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Recent studies have shown a relationship between
energy regulation and the circadian rhythm at behavioral, molecular, and
physiological levels. The present study investigated the effect of chronotype on meal
timing and obesity in Iranian housewives.

WEETGEIIRERV e This cross-sectional study was carried out using a
convenience-sampling method through the participation of housewives living in Ahvaz

in 2018. Anthropometric information was collected. To assess food intake timing,
energy intake and sleep patterns during seven days of normal living were recorded by
the researchers. Dietary information was obtained by using a 24-hour recall
questionnaire and analyzed by NUT IV software. The morningness-eveningness
questionnaire (MEQ) was used to determine chronotypes.

There was a significant difference between the morning and evening groups
in terms of the timing of lunch (P=0.004) and mid-afternoon snacks (P=0.04). There
was no significant difference between mean energy intake in the morning and evening
chronotypes in women who were overweight or obese (P=0.31). There was also no
significant difference between morning and evening chronotypes in terms of the
percentage of energy intake of meals and snacks (P>0.05). The only significant
difference, detected between morning and evening chronotypes in normal-weight
women, was for the percentage of energy intake after 3:00 PM. (P=0.008).

The present study showed no effect of chronotype on obesity. However,
energy intake calculations were based on self-reports, which could lead to
information bias. Therefore, in future studies, researchers should carry out clinical
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trials while controlling food intake and considering meal timing.
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Introduction

Obesity and being overweight are risk factors for
cardiovascular diseases and hypertension  (1).
According to various studies, obesity and being
overweight are associated with diabetes, myocardial
infarction, lipid disorders, hypertension, dyslipidemia,
sleep apnea, gallbladder diseases, coronary artery
disease, gout, and cancer (2, 3). Obesity reduces one’s
chances of survival, as well as their life expectancy.
Obesity and being overweight are highly prevalent in
countries located in the Persian Gulf region, especially
among women—it is estimated that between 75% and
88% of this population are overweight or obese (4). The
situation has worsened in Iran in recent years. In this
regard, the results of a study showed that 63.9% of
Iranian women are either overweight or obese.
Although the current strategies for reducing obesity are
focused on the imbalance between calorie intake and
energy expenditure, recent studies have shown that
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there is a relationship between energy regulation and
the circadian rhythm at behavioral, molecular, and
physiological levels (5-8). Some studies also
emphasized that eating hours might play a significant
role in weight adjustment (9).

A study reported that evening-type subjects had
higher weight and body mass index (BMI) than
morning-type subjects (10). However, other studies
reported no significant relationship  between
morningness/eveningness and BMI (11,12). Thus, the
results of previous studies are controversial.
Considering that there are few related studies on this
topic and that this issue can be considered as a
determinant of the obesity risk in our country, the
present study aimed to investigate the effect of
chronotype on meal timing and obesity in Iranian
housewives.
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Materials and Methods
Participants

This cross-sectional study was written according to
the strengthening the reporting of observational studies
in epidemiology (STROBE) checklist (13). This study
was conducted by using the simple sampling method
(computer-generated random numbers) to decrease the
probable bias. Announcements were used to invite
eligible subjects (housewives) for participation, living
in Ahvaz, Iran. Relevant information was collected
after obtaining written consent. Individuals were
included in the study if they were literate and aged over
20 years, as well as willing to maintain weight and
physical activity during the study period. Pregnancy,
breastfeeding, being on a weight loss and weight gain
diet in the past six months, suffering from certain
diseases that affect individuals’ diet (such as
cardiovascular diseases and eating disorders), taking
medications that can affect appetite or weight
(including fluoxetine, sulfasalazine, and topiramate),
thyroid disorders, and smoking were considered as an
exclusion criteria. This study was funded by Ahvaz
Jundishapur University of Medical Sciences. The study
protocol was approved by the ethics committee based
on the ethical guidelines of the 2013 Declaration of
Helsinki at Ahvaz Jundishapur University of Medical
Sciences. (Ethics code: 1396.1029 IR.AJUMS.REC).

Methods of Data Collection

The following anthropometric information was
collected: height measurement by using a tape measure
with accuracy of 0.1 cm (in a standing position,
wearing no shoes, and with shoulders kept in a normal
position); weight measurement by using the Omron
BF508 scale with a precision of 100 g (without shoes
and with minimal clothes), BMI (weight in kilograms
divided by the square of height in meters); and waist
circumference in the narrowest region between the last
rib and the upper part of the flat pelvic region at the end
of a normal exhalation by using a non-elastic tape
measure without imposing any pressure on the body.

Individuals with a BMI of > 25 were considered as
being overweight or obese, and those with a BMI of
18.5-24.9 were considered normal-weight subjects.

To assess the timing of food intake, a notepad was
given to each participant so that they could record the
types of eaten food, time at which they ate, and sleep
pattern, as well as how the meal was prepared and the
amount of food eaten during seven days of normal
living. Individuals were given verbal and written
instructions  on how to record food intake. To de-
termine the chronotype (circadian rhythm), the
morningness-eveningness questionnaire (MEQ) was
used. A person’s chronotype represents their waking
and sleeping pattern. Some people naturally sleep late
and wake up late in the morning (eveningness), while
other people go to bed early and wake up early in the
morning (morningness).
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The chronotype questionnaire was developed by Horn
and Sternberg in 1976 and consists of 19 questions
divided into the three sections of an awakening
preference (seven questions), sleep preference (six
questions), and optimal performance preference (six
questions) (14). The questionnaire’s options are not
equal in value, and according to the developers’ analysis,
different values are given to the options for each
question. Mozafari et al. confirmed the validity of the
questionnaire in their study in Iran and reported a
Cronbach’s alpha of 0.71 (15). The possible score range
is 16 to 86 with high and low scores, indicating
morningness and eveningness preferences, respectively.

In the present study, people’s chronotypes were
calculated based on their MEQ scores. The subjects
were divided into two groups: low scores (evening
group; 16-51 points) and high scores (morning group;
52-86 points) (14). To measure the physical activity
level, a physical activity questionnaire was used and
completed by the interview method, and the results
were expressed as metabolic equivalents (MET-h/day).
Dietary intake was assessed by using a 24-hour recall
questionnaire. Calorie and macronutrient intakes were
analyzed by Nutritionist 1V software (Hearst
Corporation, San Bruno, CA, USA).

Statistical Analysis

The normal distribution of variables was assessed via
the Kolmogorov-Smirnov test. In the case of the non-
normal data distribution, the normal distribution was
obtained by calculating the logarithm, otherwise, a
Chi-square test was used to compare variables between
groups. An independent sample T-test was used to
compare the variables with the normal distribution
between groups. Also, an independent sample T-test
was used in this study to compare different times,
including the sleep onset, end of sleep, sleep duration,
duration of main meals and snacks, interval between
the last snack, and sleep between morning and evening
chronotypes (Table 2). The percentage of the total
calorie intake, calorie intake in the main meals, and
calorie intake before and after 3:00 PM were
calculated, and these values were compared between
morning and evening chronotype of normal weight and
overweight/obesity subjects via independent sample T-
test (Table 3). Statistical analysis was carried out by
using SPSS version 25 (SPSS Inc., Chicago, IL., USA).
software, and P-value<0.05 was considered as a
significant level.

Results
Description of the Studied Population

Ninety-six women participated in the present study.
Table 1 shows the characteristics of the participants
based on their chronotype. There was a significant
difference between the morning and evening groups in
terms of the timing of lunch (P=0.004), and mid-
afternoon snack (P=0.04). However, no significant
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difference was observed in the rest of the meal timings
(Table 2).

Food Intake Timing

The mean energy intake in morning and evening
chronotypes in women with normal weight was 1446 +
352 and 1373 * 225 kcal/day, respectively, which was
not statistically significant (P=0.46). Also, there was
no significant difference between mean energy intake
in the morning and evening chronotypes in women
with overweight or obesity (P=0.31) (Table 3). There
was also no significant difference between morning
and evening chronotypes of women with normal
weight regarding the percentage of energy intake at
breakfast meal (P<0.31), as well as in women with
obesity or overweight (P=0.72). In addition, there was

no significant difference between morning and evening
chronotypes in the percentage of energy intake in
lunch, dinner, and snack meals (Table 3). The
percentage of energy intake was measured between
chronotype groups before and after 3:00 PM, and
results reported no significant difference before 3:0
PM. However, there was a significant difference
between morning and evening chronotypes in normal-
weight women for the percentage of energy intake after
3:00 PM The percentage of calorie intake in the
evening group was higher than the morning group (P=
0.008). However, there was no significant difference
between women with overweight and obesity in this
regard (P=0.36) (Table 3).

Table 1. Characteristics of the participants based on their chronotype.

Normal weight Overweight/obesity

Morning Evening

(n=25) (n=16)
Age(Years) 30.6£10.6 31.7+8.2
BMI(Kg/m?) 22.3¥1.9 21.5+2.0
WC(cm) 79.2+4.0 78.846.1
Physical - activity 35 5,35 39.615.4

(MET/day)

P- Morning Evening *P-
value (n=39) (n=16) value
0.71 30.848.7 33.0+9.8 0.43
0.91 29.5£3.9 30.7+4.0 0.32
0.81 94.1+11.4 95.0+8.6 0.78
0.42 40.65.6 39.8+7.3 0.68

BMI, body mass index; WC, waist circumference.
Data are expressed as means + standard deviation.
*P-values were obtained from independent samples t-test.

Table 2. Comparison of sleep and meal timings between morning and evening chronotypes.

Morning type (n=64)

Sleep start (hh) 226+34
Sleep end (hh) 7.3+1.1
Sleep duration (hours) 8.6+1.0
Breakfast time (hh) 8.1+0.8
Mid-morning snhack time (hh) 10.8+0.9
Lunch time (hh) 13.2+0.7
Mid-afternoon snack time (hh) 17.3+1.3
Dinner time (hh) 20.8+1.0
After dinner snack time (hh) 21.9+0.9
Last meal-sleep onset (hours) 5.9+1.6

Evening type (n=32) *P-value
23.5+42 0.16
8.1+1.1 0.17
8.8+0.9 0.79
8.7+0.9 0.19
10.7+2.1 0.17
13.9+0.8 0.004
17.9+1.0 0.04
21.0+1.0 0.46
22.4+0.9 0.13
5.8+1.8 0.19

Data are expressed as means + standard deviation.
*P-values were obtained from independent samples t-test.
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Table 3. Comparison of total calorie intake and meal timing in the morning and evening chronotypes.

Normal weight Overweight/obesity

Morning type  Evening type P- Morning type  Evening type “P-
(n=25) (n=16) value (n=39) (n=16) value
el ensp Lo 14464352 13734225  0.467 15674380 1453+350  0.31°
meant SD)
% Breakfast 19.845.8 17.9454  0.31° 19.7+6.8 204442 072"
% Lunch 35.6+11.0 349456  0.79 35.9+6.1 359460  0.98"
% Dinner 22.3+7.1 254486 0.21° 25.2+6.1 228452  0.18°
. .
% Callories from 22.148.7 247493  0.38 18.947.0 20.649.6 047"
Snack
. :
& Ca'orF',le before 3 6054128 5254121 0.056° 60.9+410.2 506494 067"
. .
& Ca'oFr,'fvf St 37.6+10.6 47.9412.0 0.008° 40.949.4 385488  0.36"

*P-values were obtained from independent samples t-test.

Discussion

The present study indicated that the time of eating
lunch and mid-afternoon snack in the evening group is
significantly later than in the morning group. Also,
regarding normal-weight women, the percentage of
energy intake after 3:00 PM. is significantly higher in
individuals with an evening chronotype than those with
a morning chronotype. However, in general, this
difference in food intake timing and energy intake
percentage at certain hours did not make any difference
in terms of total daily energy intake and BMI.

Obesity and overweight statuses are highly prevalent
in different regions of Iran. A review in Iran reported
that 21% of people over the age of 18 are obese (16).

An animal study reported that mice that received
high-fat diets just at the right time (for example, at
night) had gained significantly less weight than mice
that ate the same food at an inappropriate time (9). In
addition, human studies reported similar results (17-
19). However, Mufioz et al. reported that there was no
relationship between weight gain and eating dinner
after 8:00 PM (17). Another study displayed that
having breakfast is not associated with obesity, but
those who receive more than 33% of their daily energy
intake in the evening are twice as likely to suffer from
obesity than those who do not (20). Also, large energy
intake at breakfast can help reduce overall intake, while
a lot of energy intake at night can result in increasing
overall food intake (21).

Also, some studies have shown that many biological
processes, such as the sleep-wake or food intake cycles,
are rhythmically regulated in humans (22). Circadian
rhythms are biological processes that oscillate over
approximately 24 hours and are produced in the
suprachiasmatic nucleus of the hypothalamus (23).
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Some regulators control the rhythms that are produced
by the suprachiasmatic nucleus. The main regulator is
light (24).

Biological clocks have been understood since 2001.
In addition to the central clock that is located in the
suprachiasmatic nucleus, other biological clocks are
located in different parts of the body, such as the heart,
liver, pancreas, and adipose tissue (25). Also,
biological clocks other than the central clock have been
found in parts of the brain, such as the mediobasal
hypothalamus and olfactory bulb.

These biological clocks are coordinated by the brain
but can become uncontrollable based on factors such as
the time of eating (26). Thus, eating at an inappropriate
time can cause disturbances in circadian rhythms by
inducing the internal asynchrony between biological
clocks and the central suprachiasmatic nucleus (27).
This physiological change can cause a variety of
disorders, such as obesity (28).

One of the newest discoveries in this field is the
presence of an active circadian clock in adipose tissue
(29). Recent data indicate that a temporal element is
involved in the regulation of the functioning of adipose
tissue (30). In fact, some studies have shown that a
significant percentage of the expression of a gene in the
adipose tissue of humans and animals follows a rhythmic
pattern (31,32). Therefore, specific time order in the
daily pattern of these genes should be very important
because the adipose tissue can cause fat accumulation or
fat movement at one particular time (33).

Ross et al. and Ruiz-Lozano et al. calculated MEQ
scores to investigate the relationship between
chronotype and BMI and reported that eveningness
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subjects had a higher weight and BMI than
morningness subjects (10,34). This result is not in line
with our results. This discrepancy might be due to the
differences in the sample size and study design. Other
researchers have reported that there is no significant
relationship between the MEQ scores and BMI of
morningness and eveningness subjects, which is in line
with our results (11,35).

There is some evidence that genetics affects one’s
chronotype. One investigator observed that there is an
interaction between clock gene polymorphism and
chronotype for obesity measurements, such as weight,
BMI, and waist circumference. Among carriers of the
allele C in clock 3111T/C, eveningness subjects were
heavier than morningness subjects (34).

Although we considered many confounding
variables, such as age, sex, physical activity, and
energy intake, this study still has some limitations.
First, the present study is observational. Second, we
used a recall 24-hour questionnaire to estimate calorie
intake, meaning that information bias is probable.
Third, this study had a small sample size, thus, the
results cannot be generalized to a large population.
Also, the dissimilarity in the number of participants in
the two groups reduced their comparability. Fourth,
some confounding variables, which may affect food
intake, such as nutrient intake, educational level,
occupation, and level of stress, were not considered.

Conclusion

Despite the evidence suggesting the effect of
chronotype on food intake timing and obesity, this
effect was not observed in the present study. Energy
calculations were based on the participants’ self-
reports, which might have led to information bias.
Therefore, clinical trials should be carried out in the
future in which food intake is controlled by considering
meal timing.
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