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Abstract: Mounting evidence suggests that meal timing and frequency are associated with car-
diometabolic health by influencing circadian rhythms. However, the evidence is inconsistent and
limited, especially in non-Western cultures. This cross-sectional study aims to investigate the associa-
tion between temporal habits of dietary intake, such as nightly fasting duration and meal frequency,
and metabolic syndrome among Kuwaiti adults. A 24-hour recall was used to assess temporal habits
of dietary intake. Meal frequency was defined as the number of daily eating episodes. The study in-
cluded a total of 757 adults aged 20 years and older. The participants’ mean age was 37.8 £ 12.3 years.
After adjusting for all confounders, higher meal frequency was found to be associated with a lower
prevalence of metabolic syndrome in adults (OR, 0.43; 95%ClI, 0.19-0.96) and a lower prevalence of
elevated triglycerides in men only (OR, 0.23; 95%CI, 0.09-0.60). No association was found between
nightly fasting and metabolic syndrome, but a longer fasting duration was associated with a lower
prevalence of elevated triglycerides (OR, 0.19; 95%CI, 0.06-0.63). The findings suggest that having
frequent meals and longer durations of nightly fasting may help decrease the risk of metabolic
syndrome and elevated triglycerides.

Keywords: meal frequency; nightly fasting; skipping meals; late night dinner; metabolic syndrome;
Kuwait

1. Introduction

It is estimated that 20-30% of adults worldwide have metabolic syndrome [1]. Along
with the increased risk of coronary heart disease, stroke [2], and other serious health
conditions, metabolic syndrome affects quality of life [3] and carries a heavy health expen-
diture [4]. Although many lifestyle factors have been associated with metabolic syndrome,
the association between temporal patterns of dietary intake and metabolic syndrome has
only been studied in recent years [5-7].

The temporal patterns of dietary intake (e.g., meal timing, meal frequency, breakfast
skipping, and late-night eating) are gaining interest as compelling evidence shows that
these are potentially important risk factors that may impact human health, especially
metabolic-related diseases [6]. The circadian rhythm, the body’s inborn 24 h cycle that
impacts behaviors and physiological processes, is essential in understanding how the body
is affected by meal timings. As modern society developed, people became exposed more to
a nocturnal lifestyle [8], which has led to increased exposure to artificial light and access
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to food any time of the day [9]. Environmental changes, temperature, exercise, and meal
timings can affect the circadian rhythm and the body’s metabolic process [10]. Therefore,
temporal patterns of dietary intake, such as meal timing and meal frequency, are suggested
to influence weight control and cardiometabolic health [9,11].

There have been limited studies on the association between temporal patterns of
dietary intake and cardiometabolic risk in humans. For the frequency of meals, an obser-
vational study has revealed that eating four meals a day was associated with a lower risk
of developing type 2 diabetes when compared with eating three meals a day in Chinese
adults, especially in those with a BMI of less than 25 kg/m? [12]. Furthermore, a lower
concentration of LDL cholesterol was found among participants in the EPIC project who
consumed more than six meals per day as compared with those who consumed one or
two meals per day [13]. As for fasting duration, a cross-sectional study of Korean adults
found no significant linear association between nightly fasting duration and obesity or
metabolic syndrome [7]. Another study revealed that a longer duration of night-time
fasting does reduce the likelihood of being overweight and obese but only among older
adults who started fasting before 2 a.m. [14]. The studies were mostly inconsistent and
found relationships in one group but not in the other. Thus, there is not enough evidence
to draw comprehensive conclusions about the associations between temporal and diurnal
patterns of dietary intake and metabolic syndrome.

The rise in rates of metabolic syndrome is a global phenomenon. Most studies on the
association of temporal patterns of dietary intake and metabolic syndrome are conducted in
Western or Asian countries. The prevalence of metabolic syndrome increases as a country’s
level of income increases [15]. Thus, Kuwait provides fertile grounds for the development
of metabolic syndrome with the country’s high income, sedentary lifestyle [16], and eating
culture. In Kuwait, the prevalence of metabolic syndrome is 37.7% in women and 34.2% in
men [17], higher than the 20-25% worldwide estimate of metabolic syndrome in adults [18].
Many factors may be associated with the increased rate of metabolic syndrome in Kuwait,
such as screen time and less night sleep. However, it is essential to explore the association
between temporal patterns of dietary intake, such as meal timing and meal frequency, and
metabolic syndrome. This study explored meal timing, meal frequency, fasting duration,
and skipping meals, and examined their association with metabolic syndrome in Kuwaiti
adults using national survey data.

2. Materials and Methods
2.1. The Study Participants

The participants of the study are adults aged 20 years and above who participated
in the 2009-2010 Kuwait National Nutrition Surveillance System (KNNSS). The study
collected a nationally representative sample by following a stratified cluster sampling
strategy obtained from 545 individual households in Kuwait’s six governorates. The
governorates were divided into 82 clusters to sample the households, where 20 households
were selected from each cluster, aiming for a total of 1640 households. From each household,
subjects were randomly selected. In total, 1824 individuals participated in the KNNSS
study. For this study, 757 adults above 20 years old were included. Those under 20 years
old, 722 individuals in total, were excluded because they were assessed differently than
adults. The study excluded 345 individuals who were taking diabetes, blood pressure, or
cholesterol medications.

This study was conducted in accordance with the guidelines laid down in the Declara-
tion of Helsinki, and all procedures involving human subjects/patients were approved by
the Ethics Committee of the Ministry of Health in Kuwait. Written informed consent was
obtained from all subjects.

2.2. Assessment of Dietary Data

Participants completed a 24 h dietary recall as part of the KNNSS. All interviewers
conducting the 24 h recall were KNNSS-trained dietitians. A food instruction booklet
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was used to aid participants in estimating portion size. The time a person ate a meal was
defined as meal timing. The number of eating episodes was estimated as meal frequency.
An eating episode was defined as consuming any food or drink of more than 1 kcal. Not
eating a meal from 5 a.m. to 10 a.m. was defined as skipping breakfast. Not eating a meal
from 6 p.m. to 10 p.m. was defined as skipping dinner. Eating a meal between 10 p.m. and
3 a.m. was defined as late-night eating. Fasting duration was estimated by subtracting the
time of the last meal from the time of the first meal. Individuals were classified based on
meal frequency into four categories: those who consumed three meals or less, four meals,
five meals, and six meals or more. For fasting duration, individuals were classified based
on nightly fasting duration into four categories: those who fast for less than 8 h, those who
fast for 8 to 10 h, those who fast for 10 to 12 h, and those who fast for more than 12 h.

2.3. Covariate Assessment

Information related to demographic background, physical activity, and lifestyle factors
was collected through interviewer-administered questionnaires. Trained workers visited
households to collect body and blood measurements. Following standard protocol, two
measurements were taken for body weight, height, blood pressure, and waist circumference.
Blood samples were collected to measure biomarkers after a nightly fast. Body mass
index (BMI) was calculated as weight in kilograms divided by height in square meters.
Individuals were classified as being underweight if they had a BMI < 18.5, being at a
normal weight if they had a BMI between 18.5 and <25, being overweight if they had a
BMI between 25 and <30, and being obese if they had a BMI > 30. Age was categorized in
the questionnaire into two categories: 2049 years, and 50 years and older. Age was also
collected as a continuous variable. Smoking was defined in terms of having ever smoked a
cigarette (Yes/No). Physical activity was defined as being physically active or having a
sedentary lifestyle (Active/Sedentary). Marital status was defined according to those who
are married and those who are not married, including divorced and widowed (Yes/No).
Education was classified into three categories (high school and less, diploma/bachelor’s,
and postgraduate). Household income was defined as having a low (<1000 Kuwaiti dinar
(KD)), medium (1000-1999 KD), or high income (>2000 KD). Total daily energy intake was
estimated from the 24 h recall.

2.4. Assessment of Outcomes

Metabolic syndrome was defined as having three or more metabolic syndrome risk
factors. The risk factors include elevated blood pressure, prediabetes or elevated fasting
blood glucose, abdominal obesity or large waist circumference, elevated levels of triglyc-
erides, and reduced levels of high-density lipoprotein (HDL). Abdominal obesity was
defined as having a waist circumference > 94 cm for men and >80 cm for women. Elevated
blood pressure (BP) was defined as having a diastolic BP > 80 mm hg and/or systolic
BP > 120 mm Hg. Prediabetes was defined as having a fasting blood glucose > 100 mg/dL
(5.6 mmol/L) or HbAlc > 5.7. Having elevated triglycerides was defined as having serum
triglycerides in amounts > 150 mg/dL (1.7 mmol/L). Low HDL cholesterol was defined
as having an HDL cholesterol level < 40 mg/dL (1.0 mmol/L) for men and <50 mg/dL
(1.3 mmol/L) for women.

2.5. Statistical Analysis

Continuous variables are presented as means + standard deviations, and categorical
variables are presented as frequencies (1) and/or percentiles (%). A t-test was conducted to
identify if there was a difference in characteristics between men and women. A Chi-square
test was conducted for the difference in temporal patterns of dietary intake, metabolic
syndrome risk factors, and the number of metabolic syndrome risk factors present between
men and women. Analysis was conducted using the SURVEY procedure (SAS version
9.4) [19] to account for the sampling weights. Multiple logistic regression analyses were per-
formed to estimate the odds ratios (OR) and the 95% confidence intervals (CI) of metabolic
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syndrome and risk factors of metabolic syndrome. For meal frequency, participants eating
three or less meals per day were used as the reference group. For fasting duration, partici-
pants fasting less than 8 h were used as the reference group. The analysis was performed
for all adults and then separately for men and women. Further multiple logistic regres-
sion analyses were performed separately based on breakfast consumption (skip breakfast;
did not skip breakfast) and dinner consumption (skip dinner; did not skip dinner). The
results are presented, adjusted for age in years, education, income, BMI, activity level, and
smoking. A significance level of p < 0.05 was used for all statistical tests.

3. Results

Selected characteristics of the study participants are shown in Table 1. The mean age
was 38.6 years for men and 37.1 years for women. The difference in age was not significant;
however, there were significant differences in income (p < 0.001), smoking status (p < 0.001),
HbAlclevels (p = 0.02), HDL cholesterol levels (p < 0.001), triglyceride levels (p < 0.001), and
total energy intake (p < 0.001). Further, there was a significant difference in the activity level,
in which 47.2% of men and 68.7% of women were active (p < 0.0001). On average, women
had a slightly higher BMI (29.9 kg/m?) than did men (28.3 kg/m?) in the study (p = 0.0005).
There was a significant difference between the waist circumference of men and women,
in which men had a larger waist circumference (98.9 cm) than women (88.6). The mean
systolic blood pressure was higher in men (129.1 mmHg) than in women (121.5 mmHg),
and the difference was significant (p < 0.0001). Similar significant differences were in
average diastolic blood pressure, in which the average for men was 82.7 mmHg and that
for women was 78.6 mmHg. The mean fasting blood glucose level was 5.7 mmol/L in
men and 5.4 mmol/L in women (p = 0.0245). On average, men consumed a statistically
significantly higher number of meals (4.5 meals per day) than did women (4.3 meals per
day) (p = 0.0005). Women had longer nightly fasts (10.9 h) than did men (10.1 h), and the
difference was significant (p < 0.0001).

Furthermore, Table 1 shows the prevalence of metabolic syndrome and its five risk
factors among the study participants. The prevalence of abdominal obesity was 40% for all
study participants; however, there was a significant difference in the prevalence of abdom-
inal obesity between men (61.0%) and women (63.0%). Further, men had a significantly
higher prevalence of elevated serum triglycerides (29.9%) than did women (16.8%). On the
other hand, the study showed a significantly higher prevalence of low HDL cholesterol
among women (48.3%) than that in men (30.8%). The prevalence of elevated blood pressure
was significantly higher among men (56.9%) than among women (37.7%). Approximately,
29.9% of the participants were prediabetic, and 34.5% had metabolic syndrome, in which
no significant difference was seen between men and women. The number of participants
without any, and with one or many of the risk factors associated with metabolic syndrome is
illustrated in Table 1. Approximately, 12.6% of the participants had no metabolic syndrome
risk factors present. The presence of one metabolic syndrome indicator was seen among
22.6% of the participants, with a significant difference between men (17.9%) and women
(26.4%). Nearly 30% of participants had two metabolic syndrome risk factors present
and 20% had three metabolic syndrome risk factors. Only 11.6% of participants had four
metabolic syndrome risk factors, and 2.9% had all five risk factors present.

Table 1. General characteristics of the study participants by gender.

Total Men Women Value 2
(n = 757) (n = 341) (n = 416) P
Age (years) 37.8 £12.3 38.6 +13.3 37.1+11.3 0.10
Education, n (%) 0.22
Highschool or below 323 (42.7) 155 (45.5) 168 (40.4)
College graduate 403 (53.2) 170 (49.9) 233 (56.0)
Higher education 31 (4.1) 16 (4.7) 15 (3.6)
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Table 1. Cont.

Total Men Women Value 2
(n = 757) (n = 341) (n = 416) p-vatue

Household income <0.001

Low 480 (63.7) 152 (45.0) 328 (78.9)

Middle 222 (29.4) 147 (43.5) 75 (18.0)

High 52 (6.9) 39 (11.5) 13 (3.1)
Physically activity <0.001

Active 310 (41) 180 (52.8) 130 (31.3)

Sedentary 446 (59) 161 (47.2) 285 (68.7)
Smoking (ever) 251 (33.29) 211 (62.4) 40 (9.6) <0.001
BMI (kg/mz) 292+ 64 283 £5.9 299 £ 6.7 <0.001
Waist circumference (cm) 93.3 £16.3 98.9 £+ 14.7 88.6 £ 16.1 <0.001
Systolic blood pressure (mmHg) 1249 +17.1 129.1 + 16.8 121.5 + 16.7 <0.001
Diastolic blood pressure (mmHg) 80.5+11.4 82.7 +£10.9 78.6 +£11.3 <0.001
HDL cholesterol (mmol/L) 1.24+0.3 1.1+0.2 1.3+ 0.3 <0.001
Triglycerides (mmol/L) 1.3 +0.74 1.4+08 1.1+£0.6 <0.001
Fasting blood glucose (mmol/L) 56+1.6 57+19 54+13 0.02
HbAlc 57 +09 58 +£1.1 56 +0.7 0.02
Total energy intake (kcal/day) 2063.9 +967.0 2491.8 +1034.7 1712.8 + 743.1 <0.001
Meal frequency 444+1.0 45+1.1 43+10 <0.001
Nightly fasting duration (hours) 9.8+33 101 +£2.8 109 £3.1 <0.001
Skipped breakfast 227 (30.0) 80 (10.6) 147 (19.4) <0.001
Skipped dinner 74 (9.8) 33 (4.4) 41 (5.4) 0.93
Late night dinner 408 (53.9) 198 (26.2) 210 (27.7) 0.04
Abdominal obesity 360 (40.5) 208 (61.0) 283 (63.0) 0.04
Prediabetes 226 (29.9) 114 (33.4) 112 (26.9) 0.05
Elevated triglycerides 172 (22.7) 102 (29.9) 70 (16.8) <0.001
Low HDL cholesterol 306 (56.5) 105 (30.8) 201 (48.3) <0.001
Elevated blood pressure 351 (46.4) 194 (56.9) 157 (37.7) <0.001
Metabolic syndrome 261 (34.5) 124 (36.4) 137 (32.9) 0.32
Risk factors for metabolic syndrome

None 95 (12.6) 45 (13.2) 50 (12.6) 0.63

One 171 (22.6) 61 (17.9) 110 (26.4) 0.005

Two 230 (30.4) 111 (32.6) 119 (28.6) 0.24

Three 151 (20.0) 66 (19.4) 85 (20.4) 0.71

Four 88 (11.6) 48 (14.1) 40 (9.6) 0.06

Five 22(2.9) 10 (2.9) 12 (2.9) 0.97

2 p-value for t-test and Chi-square test.

In the multiple logistic regression model (Table 2), adults in the highest quartile,
with six meals or more in terms of meal frequency, had a lower prevalence of metabolic
syndrome (OR, 0.43; 95%ClI, 0.19-0.96) compared with adults who consume three meals or
less daily. Furthermore, those consuming four meals per day had a lower prevalence of
elevated blood pressure (OR, 0.54; 95%CI, 0.31-0.94) as compared with those who consume
three meals or less per day. No other significant association between meal frequency and
metabolic syndrome or metabolic syndrome risk factors was seen. For fasting duration,
adults who fasted between 8 and 10 h daily had a lower prevalence of elevated triglycerides
(OR, 0.47; 95%CI, 0.24-0.91) compared with adults fasting less than 8 h daily. Participants
who fasted for longer periods, 10-12 h, had a higher prevalence of abdominal obesity (OR,
2.10; 95%Cl, 1.00-4.44) compared with participants who fasted for 8 h or less. On the
other hand, participants fasting more than 12 h daily had a higher prevalence of elevated
blood pressure (OR, 1.91; 95%CI, 1.01-3.33) compared with those who fasted for 8 h or less
daily. There was evidence of a significant linear trend of metabolic syndrome (p = 0.03),
elevated blood pressure (p = 0.02), and elevated fasting blood glucose (p = 0.03) with nightly
fasting duration.



Nutrients 2024, 16, 984 60f13

Table 2. Multivariable-adjusted odds ratios and 95% CL for metabolic syndrome according to meal
frequency and fasting duration for all participants.

Metabolic Abdominal Elevated Blood Low HDL Elevated Elevated Fasting
Syndrome Obesity Pressure Cholesterol Triglycerides Blood Glucose
Meal Frequency
Three meals
(11 = 190) 1.0 1.0 1.0 1.0 1.0 1.0
Four meals 0.67 0.89 0.54 1.00 0.69 0.90
(n =226) (0.34-1.33) (0.44-1.81) (0.31-0.94) (0.57-1.76) (0.34-1.41) (0.47-1.72)
Five meals 0.78 1.04 1.06 1.01 0.68 0.84
(n = 208) (0.37-1.66) (0.51-2.11) (0.59-1.91) (0.55-1.84) (0.32-1.45) (0.42-1.70)
Six meals 0.43 0.73 0.59 1.17 0.56 0.61
(n=133) (0.19-0.96) (0.28-1.91) (0.30-1.13) (0.59-2.33) (0.23-1.39) (0.27-1.38)
p-value for trend 0.09 0.63 0.49 0.70 0.22 0.22
Fasting duration
<8h
(1 = 156) 1.0 1.0 1.0 1.0 1.0 1.0
8-10h 0.83 1.99 1.51 0.89 0.47 1.04
(n=229) (0.44-1.58) (0.90-4.38) (0.82-2.75) (0.48-1.67) (0.24-0.91) (0.55-1.98)
10-12h 1.60 2.10 2.26 0.61 0.58 1.90
(n=196) (0.76-3.38) (1.00-4.44) (1.22-4.20) (0.32-1.15) (0.28-1.22) (0.93-3.87)
>14h 1.85 2.16 191 0.85 0.56 1.87
(n=176) (0.86-3.98) (0.99-4.71) (1.01-3.33) (0.44-1.66) (0.25-1.26) (0.88-3.95)
p-value for trend 0.03 0.10 0.02 0.39 0.36 0.03

Note: Adjusted for age (years), education, income, BMI, activity level, and smoking.

Table 3 shows the multiple logistic regression analysis for men. Men who consume six
meals or more per day had a lower prevalence of metabolic syndrome (OR, 0.26; 95%ClI,
0.09-0.76) compared with men who ate three meals or less per day after controlling for
age, income, education, BMI, activity level, and smoking. Moreover, after adjusting for
the confounders, men consuming four meals daily had a lower prevalence of elevated
triglycerides (OR, 0.31; 95%CI, 0.12-0.82) compared with men who consumed three meals
or less daily. The prevalence was even lower (OR, 0.23; 95%CI, 0.09-0.60) for men who
consumed five meals daily when compared with that for men who consumed three meals
or less daily.

Table 3. Multivariable-adjusted odds ratio and 95% CL for metabolic syndrome according to meal
frequency and fasting duration for men.

Metabolic Abdominal Elevated Blood Low HDL Elevated Elevated Fasting
Syndrome Obesity Pressure Cholesterol Triglycerides Blood Glucose
Meal Frequency
Three meals
(n = 71) 1.0 1.0 1.0 1.0 1.0 1.0
Four Meals 0.51 0.97 0.73 0.52 0.31 0.82
(n=96) (0.17-1.50) (0.28-3.44) (0.32-1.67) (0.19-1.43) (0.12-0.82) (0.31-2.13)
Five Meals 0.45 1.30 0.66 0.69 0.23 1.24
(n=99) (0.16-1.28) (0.33-5.04) (0.28-1.54) (0.26-1.86) (0.09-0.60) (0.43-3.61)
Six meals 0.26 0.35 0.47 0.51 0.32 0.94

(n =75) (0.09-0.76) (0.08-1.52) (0.19-1.19) (0.18-1.47) (0.10-1.01) (0.32-2.70)
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Table 3. Cont.
Metabolic Abdominal Elevated Blood Low HDL Elevated Elevated Fasting
Syndrome Obesity Pressure Cholesterol Triglycerides Blood Glucose
p for trend 0.03 0.21 0.17 0.36 0.04 0.74
Fasting duration
<8h
(1 = 86) 1.0 1.0 1.0 1.0 1.0 1.0
8-10h 0.69 2.00 1.14 0.84 0.53 1.14
(n=116) (0.29-1.64) (0.64-6.30) (0.49-2.68) (0.35-2.03) (0.22-1.27) (0.49-2.67)
10-12h 1.18 2.16 142 0.56 0.49 1.84
(n=76) (0.47-2.94) (0.70-6.70) (0.58-3.45) (0.22-1.42) (0.18-1.30) (0.69-4.91)
>12h 3.66 2.40 2.38 1.38 1.52 2.03
(n=163) (0.75-17.85) (0.69-8.40) (0.88-6.43) (0.41-4.59) (0.34-6.77) (0.62-6.59)
p for trend 0.04 0.18 0.07 0.92 0.66 0.16

Note: Adjusted for age (years), education, income, BMI, activity level, and smoking.

The multiple logistic regression analysis for women after adjusting for age, income,
education, BM], activity level, and smoking is shown in Table 4. Women eating four meals
daily had a lower prevalence of elevated blood pressure (OR, 0.39; 95%ClI, 0.18-0.86) when
compared with women eating three meals or less daily after controlling for confounders.
On the other hand, women who fasted for 10-12 h had a higher prevalence of elevated
blood pressure (OR, 2.88; 95%CI, 1.15-7.20) when compared with women who fasted for
less than 8 h after adjusting for confounders. Women who fasted for more than 12 h had
a lower prevalence of elevated triglycerides (OR, 0.19; 95%ClI, 0.06-0.63) when compared
with women who fasted for less than 8 h after adjusting for confounders.

Table 4. Multivariable-adjusted odds ratio and 95% CL for metabolic syndrome according to meal
frequency and fasting duration for women.

Metabolic Abdominal Elevated Blood Low HDL Elevated Elevated Fasting
Syndrome Obesity Pressure Cholesterol Triglycerides Blood Glucose
Meal Frequency
Three meals
(r1 = 119) 1.0 1.0 1.0 1.0 1.0 1.0
Four Meals 0.77 1.15 0.39 1.31 1.28 1.01
(n =130) (0.29-2.00) (0.47-2.80) (0.18-0.86) (0.64-2.68) (0.51-3.25) (0.41-2.46)
Five Meals 1.17 0.92 1.48 1.23 2.08 0.66
(n =109) (0.41-3.37) (0.39-2.20) (0.62-3.54) (0.54-2.77) (0.54-7.95) (0.25-1.78)
Six meals 0.62 1.35 0.60 1.94 0.72 0.35
(n="58) (0.19-2.08) (0.32-5.64) (0.23-1.56) (0.70-5.44) (0.18-2.93) (0.12-1.04)
p for trend 0.72 0.75 0.85 0.25 0.97 0.04
Fasting duration
<8h
(n = 70) 1.0 1.0 1.0 1.0 1.0 1.0
8-10h 1.12 2.08 217 0.91 0.33 0.91
(n=113) (0.43-2.94) (0.63-6.83) (0.87-5.41) (0.37-2.24) (0.09-1.24) (0.36-2.32)
10-12h 1.95 1.65 2.88 0.74 0.44 1.90
(n =120) (0.56-6.73) (0.55-4.93) (1.15-7.20) (0.30-1.84) (0.10-2.03) (0.63-5.77)
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Table 4. Cont.
Metabolic Abdominal Elevated Blood Low HDL Elevated Elevated Fasting
Syndrome Obesity Pressure Cholesterol Triglycerides Blood Glucose
>12h 1.39 2.07 1.80 0.82 0.19 1.60
(n=113) (0.48-4.04) (0.77-5.56) (0.75-4.29) (0.33-2.05) (0.06-0.63) (0.56-4.54)
p for trend 0.37 0.36 0.20 0.58 0.02 0.18

Note: Adjusted for age (years), education, income, BMI, activity level, and smoking.

Table 5 shows the multiple logistic regression for those who skipped breakfast and
those who did not skip breakfast for all adults after adjusting for age, gender, BMI, activity
level, and smoking. Those who skipped breakfast and fasted nightly for more than 8 h had
a lower prevalence of elevated triglycerides compared with those who fasted for less than
8 h. This association was true in all fasting categories, for those who had an 8 to 10 h fast
(OR, 0.04; 95%ClI, 0.006-0.25), 10 to 12 h fast (OR, 0.15; 95%ClI, 0.03-0.90), and >12 h fast (OR,
0.14; 95%Cl, 0.04-0.48). Adults who consumed breakfast and had a 10-12 h fast nightly
had a higher prevalence of abdominal obesity (OR, 2.21; 95%ClI, 1.04—4.71) than those who
fasted for less than 8 h. Furthermore, adults who consumed breakfast and had a 10 to 12 h
fast (OR, 2.23; 95%CI, 1.06—4.71) or more than 12 h fast (OR, 3.31; 95%CI, 1.27-8.59) had
an increased prevalence of elevated triglycerides compared with those who fasted for less
than 8 h. There was a linear relationship between fasting and high triglycerides among
those consuming breakfast (p = 0.009).

Table 5. Multivariable-adjusted odds ratios and 95% CL for metabolic syndrome according to meal
frequency and fasting duration for women defined by breakfast consumption.

Fasting Duration Metabolic Abdominal Elevated Blood Low HDL Elevated Elevated Fasting
8 Syndrome Obesity Pressure Cholesterol Triglycerides Blood Glucose
Skip breakfast
<8h
(n = 113) 1.0 1.0 1.0 1.0 1.0 1.0
8-10h 0.32 1.58 0.62 0.76 0.04 0.96
(n =210) (0.03-3.21) (0.16-15.69) (0.11-3.31) (0.13-4.36) (0.006-0.25) (0.14-6.56)
10-12h 0.72 1.83 1.78 0.39 0.15 1.03
(n=144) (0.17-3.00) (0.52-6.40) (0.54-5.80) (0.10-1.45) (0.03-0.90) (0.20-5.24)
>12h 0.91 1.13 0.79 1.07 0.14 1.63
(n=63) (0.25-3.29) (0.38-3.56) (0.29-2.19) (0.34-3.33) (0.04-0.48) (0.43-6.28)
p for trend 0.87 0.90 0.76 0.97 0.28 0.34
Did not skip breakfast
<8h
(n = 43) 1.0 1.0 1.0 1.0 1.0 1.0
8-10h 0.84 1.38 1.79 0.74 0.49 0.82
(n=19) (0.42-1.67) (0.65-2.93) (0.87-3.68) (0.37-1.49) (0.24-1.02) (0.39-1.70)
10-12h 1.56 2.21 2.23 0.67 0.51 1.62
(n=52) (0.73-3.33) (1.04-4.71) (1.06-4.71) (0.32-1.44) (0.22-1.21) (0.70-3.74)
>12h 0.98 1.05 3.31 0.47 0.46 0.89
(n=113) (0.34-2.83) (0.37-2.94) (1.27-8.59) (0.19-1.16) (0.11-2.02) (0.30-2.60)
p for trend 0.39 0.30 0.009 0.19 0.31 0.41

Note: Adjusted for age (years), gender, BMI, activity level, and smoking.

Table 6 illustrates the multiple logistic regression for those who skipped dinner and
those who did not skip dinner after adjusting for age, gender, BMI, activity level, and
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smoking. There is a lower prevalence of metabolic syndrome (OR, 0.06; 95%CI, 0.07-0.49)
for those who skipped dinner and fasted for 8 to 10 h compared with those who fasted
for less than 8 h. Moreover, fasting for 8 to 10 h was associated with a lower prevalence
of abdominal obesity (OR, 0.02; 95%ClI, 0.001-0.43) among those who skipped dinner
compared with those who fasted for less than 8 h. On the other hand, among those who did
not skip dinner, there was an increased prevalence of abdominal obesity (OR, 2.60; 95%CI,
1.31-5.17) in those who fasted for 10 to 12 h compared with those who fasted for less than
8 h. Among those who did not skip dinner, those who fasted for 10 to 12 h had an increased
prevalence of elevated blood pressure (OR, 2.56; 95%CI, 1.35—4.85) compared with those
who fasted for less than 8 h. Among those who did not skip dinner, fasting for 8 to 10 h
decreased the prevalence of elevated triglycerides (OR, 0.41; 95%CI, 0.20-0.84) compared
with that in those who fasted for less than 8 h.

Table 6. Multivariable-adjusted odds ratio and 95% CL for metabolic syndrome according to meal
frequency and fasting duration defined by dinner consumption.

Fasting Duration Metabolic Abdominal Elevated Blood Low HDL Elevated Elevated Fasting
8 Syndrome Obesity Pressure Cholesterol Triglycerides Blood Glucose
Skip dinner
<8h

(n =137) 1.0 1.0 1.0 1.0 1.0 1.0

8-10h 0.06 0.02 0.18 1.06 0.41 0.55
(n=214) (0.007-0.49) (0.001-0.43) (0.02-1.61) (0.18-6.23) (0.04-3.68) (0.074.34)

10-12h 0.19 0.04 1.52 0.29 0.19 1.08
(n=189) (0.006-6.62) (0.001-2.46) (0.13-17.89) (0.02-3.96) (0.02-2.15) (0.03-35.58)

>12h 0.24 0.31 1.41 0.38 0.42 1.59
(n=143) (0.04-1.47) (0.04-2.28) (0.18-11.22) (0.05-2.71) (0.02-8.33) (0.17-15.24)

p for trend 0.56 0.19 0.34 0.20 0.34 0.54

Do not skip dinner
<8h

(n =19) 1.0 1.0 1.0 1.0 1.0 1.0

8-10h 0.99 1.76 1.90 0.91 0.41 0.89
(n=15) (0.51-1.94) (0.85-3.65) (1.00-3.59) (0.47-1.77) (0.20-0.84) (0.45-1.76)

10-12h 1.81 2.60 2.56 0.81 0.56 1.76
n=7) (0.90-3.61) (1.31-5.17) (1.35-4.85) (0.42-1.57) (0.26-1.22) (0.84-3.66)

>12h 1.30 1.34 1.57 0.91 0.43 1.48
(n=33) (0.60-2.80) (0.64-2.82) (0.76-3.17) (0.45-1.84) (0.17-1.06) (0.64-3.42)

p for trend 0.20 0.29 0.16 0.70 0.16 0.11

Note: Adjusted for age (years), gender, BMI, activity level, and smoking.

4. Discussion

The results of this cross-sectional study indicated that adults consuming a higher num-
ber of meals daily (>6 meals) have a lower prevalence of metabolic syndrome than those
consuming a lower number of meals daily (<3 meals) after adjusting for age, education,
income, BMI, activity level, and smoking. After stratifying by gender, this association was
true only among men. Furthermore, the risk of elevated triglycerides decreased in men as
the frequency of meals increased, evidence of a dose-response relationship. The inverse
association between meal frequency and elevated triglycerides was significant in adults
consuming four and five meals daily but not in adults consuming six meals or more daily
compared with those consuming three meals or less daily. This study found no significant
association between fasting duration and metabolic syndrome; however, longer fasting
duration was associated with an increased prevalence of elevated blood pressure and a
decreased prevalence of elevated triglycerides.
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In general, the study found that eating frequently was associated with a lower preva-
lence of metabolic syndrome and elevated triglycerides. Further, some associations were
seen only in men and not women in the stratified analysis. These findings are consistent
with those of previous studies that have reported an inverse association between meal
frequency and metabolic syndrome [7]. In particular, the inverse association between meal
frequency and abdominal obesity, elevated blood pressure, and elevated triglycerides was
found only in Korean men [7]. Moreover, other studies have reported an inverse associ-
ation between meal frequency and abdominal obesity in Swedish adults [20], and blood
pressure in Korean adults [21]. A study has reported a reduced risk of triglycerides among
those consuming more frequent meals [7]. On the other hand, other studies have reported
opposing findings that a direct association exists between meal frequency and abdominal
obesity in US adults [22], and BMI and waist circumference in British adults [23].

The inconsistency in the findings between metabolic syndrome, metabolic syndrome
risk factors, and meal frequency could be due to a variety of factors. A possible rea-
son for the discrepancy could be the differences in collecting dietary data or defining
meal frequency, and the dietary assessment methods differ between the studies. Some
studies have used 24 h dietary recall for dietary assessment [7,22], similar to the present
study. Other studies have used a questionnaire for dietary assessment [20,21]. Further-
more, meal frequency differed between studies; some studies defined meals as any eating
episode [7,20,22,23], while other studies defined meal frequency using only main meals
and did not account for snacks [21]. In a culture where snacking is more prevalent and
meal timing is more variable, it is difficult to distinguish between meals and snacks [24]. A
study in Kuwait using the same data as those used in the present study reported that the
population consumed 4.4 meals daily on average, defined as any eating episode, in a range
of 1 meal to 10 meals [25].

In this study, fasting duration was not associated with metabolic syndrome. However,
other studies have found an association between fasting duration and metabolic syndrome,
including a recent study that found a significant inverse association between nightly
fasting duration and metabolic syndrome in Iranian adults [26]. Moreover, in the present
study, fasting duration was not always associated with a lower prevalence of metabolic
syndrome risk factors. Among the study participants, longer fasting duration (>10 h) was
associated with an increased prevalence of elevated blood pressure in adults after adjusting
for age, education, income, BM], activity level, and smoking. However, after stratifying by
gender, this association was true only among women. Longer fasting duration (>8 h) was
associated with a lower prevalence of elevated triglycerides in all adults after controlling
for age, education, income, BMI, activity level, and smoking. After gender stratification,
this association was true only in women for a longer fasting duration >12 h.

Few studies have been conducted on fasting duration and metabolic syndrome. The
finding from the present study of an inverse association between longer fasting duration
and the risk of elevated triglycerides aligns with findings from previous studies [7]. A
study on Iranian adults that compared fasting durations of more than and less than 11.25 h
found that longer fasting durations were significantly associated with a lower prevalence
of elevated triglycerides [26]. While the present study found that longer fasting durations
increased the prevalence of elevated blood pressure compared with shorter fasting dura-
tions, another study on prediabetic men reported that longer fasting durations improved
blood pressure after five weeks of time-restricted feeding [27]. The differences in the
demographics or health conditions of the populations could explain the discrepancy in
the findings. Our study population consists mainly of healthy adults, while the study by
Sutton et al. [27] was a population of prediabetic men.

To understand further whether or not fasting duration achieved by skipping dinner
or skipping breakfast was associated differently with metabolic syndrome risk factors,
the association of fasting duration with metabolic syndrome risk factors was assessed
separately for those who skipped breakfast and skipped dinner. The study did not find
an association between metabolic syndrome and fasting duration based on breakfast
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consumption. However, among those who skipped breakfast, an association was found of a
reduced prevalence of elevated triglycerides for those who fasted more than 8 h compared
with those who fasted for less than 8 h. Nonetheless, a recent cross-sectional study in Korea
shows that eating in the morning is associated with a reduced risk of metabolic syndrome
in adults, independent of meal frequency and fasting duration [7]. Moreover, a prospective
study of adults aged 40-54 years found that eating at night leads to a higher prevalence
of metabolic syndrome only in women and obesity in women and men [5]. This study’s
findings do not show an association between eating at night and metabolic syndrome, but
an increased prevalence of abdominal obesity and elevated blood pressure for those who
eat at night and fast for 8 to 10 h. Further, an association of the reduced prevalence of
metabolic syndrome was observed in our study with those who skipped dinner and fasted
nightly for 8 to 10 h.

There are several limitations to this study. First, the study’s cross-sectional design
makes it challenging to draw conclusions on the causal relationship between meal timing
and frequency with metabolic syndrome and metabolic syndrome risk factors. Second,
the study assessed diet using a 24 h dietary recall. Using 24 h dietary recall is a limitation
because it captures diet on only one day and assumes that this is a representation of the
individual’s daily diet. It is not the gold standard for assessment but is the most efficient
and widely used dietary assessment method [28], especially for population-based studies.
In fact, similar studies have used 24 h recall for dietary assessment [7]. Third, the low
participation rate during the national survey introduced the potential for participation
bias. In total, of the 1640 households that were contacted, only 545 households agreed to
participate. This means that the KNNSS has a 33% response rate. Participation bias may
have been introduced because those who agreed to participate may not have been a true
representation of the overall population of Kuwait. Fourth, it was not possible to assess
fasting duration >16 h, as a previous study reported the beneficial effects of longer fasting
durations (>16 h) on cardiometabolic events in Korean adults [29]. Fifth, the data used
in this study did not have information on sleep habits or patterns. Since sleep affects the
circadian rhythm and the circadian rhythm affects metabolic syndrome risk factors [10],
information on sleep could confound the relationship between meal timing and frequency
and metabolic syndrome.

Nonetheless, this study has multiple strengths. First, even with the 33% response
rate, the study used a nationally representative sample of healthy medication-free adults
who were 20 years or older enrolled via a geographically representative method. Second,
this study is the first to uncover the association between meal timing and frequency and
metabolic syndrome in the Kuwaiti population. Third, the sufficient sample size of this
study allowed for a stratified analysis of men and women separately.

5. Conclusions

In conclusion, eating more frequent meals or snacks may help decrease the prevalence
of metabolic syndrome and elevated triglycerides in adults in Kuwait, particularly among
men. No significant association was seen between fasting duration and metabolic syndrome;
however, longer fasting duration was associated with a decrease in the prevalence of
elevated triglycerides and an increase in the prevalence of elevated blood pressure. As the
population of the study consists of Kuwaiti adults, the findings of this study may help in
drafting recommendations and guidance for the general population. The generalizability
of the study may be limited to medication-free adults; however, it is the first study to
explore the association between meal timing and meal frequency. Given the limitations
of this study, there is a need for further research to collect dietary data on multiple days
and include information on sleep habits to further explore the relationship between meal
timing and frequency and metabolic syndrome.
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