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Abstract
Background
Obesity and chronic diseases are significant public health issues in the Middle East and North Africa region. A robust body of evidence demonstrated the association between beverage consumption, obesity, and chronic diseases. Therefore, the assessment of beverage consumption is gaining more interest in health policy development, food industry partnerships, research expansion and community involvement. Although beverage-consumption assessment tools have been developed for various populations, none were developed for the Arabic population. In this study, we developed and validated an online Arabic Beverage Frequency Questionnaire (ABFQ) to assess the total beverage intake among Arabic speaking population.

Methods
A cross-sectional validation study was conducted among healthy adults aged between 18 and 55 years. Participants (n = 49) completed a 24-item ABFQ on two occasions and provided one 24-h urine sample. For validity, total beverage consumption (ABFQ1) was assessed against a 24-h urine sample using an osmolality test and correlation analysis. Reliability was assessed by comparing the participants’ consumption in total and for every 24 individual items from ABFQ1 with the total and individual items in ABFQ2 using correlation and paired sample t-test.

Results
The average daily consumption of beverages was 1504 ml/day, while the average urine osmolality/kg was 614. The validity assessment between ABFQ and urine osmolality indicates a negative correlation. However, the correlation was week and not statistically significant (rs = -0.2, p = 0.12). In reliability test, correlation analysis was positive and acceptable in all beverage categories (rs = 0.4 − 0.9; all p < 0.05) except flavored milk (rs = 0.2; p < 0.181) and sweetened coffee (rs = 0.3; p < 0.022). Furthermore, no significant differences were found between the means of total consumption in both ABFQ1 and ABFQ2.

Conclusions
The finding of this study suggest that the ABFQ is a reliable reproducible tool for assessing beverage consumption among Arabic-speaking consumers. However, the survey could not be validated using 24-h urine osmolality only and other methods such as multi dietary records may use in future re-assessment.
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Introduction
Globally, non-communicable diseases (NCDs), including cardiovascular diseases, cancers, chronic respiratory diseases and diabetes, cause 41 million deaths, corresponding to 71% of all deaths annually [1]. In the Middle East and North African countries (MENA), the prevalence and mortality related to NCDs are similar to the global situation [2]. In addition, the region has six of the ten countries with the highest diabetes prevalence in the world [3]. Furthermore, obesity prevalence in most Arab countries grew to 55% and 30% in adult females and males, respectively [4].
NCDs have many metabolic risk factors, including obesity, hyperglycemia and hyperlipidemia that can be developed due to behavioral risk factors such as physical inactivity and unhealthy diet and beverage consumption. A considerable body of evidence demonstrated the association between beverage consumption and NCDs. For instance, high consumption of Sugar-sweetened beverages was found to be associated with obesity and diabetes mellitus in adults and children [5–12], hypertension, and coronary heart diseases [13–16]. Nevertheless, beverage intake is a significant contributor to health and well-being. For instant, water is essential for the human body’s biological functions, general health, and prevention of chronic disease [17, 18]. Moreover, caffeinated beverages have intake-based health risks and benefits, especially in patients with cardiovascular diseases and hypertension [19, 20].
Given the importance of beverages as part of daily diet and their contribution to health and disease, an accurate assessment of beverage intake is required. Beverage consumption had been assessed previously using nutritional assessment tools, such as food diary recalls and food intake records (FIR) [21, 22]. However, these methods are designed to assess food intake in general and might be imprecise for beverage consumption assessment [23–25]. Accordingly, various beverage consumption frequency-based assessment tools have been developed to assess beverage consumption in languages other than Arabic [24–28]. The developed tools were paper-based surveys that relied on participants estimation of portion size. Recently, one online tool was developed to assess the Canadian population’s beverage consumption in the English language [29].
The Middle East and North Africa (MENA) region includes 21 countries with a total population of approximately 464 million [30]. Arabic is the main language, and Islam is the main religion in MENA countries. Additionally, they share similar social, political, economic, cultural and heritage [31]. Accordingly, some food and beverage consumption is prohibited, such as alcohol [32, 33]. Industrial food processing and international trade marketing also affected the dietary patterns, and all different types of food and beverage are available in the markets. However, the populations in these countries maintained many traditional beverages such as Laban (fermented milk), Cawah ( different types of traditional Coffee drink), and zahorate ( drink made of different types of herbs and/or plant leaves). Local traditional beverages differ among Arab countries in their consumption patterns, recipes, preparation methods and availability [31].
To this end, there are no reliable measures of beverage consumption validated in Arabic and specifically for use within the Arabic-speaking MENA region population. Therefore, this study aimed to develop and validate the first online Arabic Beverage Frequency Questionnaire (ABFQ) to assess the total beverage intake among Arabic speaking population.

Materials and methods
Study design
A cross-sectional study to test the validity and reliability of a new developed ABFQ was conducted between January 30th and March 23rd, 2021, in Riyadh, Saudi Arabia. The study consisted of two parts, 1) a self-administered questionnaire that was filled up by the participants two times in different periods (ABFQ1, ABFQ2), and 2) a lab test of a 24-h urine sample collected from participants. The correlation between the average daily intake value (based on ABFQ1) and urine osmolality value on the same day of ABFQ1 (based on a 24-h urine sample) was evaluated for validity assessment similarly to Ferreira-Pêgo et.al. (2016) [24]. While reliability assessment was conducted by comparing the average daily consumption from ABFQ1 with the average daily consumption from ABFQ2. Figure 1. Provide more information on study design, participants, and the recruitment process.[image: ]
Fig. 1Study design, participants and recruitment process



Participants
A convenient sample of healthy adults (n = 51) aged between 18 and 55 was recruited from the local community of Saudi Food and Drug Authority (SFDA), i.e., the employee and their families because they may be among the best community group will follow the study instructions. Participants who were over 18 years up to 55 years were Arabic speaking and healthy (no history of chronic diseases such as heart disease, hypertension, diabetes, kidney diseases or health conditions that may influence the fluid intake or output either because of the condition, its treatment or complication) were included in the study. The study protocol was approved by the SFDA Institutional Review Board.

Recruitment process
Targeted participants were invited verbally to the study, and the study protocol was explained in detail by one of the trained research teams. Information provided about the method of communication, the need for filling two ABFQ versions, the duration between questionnaires, the need for urine sample collection, and the duration and instruction of urine sample collection. After Enrollment, participants were provided with a consent form, along with a urine sample container. On the next weekend (Saturday), the participants received the questionnaire through the short message service (SMS) containing the first ABFQ survey (ABFQ1) and were asked to collect the urine sample on the same day. The Urine sample collection determined on a weekend day (Saturday) to avoid any inconvenience during urine sample collection at work or university and to ensure completeness of the sample (Weekend days in Saudi Arabia is Friday and Saturday; most activities done on Friday). After 7 days, the participants received another link of ABFQ2 (second survey). A three-reminder message was sent to the participants who did not complete ABFQ2 before being withdrawn from the study.

Measurements
Urine samples collection
The aim of using biological measures is to provide objective assessment and to help in avoiding the bias that may result from self-reporting [23, 25]. To the best of our knowledge, no golden standard biomarker reflects the change in hydration status according to changes in dietary fluids intake [34]. However, urine osmolality in a 24-h urine sample is considered the most suitable body hydration status biomarker for individuals because it represents the net sum of water gains, losses, and neuroendocrine regulatory responses [35]. To measure the urine osmolality in a 24-h urine sample, sample containers (2000 ml) handled to participants who were expressed interest in participating and provided verbal consent. Then, participants received verbal instructions on how to collect 24-h urine samples. Each participant was asked to collect the sample on the first next morning after discarding the first urine sample, then collect all-after samples for the next 24 h, including the first urine sample of the next day. Afterwards, participants dropped the sample containers at the previously determined collecting point. All samples were transferred to an approved independent laboratory with the capacity to deal with urine samples and the necessary facilities to run the 24-h urine osmolality test (Cryoscopic Osmometer). Targeting healthy adults (free of chronic diseases or health condition that may influence fluid intake or output) ensured that osmolality test will not be affected by kidney disfunction or other physiological condition. Also, ensured avoiding the use of medications and its possible effect on fluid output or urine osmolality. The study conducted at the middle of winter season (in Saudi Arabia, from December to April), therefore, questionnaire and urine sample test conducted in similar weather conditions and similar level of fluid consumption.
The device used is OSMO STATION, OM-6060, an automatic osmometer that measures the osmolality in different samples, including blood and urine. The determination method is freezing point depression osmometry based on the principle of lowering the solution freezing point caused by the solute. A sample of the specimen (200 μl) to be analyzed is aspirated into the sample tube, which is then placed in the cooling chamber of the osmometer. The sample is super cooled below the freezing point. Then crystallization is initiated by rapidly vibrating the sample to seed it with air bubbles. After seeding, the sample temperature rises because of the heat of fusion released during the freezing process. The temperature rises until the equilibrium plateau is reached. During the equilibrium plateau, only a small fraction of the water is frozen. The sample continues to freeze as the temperature begins to decrease again because of the colder environment until it provides the osmolality value. Each sample container was labelled with a unique number entered by participants at the beginning of both questionnaires (ABFQ1, ABFQ2) to connect participants samples with both questionnaires.

Arabic Beverage Frequency Questionnaire (ABFQ)
The ABFQ is an online-based tool developed to assess the total beverage intake among Arabic-speaking consumers. The included beverage categories were as follows; water, fresh fruit juice, fresh vegetable juice, caned 100% juice, sweetened juice, milk juice, low-fat milk, free fat milk, flavored milk, soft drinks, Iced tea, artificially sweetened soft drinks, artificially sweetened iced tea, unsweetened tea, sugar milk tea, unsweetened coffee, sweetened coffee, unsweetened black coffee, sweetened black coffee, flavored coffee, malt drinks, artificially sweetened energy drinks, sweetened energy drinks, sports drinks. In addition to two open-ended question sets to declare any other beverage that was not included in the questionnaire. Sweetened beverage meant beverage sweetened with sugar, while artificially sweetened beverage meant beverage sweetened with non-nutritive sweeteners.
The beverage consumption assessment questions were adapted from previous studies [24, 25, 36]. However, the categories were adjusted based on energy and macronutrient content (calories and sugar content) using Food Data Central of USDA data [37], nutrition fact labels, and the calories content in the coffee shops and fresh juice shops menus.
For each category, the consumption frequency was quantitatively assessed by asking, “during the last 30 days, how many times you drink…”. The response was categorized into (never, once a month, twice a month, three times a month, Once a week, 2–3 times a week, 4–6 times a week, once a day, twice a day, 3 times a day. Then, the amounts consumed were assessed by asking, “how much did you usually drink each time?” in combination with a series of pictures of the common serving size of each type of beverage, such as common cups, bottles, and containers with the volume in (ml) below the picture (see Fig. 2). Pictures adapted from product company websites or were taken for the study purpose. Option “More” was available in both questions with an open text box. During pilot testing of the ABFQ, the average administration time was 10 min.[image: ]
Fig. 2Example of portion size pictures used in ABFQ, A different portion size for water, B different portion size for soft drinks, C different portion size for juices


To score the ABFQ, frequency (“How often”) is transformed to the unit of times per day, then multiplied by the amount consumed (“How much each time”) to find the beverage’ average daily intake in (ml) using the following formula: [(consumption frequency per month / 30 days) x amount consumed each time (ml) = average daily intake (ml/day)]. Total energy and sugar content of beverages could not be determined because of the lack of a local database of beverage nutrient content or food composition tables.

Sociodemographic characteristics
To assess other covariates, participants were asked about sociodemographic statuses, including age, gender, education, marital status, and chronic disease status and illness history. Furthermore, they were asked if they have any health condition that may influence the fluid intake or output because of the condition, its treatment or complication during the study period. Weight and height were also self-reported, which were used to calculate body mass index (BMI). BMI were categorized into 4 groups [underweight (< 18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2) and obese (> 30.0 kg/m2)] according to World Health Organization (WHO) [38].


Data analysis
Descriptive statistics (mean ± standard error of the mean; frequencies) were generated for demographic characteristics, average daily intake of total beverage and average daily intake of each beverage category (ml). To assess the validity, the average daily intake of total beverage (ml/day) was investigated by the ABFQ1 compared to urine osmolality in 24-h urine samples using correlational analyses (Spearman’s correlation). Moreover, to examine test–retest reliability, the ABFQ1 responses were compared with ABFQ2 responses using the same correlational analyses (Spearman’s correlation) and paired sample t-test. The significance in all statistical tests was set at p < 0.05. Analysis conducted using Stata version 16 (StataCorp. 2019. Stata Statistical Software: Release 16. College Station, TX: StataCorp LLC).


Result
A total of 49 participants in ABFQ1 and 45 in ABFQ2 were included in the present analysis. At baseline, the mean age of participants was 32 ± 8 years (range 18 to 54 years). The body mass index was widely distributed (mean = 25.6 ± 4.3 kg/m2; range 16.9—35.5 kg/m2), while participants were primarily of “normal” BMI status (55.1%). Of 49 participants, the most reported having a bachelor’s degree (53%) and being unmarried (65.3%). The duration between questionnaires responses ranges between 7 to 17 days (Median: 7 days). More general characteristics of the study participants are summarized in Table 1.Table 1General characteristics of the study participants


	Variables
	Frequency (n)
	Percentage (%)

	Questionnaire response

	 ABFQ1
	49
	96

	 ABFQ2
	45
	88.2

	BMI

	 Under weight
	1
	2

	 Normal weight
	27
	55.1

	 Overweight
	9
	18.3

	 Obese
	12
	24.4

	Age groups (years)

	 18 to 25
	9
	18.3

	 26 to 35
	25
	51

	 36 to 45
	11
	22.4

	 46 to 55
	4
	8.1

	Gender

	 Male
	35
	71.4

	 Female
	14
	28.5

	Education level

	 High School or less
	8
	16.3

	 Bachelor’s degree
	26
	53

	 Postgraduate
	15
	30.6

	Marital status

	 Married
	16
	32.6

	 Unmarried
	32
	65.3

	 Separated or widowed
	1
	2


BMI were categorized according to World Health Organization (WHO) into 4 groups [underweight (< 18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2) and obese (> 30.0 kg/m2)] [38]



Relative validity of the questionnaire (ABFQ1 vs urine osmolality test)
The average daily consumption based on the ABFQ was 1504 ml/day, while the average urine osmolality/kg was 614 mOsm/kg. Correlational analysis between total fluid intake (ml/day) based on the ABFQ1 and 24-h urine osmolality (mOsm/kg) yields a negative correlation (rs = -0.2, p = 0.12) as would be expected for a possible biomarker of total fluid intake. However, the correlation were week and non-significant. See Table 2.Table 2Validity assessment (Spearman’s correlation)


	 	Mean (min–max)
	SD
	Median
	rs
	P value

	ABFQ1 (ml/day)
	1504 (463–4198)
	769
	1383
	-0.2
	0.12

	Urine osmol (mOsm/kg)
	614 (200–1068)
	234.1
	589





Test–retest reliability of the questionnaire (ABFQ1 vs ABFQ2)
Correlation analysis for the questionnaire reliability was positive and acceptable in all beverage categories (rs = 0.4 − 0.9; all p ≤ 0.05) except flavored milk (rs = 0.2; p = 0.181) and sweetened coffee (rs = 0.3; p = 0.022) (Table 3). Sports drinks, energy drinks and soft drinks had the highest correlation value (rs = 0.8—0.9). The lowest correlation value (rs = 0.4) was found for caned 100% juice, sweetened juice, milk base juice and sweetened black coffee. The difference between average total daily beverage intake from ABFQ1 and ABFQ2 is 11 ml. However, no significant differences were found between the means (see Table 4).Table 3Test–retest reliability between ABFQ1 and ABFQ2 among all beverage categories


	Beverage categories
	Beverage estimated consumption (ml/day)
	Reliability (test–retest)

	ABFQ1 (n = 49)
	ABFQ2 (n = 45)
	ABFQ1 vs ABFQ2

	Mean ± SD
	Rang
	Mean ± SD
	Rang
	rs
	P-value

	Water
	690 ± 569
	27–2400
	631 ± 476
	33–1800
	0.5222
	 ≤ .001

	Fresh fruit juice
	15 ± 30
	0–200
	21 ± 75
	0–500
	0.6806
	 ≤ .001

	Fresh vegetables juice
	4 ± 26
	0–180
	6 ± 35
	0–235
	0.6585
	 ≤ .001

	Caned 100% juice
	7 ± 13
	0–60
	5 ± 14
	0–83
	0.4747
	 ≤ .001

	Sweetened juice
	16 ± 73
	0–500
	11 ± 22
	0–83
	0.4389
	0.002

	Milk juice
	2 ± 9
	0–60
	2 ± 9
	0–60
	0.4035
	0.006

	Low-fat milk
	46 ± 89
	0–400
	28 ± 55
	0–250
	0.7490
	 ≤ .001

	Free fat milk
	2 ± 4
	0–20
	3 ± 13
	0–78
	0.7726
	 ≤ .001

	Flavored milk
	2 ± 5
	0–20
	0 ± 2
	0–13
	0.2029
	0.1812

	Soft drinks
	114 ± 209
	0–990
	1312 ± 233
	0–1065
	0.8437
	 ≤ .001

	Iced tea
	24 ± 87
	0–550
	12 ± 43
	0–250
	0.7329
	 ≤ .001

	Artificially sweetened soft drinks
	34 ± 66
	0–237
	46 ± 88
	0–355
	0.8260
	 ≤ .001

	Artificially sweetened iced tea
	-
	-
	-
	-
	-
	-

	Unsweetened sugar tea
	52 ± 90
	0–325
	65 ± 109
	0–400
	0.7985
	 ≤ .001

	Sweetened tea with/without milk
	103 ± 149
	0–650
	95 ± 157
	0–650
	0.8106
	 ≤ .001

	Unsweetened Arabic coffee/Turkish coffee
	96 ± 173
	0–1000
	92 ± 235
	0–1500
	0.5923
	 ≤ .001

	Sweetened Arabic coffee/Turkish coffee
	3 ± 16
	0–100
	5 ± 21
	0–100
	0.3393
	0.022

	Unsweetened black coffee
	149 ± 221
	0–946
	194 ± 252
	0–946
	0.6862
	 ≤ .001

	Sweetened black coffee
	35 ± 95
	0–472
	27 ± 111
	0–708
	0.4017
	0.006

	Flavored coffee
	65 ± 171
	0–946
	44 ± 88
	0–354
	0.6001
	 ≤ .001

	Malt drinks
	8 ± 19
	0–83
	8 ± 19
	0–83
	0.7828
	 ≤ .001

	Artificially sweetened energy drinks
	6 ± 37
	0–250
	12 ± 75
	0–500
	0.5
	 ≤ .001

	Sweetened energy drinks
	14 ± 73
	0–500
	15 ± 57
	0–330
	0.8775
	 ≤ .001

	Sport drinks
	4 ± 21
	0–133
	12 ± 75
	0–500
	0.9998
	 ≤ .001

	Total beverage
	1504 ± 769
	463–4198
	1477 ± 750
	267–3634
	0.7
	 ≤ .001



Table 4Test–retest reliability of total daily beverage intake between ABFQ1 and ABFQ2 (paired t-test)


	 	Mean Volume (ml/day)
	SE
	SD
	95% CI
	P value

	ABQ1
	1504
	110
	785
	1284—1725
	0.86

	ABQ2
	1477
	112
	750
	1252- 1702






Discussion
This study aimed to develop and validate the first online Arabic Beverage Frequency Questionnaire (ABFQ) to assess the total beverage intake. The validity assessment between ABFQ and urine osmolality indicates a negative correlation. However, the correlation was week and not statistically significant (rs = -0.2, p = 0.12). In addition, a strong reliability correlation of total beverage between ABFQ1 and ABFQ2 was found (rs = 0.7; p < 0.05).
Our validation finding is influenced by the small sample size (n = 49) and the variation in participants' characteristics [39]. Also, urine osmolality as a hydration biomarker may be influenced by other factors such as diet, body size, sweat loss and intensive exercises [40–42]. The osmolality of a 24-h urine sample indicates 24-h hydration status and determines the functional surplus of fluids [24, 43]. It can be a quantitative measure to assess beverage questionnaire validity because it negatively correlates with fluid intake in the healthy general population [40–42]. Daily fluid intake directly affects urine osmolality due to antidiuretic hormone influence (ADH). ADH is responsible for fluid reabsorption rate in the kidney; therefore, when fluid intake increases, the antidiuretic level decreases; the kidney reabsorption of fluid decreases; and the urine osmolality increases [40–42].
In this study, the correlation between urine osmolality and average daily intake of total beverage is weak (r = 0.2), possibly due to different factors. Primarily, urine osmolality was confirmed to be an excellent indicator of 24-h hydration status [35, 44], and in the validation assessment, we compared 24-h urine osmolality against one day of fluid intake based on the average of 30 days intake recall. A similar correlation (r2: 0.20; p < 0.001) between urine osmolality, age and average fluid intake was reported by Ferreira-Pêgo et.all (2016) [24]. They also reported a bland–Altman parameter estimate of 0.22 between average fluid intake and 24-h urine volume.
Food contains different levels of fluid and moister that contribute to total daily fluid intake depending on the individual and population variation in the type and quantities of foods. Many countries assessed the food contribution to the total fluid intake, such as China(40%), US(19%), Mexico (34.5%), UK(27%) and France (36%) [45]. In Saudi Arabia and Arab countries, there are no data on the food contribution to the total daily fluid intake. Accordingly, assessing the effect of food intake is not possible. Moreover, fruit and vegetables are among the highest food in fluid content (70–95%) [44]. However, Arab countries reported a very low fruit and vegetable consumption [46, 47].
Another factor is having undiagnosed health conditions or undiagnosed kidney dysfunction within participants. However, the urine osmolality range was within the normal range (50–1200 mOsm/kg [48]). Also, participants may not have completed urine samples even though we targeted a well-educated group of participants and collected data on the weekend to avoid any inconvenience at work or university.
Other factors include the general bias of self-reported recall food assessment tools [49]. Besides, the measurement error may result from using an image-based dietary assessment method and providing pictures of available portions size and bottles [50].
Although ABFQ included all beverages consumed by the general population in Arabic countries, it may underestimate the consumption of beverages such as an alcoholic beverages. Alcoholic beverages are prohibited in the religious conviction of Arab countries, and they are either prohibited, restricted or regulated [32, 33].
This study found that for almost all beverage categories and total daily fluid volume, ABFQ was significantly correlated despite the time interval between the ABFQ1 and ABFQ2 (7–20 days). The time interval in our study remained acceptable for repeated frequency measures [39]. Accordingly, ABFQ can be a reliable repeated tool to assess beverage intake and change in consumption patterns over time. Limited variation in the study sample may caused the weak correlation between the two assessments (ABFQ1 and ABFQ2) of flavored milk and sweetened Arabic coffee/Turkish coffee consumption. Sweetened coffee consumption is reported in young adults [51], and in this study, the majority of the study sample (73%) are within the age range of 26–45 years. Flavored milk is also more common in other age groups, such as children. Sweetened iced tea is low in calories (25–40 kcal/100 ml) despite its sugar content (5-6 g/100 ml); therefore, unsweetened iced tea was not reported in both assessments.
Specific Beverage consumption assessment tools were developed for other populations in English and Spanish language. ABFQ is the first tool developed in Arabic and assessed for validity and reliability among the Arabic-speaking population. Nevertheless, a few studies have investigated the consumption of beverages among Arab populations [52–56]. All studies measured the total food consumption by using Food Frequency Questionnaire and one or multiple FIR [52–57]. Only one study used a specific beverage questionnaire [58]. However, the study had some limitations; mainly, the questionnaire was translated from English then the responses collected using paper survey, therefore had limited beverage categories and relied on the individual’s self-estimation of portion size without including the available portion size pictures in the markets.
Developing the ABFQ in an online questionnaire method is one of the main strengths of this study. This is because it allows access to different regional and understudied populations, as well as allows assistance for groups with low health literacy or low education levels groups by providing pictures as guidance of estimating the consumption. Moreover, it being interactive with participants through pictures, videos, and displayed text with or without audio. Besides that, the general advantage of the online questionnaire such as ensuring complete responses, allowing written and visual prompts, allowing immediate and direct responses, allowing accurate scoring and high participant involvement [34]. For example, the recent online beverage Frequency Questionnaire evaluated using pictures to guide the estimation of portion size and container size [36]. One online Arabic questionnaire is used to assess the consumption of soft drinks and the related factor that influence their consumption [55].
Arabic-speaking countries, especially gulf region countries (the United Arab Emirates, Kingdom of Bahrain, Kingdom of Saudi Arabia, Sultanate of Oman, State of Qatar and State of Kuwait [59]), have had a common lifestyle over the years. However, Beverage types, consumption behavior, and drinking utensils vary in these countries. In ABFQ, we sought to enhance the self-recall of portion size and reduce the self-estimation by representing the portion size with pictures and amounts in volume. We showed all local and traditional beverage special cups and utensils found in MENA and gulf population households and markets. For example, Arabic coffee is consumed in most those countries in a special small cup (approximately 50 ml). Another example is the tea which is consumed in some countries in a special small cup (approximately 125 ml), while in others, it is consumed in a regular cup (200 ml).
The study has some limitations; Firstly, we used the biological indicators only to validate the questionnaire, yet, analyzing FIR based on local food composition data was not possible because such data was unavailable. Accordingly, FIR in our study would only increase the burden on participants and may affect the consumption recall causing overestimation or underestimation. While the biological value reports the actual biological status. 24- hour Urine osmolality is found to be the best applicable method to assess hydration status [35]. Other limitations of this study include the convenience and small sample size that allowed for variation between study participants and reduced the statistical power. Also, it caused low consumption reports for some categories that are known for high consumption, such as sports drinks (2 ± 5 ml/day), Sweetened energy drinks (14 ± 73 ml/day), and Free sugar energy drinks (6 ± 37 ml/day). Nevertheless, since this study is a validation study, no specific sample size number is required. Similar published studies reported a sample size ranging from 50 to 160 participants [24, 25, 27, 29, 36, 60].
The future version of this survey may refine beverage groups further based on calories and sugar content from a local database. Milk and Laban has a wide range of products and varies widely from country to country. For example, there is the fresh, long life, flavored, fat reduced or removed and others. It can be gathered in one group or separated according to the target population and local markets. Another possible categorising approach can be based on the sales data to find the most consumed data then assess their consumption. All to achieve better-tailed assessment tools for such broad products.

Conclusion
The present ABFQ appears to be highly reliable reproducible tool for assessing the intake of different types of beverages among Arabic-speaking consumers. However, the survey could not be validated using 24-h urine osmolality only and therefore other methods including multiple 24 h recalls records should be considered in the future for validation purposes. The Arabic beverage consumption assessment tools is highly valuable for nutrition researchers and clinicians to evaluate habitual patterns and changes in beverage consumption and their influence on health or disease.

Acknowledgements
The authors wish to thank the study participants for their contribution to the research. The authors would specifically like to thank Mr. Abdulrahman M. Almarshad for his essential efforts as Project Manager, Ms. Nouf Alammary—the head of the food and nutrition research section- and Mr. Fahad A. AL-Abdulkarim- the head of the research project support section- for their logistic support during all phases of the study.
Disclaimer
The conclusions reached in this article are based on the personal scientific interpretations of the authors and do not necessarily represent the opinion of SFDA.


Authors’ contributions
Conceptualization, Tahrir Aldhirgham and Amani S. Alqahtani; Data curation, Tahrir Aldhirgham and Amani S. Alqahtani; Data analysis, Tahrir Aldhirgham;; Supervised data analysis and revised all versions of the manuscript; Amani S. Alqahtani; Writing – original draft, Tahrir Aldhirgham; reviewing & editing final draft of manuscript, Lulu Almutairi, Atheer Alraqea and Amani S. Alqahtani. The author(s) read and approved the final manuscript.
Authors’ information
Not applicable.


Funding
This research was financially supported by the Saudi Food and Drug Authority (SFDA).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Institutional Review of Saudi Food and Drug Authority Institutional Review BOARD ( number: 2020_018 and date: December 20th, 2020). Informed consent was obtained from all subjects involved in the study on two occasions.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflict of interest.


References
	1.
Noncommunicable diseases. Available from: https://​www.​who.​int/​news-room/​fact-sheets/​detail/​noncommunicable-diseases. Cited 2021 Aug 29.

	2.
WHO. Plan of action for the prevention and control of noncommunicable diseases in the Eastern Mediterranean Region [Internet]. 2011. [cited 2021 Oct 14]. Available from: https://​applications.​emro.​who.​int/​dsaf/​dsa1217.​pdf.

	3.
International Diabetes Federation. IDF Diabetes Atlas. 9th ed. Brussels; 2019. Available from: https://​www.​diabetesatlas.​org/​en/​resources/​. Cited 2021 Apr 1.

	4.
Alzaman N, Ali A. Obesity and diabetes mellitus in the Arab world. J Taibah Univ Med Sci. 2016;11(4):301–9.

	5.
Malik VS, Pan A, Willett WC, Hu FB. Sugar-sweetened beverages and weight gain in children and adults: a systematic review and meta-analysis. Am J Clin Nutr. 2013;98(4):1084–102. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​23966427. Cited 2019 May 19.

	6.
Vartanian LR, Schwartz MB, Brownell KD. Effects of soft drink consumption on nutrition and health: a systematic review and meta-analysis. Am J Public Health. 2007;97:667–75 American Public Health Association.CrossrefPubMedPubMedCentral

	7.
Te Morenga L, Mallard S, Mann J. Dietary sugars and body weight: systematic review and meta-analyses of randomised controlled trials and cohort studies. BMJ [Internet]. 2012;346:e7492. Available from: https://​www.​bmj.​com/​content/​346/​bmj.​e7492.​long.

	8.
Bucher Della Torre S, Keller A, Laure Depeyre J, Kruseman M. Sugar-sweetened beverages and obesity risk in children and adolescents: a systematic analysis on how methodological quality may influence conclusions. J Acad Nutr Diet. 2016;116(4):638–59. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​26194333. Cited 2019 May 19.

	9.
Borys J-M, de Ruyter JC, Finch H, Harper P, Levy E, Mayer J, et al. Hydration and obesity prevention. Obes Facts. 2014;7(Suppl 2):37. Available from: https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​articles/​PMC5646205/​.

	10.
Armstrong LE, Barquera S, Duhamel J-F, Hardinsyah R, Haslam D, Lafontan M. Recommendations for healthier hydration: addressing the public health issues of obesity and type 2 diabetes. Clin Obes. 2012;2(5–6):115–24. Available from: https://​onlinelibrary.​wiley.​com/​doi/​full/​10.​1111/​cob.​12006. Cited 2021 Jul 12.

	11.
Malik VS, Popkin BM, Bray GA, Després JP, Willett WC, Hu FB. Sugar-sweetened beverages and risk of metabolic syndrome and type 2 diabetes: a meta-analysis. Diabetes Care. 2010;33(11):2477–83.CrossrefPubMedPubMedCentral

	12.
Hu FB, Malik VS. Sugar-sweetened beverages and risk of obesity and type 2 diabetes: epidemiologic evidence. Physiol Behav. 2010;100(1):47–54.CrossrefPubMedPubMedCentral

	13.
Xi B, Huang Y, Reilly KH, Li S, Zheng R, Barrio-Lopez MT, et al. Sugar-sweetened beverages and risk of hypertension and CVD: a dose-response meta-analysis. Br J Nutr. 2015;113:709–17 Cambridge University Press.CrossrefPubMed

	14.
Van Rompay MI, McKeown NM, Goodman E, Eliasziw M, Chomitz VR, Gordon CM, et al. Sugar-sweetened beverage intake is positively associated with baseline triglyceride concentrations, and changes in intake are inversely associated with changes in HDL cholesterol over 12 months in a multi-ethnic sample of children. J Nutr. 2015;145(10):2389–95. Available from: https://​academic.​oup.​com/​jn/​article/​145/​10/​2389/​4616031.

	15.
Te Morenga LA, Howatson AJ, Jones RM, Mann J. Dietary sugars and cardiometabolic risk: systematic review and meta-analyses of randomized controlled trials of the effects on blood pressure and lipids. Am J Clin Nutr. 2014;100(1):65–79. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​24808490. Cited 2019 May 19.

	16.
Collaborators G 2013 RF. Global, regional, and national comparative risk assessment of 79 behavioural, environmental and occupational, and metabolic risks or clusters of risks in 188 countries, 1990–2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet. 2015;386(10010):2287. Available from: https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​articles/​PMC4685753/​. Cited 2021 Aug 29.

	17.
Popkin BM, D’Anci KE, Rosenberg IH. Water, hydration, and health. Nutr Rev. 2010;68(8):439–58. Available from: https://​academic.​oup.​com/​nutritionreviews​/​article/​68/​8/​439/​1841926. Cited 2021 Sep 5.

	18.
Lafontan M. H4H – Hydration for Health. Obes Facts. 2014;7(Suppl 2):1. Available from: https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​articles/​PMC5646207/​. Cited 2021 Jul 11.

	19.
Manolis AA, Manolis TA, Apostolopoulos EJ, Melita H, Manolis AS. The cardiovascular benefits of caffeinated beverages: real or surreal? / “Metron Ariston - All in Moderation.” Curr Med Chem. 2021;28. Available from: https://​www.​eurekaselect.​com/​194596/​article. Cited 2021 Jul 12.

	20.
Rodríguez-Artalejo F, López-García E. Coffee consumption and cardiovascular disease: a condensed review of epidemiological evidence and mechanisms. J Agric Food Chem. 2017;66(21):5257–63. Available from: https://​pubs.​acs.​org/​doi/​abs/​10.​1021/​acs.​jafc.​7b04506. Cited 2021 Jul 12.

	21.
U.S. Department of Agriculture. A.R.S. WWEIA/NHANES Overview: USDA ARS. Available from: https://​www.​ars.​usda.​gov/​northeast-area/​beltsville-md-bhnrc/​beltsville-human-nutrition-research-center/​food-surveys-research-group/​docs/​wweianhanes-overview/​. Cited 2021 Sep 5.

	22.
Swithers SE, Bonanno GR, Figueroa J, Welsh JA, Sylvetsky AC. Dietary and health correlates of sweetened beverage intake: sources of variability in the National Health and Nutrition Examination Survey (NHANES). Nutrients. 2021;13(8). Available from: https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​articles/​PMC8400347/​. Cited 2021 Sep 5.

	23.
Satija A, Yu E, Willett WC, Hu FB. Understanding Nutritional Epidemiology and Its Role in Policy. Adv Nutr. 2015;6(1):5–18.CrossrefPubMedPubMedCentral

	24.
Ferreira-Pêgo C, Nissensohn M, Kavouras S, Babio N, Serra-Majem L, Martín Águila A, et al. Beverage intake assessment questionnaire: relative validity and repeatability in a Spanish population with metabolic syndrome from the PREDIMED-PLUS study. Nutrients. 2016;8(8):475. Available from: http://​www.​mdpi.​com/​2072-6643/​8/​8/​475.

	25.
Hedrick VE, Comber DL, Estabrooks PA, Savla J, Davy BM. The beverage intake questionnaire: determining initial validity and reliability. J Am Diet Assoc. 2010;110(8):1227–32.CrossrefPubMedPubMedCentral

	26.
Malisova O, Bountziouka V, Panagiotakos DB, Zampelas A, Kapsokefalou M. The water balance questionnaire: design, reliability and validity of a questionnaire to evaluate water balance in the general population. Int J Food Sci Nutr. 2012;63(2):138–44.CrossrefPubMed

	27.
Neuhouser ML, Lilley S, Lund A, Johnson DB. Development and validation of a beverage and snack questionnaire for use in evaluation of school nutrition policies. J Am Diet Assoc. 2009;109(9):1587–92. Available from: https://​pubmed.​ncbi.​nlm.​nih.​gov/​19699839/​.

	28.
Hedrick VE, Savla J, Comber DL, Flack KD, Estabrooks PA, Nsiah-Kumi PA, et al. Development of a brief questionnaire to assess habitual beverage intake (BEVQ-15): sugar-sweetened beverages and total beverage energy intake. J Acad Nutr Diet. 2012;112(6):840–9. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​22709811.

	29.
Vanderlee L, Reid JL, White CM, Hobin EP, Acton RB, Jones AC, et al. Evaluation of the online Beverage Frequency Questionnaire (BFQ). Nutr J. 2018;17(1):1–10. Available from: https://​nutritionj.​biomedcentral.​com/​articles/​10.​1186/​s12937-018-0380-8. Cited 2022 Jun 27.

	30.
Population, total - Middle East & North Africa | Data. Available from: https://​data.​worldbank.​org/​indicator/​SP.​POP.​TOTL?​locations=​ZQ. Cited 2021 Oct 17.

	31.
Savvaidis IN, Al Katheeri A, Lim S-HE, Lai K-S, Abushelaibi A. Traditional foods, food safety practices, and food culture in the Middle East. In: Savvaidis IN, Osaili TM, editors. Food Safety in the Middle East. 1st ed. London: Academic Press; 2022. p. 1–31.

	32.
Al-Ansari B, Thow AM, Day CA, Conigrave KM. Extent of alcohol prohibition in civil policy in Muslim majority countries: the impact of globalization. Addiction. 2016;111(10):1703–13. Available from: https://​pubmed.​ncbi.​nlm.​nih.​gov/​26508526/​. Cited 2021 Sep 18.

	33.
Pooneh J, Mohammad Hossein S, Ali R, Roya D. The role of islamic lifestyle and healthy nutrition in accordance with the recommendations of islam and the holly quran by focusing on the risk of cancer incident. J Community Med Heal Solut. 2020;1(1):018–22.Crossref

	34.
Nissensohn M, López-Ufano M, Castro-Quezada I, Serra-Majem L, Mariela N. Assessment of beverage intake and hydration status. Nutr Hosp. 2015;31:62–9.PubMed

	35.
Perrier ET, Buendia-Jimenez I, Vecchio M, Armstrong LE, Tack I, Klein A. Twenty-four-hour urine osmolality as a physiological index of adequate water intake. Dis Markers. 2015;2015. Available from: https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​articles/​PMC4381985/​. Cited 2021 Jul 8.

	36.
Vanderlee L, Reid JL, White CM, Hobin EP, Acton RB, Jones AC, et al. Development and validation of a beverage and snack questionnaire for use in evaluation of school nutrition policies. Nutr J. 2018;17(1):1–10.

	37.
FoodData Central. U.S. Department of Agriculture; Agricultural Research Service. Available from: https://​fdc.​nal.​usda.​gov/​index.​html. Cited 2021 Jun 22.

	38.
WHO/Europe | Nutrition - Body mass index - BMI. World Health Organization. Available from: https://​www.​euro.​who.​int/​en/​health-topics/​disease-prevention/​nutrition/​a-healthy-lifestyle/​body-mass-index-bmi. Cited 2021 Jun 22.

	39.
Cade J, Thompson R, Burley V, Warm D. Development, validation and utilisation of food-frequency questionnaires - a review. Public Health Nutr. 2002;5(4):567–87. Available from: https://​pubmed.​ncbi.​nlm.​nih.​gov/​12186666/​. Cited 2021 Sep 16.

	40.
Lemetais G, Melander O, Vecchio M, Bottin JH, Enhörning S, Perrier ET. Effect of increased water intake on plasma copeptin in healthy adults. Eur J Nutr. 2018;57(5):1883–90. Available from: https://​link.​springer.​com/​article/​10.​1007/​s00394-017-1471-6. Cited 2022 May 30.

	41.
Brunkwall L, Ericson U, Nilsson PM, Enhörning S. High water intake and low urine osmolality are associated with favorable metabolic profile at a population level: low vasopressin secretion as a possible explanation. Eur J Nutr. 2020;59(8):3715–22.  Available from: https://​link.​springer.​com/​article/​10.​1007/​s00394-020-02202-7. Cited 2022 May 30.

	42.
Perrier E, Demazières A, Girard N, Pross N, Osbild D, Metzger D, et al. Circadian variation and responsiveness of hydration biomarkers to changes in daily water intake. Eur J Appl Physiol. 2013;113(8):2143. Available from: https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​articles/​PMC3714557/​. Cited 2022 May 30.

	43.
Manz F, Wentz A, Sichert-Hellert W. The most essential nutrient: Defining the adequate intake of water. J Pediatr. 2002;141(4):587–92.CrossrefPubMed

	44.
Montenegro-Bethancourt G, Johner SA, Remer T. Contribution of fruit and vegetable intake to hydration status in schoolchildren. Am J Clin Nutr. 2013;98(4):1103–12. Available from: https://​academic.​oup.​com/​ajcn/​article/​98/​4/​1103/​4577113. Cited 2022 Jun 22.

	45.
Guelinckx I, Tavoularis G, König J, Morin C, Gharbi H, Gandy J. Contribution of water from food and fluids to total water intake: analysis of a French and UK Population Surveys. Nutrients. 2016;8(10). Available from: https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​articles/​PMC5084017/​. Cited 2022 Jun 22.

	46.
Musaiger AO, Abuirmeileh NM. Food consumption patterns of adults in the United Arab Emirates. J R Soc Promot Health. 1998;118(3):146–50. Available from: https://​journals.​sagepub.​com/​doi/​10.​1177/​1466424098118003​04. Cited 2022 Jun 22.

	47.
Mokdad A, El Bcheraoui C, Basulaiman M, AlMazroa M, Tuffaha M, Daoud F, et al. Fruit and vegetable consumption among adults in Saudi Arabia, 2013. Nutr Diet Suppl. 2015;41.

	48.
Pagana KD, Pagana TJ, Pagana TN. Mosby’s diagnostic and laboratory test reference. 15th ed. Mosby; 2020. p. 1088–95. Available from: https://​www.​elsevier.​com/​books/​mosbys-diagnostic-and-laboratory-test-reference/​pagana/​978-0-323-67519-2. Cited 2022 Jun 28.

	49.
Shim J-S, Oh K, Kim HC. Dietary assessment methods in epidemiologic studies. Epidemiol Health. 2014;36:e2014009. Available from: https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​articles/​PMC4154347/​. Cited 2022 Jun 26.

	50.
Ho DKN, Tseng SH, Wu MC, Shih CK, Atika AP, Chen YC, et al. Validity of image-based dietary assessment methods: a systematic review and meta-analysis. Clin Nutr. 2020;39(10):2945–59.CrossrefPubMed

	51.
Alfawaz HA, Khan N, Yakout SM, Khattak MNK, Alsaikhan AA, Almousa AA, et al. Prevalence, predictors, and awareness of coffee consumption and its trend among Saudi female students. Int J Environ Res Public Health. 2020;17(19):1–17. Available from: https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​articles/​PMC4154347/​. Cited 2022 Jun 28.

	52.
Bello L, AL-hammad N. Pattern of fluid consumption in a sample of Saudi Arabian adolescents aged 12–13 years. Int J Paediatr Dent. 2006;16(3):168–73. Available from: http://​doi.​wiley.​com/​10.​1111/​j.​1365-263X.​2006.​00715.​x.

	53.
Alsubaie A. Consumption and correlates of sweet foods, carbonated beverages, and energy drinks among primary school children in Saudi Arabia. Saudi Med J. 2017;38(10):1045–50. Available from: https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​articles/​PMC5694639/​.

	54.
Al Otaibi HH, Kamel SM. Health-risk behaviors associated with sugar-sweetened beverage consumption among saudi young adults. Biomed Res. 2017;28(19):8484–91. Available from: https://​www.​biomedres.​info/​biomedical-research/​healthrisk-behaviors-associated-with-sugarsweetened-beverage-consumption-among-saudi-young-adults-8644.​html.

	55.
Benajiba N, Mahboub S. Consumption of sugar-sweetened soft drinks among Saudi adults: assessing patterns and identifying influencing factors using principal component analysis. Pakistan J Nutr. 2019;18(5):401–7.Crossref

	56.
Ali HI, Dhaheri AS Al, Elmi F, Ng SW, Zaghloul S, Ohuma EO, et al. Water and beverage consumption among a nationally representative sample of children and adolescents in the United Arab Emirates. Nutrients. 2019;11(9). Available from: https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​articles/​PMC6769929/​ .Cited 2021 Sep 18.

	57.
Moradi-Lakeh M, El Bcheraoui C, Afshin A, Daoud F, AlMazroa MA, Al Saeedi M, et al. Diet in Saudi Arabia: findings from a nationally representative survey. Public Health Nutr. 2017;20(6):1075–81. Available from: https://​www.​cambridge.​org/​core/​product/​identifier/​S136898001600314​1/​type/​journal_​article.

	58.
Islam MA, Al-karasneh AF, Hussain AB, Muhanna A, Albu-hulayqah T, Naqvi AA, et al. Assessment of beverage consumption by young adults in Saudi Arabia. Saudi Pharm J. 2020;28(12):1635–47.CrossrefPubMedPubMedCentral

	59.
Cooperation Council for the Arab States of the Gulf. About GCC. 2021. Available from: https://​www.​gcc-sg.​org/​en-us/​AboutGCC/​Pages/​StartingPointsAn​dGoals.​aspx. Cited 2021 Sep 18. 

	60.
Fausnacht AG, Myers EA, Hess EL, Davy BM, Hedrick VE. Update of the BEVQ-15, a beverage intake questionnaire for habitual beverage intake for adults: determining comparative validity and reproducibility. J Hum Nutr Diet. 2020;33(5):729–37. Available from: https://​onlinelibrary.​wiley.​com/​doi/​full/​10.​1111/​jhn.​12749. Cited 2022 Jun 27.



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Online Arabic Beverage Frequency Questionnaire (ABFQ): evaluation of validity and reliability


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12937_2022_830_Fig1_HTML.png
Validity

Recruitment

Received ABFQ

+

Collect 24 hour urine sample = 51

I

l

Lost 24-urine sample = 1

Missing ABFQ 1 response = 2

Completed ABFQ1 = 49
Total Urine sample = 50

7-20days

Reliability

Complete ABFQ 2 = 46

)\

¢

'

Missing ABFQ 2 response = 4

Replace missing response
in ABFQ 1 =1

Completed ABFQ 2 =45






OEBPS/images/12937_2022_830_Fig2_HTML.png
(A)

V - V 4
1 “‘?r |
20180 s 3235
Cusi i Aosi
V = V a= |V
=
- v
A
- - 30200
J«SSO-UE Ja 200 e D;,Sl
- - q
‘.
)
)
4600 ke

25235 3275 180 5235 5275 2. 180
1wsA <58 125C 1A 1258 125C
- w q Q 7— — Q
.
12200 24200 -
125D 21504k 02504 30125120 s sin e G180
3304 43855 202004 242504 03004

(O)





OEBPS/css/sidebar.gif





