutrients are included in Fig. 4.1. It 

was noticed that the regression line showed upward trend for energy, protein, 

carbohydrates, fats, sugar, vitamin C, iron, alpha tocopherol, and dietary fiber indicating 

better agreement between the FFQ and the MPRs‟ estimates at lower intake levels than 

at higher intake (Fig. 4.1). In other words, at higher intake of energy, protein, 

carbohydrates, fats, sugar, vitamin C, iron, alpha tocopherol, and dietary fiber (from 

MPRs), the FFQ tends to overestimate intake. Nevertheless, most of the values lie 

between the 95% LoAs and close to the bias line i.e. mean difference horizontal line, 

implying a low magnitude of error in the FFQ‟s estimation. Similar results were 

observed for the other assessed nutrients which indicated an overestimation trend by the 

FFQ (Appendix IX) 

Besides the plots for the entire study population, the figures in Appendix X 

show the plots for the population stratified by gender. The plots show differences in 

agreement between females and males as related to the intake of only few nutrients 

mainly protein, cholesterol, and sodium where the regression lines show an upward 

trend for males and a downward trend for females. This suggests that at higher protein, 

cholesterol and sodium intake there is a sizable fraction of the male participants, 

contrary to females, who overestimated protein, cholesterol and sodium intake on FFQ-

2 relative to the mean of the MPRs (Appendix IX). Knowing that there is no significant 

difference between the number of MPRs completed by males and females, comparing 

the plots of the study population stratified by gender for energy and most of the 

nutrients assessed, the regression lines‟ direction, the distribution of the values around 

the bias line and between the 95% LoAs (most values lied between the LoAs), were 

very comparable between females and males (Appendix X).  
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This general overestimation of the FFQ revealed by the Bland-Altman plots 

coincides with the results of the mean difference. The Bland-Altman plots point to 

relevant comparability of estimates of energy and nutrients obtained by the FFQ and 

those from repeated MPRs which would unlikely cause systematic biases (Appendix 

IX). 

 

1. Comparison with other validation studies 

Several studies have validated FFQs for use in adult populations in many 

countries worldwide. Comparing validity across studies between the test FFQ and the 

gold standard is not an easy task due to the presence of differences in study populations, 

methodologies, nutrient analysis data and between-individual variations. Table 5.1 

presents a comparison between the present study‟s findings and those of other FFQ 

validation studies.  Most of the published FFQ validation studies included in Table 5.1 

observed correlation coefficients in the association between the test FFQ and the gold 

standard (s) of 0.20-0.77 (Araujo et al., 2010; Athanasiadou et al., 2016; Bautista et al., 

2005; Bijani et al., 2018; Gunes et al., 2015; Hebert et al., 1999; Jackson et al., 2001; 

Malekshah et al., 2006; Sichieri & Everhart, 1998; Steinemann et al., 2017; Torheim et 

al., 2001).  Fumagalli et al. and Watson et al. observed correlation coefficients as low as 

0.021 (fiber) and 0.09 (retinol) respectively as shown in Table 5.1 (Fumagalli et al., 

2008; Watson et al., 2009).  

As for the reference methods used to validate the test FFQs, the present study 

and 15 out of the 16 studies included in Table 5.1 assessed the relative validity of the 

test FFQ by comparing it to only one kind of subjective dietary assessment method. i.e. 

either regular DRs, weighed intake registry or 24-HRs. Of the 16 presented studies, 
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eight used 24-HRs as a gold standard to validate their FFQs. Five of the studies used 

DR and the remaining used weighed intake registry (Table 5.1). Yuan et al. used either 

DR or 24-HR as gold standards and the results showed that Spearman‟s correlation 

coefficients after adjusting for within-person variations were 0.63 for the DR and 0.62 

for the 24-HRs which are almost the same for both dietary assessment methods (Yuan et 

al., 2017).  

When compared to Bautista et al., the study with the highest correlation 

coefficients (0.46-0.71) among the assessed studies that used DR or weighed registry 

intake as reference methods in Table 5.1, the present study‟s findings showed higher 

correlation coefficients for magnesium, iron and thiamin (Bautista et al., 2005). Also, 

this study had higher correlation coefficients than most of the validation studies that 

compared their test FFQs to DRs or weight intake registries (Table 5.1).  

As for the 8 studies that used 24-HR as a reference method to validate the test 

FFQs, only two studies, Jackson et al. and Malekshah et al.; used 12 24-HRs while the 

remaining six studies used only six 24-HRs. Knowing that the present study‟s 

participants completed 8-12 24-HRs, gives an added value to the study design. 

Furthermore, when comparing the correlation coefficients of this study (0.24-0.70) to 

the validation studies that used 24-HR as a reference method, it was noticed that they 

were higher than those in three of the studies, namely Gunes et al., Malekshah et al. and 

Sicheiri et al. and approximate to those of the other studies (Table 5.1). Moreover, 

Hebert et al. study which used 24-HR as a reference method and which observed the 

highest Spearman‟s correlation coefficients (0.45-0.90) among the studies shown in 

Table 5.1 obtained less correlation that the present study as related to intake of both 

fiber (0.55 vs 0.61) and vitamin C  (0.45 vs 0.564) (Hebert et al., 1999).  
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Therefore, compared with other validation studies of varying methods and 

results, the present study‟s results were found to be similar to those from validation 

studies that utilized either food records or 24 hour recalls as the reference method.  

 

C. Findings on the Reliability of the FFQ  

The FFQ was administered a second time, one year after the first administration, 

to the same subjects to test for the FFQ‟s reproducibility. The time interval separating 

the two administrations was chosen to be no longer than one year so that to minimize 

potential temporal changes in subject‟s dietary intake and at the same time not too short 

to avoid participants recalling the answers of the first FFQ-1 when completing FFQ-2. 

ICC coefficients and kappa test were used to assess FFQ reliability. The ICC 

coefficients obtained from this study ranged between 0.37 and 0.85 for macronutrients 

and between 0.31 and 1.00 for micronutrients. ICC coefficients for energy and all 

nutrients were greater than 0.5 except for protein %, cholesterol %, beta-carotene, 

alpha-carotene, and cobalamin; which indicates high repeatability of the FFQ as the 

minimum correlation for an assessment tool to be considered reproducible is 0.5 (Table 

4.5) (Janet Cade et al., 2002). 

As shown in Table 5.1, the present validation study‟s ICC coefficients are 

comparable with those of most of studies that assessed FFQs‟ reproducibility 

(Athanasiadou et al., 2016; Collins et al., 2014; Hebert et al., 1999; Jackson et al., 

2001). 

To further assess the FFQ‟s reliability, the weighted kappa was calculated, and it 

is valuable in this analysis since unlike the ICC it gives a single value to represent 

agreement and adjusts for chance agreement and the degree of disagreement (Masson et 
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al., 2003). The weighted kappa observed from the present study ranged from fair to 

almost perfect agreement for macronutrients and from fair to moderate agreement for 

micronutrients with more than half of the overall nutrients having moderate agreement 

in FFQ-1 and FFQ-2 (Table 4.6)  When comparing the present study FFQ‟s reliability 

with a recent FFQ that was tested for reliability by Athanasiadou et al. (2016), the 

former‟s weighted kappa values were higher for protein, total fat, cholesterol, potassium 

and manganese and comparable for the rest of the assessed nutrients (Athanasiadou et 

al., 2016). 

As for the FFQ‟s ability to correctly classify individuals into the same and 

adjacent tertile, it correctly classified subjects into the same and adjacent tertile greater 

than 73.6 % of the time and more than 90% of the time for energy and the following 

nutrients: energy, protein, carbohydrates, total fat, saturated fat, monounsaturated fat, 

total sugar, sodium, potassium, iron, thiamin, riboflavin, niacin, pyridoxine, 

phosphorous, and magnesium (Table 4.6). The high values of percent agreement 

indicate significant agreement between the estimates of the FFQ and the mean of the 8-

12 MPRs.  

The nutrients that were with exceptionally poor agreement between the FFQ and 

the mean of MPRs and the two administrations of the FFQ in the present study; mainly 

cobalamin, vitamin A, alpha-carotene and beta-carotene were not consistently reported 

to stand out in other validation studies in literature (Athanasiadou et al., 2016; Collins et 

al., 2014; Hebert et al., 1999; Jackson et al., 2001). 
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In brief, the findings of this study suggested that this FFQ is valid and 

reproducible in ranking the energy and most nutrients intake of Lebanese adults and in 

reflecting their consumption among this population. 

 

Table 5.1. Comparing Methodology and Correlation Ranges of Published FFQs 

Validated by Energy, Macronutrients and Micronutrients. 

 

A
u

th
o

r 

C
o

u
n

tr
y
 Study 

population 

Dietary 

assessment 

Parameters used Main findings The present 

study’s main 

findings 

A
ra

u
jo

 e
t 

a
l.

, 

2
0

1
0
 

B
ra

zi
l 

169 

adolescent

s from 

Rio de 

Janeiro, 

Brazil 

FFQ vs 3 

DR (2 

weekdays 

and 1 

weekend) 

 Pearson 

correlation 

coefficients 

 Weighted kappa 

 Bland-Altman 

method 

 Pearson correlation 

coefficients: 0.33 to 

0.46 

 Weighted kappa: 

0.28 to 0.44 

Spearman‟s 

correlation 

coefficients: 

0.24-0.70  

 

Bland-

Altman 

LoAs and 

plots 

 

ICC:  

0.31-1.00 

 

Weighted 

kappa 

statistic: 

0.25-0.82 

 

 

A
th

a
n

a
si

a
d

o
u

 e
t 

a
l.

 2
0
1
6
 

G
re

ec
e 

179 

pregnant 

women 

FFQ vs two 

24-HRs  
 Cohen‟s d 

 Pearson 

correlation 

coefficients 

 Weighted kappa 

 Bland-Altman 

 ICC  

 Cohen‟s d: 

Below 0.3 

 Pearson correlation 

coefficients: 

0.30-0.77 

 Weighted kappa: 

0.31-0.78 

 ICC:  

0.49-0.89 

B
a
u

ti
st

a
 e

t 
a
l.

 

2
0
0
5
 

C
o
lo

m
b
ia

 

97 20–40-

year-old 

subjects 

 

 

 

FFQ vs 7 

weighed 

intake 

registry 

 Spearman‟s rank 

correlation 

coefficients 

 

 Bland-Altman‟s 

LoA 

 

 Spearman‟s rank 

correlation 

coefficients: 

0.46 - 0.71  

 Bland- Altman‟s 

LoA: 

      45% - 165% 

B
ij

a
n

i 
et

 a
l.

 2
0

1
8
 

Ir
an

 

200 men 

and 

women 

aged 60 

years and 

older 

 

 

FFQ vs two 

24-HRs 
 Pearson‟s 

correlation 

coefficients for 

nutrients 

 Bland-Altman 

plots 

 Pitman‟s tests 

 Pearson correlation 

coefficients: 0.21 - 

0.53 (males)  

0.26 - 0.71 (females). 



61 

C
o

ll
in

s 
et

 a
l.

 

2
0

1
3
 

A
u
st

ra
li

a 
97 

Australian 

adults 

FFQ vs 3 

day weighed 

DR 

 ICC  ICC: 0.14-0.7 

F
u

m
a

g
a
ll

i 
 

et
 a

l.
 2

0
0

8
 

B
ra

zi
l 

151 public 

school 

healthy 

children 

aged 5- 10 

years  

FFQ and a 3 

day DR 
 Pearson‟s 

correlation 

coefficients 

 Kappa statistic 

 Pearson‟s correlation 

coefficients:  0.021-

0.69 

 Kappa statistic: 

0.046-0.285 

G
u

n
es

 a
t 

a
l.

 2
0
1

5
 

T
u
rk

ey
 

120 

Caucasian 

adults 

aged 30-

70 years 

FFQ vs four 

24-HRs 
 Pearson 

correlation 

 Attenuation 

coefficient 

 Measures of 

agreement  

 Weighted kappa 

statistics  

 Bland-Altman 

plots 

 Pearson correlation: 

0.20-0.47 

 Attenuation 

coefficient:0.044-

0.611 

 Weighted kappa 

statistics: 0.4-0.6  

H
eb

er
t 

et
 a

l.
 1

9
9
8
 

In
d
ia

 

60 Indian 

adults 

FFQ vs six 

24-HRs 
 Spearman‟s 

coefficient:  

 ICC 

 Pearson correlation: 

0.50-0.77 

 Spearman‟s rank 

correlation 

coefficients: 

0.45 - 0.90  

 ICC: 0.73-0.75 

J
a
ck

so
n

 e
t 

a
l.

 2
0
0
1
 

Ja
m

ai
ca

 73 adults 

 

 

 

FFQ vs 12 

24-HRs 
 Pearson‟s 

correlations 

coefficients 

 ICC 

 Pearson‟s 

correlations 

coefficients: 0.42-

0.71 

 ICC: 0.42-0.69 

 

 

K
n

u
d

se
n

 e
t 

a
l.

 

2
0

1
5
 

 
D

en
m

ar
k

 

97 

pregnant 

women 

aged 20-

42 years 

 

 

FFQ vs 4-

day DR 

 

 

 Pearson‟s 

correlation 

coefficients 

 De-attenuated 

coefficients 

 Bland-Altman 

plots 

 Pearson‟s 

correlations 

coefficients: 0.08-

0.63 

 De-attenuated 

coefficients: 0.13-

0.93 

M
a

le
k

sh
a

h
 

et
 a

l.
 2

0
0

6
 

Ir
an

 

131 

subjects 

aged 35-

65 years 

FFQ vs 12 

24-HRs 
 Pearson‟s 

correlation 

coefficients 

 Pearson‟s correlation 

coefficients :0.27-

0.59 
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S
ic

h
ei

ri
 e

t 
a

l.
 1

9
9

8
 

B
ra

zi
l 

88 staff 

and 

faculty 

members 

at the 

State 

University 

of Rio de 

Janeiro 

FFQ vs four 

24- HRs 
 Pearson‟s 

correlation 

coefficients 

 Pearson‟s correlation 

coefficients :0.18-

0.55 

S
te

in
em

a
n

n
 e

t 
a

l.
 

2
0

1
7
 

S
w

it
ze

rl
an

d
 

Fifty-six 

participan

ts  

 

 

 

 

FFQ vs 4-

day weighed 

food record  

 Spearman‟s 

correlation 

 Bland–Altman 

analysis  

 Wilcoxon rank 

sum tests  

 Spearman‟s 

correlation: 0.27 - 

0.55  

 

T
o
rh

ei
m

 e
t 

a
l.

 

2
0
0
1
 

M
al

i 

75 

participan

ts from a 

rural 

region in 

Western 

Mali 

FFQ vs 2-

day 

combined 

weighed and 

recalled DR 

 Spearman‟s 

correlation 

 Bland–Altman 

analysis  

 Wilcoxon rank 

sum tests 

 Median Spearman‟s 

correlation 

coefficient: 0.40 

Y
u

a
n

 e
t 

a
l.

 2
0
1
7
 

U
n
it

ed
 S

ta
te

s 
o
f 

A
m

er
ic

a 

796 

American 

females 

aged 45-

80 years 

FFQ vs two 

7-day 

dietary 

records 

(7DDRs) or 

up to 4 

automated 

self-

administered 

24-hour 

recalls 

(ASA24s) 

 Spearman‟s 

correlation 

coefficients 

 Spearman‟s 

correlation 

coefficients for FFQ 

vs 7DDRs:  mean 

0.53 

 Spearman‟s 

correlation 

coefficients for FFQ 

vs ASA24s: 0.43 

 Spearman‟s 

correlation 

coefficients after 

adjusting for within-

person variations: 

7DDRs (mean r = 

0.63) and ASA24s 

(mean r = 0.62)  
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W
a

ts
o

n
 e

t 
a

l.
 2

0
0

9
 

A
u
st

ra
li

a 
101 

students 

aged 9-

16 years 

FFQ vs four 

one-day 

assisted DR  

 

 

 Spearman‟s and 

Pearson 

Correlations  

 Weighed Kappa 

statistics 

 Bland-Altman 

plots 

 

 Pearson correlation: 

0.13- 0.37 

 Spearman‟s 

correlation 

coefficients: 0.09 - 

0.35 

 Weighed Kappa 

statistics: 0.09 

(retinol) showing 

'slight' agreement, to 

0.36 (iron) 

 

 

 

D. Strengths, Limitations, and Potential Biases 

1. Strengths of the Study 

Several strengths of this study need to be noted. First, it comprised 8 to 12 

MPRs administered over a period of 12 months; 3 recalls per season with two weekdays 

and one weekend for each season. This attenuated the daily and seasonal variations in 

our study population and rendered the results more representative of usual intake of the 

Lebanese adult population. Also, the number of 24-HRs completed is among the highest 

when comparing this study to other validation studies that used 24-HR as gold standard 

for validation (Table 5.1). Second, the FFQs and the MPRs were all performed by 

trained interviewers who are licensed dietitians which not only ensured adequate 

completion of the dietary assessment forms, but also assisted participants understand the 

process and reduced the misinterpretation of portion size intake and frequencies. Third, 

to aid subjects accurately quantify their dietary consumption; standardized portion sizes 

or 2 D food portion visual charts were utilized. Fourth, the multiple pass recall approach 

was used in completing the 24-HRs which may have helped reduce the limitations of 

using 24-HRs as a reference method (Moshfegh et al., 2008; Raper et al., 2004). 
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2. Limitations of the Study 

The results of this study ought to be considered in light of a few limitations. It is 

important that the errors pertinent to the method being validated and the reference 

method be as independent from each other as possible (Knudsen et al., 2016). In the 

present study, the FFQ was validated by comparing it to 24-HRs which both share 

memory as a potential measurement error. The gold standard for validating FFQ is DRs 

since the latter does not depend on memory contrary to FFQs and 24-HRs. Hence, when 

compared with DRs, 24-HR cannot assess the exact validity and relative validity of a 

FFQ. However, previous attempts in epidemiological studies that were conducted in 

Lebanon have failed to use DRs as a reference method. This is due to that DRs require 

high literacy and high motivation which was faced with many obstacles in the Lebanese 

context. Since the gold standard should be culture-specific, the 24-HR was used as a 

reference method instead of DRs. This limitation was minimized by using the MPR 

approach which can dilute the memory bias since it uses the five probing stages. 

Since the study was administered on a sample of adults mostly pertaining to 

higher academic level who would generally understand the charts used in data 

collection better than those of lower educational level and would tend to be more 

nutritionally aware which might have elevated the chance for increased validity and 

reliability results in the study sample.  

Furthermore, the present validation study lacks a reference measure that is 

independent of self-reported intake unlike the case of 24-HR. An example of such an 

ideal reference to use in further examining the validity of the FFQ is a biomarker of 

dietary intake (Steinemann et al., 2017). Nonetheless, wider aspects of dietary intake 
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have no corresponding biomarkers to reflect them and using biomarkers to validate 

dietary assessment methods is costly (Knudsen et al., 2016).  

Another limitation is the use of USDA‟s food and nutrient database as the 

primary reference database for analysing portion sizes. This was due to the lack of food 

composition data that is specific to Lebanese food composition databases. However, a 

food composition table specifically developed for Middle Eastern foods was used for 

analysis of traditional Lebanese dishes (Pellet & Shadarevian, 1970). 

The observed moderate agreement between FFQ-2 and the mean of MPRs may 

be brought about by the following potential limitations: errors in estimation of portion 

size, the high day-to-day variability of dietary intake and limitations of recall ability (M. 

B. E. Livingstone, Robson, & Wallace, 2004). 

 

3. Potential Biases in the Study and Ways Adopted to Minimize them 

Considering the above limitations, some potential biases might be present which 

might affect the internal validity of the study. At the data collection level, the main 

biases that might be present are recall, memory, social desirability, and study effect 

biases. The main recall biases that this study might entail are overweight subjects 

tending to underestimate their dietary intake and subjects pertinent to lower 

socioeconomic status (SES) tending to over-report their intake mainly that of relatively 

expensive food like meat products. These potential recall biases were minimized by 

training the interviewers not to drill on answers and avoid asking leading questions. As 

for memory bias, it might be present in retrospective dietary assessment tools like FFQs 

and 24-HRs which were both used in this study. This bias was minimized by giving the 

interviewees sufficient time for adequate recall especially of long term memory as is the 
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case with FFQs completion. In addition, interviewers were thoroughly trained not to 

give any judgmental attitude throughout the interview which helped minimize social 

desirability bias of potentially giving answers that are perceived as desirable.  

To minimize the study effect bias of changing dietary intake secondary to 

awareness of interview on the following day, the study subjects were not notified ahead 

of time of the exact day of the follow up and were contacted on the same day of the 

interview. 

, data entry errors were minimized by extensively training At the data entry level

the interviewers on data entry programs used, i.e. Microsoft Access and Nutritionist 

Pro, and biases were minimized by random checking of the data entry.  
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CHAPTER VI 

CONCLUSION AND RECOMMENDATIONS 

 

To our knowledge, this study is the first to validate a semi-quantitative FFQ 

developed to measure the energy and nutrients‟ intake among Lebanese adults. The 

present study‟s findings suggest that the 94-item FFQ developed in AUB Nutrition and 

Dietetics department provides valid and reliable measurements of habitual intake for 

energy, macronutrients, and most of the micronutrients studied among Lebanese adults 

aged 18-65 years over a period of one year. This suggests the appropriateness of using 

this FFQ for assessing the dietary patterns of Lebanese adults and ranking their energy 

and nutrients‟ intake in epidemiological studies. However, while this FFQ was valid for 

the overall dietary assessment of Lebanese adults; it had a limited capability to capture 

the specific intake of certain micronutrients. This coincides with Willet‟s conclusion 

that obtaining a valid assessment of some micronutrients requires a nutrient-specific 

food frequency questionnaire (W Willett, 1998). As for repeatability, this study‟s results 

point to a generally moderate reliability of the developed FFQ for the assessment of 

energy and the selected nutrients‟ intake. The obtained correlation ranges for validity 

(Spearman‟s correlation coefficients) and reliability (ICC) resembled those reported by 

other studies that validated FFQs specific to other populations (Table 5.1). 

This culture-specific validated questionnaire will not only be a useful instrument 

for assessing dietary intake of Lebanese adults but will also serve as a resource that can 

be utilized by researchers of countries of geographical and cultural proximity to 

Lebanon. This FFQ is a relatively uncostly instrument that can be utilized in 
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investigating diet–disease associations, characterizing dietary patterns and intake, 

informing and evaluating nutrition interventions and conducting cross-country 

comparison studies. Since this FFQ can measure long-term dietary intake of the 

Lebanese adult population, this allows researchers to conduct studies that help track 

dietary changes among this population over time and to monitor nutrition transitions. 

The data from such studies can serve as guidelines for Lebanese policy makers to 

develop and implement policies that aid in the improvement of several dietary aspects 

pertinent to the Lebanese adult population.  

As for future studies, the present study‟s results suggest the need for developing 

and validating micronutrient-specific FFQs for those micronutrients that are of special 

concern to Lebanese adults‟ well-being such as calcium, dietary vitamin D, iron. In 

addition, future research ought to include designing and validating a FFQ specific to the 

Lebanese older adults aged 65 years and above where findings of a recent cross-

sectional study suggest the presence of statistically significant poor nutritional status 

among a sizable fraction of elderly Lebanese assessed by the Mini Nutritional 

Assessment (MNA) (HALLIT, SALAMEH, & BOULOS, 2018). 
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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)  
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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) 
 

 



96 

APPENDIX IX 

BLAND ALTMAN PLOTS

Fig.1. Bland-Altman plot of energy 

intake as predicted by the FFQ-2 and 

mean of 8-12 MPRs 

 

 
 

 

 

Fig.2. Bland-Altman plot of percent 

protein intake as predicted by the 

FFQ-2 and mean of 8-12 MPRs 

 

 

Fig.3. Bland-Altman plot of protein 

intake as predicted by the FFQ-2 and 

mean of 8-12 MPRs 

 

 

 
 

 

 

 

Fig.4. Bland-Altman plot of percent 

carbohydrate intake as predicted by 

the FFQ-2 and mean of  8-12 MPRs 
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Fig.5. Bland-Altman plot of 

carbohydrate intake as predicted by 

the FFQ-2 and mean of 8-12 MPRs 

 

 
 

 

 

Fig.6. Bland-Altman plot of percent 

fat intake as predicted by the FFQ-2 

and mean of 8-12 MPRs 

 

 

 

Fig.7. Bland-Altman plot of fat intake 

as predicted by the FFQ-2 and mean 

of 8-12 MPRs 

 

 
 

 

 

Fig.8. Bland-Altman plot of percent 

cholesterol intake as predicted by the 

FFQ-2 and mean of  8-12 MPRs 
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Fig.9. Bland-Altman plot of 

cholesterol intake as predicted by the 

FFQ-2 and mean of  8-12 MPRs 

 

 
 

 

 

Fig.10. Bland-Altman plot of percent 

saturated fat  intake as predicted by 

the FFQ-2 and mean of 8-12 MPRs 

 

 

 
 

 

Fig.11. Bland-Altman plot of 

saturated fat intake as predicted by 

the FFQ-2 and mean of  8-12 MPRs 

 

 

 
 

 

Fig.12. Bland-Altman plot of percent 

monounsaturated fat intake as 

predicted by the FFQ-2 and mean of  

8-12 MPRs 

 

 
 

 



99 

Fig.13. Bland-Altman plot of 

monounsaturated fat intake as 

predicted by the FFQ-2 and mean of  

8-12 MPRs 

 

 

 

 

 

Fig.14. Bland-Altman plot of percent 

polyunsaturated fat intake as 

predicted by the FFQ-2 and mean of  

8-12 MPRs 

 

 
 

Fig.15. Bland-Altman plot of 

polyunsaturated fat intake as 

predicted by the FFQ-2 and mean of  

8-12 MPRs 

 

 
 

 

 
Fig.16. Bland-Altman plot of sodium 

intake as predicted by the FFQ-2 and 

mean of  8-12 MPRs 
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Fig.17. Bland-Altman plot of 

potassium intake as predicted by the 

FFQ-2 and mean of  8-12 MPRs 

 

 

 
 

 

Fig.18. Bland-Altman plot of vitamin 

A (RE) intake as predicted by the 

FFQ-2 and mean of  8-12 MPRs 

 

 

Fig.20. Bland-Altman plot of beta-

carotene intake as predicted by the 

FFQ-2 and mean of  8-12 MPRs 

 

 
 

Fig.21. Bland-Altman plot of alpha-

carotene intake as predicted by the 

FFQ-2 and mean of 8-12 MPRs 

 

 

 
 
 

Fig.22. Bland-Altman plot of vitamin 

C intake as predicted by the FFQ-2 

and  mean of  8-12 MPRs 

 

 
 

 

 
Fig.23. Bland-Altman plot of calcium 

intake as predicted by the FFQ-2 and 

mean of  8-12 MPRs 
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Fig.24. Bland-Altman plot of iron 

intake as predicted by the FFQ-2 and 

mean of  8-12 MPRs 

 

 

 

Fig.25. Bland-Altman plot of vitamin 

D intake as predicted by the FFQ-2 

and mean of  8-12 MPRs 

 

 

 
 

Fig.26. Bland-Altman plot of alpha-

tocopherol intake as predicted by the 

FFQ-2 and mean of  8-12 MPRs 

 

 

Fig.27. Bland-Altman plot of thiamin 

intake as predicted by the FFQ-2 and 

mean of  8-12 MPRs 

 

 
 

Fig.28. Bland-Altman plot of 

riboflavin intake as predicted by the 

FFQ-2 and mean of  8-12 MPRs 

 

 

 
 

Fig.29. Bland-Altman plot of niacin 

intake as predicted by the FFQ-2 and 

mean of 8-12 MPRs 
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Fig.30. Bland-Altman plot of 

pyridoxine intake as predicted by the 

FFQ-2 and mean of 8-12 MPRs 

 

 

 

 

Fig.31. Bland-Altman plot of folate 

(mcg) intake as predicted by the FFQ-

2 and mean of  8-12 MPRs 

 

 

 
 

 

Fig.32. Bland-Altman plot of folate 

(DFE) intake as predicted by the 

FFQ-2 and mean of  8-12 MPRs 

 

 

Fig.33. Bland-Altman plot of 

cobalamin intake as predicted by the 

FFQ-2 and mean of 8-12 MPRs 

 

 

 
 

 

 

Fig.34. Bland-Altman plot of 

phosphorous intake as predicted by 

the FFQ-2 and mean of 8-12 MPRs 

 

 

 
 

Fig.35. Bland-Altman plot of biotin 

intake as predicted by the FFQ-2 and 

mean of  8-12 MPRs 
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Fig.37. Bland-Altman plot of 

magnesium intake as predicted by the 

FFQ-2 and mean of 8-12 MPRs 

 

 
 

 

Fig.38. Bland-Altman plot of zinc 

intake as predicted by the FFQ-2 and 

mean of 8-12 MPRs 

 

 
 

 

Fig.39. Bland-Altman plot of 

manganese intake as predicted by the 

FFQ-2 and mean of 8-12 MPRs 

 

 

 
 

 

 

Fig.40. Bland-Altman plot of dietary 

fiber intake as predicted by the FFQ-2 

and mean of 8-12 MPRs 

 

 
 

Fig.41. Bland-Altman plot of percent 

sugar intake as predicted by the FFQ-

2 and mean of 8-12 MPRs 

 

 

 

Fig.42. Bland-Altman plot of sugar 

intake as predicted by the FFQ-2 and 

mean of 8-12 MPRs 
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APPENDIX X 

BLAND ALTMAN PLOTS STRATIFIED BY GENDER 

Bland Altman for Females            Bland Altman Plots for Males 
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