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ABSTRACT 

Objective: The present study aimed to investigate the influence of snacking patterns, i.e., the frequency of snacks, timing, sources of 

energy from snacks, and contributions of food groups to total energy, on waist circumference (WC) and body mass index (BMI) 

among female Saudi undergraduate students. Methods: A total of 435 female Saudi undergraduate students from the University of 

Tabuk were recruited using a cross-sectional design. Dietary intake was estimated using a four-day dietary record. Height, weight, 

and WC were measured as anthropometric measurements. Results: The study demonstrated that the total energy from snacks per 

day and the total energyobtained from fat that were consumed by snacking were significantly higher among participants with WC 

>88 cm and BMI≥ 25 (p<0.05). The frequency of snacks during the night was related to higher WC and BMI measurements. Sweet, 

fatty products and sweetened beverages significantly contributed to the total energy intake in participants with higher WC and BMI 

measurements than those with lower WC and BMI measurements (p<0.05). Conclusion: Participants with higher WC and BMI tended 
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to consume snacks frequently in the evening and consume overall more fat than participants with lower WC and BMI. Therefore, 

increasing awareness around healthy snacks and improving snack choices are essential factors that may have important roles in 

obesity prevention in the future. 

 

Keywords: Body Mass Index, waist circumference, snaking pattern, Saudi female 

 

 

 

1. INTRODUCTION 

A snack is defined as any food or drink which is consumed between habitual main meals without being a substitution for a meal and 

provides less energy compared to main meals, regardless of the amount or type of food consumed (Nuru, Mamang, 2015). Snack 

patterns refer to the time, frequency, or type of consumed snack (Wang et al., 2016). Snack consumption, on average, has increased 

dramatically in adults over the last three decades, with many consuming at least two snacks per day (Dunford, Popkin, 2017). These 

snacks contribute to the total daily energy intake and it are estimated to represent between 20% and 34% of total energy per day 

(Hassen et al., 2018). Snacking patterns can lead to excessive energy intake and, subsequently, can influence weight status (Barnes et 

al., 2015). 

The data regarding the link between snacking patterns and weight status are still inconsistent and unclear. For example, 

Murakami and his colleague found that the frequency of snack consumption was positively associated with body mass index (BMI) 

and waist circumference (WC) in British adults (Murakami, 2014). The Fenland Study in the UK revealed that each additional snack 

among participants with BMI measurements of less than 25 kg/m2 was inversely associated with WC. In contrast, the same study 

found that the frequency of snacks was positively associated with WC size among participants with BMI measurements of ≥25 

kg/m2 (Connor et al., 2015). 

Another study found no association between snacking patterns and BMI or WC among female university students in Iran (Faghih 

et al., 2018). Across-sectional study among Spanish adults found no association between snacking behavior and BMI, whereas 

snacks were positively associated with abdominal obesity (Keller, 2015). However, another cross-sectional study revealed a positive 

association between energy-dense snacks and BMI measurements, but no association was detected between snacks and waist 

circumference in British adults (Murakami, 2016). A recent longitudinal study conducted in 2019 showed no association between 

snack consumption and BMI or WC in adults in Denmark (Larsen, 2019). In view of these inconsistent results, the current study aimed 

to evaluate the effects of snacking patterns on WC and BMI among female Saudi undergraduate students. 

 

2. METHODS 

Study population 

Participants in this cross-sectional study were conducted between September- December 2018 among Saudi undergraduate female 

students from the University of Tabuk. A minimum of 400 students were required based on calculations performed by a statistician. 

A total of 460 participants were invited to participate via email invitation or leaflets distributed outside classes. Participation was 

voluntary; subjects were free to withdraw from the study at any time. All participants were asked to return completed consent forms 

to participate in the study. The exclusion criteria of the current study included pregnant and breast feeding, those who following 

weight-loss regimens, and participants with medical conditions that affected their weight. Ethical approval was provided by the 

ethics committee at the University of Tabuk (no 62-11-1018). The study was conducted according to principles of the Helsinki 

Declaration.  

 

Demographic 

Baseline measures were collected via questionnaire regarding monthly household income, marital status, age, race/ethnicity, and 

participants’ health status that may influence their weight status. This questionnaire was developed by the author and piloted with 

30 students prior to the study to ensure clarity. 

 

Snacking pattern 

Snacking patterns were measured using 4-day dietary records. All participants were advised on how to fill out dietary records and 

were asked to write in details regarding the type and amount of food consumed, the time at which food was consumed, and the 

type of eating occasion (main meal or snack). Four eating occasions were suggested as follows, namely, breakfast, lunch, dinner, and 

“other eating occasion or snack”. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Dunford%20EK%5BAuthor%5D&cauthor=true&cauthor_uid=28749436
https://www.ncbi.nlm.nih.gov/pubmed/?term=Popkin%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=28749436
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Portion sizes of the food or beverage were estimated by the participants using standard measurements, such as home containers 

or grams indicated on the package. The average energy intake from snacks and the frequency of snacks were calculated based on 4 

days of intake, including weekends to avoid day-to-day variability. Any food or beverages that provided no energy were excluded. 

Any eating occasions not included in one of the three main meals, i.e., breakfast, lunch, or dinner, were considered to be snacks in 

the present study (Simona et al., 2014). Morning snacking was defined in the current study as any food or drink consumed between 

breakfast and lunch, afternoon snacking was any food or drink consumed between lunch and dinner, and evening snacking was any 

food or drink consumed after dinner. Any two or more consecutive eating occasions that occurred within 15 minutes or less were 

considered to be one single eating occasion (Murakami, 2016). All food consumed via snacking by participants was classified into 9 

groups to identify the contributions of individual food groupsto total energy intake per day. 

 

Anthropometry 

A trained research assessor took all of the anthropometric measurements required for this study. A private room on the university 

campus was allocated for measurement-taking. All measurements were conducted according to WHO protocol (WHO, 2008). Body 

weight was measured to the nearest 0.1 kg using an electronic scale (Seca Ltd, Germany). Participants were asked to wear a minimal 

outer layer of clothing. Height was measured to the nearest 0.5 cm using a portable height measurer (Seca 264, UK). Based on a 

participant’s height and weight, their BMI was calculated according to the WHO formula, i.e., body mass (kg)/height2 (m2), to classify 

the weight of the participants. A stretch-resistant tape was used to measure waist circumference by wrapping its nugly around 

participants wearing minimal clothing; the measurements were taken to the nearest 0.1 millimetre. All participants were advised to 

stand up straight, relax, and take natural breaths before the measurements, as stated by WHO protocol. 

 

Statistical analysis 

The present study used IBM SPSS Statistics for Windows, version 23 (IBM Corp., Armonk, N.Y., USA) to analyze the data. A t-test for 

independent samples was used to compare the difference between participants’ snacking frequency and energy from snacks based 

on WC and BMI. Obesity was defined based on WHO’s BMI standard as follows:  

Underweight was defined as having a BMI<18.5 kg/m2. 

Normal weight was defined as having a BMI of 18.5–24.9 kg/m2. 

Overweight was defined as having a BMI of 25–29.9 kg/m2. 

Obese was defined as having a BMI of >30 kg/m2. 

 

3. RESULTS 

A total of 435 out of 460 participants completed the study. Two participants were excluded as they were on a weight-loss regimen, 

20 withdrew from the study, and 3 participants did not engage in snacking behavior. The age of the participants ranged between 20 

and 25 years, with a mean age of 22 years. All participants were of Saudi ethnicity. Table 1 summarizes the characteristics of the 

participants. 

 

Table 1 Characteristics of the participants 

Variables  All participants (n=435) 

Weight (kg) 75 

Height (cm) 161 

Body mass index (kg/m2 ) 28±5.4 

Marital status None 

Monthly household income, SR 

<5000 

5000–15,000 

>15,000 

 

N=10 (4%) 

N=201(80%) 

N=24(16%) 

 

Figure 1 presents the total energy (kcal) obtained from snacks and from each individual macronutrient based on WC and BMI. 

The total energy obtained from snacks and total energy obtained from the fat content of snacks among participants with WC >88 

cm and BMI ≥ 25 were significantly higher than those with lower WC and BMI measurements (p<0.05). No significant differences in 
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either WC or BMI were detected between participants regarding the total energy obtained from the protein or carbohydrate 

contents of snacks (figure 1). 

 

 

 

Figure 1 Energy derived from snacks based on waist circumference (WC) and body mass index (BMI) of female Saudi undergraduate 

students. 

 

The total percentage of energy derived from snacks was significantly higher in participants with higher WC and BMI 

measurements. No significant differences were observed regarding energy derived from protein or carbohydrates of snacks, 

whereas, the percentage of calories derived from the fat content of snacks was significantly higher in the group with higher WC and 

BMI measurements (p<0.05) (figure 2). In terms of snacking frequency, no significant difference was identified between participant 

groups, except for the frequency of snacks in the evening, which was significantly higher in those with higher WC and BMI 

measurements (Table 2). 

 

 

 

Figure 2 Contribution of energy derived from snacks as percentages of total daily intake of energy of female Saudi undergraduate 

students. 
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Table 2 Frequency of snacks consumed during the day at different timesby female Saudi undergraduate students. 

Frequency of snacks (times/day) 
WC 

WC ⩽88 cm WC >88 cm P-values 

Total frequency of snack consumption  2.96 ± 1.11 2.33 ± 1.54 0.65 

Frequency of snack consumption in the morning 1.09 ± 1.23 1.04 ± 0.98 0.43 

Frequency of snack consumption in the afternoon 2.74 ± 1.12 1.78±1.55 0.65 

Frequency of snack consumption in the evening 1.01 ±0.12 2.91±0.34 0.04* 

 BMI 

 BMI18.5–<25 BMI≥ 25 P-values 

Total frequency of snack consumption  2.77 ± 1.20 2.45 ± 1.65 0.75 

Frequency of snack consumption in the morning 1.12 ± 1.03 1.13 ± 0.84 0.67 

Frequency of snack consumption in the afternoon 2.55 ± 1.11 1.65±1.09 0.54 

Frequency of snack consumption in the evening 1.13 ±0.34 2.99±0.29 0.04* 

      Data are expressed as the mean ± SD. *statistically significant at the level of p < 0.05. 

 

Table 3 presents the contributions of different snack food types in percentages of total energy intake per day. Seven types of 

food were not linked to significantly differences between the WC and BMI measurements of different participant groups. Only sweet, 

fatty products and sweetened beverages were significantly higher among participants with higher WC and BMI measurements. 

 

Table 3 Contribution (%) of type of snack food to total energy intake per day. 

Food groups 
WC 

WC⩽88 cm WC >88 cm P-values 

Sweet, fatty products (cookies, pastry, chocolate, 

traditional Arabic sweets, e.g., baqlawa, etc.) (%) 
6 14 0.01* 

Sweet foods (candy, honey, jam, etc.) (%) 7 5 0.18 

Sweetened beverages (canned juice, fizzy dinks) (%) 2 6 0.04* 

Hot beverages (coffee, tea, cappuccino, etc.) (%) 3 4 0.89 

Dairy products (%) 3 2 0.66 

Fruit (whole or juice) (%) 3 2 0.71 

Vegetables (whole or juice) (%) 1 1 0.56 

Bread and cereal (%) 5 3 0.43 

Total percentage of energy from all food consumed 

in snacks (%) 
30 37 0.25 

 BMI 

 
BMI18.5–

<25 
BMI≥ 25 P-values 

Sweet, fatty products (cookies, pastry, chocolate, 

traditional Arabic sweets, e.g., baqlawa, etc.) (%) 
6 16 0.01* 

Sweet foods (candy, honey, jam, etc.) (%) 7 6 0.16 

Sweetened beverages (canned juice, fizzy dinks) (%) 2 6 0.04* 

Hot beverages (coffee, tea, cappuccino, etc.) (%) 3 3 0.84 

Dairy products (%) 3 2 0.63 

Fruit (whole or juice) (%) 3 2 0.73 

Vegetable (whole or juice) (%) 2 1 0.81 

Bread and cereal (%) 3 3 0.75 

Total percentage of energy from all food consumed 

in snacks (%) 
29 38 0.15 

  *Statistically significant at the level of p < 0.05.  

 

4. DISCUSSION 

The present study demonstrated no significant difference in the total frequency of snacks per day between participants in relation to 

WCor BMI. However, the frequency of snacks in the evening was significantly higher among participants with higher WC and BMI 

measurements compared to those with lower WC and BMI measurements. These results were in agreement with a longitudinal study 

of Danish adults, which demonstrated that the total frequency of snacks per day had no influence on waist WC and BMI; however, 

the timing of snack consumption was not measured in this study (Larsen, 2019). Barnes et al. (2015) found that neither the frequency 
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nor the timing of snacking in US adults were associated with BMI. In contrast, Murakami and his colleague found that the frequency 

of snacking was positively associated with BMI and waist circumference in British adults (Murakami, 2015). Similar results were 

reported by Murakami and Livingstone, irrespective of the definition of snacks (Murakami, 2016). 

Several studies demonstrated that snacking frequency was related to health, either positively or negatively. For example, people 

who snacked several times every day at regular times tended to be lean and healthy (Bellisle, 2014). However, irregular intake of 

energy via snacking was found to increase the risk of metabolic syndrome, and increasing snacking frequency was inversely 

associated with hypertension (Pot, 2016; Kim, 2014). Each additional snack among people of a normal weight was inversely 

associated with WC, whereas the frequency of snacks was positively associated with WC among overweight and obese individuals 

(Connor, 2015). Another study found that snacking frequently reduced the risk of cardiovascular disease and lipid profiles, such as 

cholesterol and TG concentrations (Hess, 2016; Smith, 2012). 

The type of snack food consumed was more important in regard to health than the frequency and timing of snacks, which could 

explain the different impacts that snack frequency and timing had on health. Various evidence supports the idea of snacking 

multiple times a day with nutrient-rich foods to improve overall diet quality and weight status. In contrast, snacking multiple times a 

day with sugary, salty, or high-fat foods has been observed to have a deleterious effect on diet quality and weight status (Bellisle, 

2014). On average, snacks contribute 16%–36% of the total daily energy intake in US adults, but only around 13% of the total daily 

energy intake in French adults (Murakami, 2017). In the present study, snacks contributed 29%–38% of the total daily energy intake 

in our adult participants. 

In the current study, alongside measuring the frequency and timing of snacks to define snacking patterns, the total energy intake 

from snacks and the energy intake from each macronutrient, as well as the percentage of energy obtained from different types of 

snack foods, were also investigated. The energy intake from snacks and the energy derived from fat were significantly higher among 

participants with higher WC and BMI measurements. A previous study revealed that the total energy from snacks in US adults was 

not associated with BMI; (Barnes, 2015). However, the same study demonstrated that lower BMI values were positively correlated to 

the percentage of energy intake obtained from vegetable snacks, while higher BMIs were associated with higher percentages of 

energy intake from desserts and sweet snacks. In the present study, energy intake from sweet, fatty products, such as cookies, 

pastry, traditional Arabic sweets, e.g., baqlawa, and sweetened beverages, was statistically elevated in participants with higher WC 

and BMI measurements. The BMI and WC values were significantly lower in participants with milk-dessert snacking patterns, 

compared to those who did not tend to snack (Nicklas, 2015). The timing of energy-dense snacks was associated with higher BMI 

values, but not higher WC measurements. Another study found no association between snacking patterns with BMI and WC 

measurements in female university students in Iran (Faghih, 2014). 

Overweight and obese participants tended to eat more snack foods, such as “crisps, chocolates, ice cream, and sweets”, and less 

“yogurt and nuts” than participants of healthy weight (Connor, 2104). Specific snack foods, such as cakes/cookies/pastries, sweets, 

and crackers/salty snacks, were associated with higher total energy intake than snacks such as whole fruit and coffee/tea (Nicklas, 

2016). Snacks tended to be more energy-dense compared to meals, because snacks were usually associated with unhealthy dietary 

behaviour, such as a higher intake of total fat, sugar, soft drinks, preserves, and confectionery, and a lower intake of fruits, 

vegetables, protein, and dietary fibre (Murakami, 2016). The main source of energy among working adults in the US were desserts 

and sweets, chips, crackers, and fruits (Barnes, 2015). In France, fruits, sweetened beverages, and sweet, fatty products contributed 

significantly to the total energy intake of snacks compared to other food groups. In French adults, the consumption of saturated 

fatty acids, added sugars, and sodium was higher than daily recommendations from afternoon and evening snacks, while the 

consumption of fibre, vitamins, protein, and minerals only weakly contributed to the consumption of recommended nutrients. These 

results were due to the types of food being consumed at these times, which were mainly sweet, fatty products (Hassen, 2018). 

Snacks are not necessarily unhealthy foods, but high-calorie, nutrient-poor selections tends to be less healthy (Murakami, 2016). 

A large percentage of daily energy intakes can be obtained from snacks and could contribute toward a positive energy balance 

(Bellisle, 2014). In some studies, snacking frequency was associated with better dietary quality and higher intake of vitamins, 

potassium, and magnesium, alongside carbohydrates (Ovaskainen, 2010). Therefore, specific snack foods can improve diet quality 

and, subsequently, body weight. It appears that snacks consumed by obese individuals often contribute much energy but little 

nutritional value, whereas, people of healthy weight appear to adjust their snacking patterns to match their energy intake needs and 

tend to consume carbohydrates and valuable micronutrients rather than fats to contribute toward total energy intake (Bellisle, 2014). 

This evidence suggests that energy balance and, subsequently, BMI and WC measurements can be influenced by snacking pattern 

positively or negatively through snacking patterns (Connor, 2015). 

The type of snack food influences not only weight status, but also health. An intervention study carried out to examine the 

impact of different types of snacks on the well being of 19-year-old British students asked participants to consume a specific type of 

https://www-sciencedirect-com.sdl.idm.oclc.org/science/article/pii/S0031938414001449?via%3Dihub#!
https://www-sciencedirect-com.sdl.idm.oclc.org/science/article/pii/S0031938414001449?via%3Dihub#!
https://www-sciencedirect-com.sdl.idm.oclc.org/science/article/pii/S0031938414001449?via%3Dihub#!
https://www-sciencedirect-com.sdl.idm.oclc.org/science/article/pii/S0031938414001449?via%3Dihub#!
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snack food daily in the mid-afternoon for 10 days. Participants in the first group were asked to consume only fruit, and participants 

in the second group were asked to consume chocolate/crisps. The study revealed that snacking with fruit was associated with lower 

rates of depression, anxiety, and emotional distress compared to the group that consumed crisps and chocolate (Smith, 2019). Other 

benefits of healthy snacks include hunger reduction, satiety improvement, and over consumption prevention by reducing energy 

intake at the next meal (Njike et al., 2016; Miller et al., 2013). However, increased risk of hypercholesterolemia and 

hypertriglyceridemia were associated with snacking patterns in Chinese populations (Lixin, 2019). 

These inconsistent results regarding snacking patterns can attributed to measurement error regarding eating frequency, 

including differences in the definition of a “snack” in the literature, as there is no any standardized, universally-accepted definition 

(Hassen, 2018). Some studies considered any food consumed between main meals as a snack (Murakami, 2016). Whereas others 

defined snacks by their nutrient content or their contribution to total energy intake (Murakami, 2016; Hassen, 2014). Limited studies 

investigated the combined effects of the timing and frequency of snacking; the amount of energy derived from snacks, and the 

contribution of snack foods to total energy intake. To date, there is no clear association between snacking patterns with WC and BMI 

measurements. However, the current study addresses multiple limitations observed in the literature related to snacking patterns. The 

main strengths of the present study include that the height and weight were measured by a trained research assistant, which is 

considered to be a more accurate method than self-reporting these values, and the dietary data were revised by the researcher to 

check the accuracy. Several aspects of snacking patterns were measured, including timing, frequency, total energy obtained from 

snacks, energy obtained from individual macronutrients, and the contribution of specific food groups to total energy intake. 

However, main limitations include that the data were not representative of all populations in Saudi Arabia, since they were collected 

from women at one single university. Also, using a cross-sectional design could be considered a limitation. Clearly, more research is 

required in this area, as the currently available studies that focused on snacking patterns among adults have yielded inconsistent 

results. Future dietary weight-loss interventions should evaluate the impact of frequency, timing, and quality of snacks on weight 

loss. Also, education should be provided regarding healthy snacks and how to incorporate them into daily routines, particularly for 

those following dietary weight-loss programs. 

 

5. CONCLUSION 

In conclusion, the current study demonstrated no significant differences in the frequency of snacks per day between participants 

with higher or lower BMI and WC measurements. However, the timing of snack consumption had a significant impact on WC and 

BMI. The total energy intake from snacks and the energy obtained from the fat content of snacks were both significantly higher 

among those with higher WC and BMI measurements. Only sweet, fatty products and sweetened beverages significantly contributed 

to the total energy intake of participants with elevated WC and BMI values. Snacking patterns are considered to be a major factor 

contributing to obesity and being overweight. Therefore, increasing awareness around healthy snacks and improving snack choices 

are essential factors that may have important roles in obesity prevention in the future. 
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