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The World Health Organization emphasizes the urgency to assess and limit the intake of free sugar (FS) among individuals in order to prevent several non-communicable diseases. However, data regarding intake of FS are lacking in Saudi Arabia and in the Middle East. A reliable valid tool is needed to assess children's habitual intake of FS. Thus, we aimed to develop and validate a food frequency questionnaire (FFQ) that assesses children's habitual intake of FS in Saudi Arabia. In this cross-sectional study, 424 healthy Saudi children ages 6–12 years were included using river sampling method. Sociodemographic data and contact information were collected from mothers using an online survey. Dietary data were collected using 24-h dietary recalls (reference method) and a semi-quantitative FFQ through phone interviews. Items and food groups included in the initial draft of the FFQ were adopted from previous work. Content validity was done to the FFQ with total of 12 food groups and 41 food items. Next, a pilot study was conducted to estimate the sample size needed for the study and to ensure that all items reported in the 24-h dietary recalls were included in the final draft of the FFQ. Finally, data were collected to assess the validity and reliability of the FFQ at the population level. Mean intake of FS assessed by the FFQ was significantly higher than that assessed by the 24-h dietary recalls. Spearman's correlation between total FS assessed by the FFQ and 24-h dietary recall was positively low (rs = 0.30, p < 0.001). The coefficient alpha indicated an acceptable level of internal consistency (α = 0.74, p < 0.001). Test-retest reliability for total FS intake assessed by the FFQ was positively high (rs = 0.82). A slight agreement between FS intake assessed by the FFQ and the 24-h dietary recall was seen among the study sample (κ = 0.21, p < 0.001). The newly developed FFQ was found to be reasonably valid in assessing children's habitual intake of FS in Saudi Arabia. Validating the instrument among older population in Saudi Arabia is warranted.
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INTRODUCTION

The global increase in non-communicable disease epidemics and the documented association with excessive free sugar (FS) consumption had led many countries to establish fiscal policy interventions to limit intake of sugary foods, and it became a global health agenda (1, 2). The impact of excessive free/added sugar intake on health was supported by abundant studies that linked high sugar consumption with overweight (3), dental caries (4), poor dietary quality/intake (5–7), cardiovascular diseases (8), and mortality (9). As an effort to reduce FS consumption among the population, the World Health Organization (WHO) has developed evidence-based guidelines that may further assist policymakers and community programs to reach this goal (10).

The term “free sugar” is used to describe mono- and disaccharides that are naturally present in syrups, honey, and fruit juices, and sugars added to food by consumers or manufacturers, whereas “added sugar” does not include sugar occurring naturally in foods (11, 12). Despite the inconsistences in defining added sugar and FS in research and food labeling, recent recommendations developed by health organizations favors an emphasis on FS due to its impact on health (11). The WHO recommendations include limiting FS intake to <10% and more recently <5% of total energy intake (or <25 grams of FS per day) to prevent excess body weight and tooth decay and to promote overall health (10). This recommendation has been followed by the Saudi Ministry of Health (13). To promote dietary patterns fitting these recommendation, the first step is to assess and monitor FS intake among the populations (10). Assessment of FS intake requires the availability of a validated tool that can be applied in epidemiological studies. Previous studies that attempted to evaluate consumption of FS in Saudi Arabia focused only on certain food items, e.g., sugar sweetened beverages or candies (14–16). Data obtained from such tools cannot provide data regarding total amount of free sugar.

Limiting FS intake among children has been a priority for many intervention programs given that children are one of the most vulnerable groups for excessive sugar intake (17). Another area of concern is that dietary behaviors in childhood may persist into adulthood (18). As such, intervention studies have been devoted to investigate how to promote healthy food choices and dietary habits and limit FS intake effectively among children (19–21). In Saudi Arabia and the Middle East, data regarding intake of FS are lacking. A reliable valid tool is needed to assess children's habitual intake of FS in the region. Thus, the present study aimed to develop a validate a culture-specific food frequency questionnaire (FFQ) to assist in estimating the habitual FS intake among Saudi children.



MATERIALS AND METHODS


Study Design and Population

Saudi healthy children ages 6–12 years were included in this cross-sectional study. Children with food allergy or any chronic disease, siblings of a child whose data were already collected, and children who reside outside of Saudi Arabia were excluded. A pilot sample of 36 children and their mothers was recruited to determine the sample size needed for the present study. Based on the correlation between FS intake from the 24-h dietary recall and from the FFQ (r = 0.31), a minimum of 85 children was needed with alpha = 0.05 and power of 80% (22). Ethical clearance to conduct this study was obtained from the ethical committee of the College of Applied Medical Sciences, Taibah University (certificate# 2020/55/202/CLN). Consent form was obtained via the online survey from all mothers before collecting children's data.



Data Collection

Mothers of children were recruited using river sampling, wherein an online survey was distributed via multiple social media channels, such as WhatsApp, Twitter, and Facebook to collect sociodemographic data (child's age and sex, maternal age and education level, and family income). The online survey was distributed for a duration of 3 months then the data collection was stopped. A text message was sent to all mothers who provided consent for their children to be part of the study to arrange for a phone interview for dietary data collection. The phone interview was conducted by trained dietetic professionals with mothers to collect the dietary data with the presence of the child and the person responsible for child's eating. Dietary data were assessed by 24-h dietary recalls and a semi-quantitative FFQ. During the phone-administered interview, the FFQ was collected followed by the 24-h dietary recall. All mothers received the portion size guide to help them estimate the portion size of foods consumed. The portion size guide included pictures of standardized serving sizes of all food groups (grains, fruits, vegetables, milk and dairy products, meats and alternatives). Pictures of standardized portion sizes of drinks, candies, and sweets were also included in the portion size guide.



24-h Dietary Recalls

The 24-h dietary recall was used as a reference method to assess the intake of FS. Single 24-h dietary recall from all children was collected; two additional 24-h dietary recalls (for non-consecutive days) were collected from a subsample of 165 children (38.9%) to adjust for within-person variation. Mothers were requested to remember and report the food intake of children during the past 24 hours. The data obtained from the 24-h dietary recalls were recorded on paper then entered into the Nutritics software https://www.nutritics.com/p/references (version 5.09, Dublin, Ireland) (data source: Nutritics: Middle East/Arabic-Arabic foods/popular Gulf recipes). The Nutritics software provides data concerning content of FS specifically in addition to total sugar and several other nutrients (macro and micronutrients). When amount of FS was not specified for a local food, quantities of FS were estimated based on standardized recipes that were created in the software. The primary investigators trained the data collection team, validated the ingredients of all recipes before inserting them into the software, and monitored the data collection to ensure quality of the data collected. The dietary data were later imported into an Excel sheet in order to calculate the average of the 3 days obtained from the subsample and to prepare the dietary data of all children to be analyzed.



Development and Validation of the FFQ

The semi-quantitative FFQ was developed to assess the habitual intake of FS. Items of the FFQ were initially adapted from a study that identified the top food sources of added sugar among American children, of which included 17 food groups and 78 food items (17). Content validity was conducted by four experts in the field who provided insight into the FFQ based on diet of the population in Saudi Arabia. Items that are not consumed frequently by Saudis and items that contain low amounts of FS (<5 g of FS in 100 g) were eliminated, including grain drinks, processed meats, and fats/oils. Food items that contain high quantities of FS and were frequently consumed in Saudi Arabia, including chocolate spread, peanut butter, cheesecake, and salad dressings were added into the FFQ. Further, food items that contain FS but were not included in the original FFQ were added to the newly developed FFQ. Similar to the approach used by a Malaysian study to validate a semi-quantitative FFQ (23), we estimated the quantity of FS for each food item included in the FFQ based on standardized portion size to obtain semi-quantitative data. The newly developed semi-quantitative FFQ calculates the quantity of FS from liquid and solid food sources separately as well as the total content of FS (see Table 1). Estimated quantity of FS in each food item was determined using Nutritics software. Portion sizes used in the FFQ were specified based on the standard/mostly used portion sizes of products available in the Saudi market.


Table 1. Food groups, food items, and standard portion size included in the FFQ used to assess the habitual intake of free sugar among Saudi children.
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Next, a pilot sample of 36 children were recruited to ensure that all FS-containing food items reported in the 24-h dietary recalls were listed in the newly developed FFQ. Accordingly, a total of 12 food groups and 41 food items divided into liquid food sources and solid food sources of FS were included in the final version of the FFQ.

The final version of the semi-quantitative FFQ has been later utilized to collect data of children for the present study. During the phone-administered interview, the FFQ was collected followed by the 24-h dietary recall. Firstly, mothers received the portion size guide to help them estimate the portion size of items included in the FFQ. Additionally, a table that includes the frequency response options of the FFQ has been sent to the mothers to ensure accuracy of reporting through showing the response options as follows: per day (once, 2–3 times, 4–5 times, or 6 times or more), per week (once, 2–4 times, or 5–6 times), per month (< once or 1–3 times). Responses to FFQ for each child were recorded on a printed copy of the FFQ then entered into an Excel sheet that calculates the FS content. A separate Excel sheet was used for each child to calculate the total FS intake; the total intake was then inserted in the main Excel sheet that include data for all children. To assess test-retest reliability of the FFQ, data were collected one more time for a subsample of 55 children (13.0%) within 1 month of collecting the first FFQ.



Statistical Analysis

Descriptive data for continuous variables shown in this study are mean ± standard deviation (SD) or median [interquartile range (IQR)], while data for categorical variables are presented as frequency [percentage (%)]. To validate the semi-quantitative FFQ, Spearman's correlation test was conducted to (1) Investigate the correlation between free FS assessed by FFQ and the reference method (24-h dietary recall); (2) to assess the reproducibility of the newly developed FFQ. Children were grouped into quartiles (same quartile, adjacent quartile, and opposite quartile) to test the agreement in ranking children according to estimated FS intake from both methods. Weighted Kappa statistics was used to assess the interrater reliability across the two dietary collection tools. To evaluate internal consistency of items included in the FFQ, Cronbach's alpha test was used. To assess internal consistency of items included in the FFQ, frequency of consumption of each item was coded between 0 to 8. Responses were coded following the criteria: 0 if the response was less than once a month; 1 if the response was 1–3 times a month; 2 if the response was once a week; 3 if the response was 2–4 times a week; 4 if the response was 5–6 times a week; 5 if the response was once a day; 6 if the response was 2–3 times a day; 7 if response was 4–5 times a day; 8 if response was 6 or more a day. The Bland–Altman plot was used to assess the difference in FS intake reported by 24-h dietary recall and the FFQ compared to the mean intake of the two measures. However, a significant difference was observed between the two methods; therefore Bland–Altman plot was not constructed (24). Paired t-test was used to compare the difference between intake of FS assessed by the FFQ and 24-h dietary recall. All tests used in this study were two-tailed with a significant level of 0.05. Statistical Package for Social Sciences (SPSS) version 20 was used to analyze data presented in this study (SPSS, Inc., Chicago, IL, USA).




RESULTS

The final analysis included data of 424 children after excluding children with chronic diseases and allergies (6.68%, n = 36) and children with incomplete dietary data (14.7%, n = 79). Characteristics of children and mothers included in this study are described in Table 2. Proportion of children aged 6–7 years was 34.0% (n = 144); children aged 8–9 years was 29.7% (n = 144); and children aged 10–12 years was 36.3% (n = 154). Approximately half of the study sample were girls (n = 214). Twenty-five percent of mothers had a high-school degree or less (n = 105). Fifty-four percent of mothers reported family income of 10,000 Saudi Riyals (SR) per month or more.


Table 2. Characteristics of the study sample (n = 424).
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Median intake FS assessed by FFQ was 83.5 g/day (58.0–114), while median intake FS assessed by 24-h dietary recall was 42.0 g/day (26.0–60). Mean intake of FS assessed by the FFQ was significantly higher than mean intake of FS assessed by the 24-h dietary recall (94.5 ± 52.8 g/day vs. 44.9 ± 25.7 g/day, respectively, p < 0.05) (see Table 3). The correlation between total FS assessed by the FFQ and the 24-h dietary recall was positively low (rs = 0.30, p < 0.001).


Table 3. Mean difference and Spearman's correlation for free sugar intake obtained using food frequency questionnaire and 24-h dietary recall (n = 424).
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Agreement of quartiles between FFQ and 24-h dietary recall is shown in Table 4. Data indicated that 73.6% (n = 312) of children were classified into the same and adjacent quartiles, whereas 26.4% (n = 112) of children were misclassified. The interrater reliability for the FFQ and the 24-h recalls was found to be κ = 0.21 (95% confidence interval, 0.14–0.28), p < 0.001.


Table 4. Agreement of quartiles for free sugar intake assessed by the food frequency questionnaire and 24-h dietary recalls (n = 424).
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The value of Cronbach's alpha (α = 0.74) suggests good reliability for the FFQ among the study sample. To assess test-retest reliability, Spearman's correlation between FS intake from initial FFQ and repeated FFQ indicated positively high correlation (rs = 0.82, p < 0.001).



DISCUSSION

Mean intake of FS assessed by the FFQ was significantly higher than the mean intake of FS assessed by the 24-h dietary recall. Spearman's correlation between the intake of FS assessed by FFQ and 24-h dietary recall was low. The FFQ demonstrated good internal consistency and high level of test-retest reliability.

Mean intake of FS assessed by the FFQ was 110% higher than the mean intake of FS assessed by the 24-h dietary recall. Significant differences in mean FS intake obtained using the FFQ and the 24-h dietary recalls have been also reported previously, where higher estimates were generally obtained by the FFQ (23, 25). Several possible explanations could attribute to the variation between the data obtained from these two dietary collection methods; One is the multiple food items included in the FFQ, which could help in eliminating memory bias and assist in obtaining more accurate estimates of FS intake (23, 26). In fact, foods that are high in FS are most likely consumed between meals, of which can be more difficult to recall compared to foods consumed in regular meals. Besides, underreporting of empty-caloric foods have been previously documented (27, 28). To properly estimate the habitual intake of a particular nutrient, the number of 24-h dietary recalls should be determined based on the variation of nutrient of interest. Otherwise, intake of the nutrient might not accurately reflect its habitual intake. On the other hand, FFQ can be food/nutrient specific, require less resources, and provide data concerning habitual intake of food/nutrient.

Our data collected using FFQ indicated that children consume 94.5 ± 52.8 g of FS per day, estimated approximately as 19 teaspoons. This excessive intake of FS among Saudi children exceeded the AHA by more than three times. In fact, the WHO and other health organizations strongly recommended assessing and monitoring consumption FS intake among populations. However, to our knowledge, studies that evaluated FS intake among children are limited. Several studies suggested high intake of sugary foods and drinks among Saudi children and reported positive correlations with body mass index and waist circumference in these children (29, 30). Given the high prevalence of obesity and associated poor dietary choices/intake among Saudi children (7, 29, 30), a close attention should be paid to dietary intake of these children and associated factors. This is particularly important for children as the current evidence indicates that dietary behaviors of children may last to adulthood (18).

In epidemiologic studies, the usefulness of the FFQ can be considered superior to the 24-h dietary recalls due to its ability to quantify individuals into categories of nutrient intake (31). The FFQ developed in this study demonstrated a significant but slight agreement between the two dietary tools (32), with 34.7% being correctly classified into the same quartile and 38.9% into the adjacent quartile. Spearman correlation between total FS assessed by the FFQ and the 24-h dietary recall indicated a significantly low positive correlation. A review of 227 FFQ validation studies also showed limited correlations between data of the FFQ and the reference methods, ranging between 0.39 and 0.55 (33). The low correlations observed could be explained by the fact that the FFQs typically aim to assess the habitual/usual intake of certain nutrients, reflecting the consumption over a longer duration compared to data obtained from 24-h dietary recalls. The high variability in misreporting dietary data across individuals has possibly attributed to the low correlation between the two dietary assessment tools. The 24-h dietary recall method can be more biased due to the problem of underreporting, specifically FS foods, most likely because food high in FS are consumed between meals (27, 28), whereas the FFQ allows to allocate these foods using direct questions for better estimation of FS intake.

The FFQ developed in this study features with its ability to estimate the habitual intake of FS among Saudi children. The FFQ included culturally specific food items that are commonly consumed by Saudi children. For future research, energy drinks may be eliminated from the FFQ item list due to the very limited consumption among Saudi children, as opposed to American children who were reported to consume energy drinks frequently (17).

This is the first study in Saudi Arabia and the Middle East to develop and validate a tool that specifically assesses the habitual intake of free sugar. The FFQ can further provide data concerning food sources of FS and form of FS (liquid vs. solid). Utilization of the FFQ can offer the opportunity to investigate the associations between FS intake and related diseases. However, validating the FFQ among the different age groups is warranted. Limitations of this study include that the developed FFQ provides dietary data pertaining FS exclusively, whereas information on energy intake and the intake of other nutrients cannot be determined. In addition, the FFQ included food items that contain quantities of FS only. Thus, percentage of FS from total energy intake cannot be calculated.

In conclusion, the newly developed FFQ can be used to estimate the habitual FS intake among children in Saudi Arabia. Future direction may include investigations on possible predictors of excessive FS consumption and relevant food sources. Additionally, validation of the FFQ among different age groups would provide an insight into the relationship between habitual intake of FS and non-communicable diseases.
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