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Abstract

Accumulative evidence indicates that meal timing is associated with cardiometabolic risks by deteriorating circadian rhythms. However,
evidence is unclear. This cross-sectional study aimed to investigate the relation between nightly fasting duration, meal timing and frequency
and metabolic syndrome (MetS) among Iranian adults. Eight hundred fifty adults were recruited in this study. Dietary data were collected by 24-h
dietary recalls. Time-related eating patterns were determined as nightly fasting duration, occasions of eating, time and energy proportion of first
and last meal and meal frequency on a day. The MetS was recognised on the basis of the National Cholesterol Education Program Adult
Treatment Panel III criteria. A binary logistic regression was applied to examine the relation between meal timing and MetS. A significant inverse
relation between habitual nightly fasting duration with MetS (OR = 0-74, 95 % CI 0-55, 0-99, P = 0-04) and ‘increased TAG’ (OR = 0-73, 95 % CI
0-55, 0-98, P=0-03) was found after confounder adjustment. Also, habitual first and last meal energy had no significant connection with MetS.
However, the odds of ‘increased fasting blood glucose” were lower in subjects who consumed >25% of habitual energy intake in the last meal
(OR =0-60,95 % CI 0-42, 0-85, P=0-005). Having longer nightly fasting duration may be useful for decreasing the risk of both MetS and ‘elevated
TAG’. These findings introduce a new insight that time-related eating patterns, instead of nightly fasting duration alone, might be related to

cardiometabolic risks in Iranian adults.
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The metabolic syndrome (MetS) is specified by clustering of
cardiometabolic events, such as hyperglycaemia/insulin
resistance, obesity and dyslipidaemia®™?.
Globally, the prevalence of the MetS is indicated between
14 and 32% in men and women, and this trend will be
increasing with expanded life expectancy®. Estimations
indicated that one-third of Iranians over the age of 20 years
suffered from the MetS between 2000 and 2016, which is
much greater than the incidence in other countries like
Japan (5:3 %) and the USA (22-9%)©. Also, individuals
with the MetS are at twice the risk of developing cardio-
vascular events during the coming 5-10 years than those
without. Moreover, the MetS confers a five times increase
in the incidence of type 2 diabetes>”, Furthermore, a grow-
ing body of evidence indicated fasting and eating patterns
(involving nightly fasting duration, meal timing and fre-
quency) affect cardiometabolic health®?,

abdominal

Human metabolism is highly regulated by internal body
clocks (circadian rhythms), which are nearly 24 h long"?.
Hence, proper functioning of internal body clocks is important
for keeping metabolic health™?. Consuming meals irregularly,
defined as consuming food in different amounts during the
day and at different times from one day to another, could affect
the circadian rhythms, which is unfavourably linked with cardi-
ometabolic disease risk, such as the MetS or type 2 diabetes!'?.

In addition, numerous studies demonstrated that meal tim-
ing>'> and nightly fasting duration (24 h minus mealtime
interval between the first and last meal for each day)'® signifi-
cantly affect weight gain and obesity. Also, higher meal
frequency is positively linked with improving body composi-
tion, including increased fat-free mass, as well as decreased
fat mass and body fat percentage, which is suggested to be
related to cardiometabolic health”. Marinac ef al. in a study
of 2212 women in the USA indicated that a longer nightly fasting

Abbreviations BP, blood pressure; FBG, fasting blood glucose; MetS, metabolic syndrome; WC, waist circumference.
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duration was related to lower HbAlc and cardiometabolic fac-
tors"®, However, a study in 1054 non-shift workers in Japan
showed that there was no consistent connection between
nightly fasting duration and the MetS"?. A study in 116 US
women, aged 20-64 years, showed that earlier meal timing
and more frequent eating could lead to lower cardiometabolic
events. Additionally, adverse effects were seen in individuals
with longer nightly fasting duration’®. Another study in
14 279 Korean adults showed an inverse association between
eating frequency and the MetS components in men subjects
only®”. Due to cultural differences related to time-related eat-
ing patterns and a great incidence of the MetS in Iran and a lim-
ited number of inconclusive studies, we sought to explore the
relationship between nightly fasting duration, meal timing and
frequency with the MetS in Iranian adults.

Methods
Design and study population

Subjects for this cross-sectional study were adults selected from
health houses in Tehran, Iran. Eight hundred fifty adults aged
20-59 years were selected by the two-stage cluster sampling
method, from five districts of the Tehran province, including
North, South, West and East, and the urban core. The subjects
were randomly chosen from five districts (forty health houses),
and then the number of subjects in each centre was obtained
in the following manner: total sample size (850)/the number of
health houses (40). Eligible criteria was 20-59 years, willing to par-
ticipate, with no specific health issues, living in Tehran and be a
member of health houses. Those who had cancer, chronic kidney
and liver disease, rheumatoid arthritis, Parkinson’s and any other
chronic health issues, and pregnant or lactating people and those
with under- or over-reporting food intake (< 191-20 KJ/d
or > 1003-82 KJ/d) were excluded®"??. Finally, 850 participants
(266 men and 584 women) were added to the analysis.

The study protocol was confirmed by the Medical Ethics
Committee of the Tehran University of Medical Sciences, Tehran,
Iran (Ethic number: IR TUMS.MEDICINE.REC.1399.797). The writ-
ten informed agreement was acquired by all individuals who
involved in this study.

Demographic data

Participant’s age, sex (men/women), education (illiterate, under
diploma, diploma and educated) and occupation (employed,
housekeeper, retired and unemployed) status, marital status
(single/married/divorced), smoking status (non-smoker/
smoker), having CVD (yes/no), menopause (yes/no) and diabe-
tes (yes/no) were completed using a standard questionnaire.

Physical activity

Physical activity was evaluated by applying the International
Physical Activity Questionnaire®®. Individuals were categorised
into three groups, comprising very low (< 600 metabolic equiv-
alent-min/week), low (600-3000 metabolic equivalent-m/week)
and moderate and high (> 3000 metabolic equivalent-min/
week), assessed on the basis of metabolic equiValents<24).

Anthropometric measures and blood pressure

Before the assessment, all the anthropometric instruments
were calibrated. Weight was assessed with an accuracy of 0-1 kg
and minimal clothing without shoes, applying a digital scale
(Seca 808). Height was assessed with a precision of 0-1 c¢cm, in
the stand-up state, unshod, applying a stadiometer (Seca 206).
BMI was assessed as weight (kg)/height? (m?). Waist circumfer-
ence (WC) was assessed in the middle of lower rib and iliac crest,
with light clothing, applying a tape meter (Seca 201)*>. All the
anthropometric measures were carried out two times and the
average of them was reported.

Blood pressure (BP) was measured twice, applying a digital
sphygmomanometer (BC 08, Beurer), in a sitting position after
10-15 min of rest. The average of its measurement was recorded.

Laboratory investigation

All subjects were given 10 ml of fasting blood between 07.00 and
10.00 hours. Accordingly, acid-washed test tubes (with no anti-
coagulants) were used for collecting blood samples. Then, after
clot formation by storing the blood samples for 30 min at room
temperature, samples of blood were centrifuged for about
20 min. For future testing, we stored serums at —80°C. The enzy-
matic (glucose oxidase) colorimetric approach applying a com-
mercial kit (Pars Azmun) was adopted for measuring fasting
blood glucose (FBG). In addition, cholesterol oxidase phenol
aminoantipyrine and glycerol-3 phosphate oxidase phenol ami-
noantipyrine enzymatic approaches were applied to assess
serum total cholesterol and HDL-cholesterol, and TAG,
respectively.

Dietary assessment

Dietary data were collected by a trained dietitian using three
non-consecutive days (two weekdays and one weekend day)
24-h dietary recalls. The initial 24-h recall is collected via inter-
views, and another two recalls are documented by using the tele-
phone during this study. Food and food groups were also
extracted from these questionnaires®
nutrients intake was analysed by Nutritionist IV software.

). Then, an individual’s

Meal timing

Frequency of eating was evaluated as the eating occasions
number reported each day, explained as food or beverage con-
sumption of 1 kcal or more (to remove water drinking and yet
recognise all other time-related eating patterns) at a single point
in time®”. First and last meal eating times (time and energy pro-
portion) reported each day, explained as consuming 25 kcal or
more?? Nightly fasting duration was calculated as 24 h
minus mealtime interval between the first and last meal for each
day"®2® the average nightly fasting duration across 3 d was
computed and the first eating occasion defined as eating
occurred from 05.00 hour, since no eating was recorded from
12.00 to 05.00 hours. The first meal was described as the first
eating occasion after waking and the last meal was described
as the last eating occasion prior to sleep®?. Late night eating
was regarded as eating after 21.00 hour. We classified individ-
uals into non-late night eaters if they ate less than 25 % of total
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energy intake > 21.00 hour and late night eaters if they ate at
least 25 % of their total energy intake > 21.00 hour, according
to the night eating syndrome definition®”. Early morning eat-
ing was regarded as eating from 05.00 to 09.00 hours. By apply-
ing the estimated value of the top quartile for a percentage of
energy intake in the morning (25 %), we classified individuals
as non-early morning eaters if they ate less than 25 % of their
total energy intake from 05.00 to 09.00 hours and early morning
eaters if they ate atleast 25 % of their total energy content intake
from 05.00 to 09.00 hours?®.

Definition of the metabolic syndrome

On the basis of National Cholesterol Education Program Adult
Treatment Panel III criteria®®, without considering WC®?, the
MetS was diagnosed in individuals who had at least three of
the following medical conditions: (1) WC (>99-5 ¢cm in men
and >94-25 cm in women); (2) decreased HDL-cholesterol
(< 40 mg/dl in men and < 50 mg/dl in women); (3) increased
BP (systolic blood pressure > 130 mmHg or diastolic blood pres-
sure > 85 mmHg); (4) high levels of TAG (> 150 mg/dl) and (5)
increased FBG (> 100 mg/dl)(l).

Statistical analysis

Data on daily time-related eating patterns are provided as the
averages from three dietary recalls for each participant.
Generally, for all applicable variables, the averages are referred
to as ‘habitual’. Moreover, each of the time-related eating pat-
terns (time and energy proportion of first and last meal, meal fre-
quency and nightly fasting duration) was treated in a separate
model. Therefore, for each meal time variable, we considered
the following confounders: age, energy intake, marital status,
smoking, education, occupation, BMI (not including abdominal
obesity) and physical activity. Moreover, in the model of energy
intake throughout each time interval, the habitual early/late first
meal (with the 09.00 hour cut-off and only for the habitual first
meal), habitual early/late last meal (with the 21.00 hour cut-off
and only for the habitual last meal) and habitual eating occasions
were additionally confounder adjusted.

General characteristics of subjects in accordance with sex
were evaluated by independent sample # test and y? test for con-
tinuous and categorical variables, respectively. Binary logistic
regression was conducted to obtain OR and 95% CI for the
MetS and its elements in accordance with habitual mealtime eat-
ing, frequency and nightly fasting duration. We determined con-
founders from the previous study®”, without considering nightly
fasting duration because last and first meal energy intake might
be affected by the time of the last and first meal. Therefore,
instead of adjusting for nightly fasting duration, we adjusted
for early/late first meal (with the 09.00 hour cut-off) for the first
meal analyses and for early/late last meal (with the 21.00 hour
cut-off) for the last meal analyses to obtain more accurate results.
Moreover, these confounders identified a correlation with the
MetS and its components®+40,

We performed binary logistic regression in adjusted models
for age, energy intake, marital status, smoking, education, occu-
pation, BMI (not including abdominal obesity) and physical

activity. Besides, in the model of energy intake throughout
each time interval, the habitual early/late first meal (with the
09.00 hour cut-off and only for the habitual first meal), habitual
early/late last meal (with the 21.00 hour cut-off and only for
the habitual last meal) and habitual eating occasions were addi-
tionally adjusted. Habitual meal frequency was classified into
two groups based on a median split (< 4 v.>4 times/d).
Habitual nightly fasting duration was also classified into two
groups based on the median split (< 11-25 ». > 11-25 h). In this
analysis, habitual eating occasions < 4 times/d, habitual nightly
fasting duration < 11-25 h, habitual first meal and last meal
energy < 25% of total energy, habitual early first meal eating
from 05.00 to 09.00 hours and habitual early last meal
eating from 17.00 to 21.00 hours were considered as the refer-
ence groups. A P-value < 0-05 was considered statistical signifi-
cance. We applied SPSS version 26 (IBM) for all analyses.

Results

The general characteristics of the study population, containing
habitual meal timing, frequency and nightly fasting duration,
are indicated in Table 1. The average and standard deviation
age was 44-2 (sp 9-87) years in men and 44-5 (sp 11-0) years in
women. The women were more likely to be employed (51-4%
0. 48-:6%) and be married (65-6% v. 34-4%) and were less likely
to be a smoker (25:0% v. 75-0%) and have high WC (90:5
(sp 12:3) v. 95-3 (sp 12:0) cm) than men. Moreover, the women
were more likely to have CVD (85-1% v. 14-9%) and the MetS
(76:1% v. 23-9%) than men. Women consumed a higher total
energy intake than men (P<0-001). Moreover, the average
habitual eating occasions per day were 4-13 (sp 0-81) and were
greater in women than in men (Z=0-001). The mean habitual
energy intake of first and last meals was 19-3 (sp 10-0) % and
23-3 (sp 11-5) %, respectively, and was greater in women than
in men (all P<0-001). The average habitual nightly fasting
duration was 11-2 (sp 0-57) h and was greater in men compared
with women, although this result was not significant. Of 850 par-
ticipants, 310 individuals met our criteria for diagnosing the
MetS (36-5%).

The results of binary logistic regression indicating the OR and
95% CI for the MetS based on habitual nightly fasting duration,
meal timing and frequency are indicated in Table 2. We found
that longer habitual fasting duration was associated with lower
prevalence of both the MetS (adjusted OR=0-74, 95% CI
0-55, 0-99, P=0-04) and ‘increased TAG’ (adjusted OR =0-73,
95 % CI 0-55, 0-98, P=0-03). However, no consistent relations
between the habitual eating occasions and habitual meal timing
and the MetS and its elements were found after adjusting for age,
energy intake, marital status, smoking, education, occupation,
BMI (not including abdominal obesity) and physical activity
(all P> 0-05). Re-analysing data by sex demonstrated that the
longer habitual nightly fasting duration was associated with
lower prevalence of both the MetS (adjusted OR =0-50, 95 %
CI 0-28, 0-88, P=0-02) and ‘increased BP’ only in men (adjusted
OR =043, 95% CI 0-22, 0-87, P=0-02) (online Supplementary
Table SD).
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Table 1. General characteristics of the study population (Mean values and standard deviations; numbers and percentages)

Total (n 850) Men (n 266) Women (n 584)
Variables n % n % n % P
Age (years)
Mean 44.7 45.2 44.5 0-34
SD 10-6 9-87 11.0
BMI (kg/m?)
Mean 277 276 278 0-57
SD 4-69 414 4.92
WC (cm)
Mean 92.0 953 905 < 0-001
SD 124 12.0 12.3
Educated 292 34-4 101 346 191 654 0-05
Employed 220 25.9 107 486 113 514 <0-001
Married 688 809 237 344 451 65-6 0-01
Smoker 44 52 33 750 11 25.0 <0-001
Physical activity 017
Low 539 634 162 30-1 377 699
Moderate 311 36-6 104 334 207 66-6
Mean SD Mean sD Mean SD
SBP (mmHg) 119 223 121 226 118 221 0-16
DBP (mmHg) 783 13-8 79-0 14.2 870 137 0-30
HDL (mg/dl) 49-8 10-2 49.2 10-0 50-1 10-2 0-24
TAG (mg/dl) 145 794 140 768 144 805 0-47
FBG (ng/ml) 108 42.7 110 57-9 107 335 0-28
Total energy intake (kcal/d) 2407 883 2629 887 2306 864 <0-001
Habitual eating occasions (times/d) 413 0-81 340 0-88 4.20 078 0-001
Habitual nightly fasting duration (h) 112 0.57 113 0-52 112 0-59 0-53
Habitual first meal eating (h:min) 8:05 0:44 8:08 0:44 8:04 0:44 0-28
Habitual first meal energy (% of total energy) 193 10-0 160 8-09 207 104 <0-001
Habitual last meal eating (h:min) 20:42 0:34 20:44 0:34 20:42 0:34 0-28
Habitual last meal energy (% of total energy) 233 115 205 973 24.5 12.0 <0-001
n % n % n %
CVD 0-007
Yes 47 55 7 14.9 40 85-1
No 803 94.5 259 323 544 677
Diabetes 0-14
Yes 72 85 27 375 45 625
No 777 914 238 306 539 69-4
Menopause status 0-16
Yes 355 418 - 251 100
No 495 58-2 - 333 100
MetS <0-001
Yes 310 365 74 239 236 761
No 540 635 192 356 348 64-4

DBP, diastolic blood pressure; FBG, fasting blood glucose; MetS, metabolic syndrome; SBP, systolic blood pressure WC, waist circumference.
* Calculated by 42 and independent sample t test for qualitative and quantitative variables, respectively, and P-value < 0-05 indicates significant level.

The results of binary logistic regression indicating the OR and
95 % ClIs for the MetS based on habitual energy intake in the first
and last meal are shown in Table 3. No consistent relations
between habitual first and last meal energy intake and the
MetS and its components were found after controlling for age,
energy intake, marital status, smoking, education, occupation,
BMI (except for abdominal obesity), early/late habitual first meal
(with the 09.00 hour cut-off and only for the habitual first meaD),
early/late habitual last meal (with the 21.00 hour cut-off and only
for the habitual last meal), habitual eating occasions and physical
activity (all P> 0-05). However, the odds of ‘increased FBG’
were lower in subjects who consumed > 25% of habitual energy
intake in the last meal (adjusted OR = 0-60, 95 % CI 0-42, 0-85,
P =0-005). Re-analysing data by sex did not modify our findings.
However, women who consumed >25% of habitual energy
intake in the last meal had lower odds of ‘increased FBG’

(adjusted OR=0-56, 95% CI 0-36, 0-86, P=0-009) (online
Supplementary Table S2).

Discussion

In this cross-sectional study of 850 Iranian adults, longer habitual
nightly fasting duration was related to lower prevalence of both
the MetS and ‘elevated TAG’, but this association was not signifi-
cant for other mealtime eating, that is, habitual meal timing and
frequency were not related to the MetS and its components
(including abdominal obesity, decreased HDL-cholesterol and
increased BP, TAG and FBG). Furthermore, men with a longer
habitual nightly fasting duration (> 11-25 h) indicated a lower
chance of both the MetS and having high BP. Moreover, no
significant association was seen between habitual first and last
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Table 2. The metabolic syndrome based on habitual* nightly fasting duration, meal timing and frequency (Odds ratios and 95 % confidence intervals)t

Increased blood

Decreased HDL-

MetS Abdominal obesity pressure cholesterol Increased TAG Increased FBG
Odds Odds Odds Odds Odds Odds
Variables ratio 95 % ClI ratio 95% ClI ratio 95 % ClI ratio 95 % ClI ratio 95 % ClI ratio 95 % ClI
Habitual eating
occasions (times/d)f
< 4 (n463) 1 (ref) 1 (ref) 1 (ref.) 1 (ref) 1 (ref) 1 (ref)
>4 (n 387) 091 066, 1.23 088 062,125 082 054,126 100 074,135 0482 060,110 097 0-72,1.32
Habitual nightly fasting
duration (h)f
< 11.25 (n 416) 1 (ref) 1 (ref) 1 (ref.) 1 (ref) 1 (ref) 1 (ref)
> 11.25 (n 434) 074 055,099 086 062120 0487 059129 099 075131 073 055098 085 064,112
Habitual first meal
eatingt
< 09.00 (n733) 1 (ref) 1 (ref) 1 (ref.) 1 (ref) 1 (ref) 1 (ref)
> 09.00 (n 117) 093 061, 142 119 071,201 089 050,159 1.27 086,190 070 045,1.07 1.06 0-70, 1-59
Habitual last meal
eatingt
< 21.00 (n 547) 1 (ref) 1 (ref) 1 (ref.) 1 (ref) 1 (ref) 1 (ref)
> 21.00 (n 303) 115 0-85,1-55 126 086,183 136 091,203 1.14 085,152 113 0-84,1.51 084 063,113

FBG, fasting blood glucose; MetS, metabolic syndrome.
* This means that the exposure was averaged over all recalls.
1 Calculated by logistic regression.

1 Adjusted for age, energy intake, marital status, smoking, education, occupation, BMI (except for abdominal obesity) and physical activity.

§ P-value < 0-05 indicates significant level.

meal energy and the MetS. However, individuals who con-
sumed > 25 % of habitual energy intake in the last meal had a
lower prevalence of ‘increased FBG'. This effect was seen in
the stratified analyses to be driven by women.

Our findings were in line with previous studies in rodent
models® and US adults“#%  in which they indicated that more
prolonged nightly fasting duration had preventive impacts
towards cardiometabolic events. The findings from observatio-
nal studies in Asian adults have shown results conflicting with
those carried out in the USA, where Asian adults are quite
under-represented'???, Ueda et al., in a survey of 1054
Japanese non-shift employees, indicated no consistent connec-
tion between nightly fasting duration and the MetS"'?. However,
a more prolonged nightly fasting duration (16 h compared with
10-12 h) might have adverse effects on cardiometabolic events
in the Korean NHANES (average age: 41 years)??,

This discrepancy with previous studies might be due to differ-
ent study populations, in which overnight fasting-related meta-
bolic events may differ across racial and ethnic groups. Another
reason for this discrepancy among studies might be due to
differences in nightly fasting duration classification and defini-
tion. For example, our study defined nightly fasting duration
based on the duration between the first and last meal, whereas
another study defined nightly fasting duration based on the dura-
tion between breakfast and dinner™®. Moreover, we classified
habitual nightly fasting duration into two groups based on the
median split (< 11:25 v. > 11-25 h), whereas other studies clas-
sified nightly fasting duration into four groups (< 9, 10, 11 or
> 12 )" and five groups (< 8,8-10, 10-12, 12-16 or > 16 h)??.

In this study, habitual longer nightly fasting duration was
related to lower prevalence of both the MetS and ‘increased
BP’ in men. We could not totally explain why these significant
relations were seen in men but not in women. However, men

had lower habitual energy intake in the last meal than women,
which might be related to other lifestyle behaviours, including
low employment rate and marriage. These differences, together
with endocrine factors, might impact cardiometabolic events™®.
In line with our findings, Sutton et a/. indicated that 5 weeks early
time-restricted feeding (6 h feeding period compared with 12 h
feeding period) could significantly lower systolic blood pressure
and diastolic blood pressure in men“? which might be
explained by reducing insulin level and promoting natriuresis
through altering salt intake to early time as Na excretion is up-
regulated by internal body clock®?.

We also indicated no significant relationships between habitual
eating occasions and the MetS and its components. This was con-
trary to previous studies, which demonstrated that higher eating
occasions were linked with a lower incidence of metabolic abnor-
malities among Korean men®”. The findings of cross-sectional
studies demonstrated that more eating occasions were related to
a lower chance of having ‘increased BP’, obesity and abdominal
obesity in US and European adults“>4®, However, Murakami
and Livingstone reported apposite findings in which a greater eat-
ing frequency was related to greater BMI and WC“”, These discrep-
ancies among findings might be due to methodological differences.
For instance, our study and several studies assessed dietary intakes
by the 24-h dietary recall®>* while some other studies assessed by
168-item dietary questionnaire® or 7-d dietary record“”. In addi-
tion, the subjects in these studies were from different geographi-
cal areas.

We also did not find any consistent relationship between
habitual timing and amount of eating and the MetS. In compari-
son, our study findings were opposed to other studies, which
demonstrated that meal timing was related to obesity, diabetes,
(9,20,48)

cardiometabolic and cardiovascular events A review

study that analysed data from ten observational studies indicated
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limitations of our study, further studies using dietary data on
consecutive days with a longer duration are needed to explore
the relationship between habitual meal timing and frequency
and nightly fasting duration with the MetS.
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