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ABSTRACT

الأهداف : تهدف الدراسة الحالية إلى دراسة العلاقة الحالية بين 
وقت تناول السعرات الحرارية والاصابة بالسمنة وزيادة الوزن.

في  جامعية  طالبة   450 لعدد  أجريت  عرضية  دراسة  الطريقة: 
وديسمبر  سبتمبر  بين  ما  الفترة  في  تبوك،  مدينة  تبوك،  جامعه 
استخدام  طريق  عن  الأغذية  من  المتناول  تقدير  تم  وقد   .2018
سجلات الأغذية لمدة أربعة أيام شاملة إجازة نهاية الأسبوع. وقد 

تم اخذ قياس طول ووزن لحساب مؤشر كتلة الجسم.

تناول  وقت  بين  سلبية  علاقة  وجود  النتائج  أظهرت  النتائج: 
زيادة  او  بالسمنة  والاصابة  الباكر  الصباح  في  الحرارية  السعرات 
او  بالسمنة  الدراسة علاقة عكسية بين الإصابة  الوزن. ووجدت 

زيادة الوزن مع تناول السعرات لحرارية في المساء. 

السعرات  من  كبيرة  كميات  تناول  ان  الدراسة  وجدت  الخاتمة: 
الإصابة  بمدى  إيجابي  ارتباط  مرتبط  العشاء  وجبة  في  الحرارية 
بالسمنة أو زيادة الوزن، بينما تناول السعرات الحرارية في الصباح 

مرتبط ارتباط عسكي بمدى الإصابة بالسمنة أو زيادة الوزن.  

Objectives: To investigate the relationship between 
the timing of energy intake and obesity.

Methods: A cross-sectional study was conducted 
between September 2018 and December 2018. A total 
of 450 Saudi female students from the University of 
Tabuk, Tabuk, Saudi Arabia were recruited. A 4-day 
dietary record was used to estimate the total energy 
intake per day and per meal. Height and weight were 
measured to calculate body mass index.

Results: The study showed a significant negative 
association between obesity and energy intake at 
breakfast (r = -0.70, p<0.05) and mid-morning 
(r = -0.53, p<0.05) as well as a significant positive 
association between obesity and energy intake at 
dinner (r = 0.85, p<0.05). Additionally, there was no 
significant difference between the obese and normal 

weight groups in the total energy intake per day or 
the total percentage of energy from fat, carbohydrate, 
and protein per day. However, the total energy intake 
for each meal and the percentage of energy from fat, 
carbohydrate, and protein per meal were significantly 
different between the groups.

Conclusion: The greater intake of energy at dinner 
was positively associated with obesity, while greater 
energy intake at breakfast were negatively associated 
with overweight and obesity.  
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Obesity is one of the global health problems facing 
societies that has increased dramatically in recent 

years.1 It was found that the prevalence of obesity was 
higher among women compared to men.2 The Saudi 
National Health Survey found that there is a significant 
increase in the prevalence of overweight and obesity 
among the Saudi population aged 15 years and older, 
especially among women, and that the increase among 
women was significantly greater compared to the 
increase among men.3 A study indicated that there is 
a significant increase in the trend of overweight and 
obesity among Saudi population.4 Some cross-sectional 
study among Saudi female university students aged 19 
years or older revealed that approximately third of them 
were overweight or obese.5,6
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There are multiple factors that could cause overweight 
and obesity, such as family history of overweight and 
obesity, sociodemographic factors, portion size, physical 
activity, and marital status.7-9 The Saudi National Health 
Survey found that the risk of obesity increased among 
Saudi women aged 15 years or older increased with age 
and incidence of hypertension found that the risk of 
obesity increased among Saudi women aged 15 years or 
older increased with age and incidence of hypertension.3 
Another study in Jeddah, Saudi Arabia, revealed that 
the number of servants, marital parity, and childbearing 
were significant predictors for obesity in women aged 
11 years or older.10 However, no study conducted in 
Saudi Arabia has evaluated the role of energy timing 
intake on weight status.

Studies of weight loss and weight maintenance have 
mostly concentrated on the balance between caloric 
intake and caloric expenditure. However, the time of 
energy intake plays an important role in weight gain and 
weight maintenance.11  A study by Garaulet12 indicated 
that the feeding time especially for high-energy 
dense meals may have health consequences such as 
development of obesity. Recent data revealed that people 
who consumed breakfast consistently showed lower 
risk of weight gain compared to people who skipped 
breakfast. In addition, higher energy intake at lunch or 
dinner have increase the risk of an increased body mass 
index (BMI).13  A review conducted by Almoosawi et 
al14 suggested that eating late was related to overweight 
or obesity.

Another intervention study examined the effect of 
the timing of the main meal consumption on weight 
loss. The results revealed that the group that consumed 
high caloric food at breakfast lost significantly more 
weight compared to the other group that consumed 
high caloric food at dinner.15 Interestingly, a study by 
Wang16 indicated that food consumption at midday 
is correlated with a lower risk of overweight and 
obesity, while food intake in the evening is correlated 
with a higher risk. However, food consumption in the 
morning was not associated with overweight or obesity.
Furthermore, a randomized controlled trial failed to 
support the idea on the positive  relationship between 
breakfast consumption and body weight gain.17 Recent 
review regarding  the association between timing of 
energy intake and weight gain, showed inconsistent 

finding which require more studies.18 Therefore, the 
current study will examine the impact of energy intake 
timing on weight status among Saudi female university 
students.

Methods. A cross-sectional study was conducted 
between September and December 2018. The study took 
place at the University of Tabuk, Tabuk, Saudi Arabia, 
among female students. The sample size was calculated 
by one of university statisticians. The following formula 
was used for calculation: n = z2 p q/d2, where, n= the 
minimum sample size, z = standard score corresponding 
to a given confidence level, p = the proportion in the 
characteristics being measured, q = 1-p, d = sample 
error. The data were considered significant if the p<0.05 
and power = 80%.

A minimum of 400 participants were required as 
calculated by the statistician.  In total, 480 participants 
were recruited in case participants withdraw. The 
participants were recruited to the study through leaflets 
distributed at the university. The participants were 
required to complete a consent form to participate in 
this study. Any participant who were on a weight-loss 
regimen or had a medical condition that could 
influence their weight status were excluded from the 
study. Pregnant and breastfeeding participants were also 
excluded from the study. Ethical approval was obtained 
for the current study from the ethics committee at the 
University of Tabuk. The study was conducted according 
to the principles of Helsinki Declaration.   

Screening questionnaire. The screening questionnaire 
was developed by the author. It was piloted on 30 
students prior to the study to ensure clarity and estimate 
the time it took to complete the questionnaire as well as 
to obtain feedback from the participants, which could 
help to make alternations to the questionnaire. The 
questionnaire consisted of demographic information 
(for instance: participants’ age, monthly household 
income, marital status, and ethnicity) and a section 
discussing the participants’ health status and whether 
they were diagnosed with any particular disease that 
could influence their weight status.

Energy intake. This study used a 4-day dietary record 
to estimate the energy intake (Kcal) of participants 
and identify the timing of their energy intake. All 
participants were given a blank food diary and an 
instruction booklet on how to use the food diary. They 
were asked to write what and when they ate or drank 
in detail and whether they were inside or outside the 
house at the time of consumption. The author met each 
participant individually to ensure that the diary was 
written correctly. Portion size was estimated by using 
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spoons, cups, serving plates, and glasses. The average 
intake of energy was calculated based on the energy 
consumed in 4 consecutive days, including weekends, 
to avoid day-to-day variability.

Anthropometric measurements. Participant’s  
measurements were taken by a trained research 
assistant. All participants’ anthropometry was measured 
at a private place on the university campus according 
to the World Health Organization (WHO) protocol.19 
An electronic scale (Seca Ltd, Germany) was used 
to measure each participant’s weight. For accuracy 
purposes, the scale was calibrated according to the 
manufacturer’s guidelines. Weight was measured to the 
nearest 100 g. All participants were asked to take off their 
shoes and heavy clothes and to wear a minimal outer 
layer of clothing. The height of each of the participants 
was measured using a portable height measure (Seca 
264, UK). It was measured to the nearest 0.5 cm. The 
BMI was calculated according to the WHO formula: 
body mass (kg)/height2 (m2) to classify the weight of 
the participants. 

Statistical analysis. The Statistical Package for 
Social Sciences for Windows, version 23 (IBM Corp, 
Armonk, NY, USA) was used to analyze the data in 
the present research. Pearson’s correlation coefficients 
were used to find the relationship between BMI and 
and energy intake at the different eating occasions. 
The data was normally distributed, therefore, a t-test 
for an independent sample was used to calculate the 
significance of differences in the energy intake between 
individuals with normal weight versus  individuals with 
overweight or obesity. Obesity was defined based on 
the WHO-BMI standard as follows: 1) underweight - 
defined as a BMI <18.5 k/m2; 2) normal weight - as 
BMI 18.5-24.9 k/m2; 3) overweight - 25-29.9 k/m2; 
4) obese -  >30 k/m2.

Results. The total number of female students who 
completed the study was 450 out of 480 (198 individuals 
with overweight or obesity and 252 individuals with 
normal weight). Thirty participants were excluded from 
the study (24 withdrew from the study, and 6 were 
on a weight-loss regimen). All of them were of Saudi 
ethnicity. The age of the participants ranged between 
20 and 25 years, with a mean age of 22 years. The 
characteristics of the participants as summarized in 
Table 1. 
     No significant difference was found in total energy 
intake between the individuals with overweight or obesity 
and the individual with normal weight (Table 2). At 
breakfast and mid-morning, the total energy intake was 
significantly higher among the individual with normal 

weight compared to the individuals with overweight 
or obesity. On the other hand, the total energy intake 
at mid-afternoon and dinner was significantly higher 
among the individuals with overweight or obesity 
compared to the individual with normal weight.
     The results showed a significant negative association 
between overweight and obesity with energy intake 
at breakfast (r = -0.70, p<0.05) and mid-morning 
(r = -0.53, p<0.05). However, a significant positive 
association was detected between overweight and 
obesity with energy intake at dinner (r = 0.85, p<0.05). 
There was no association between afternoon or mid-
afternoon energy intake and obesity. The individual 
with normal weight consumed most of their energy 
at breakfast and mid-morning (38%). A similar 
percentage was consumed in the afternoon and mid-
afternoon (37%). The lowest percentage of their energy 
intake was at dinner and in the late evening (25%). 
On the other hand, the individuals with overweight 
or obesity consumed the highest percentage of their 
daily energy intake at dinner and in the late evening 
(42%). However, their lowest daily energy intake was 
recorded at breakfast and mid-morning (22%). Their 

Table 1 - Characteristics of the participants. 

Variables Normal weight 
group (n=252)

Obese and 
overweight group 

(n=198)
Weight (kg) 56 82
Height (cm) 160 161
Body mass index (kg/m2 ) 22±1.2 33±2.3
Marital status None None
Monthly household income, SR

<5000
5000-15 000
>15 000

10  (4)
201(80)
41(16)

13   (7)
120 (61)

        65 (32)
Body mass index, height, and weight are expressed as the mean±SD. 

Values are presented as numbers and percentage (%). 

Table 2 - 	 Mean energy intake per day and mean energy intake for each 
meal of Saudi female university students.

Caloric intake (kcal) Normal 
weight Obese P-value

Average total calories per day 1983±36 2009±33 0.06
Breakfast (4:00 to 9:00)   400±21* 300±26 0.02
Mid-morning (9:00 to 12:00)   350±28* 130±10 0.01
Lunch (12:00 to 4:00)        609±29 588±31 0.06
Mid-afternoon (4:00 to 7:00)   130±1* 155±8 0.04
Dinner (7:00 to 12:00)   354±16* 680±27 0.01
Late evening (12:00 to 4:00)   140±9 156±6 0.07

Data are expressed as mean ± SD. *The mean energy intake is 
significant at the p<0.05 level between the individuals with overweight 

or obesity compared to the individuals with normal weight

http://www.smj.org.sa/index.php/smj/index
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daily energy consumption in the afternoon and mid-
afternoon was 36%.

There was no significant difference in the 
percentage of total energy intake from fat, protein, and 
carbohydrate between the groups throughout the day 
(Table 3). However, the percentage of total energy intake 
from fat, protein and carbohydrate was significantly 
higher at dinner among the individuals with overweight 
or obesity compared to the individual with normal 
weight. At breakfast, the protein and carbohydrate 
energy intake percentage was significantly lower among 
the individuals with overweight or obesity compared to 
the individual with normal weight. At lunch, the fat 
energy intake percentage was significantly lower for 
the individuals with overweight or obesity, but their 
carbohydrate energy intake percentage was significantly 
higher compared to the individual with normal weight.

Discussion. The present study demonstrated a 
significant negative association between overweight and 
obesity with energy intake at breakfast and a significant 
positive association between overweight and obesity with 
energy intake at dinner. These results are in accordance 
with a previous intervention study, which found that the 
group that consumed high caloric food at breakfast lost 
significantly more weight compared to the other group 
that consumed high caloric food at dinner.15  Another 
study demonstrated that higher energy intake at the 
evening meal was associated with risk of overweight 
and obesity, while energy consumption at breakfast did 
not lower the risk of obesity. However, the same study 
found that food consumption at midday is correlated 
with a lower risk of overweight and obesity.16 This 
result contrasts with the results of the current research, 
which found no association between the midday meal 
and obesity. According to Tansey,20 lower energy intake 
at midday was associated with higher BMI, and no 
significant association was found between other eating 
occasions and BMI. Another study revealed that a higher 
percentage of energy intake at midday can reduce the 
risk of overweight and obesity and no association was 

detected between weight gain and energy intake at the 
rest of the eating occasions.21

 Furthermore, other studies focused on a single meal 
and investigated its impact on adults’ weight gain. A 
study by Ozturk et al,22 revealed that night eating was 
associated with weight gain of adults. Similar results 
were reported by other cross sectional studies.23-27 On 
the other hand, other cross sectional studies showed no 
association between night eating and BMI.28-32 Current  
review regarding the association between night eating 
and weight gain showed mixed results.33  Recent meta-
analysis revealed that it is difficult to draw conclusions 
on the influence of energy intake at dinner due to high 
heterogeneity.34 

With regard to breakfast, several cross-sectional 
studies showed mixed results.35,36 However, several 
studies have suggested that eating breakfast could 
reduce the risk of overweight and obesity.17,37,38 One 
possible explanation for the relationship between 
breakfast energy intake and obesity is that breakfast 
skippers usually try to overcompensate for the lower 
morning energy intake by consuming larger amounts 
of high caloric food during the rest of the day.39 This 
usually happens due to poor appetite control.40

The most interesting results in the present study were 
that there were no significant differences between the 
individuals with overweight or obesity and individuals 
with normal weight in the total energy intake per 
day. However, the total energy intake for each meal 
were significantly different between the groups. A 
randomized controlled trial conducted by Jakubowicz 
et al,15 examine the effect of high energy intake at 
breakfast compared to high energy intake at dinner. 
The participants were divided into 2 groups with equal 
amount of energy intake per day (1400 kcal). The first 
group (breakfast group) consumed 700 kcal breakfast, 
500 kcal lunch, and 200 kcal dinner; while the other 
group (dinner group) consumed 200 kcal breakfast, 
500 kcal lunch, 700 kcal dinner for 12 weeks. The 
results showed that  first group (breakfast group) lost 
significant weight than the second group (dinner 
group).15 This shows that not only the total amount of 

Table 3 - The percentage of energy intake from fat, protein, and carbohydrate of Saudi female university students.

Meal of the day % Fat energy P-value % Protein energy P-value % Carbohydrate energy P-value
Normal 
weight Obesity Normal 

weight Obesity Normal 
weight Obesity

Breakfast 10 11 0.11 4 2 0.9 24 9 0.09
Lunch 15  9 0.06 7 6 0.13 15 21* 0.04
Dinner  8 14* 0.04 3   5* 0.3 14 23* 0.03
Total energy 33 34 0.15 14 13 0.16 53 52 0.15

*The percentage of energy intake is significantly higher at the p<0.05 level among the individuals with overweight or obesity 
compared to the individuals with  normal weight.
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energy intake per day should be considered for weight 
control, but also the total amount of energy intake per 
meal and the time of consumption. 

In one study, an unusual timing of food intake was 
associated with weight gain.12 Another study indicated 
that restriction of feeding times, especially during the 
night, can prevent obesity without reduction of caloric 
intake.41 Furthermore, timed feeding can reverse the 
harmful influence of a high-fat diet.42 Changing the 
habitual times of food intake can lead to negative 
consequences on body health. For example, an 
experimental study in humans who work night-shifts 
showed a decline in leptin concentrations, which can 
lead to obesity due to its ability to control appetite, and 
an increase in glucose and insulin levels and arterial 
pressure.43

Circadian rhythm has a large impact on human 
biological activity.44 Evidence has demonstrated that 
circadian clocks are sensitive to the timing of food 
consumption.45 The circadian rhythm has a large impact 
on the mobilization and accumulation of fat since 
several genes that are available in adipose tissue and 
that can lead to obesity are influenced by a circadian 
rhythm.46 Furthermore, the circadian clock can 
influence hunger and hormonal secretion.47 Therefore, 
timing of energy intake plays a crucial role in circadian 
rhythms regulation as it could alter circadian clocks, 
which could lead to weight gain and dysregulation of 
metabolism.46

There are some strengths in the current study, 
namely: the height and weight were measured by a 
trained research assistant, which is considered more 
accurate than self-reported. In addition, the dietary data 
were revised by the researcher to check the accuracy 
of the dietary data.  However, the main limitations 
were difficulty of estimating energy intake and using a 
cross sectional design as well as the sampling was not a 
random.  Also, lack of control for possible confounding 
factors such as physical activity level and data were 
collected from female at only one university, therefore, 
may not be representative of all to the Saudi Arabian 
population.  There were few research carried out on this 
topic and findings are still inconsistent, therefore, more 
study are required especially randomized controlled 
trail to get a conclusive results. 
     In conclusion, the present results showed that  
greater energy intake in the morning and mid-morning 
was correlated with a lower risk of overweight and 
obesity, while greater energy intake in the evening was 
associated with a higher risk of overweight and obesity. 
In addition, the total energy intake for each meal and 
the percentage of energy from fat, carbohydrate and 
protein per meal were significantly different between the  

individual with overweight or obesity and individual 
with normal weight. Thus, the timing of energy intake 
play an important role in the incidence of overweight 
and obesity.
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