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Abstract

Background: Low carbohydrate diet (LCD) can improve inflammation and obesity and also circadian rhythm disor-
ders can lead to increased inflammation in obese individuals. The purpose of this study is to evaluate the association
between adherence of LCD and circadian rhythm mediated by inflammatory markers including transforming growth
factor-f3 (TGF-B), interleukin-1( (IL-1(3) and Galectin-3 in overweight and obese women.

Methods: 304 women affected by overweight and obesity were enrolled. We evaluated LCD scores by Semi-quan-
titative food frequency questionnaire (FFQ) of 147 items. The morning-evening questionnaire (MEQ) was applied to
evaluate the circadian rhythm. Biochemical parameters such as inflammatory markers and anthropometric compo-
nents were assessed.

Results: There was a negative significant correlation between adherence of LCD and circadian rhythm status. In
other words, as the LCD scores increased, the odds of circadian rhythm disturbance in intermediate group and morn-
ing type persons decreased compared to evening type. It was showed that, IL.-1(3 and Galectin-3 in intermediate and
morning type groups, destroyed the significance of this relationship and may be considered as mediating markers.

Conclusion: Adherence of LCD can improve the circadian rhythm by reducing levels of inflammatory markers and

may be considered as a treatment for obesity.
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Background

Obesity is a global health threat in all over the world and
is defined as the accumulation of excess fat in white adi-
pose tissue (WAT) [1]. Obesity has been widespread in
recent years throughout the world, especially in Asian
countries [2]. This issue is associated with chronic and
non-communicable diseases, such as cardiovascular dis-
ease, diabetes, cancers (especially breast and endometrial
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cancer), polycystic ovary syndrome (PCOS) in women [3,
4].

Inappropriate lifestyle, including unhealthy dietary
patterns and circadian rhythm disturbances, are the
possible causes for increasing the obesity trend [5].
Meal times are considered as a novel risk factor for
increasing the accumulation of fat over the body [6].
Some cohort studies have demonstrated that, per-
sons who consume a larger portion of their calories,
specially carbohydrates and proteins, after midnight
have higher odds of increasing levels of inflammation
and becoming overweight or obese [7]. Studies have
shown that, low-carbohydrate meals can lead to greater
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reduction in inflammatory markers and body fat mass
(BFM) and metabolic syndrome risk factors, such as
fasting glucose levels, triglycerides and blood pressure
compared to low-fat meals [8—10]. During a period of
carbohydrate restriction, ketone bodies are elevated
within the plasma via hepatic production [11]. Ketone
bodies act as an alternative fuel source, attenuating
glucose utilization, and reducing oxidative stress and
inflammation [12].

As we mentioned, circadian rhythm disorders are posi-
tively associated with obesity and weight gain. Circadian
rhythm as one of the biological regulator of many pro-
cesses in the body such as sleep regulation, is created by
the suprachiasmatic center (SCN) of the hypothalamus in
the brain and plays its role by circadian locomotor out-
put cycles kaput (CLOCK) and brain and muscle arnt-
like protein-1 (BMAL1) in many cells such as adipose
tissue cells in the body. Adipose tissue, as an endocrine
active organ, secretes different adipokines. Circadian
rhythm disorders can affect adipose tissue activity and
increase pro-inflammatory adipokines secretion [13].
Circadian regulation is disabled during inflammation sta-
tus. Because in these conditions, the presence of endo-
toxins disrupt the expression of clock genes which leads
to circadian rhythm disorder [14]. Although, circadian
rhythm regulates the inflammatory response of healthy
organisms when they first encounter a pathogen but it is
lost at the molecular level once systemic inflammation
ensues. This information indicates a link between circa-
dian rhythms and inflammation [15].

TGEF-p as an inflammatory markers with more than 30
related proteins have been identified as members of the
TGEF-B superfamily in mammals which are mostly pre-
sent in liver tissue (Liver stellar cells) [16]. Galectin-3,
only chimera-type galectin, has been found in the cellu-
lar nucleus and cytoplasm, at the cell surface, and in the
extracellular fluid of several cell types [17] maybe closely
linked to the inflammatory cascade and various disease
[18]. IL-1p is a component of the mixture of pro-inflam-
matory cytokines that is produced by a variety of cells,
including monocytes, macrophages, fibroblasts, and
endothelial cells and is responsible for the inflammation
occurring [19].

There is no research on the association between LCD
and circadian rhythm status mediated by inflammatory
markers. The correlation between inflammatory markers
TGF-B, IL-1p and Galectin-3 with adherence of LCD as
well as circadian rhythm disorders is not well understood.
The purpose of this study, therefore, is: investigating the
relationship between adherence of LCD and circadian
rhythm as well as evaluating the mediating role of three
inflammatory markers (TGF-p, IL-1p, Galectin-3) among
women with overweight and obesity.
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Method and materials

Study population

The sample size was computed according to the follow-
ing formula: n=[(Z1—a+Z 1—f) x V1- /1) +2),
which r=0.25, =0.95, and a=0.05 then, with 95%
confidence and 80% power, 304 women aged 18 to
48 years were required in this cross-sectional study.
The study population was collected from across the
regions of Tehran, using community-based sampling
according to cluster sampling. Their body mass index
(BMI) range was between 25 to 49.6 kg/m> Moreover,
Subjects were chosen based on the following inclusion
criteria: aged 18 to 48 years, individual with overweight
or obesity (BMI>25) and without menopause; exclu-
sion criteria: regular use of medications except con-
traceptives (according to our investigations, the use
of oral contraceptives can increase the levels of some
inflammatory markers such as hs-CRP, IL-6 and TNF-a
among women [20, 21]), a history of hypertension, car-
diovascular disease, diabetes mellitus, liver and kidney
disorders, alcohol consumption, smoking, pregnancy or
lactation, menopause, chronic diseases that affect a per-
son’s diet, body weight fluctuations over the past 1 year,
following patterns and special diets and non-routine
diets and participants that their energy intake was less
than 800 kcal or more than 4200 kcal. The protocol was
accepted by the Ethical Commission at Tehran Univer-
sity of Medical Sciences (IR TUMS.VCR.REC.1397.804)
and all participants signed a consent form.

Anthropometric assessment

Body composition points such as; BFM, Fat free mass
(FFM), body fat percentage (BFP), visceral fat area
(VFA) and obesity degree percentage (ODP); evaluated
using a body composition analyzer (InBody770 scanner;
InBody, Seoul, Korea). Before examining body compo-
sition, according to the instructions of the manufacture,
all participants were asked to remove their metal tools,
including all jewelry. womenwere also asked to take off
their socks before placement on the metal plate of the
device to increase the accuracy of the device. In using
this device, how to stand and grab the metal handles of
the device was done according to the manufacturer’s
instructions [22]. Weight was measured with the use of
a digital scale (Seca, Hamburg, Germany) in light cloth-
ing and without shoes with precision near to 0.1 kg.
Height was evaluated by a seca stadiometer, with exact-
ness close to 0.1 cm. Waist circumference (WC) and
hip circumference (HC) were measured in the smallest
girth and the largest girth, respectively, with accuracy
nearest to 0.1 cm. BMI was calculated as weight (kg) to
height (m?) ratio.
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Biochemical assessment

Blood samples were taken after10-12 h of overnight fast-
ing and the serum was centrifuged, liquated and stored
at a temperature of — 80 °C. All samples were analyzed by
using a single assay according to manufacturer’s protocol.
All measurements were taken at the Biochemistry Labo-
ratory of School of Health, Tehran University of Medical
Sciences. Insulin level was assessed by using an enzyme-
linked immunosorbent assay (ELISA) kit (Human insulin
ELISA kit, DRG Pharmaceuticals, GmbH, Germany) and
fasting concentration of glucose was measured by using
a glucose oxidase method. Total cholesterol (T-Chole),
triglyceride (TG), High-density lipoprotein cholesterol
(HDL-C) and Low-density lipoprotein cholesterol (LDL-
C) were evaluated by using of enzymatic approaches and
related kits (Pars Azemun, Iran) and auto analyzer sys-
tem. TGF-P and IL-1p were measured by HUMAN TGE-
BETA and IL-1p Quantikine ELIZA kit R&D System- usa,
Galectin-3 was measured by Human Galactin-3*96 T,
ELIZA kit Crystal Company. We did not consider white
blood cell counts as inflammatory markers in the study
because many studies have shown that white blood cells-
related markers of inflammation are associated with
diseases such as depression [23], periodontitis [24], car-
diovascular diseases such as atherosclerosis [25] and cor-
onary artery disease [26], which are considered as factors
associated with obesity is not very reasonable and has lit-
tle scientific value. Investigations have shown that adher-
ence of LCD reduces some inflammatory markers levels
such as hs-CRP and IL-6 [11]. Obesity is characterized by
the chronic low-grade activation of the innate immune
system. In this respect, macrophage-elicited metabolic
inflammation and adipocyte-macrophage interaction
has a primary importance in obesity so, inflammatory
markers derived from these macrophages such as IL-1,
Galectin-3 that also have interaction by TGF-p are effec-
tive in the development of obesity [27] and also as far as
we have seen, in recent studies on the association of cir-
cadian or LCD with inflammation, these three inflamma-
tory markers have been studied less than other cytokines,
so we decided to select these three factors to investigate
the mediating effect of inflammation.

Circadian rhythm assessment

Circadian rhythm was evaluated by using MEQ which is a
self-related and common questionnaire for assessing this
rhythm status. The questionnaire consisted of 19 items
that they focused on sleep pattern and waking habits and
scores range from 16 to 86 points. The classification of
these points is as follows: absolute evening type, which is
rated 16 to 30, relative evening type for score 31 to 41,
intermediate for score 42 to 58, relative morning type for
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score 59 to 69, and finally absolute morning type for rat-
ing 70 to 86 is considered [28]. Reliability and validity of
the MEQ questionnaire were assessed in Iranian popula-
tion [29].

Calculation of the low-carbohydrate-diet score

We used semi-quantitative FFQ with 147 Iranian food
items, containing a list of foods with their standard serv-
ing sizes and it assesses the usual food intake over the
previous years. The reliability and validity of this ques-
tionnaire have been confirmed [30]. We calculated the
LCD score for each subject by using data from completed
FFQ forms by participants. Participants were divided
into 11 strata based on their carbohydrates, refined
grains, vegetable proteins, monounsaturated fatty acids
(MUFA), n3/n6 polyunsaturated fatty acids (PUFA),
expressed as a percentage of energy intake as well as fib-
ers (gr/1000 kcal), and glycemic load (GL) intake. Dietary
GL was estimated as (total glycemic index * total avail-
able carbohydrate)/100. Women in the lowest stratum of
refined grains, carbohydrates and GL were given a score
of 10 and those in the highest stratum were given a score
of 0. For n3/n6 PUFA, MUFA, fiber, and vegetable pro-
tein intake the order of the strata was reversed. Then we
summed points for the seven items to create the score
was named as “low carbohydrate diet score’, that its range
was between O (highest carbohydrate intake and lowest
fat and protein intake) to 70 (lowest carbohydrate intake
and highest protein and fat intake). Ultimately, the high-
est score indicates the highest rate of adherence to the
LCD [31]

Other variables

Demographic information

In this study, items such as educational status and job sta-
tus were examined by using demographic questionnaire
and it should be noted that we considered these variables
as confounders (as quantitative variables).

Physical activity assessment

This item is considered as a confounder and a quantita-
tive variable was determined by the International Physical
Activity Questionnaires (IPAQ), the complex question-
naires that are designed to provide information especially
for research purposes. These questionnaires can be used
by person with an age range of 18 to 65 years old. Weekly
physical activity was assessed by a 9 items form that was
applied according metabolic equivalent (MET) scores for
each type of activity. According to the IPAQ scoring pro-
tocol, MET scores were demonstrated as 3 and 6 METs
for moderate activities and as 6 METs for severe activi-
ties. For reporting the total physical activity, MET scores
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were summed and MET-minutes per week (MET-min/
wk) were reported [32, 33].

Stress assessment

Stress was evaluated by depression anxiety stress scales
(DASS) that is a forty-two-item self-report questionnaire
to evaluate stress, depression, and anxiety over the past
week [34]. This item is also considered as a confounding
factor and a quantitative variable.

Statistical analyzes

The normal distribution of data was checked by Kolmog-
orov Smirnov test. We used mean and standard deviation
to describe quantitative variables. In this study, we made
quartiles from the scores of LCD and then divided the
quartiles into two groups: the first group, which included
the first quartile, as following a low adherence of LCD,
and the second group, which included the second and
third and fourth quartiles as following other groups. In
this study, participants weredivided into three groups
based on their obtaining of MEQ scores (16 to 41: even-
ing type, 42 to 58: intermediate type and 59 to 86: morn-
ing type). For calculating of correlations between each
variables and circadian rhythm status, we used analysis
of variance (ANOVA) test. Independent sample t-test
was used to check the relationship between variables
and LCD status. Analysis of Covariance (ANCOVA) was
then used to find the difference between the means of
investigated variables across circadian rhythm and LCD,
adjusted for total energy intake, physical activity and edu-
cation. Associations between LCD and circadian rhythm
status were assessed in Multinomial logistic regression
to adjust for confounder factors including; job, FFM,
physical activity and stress. We considered the group of
“evening type” about circadian rhythm status and “other
groups” about adherence of LCD as references. We also
assessed the mediatory effects of inflammatory markers
(TGE-B, IL-1P, Galectin-3) in this model. To investigate
the mediating role of these inflammatory markers, we
included each of them as a confounding variable sepa-
rately along with the other confounders in the final model
which showed a significant relationship between LCD
and circadian rhythm and we considered each one that
eliminated significance as a mediating factor. Statistical
analyzes were performed using IBM SPSS version 25.0
(SPSS, Chicago, IL, USA). The level of significance was
considered as being a P value <0.05 for all analyses.

Result

Study population characteristics

The characteristics of 304 women with overweight and
obesity were analyzed in this study. The Mean (SD) age,
BMI, LCD score, MEQ status are 36.49 (8.38) years, 31.05
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(4.33) kg/m? 35.01 (10.22), 50.5 (19.47); respectively
(Table 1).

Based on the MEQ, 11.7% of participants were in even-
ing type group and 58.7% were in intermediate type and
29.6% were in morning type groups. As shown in Table 2,
before adjustment, the relation between age (P=0.02),
stress status (P=0.001) and circadian rhythm status was
significant. After adjustment for confounders includ-
ing; total energy intake, physical activity and education
through ANCOVA test the significance between age and
circadian rhythm status was lost (P=0.17) and the sig-
nificance for stress status remained (P =0.002); also other
variables including; weight (P=0.04), BEFM (P=0.03),
WC (P=0.03), VFA (P=0.01), BMI (P=0.05), fat mass
index (FMI) (P=0.05) and ODP (P=0.05) became sig-
nificantly associated with circadian rhythm status after
adjustment. All variables mentioned, were higher in
evening type group, so, the increase in obesity-related
indicators was higher in women with evening disorders
of circadian rhythm (Table 2).

In Table 3, 30.3% of individuals were in low adher-
ence of LCD group and 69.7% were in other groups and
it was shown that weight (P=0.001), height (P=0.04),
BMI (P=0.04), BEM (P=0.01), BEP (P=0.03), FFM
(P=0.03), EMI (P=0.04), WC (P=0.03), VEA (P=0.02),
ODP (P=0.03); were all significant and age was margin-
ally significant (P=0.07) with LCD status. After adjust-
ment for confounder including; total energy intake,
physical activity and education through ANCOVA test;
BMI (P=0.02), FMI (P=0.001) and ODP (P=0.01);
remained significant and BFM and BFP (P=0.06) and
physical activity (P=0.08) became marginally signifi-
cant with LCD status and all of them were higher in low
adherence of LCD group, so low carbohydrate intake can
lead to decreased obesity-related indicators (Table 3).

Association of the LCD status and circadian rhythm status
A negative significant association between low adherence
of LCD status compare to other groups, and circadian
rhythm was observed in crude model about intermedi-
ate (OR=0.38, 95% CI=0.16 to 0.9, P=0.02) and morn-
ing type (OR=0.32, 95%=0.12 to 0.84, P=0.02). In the
adjusted model according to job, FFM, physical activity,
stress as covariates, the correlation remained signifi-
cant in intermediate (OR=0.33, 95% CI=0.12 to 0.89,
P=0.02) and also in morning group (OR=0.27, 95%
CI=0.08 to 0.86, P=0.02) compare to evening type
(Table 4).

Assess the mediating role of inflammatory markers

We associated the effect of inflammatory markers includ-
ing; TGF-B, IL-p and Galectin-3; as mediatory mark-
ers for the significant relationship between LCD and
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Table 1 Characteristics of the study participants
Variable Mean+SD Minimum Maximum
Age (years) 36.49+8.35 18 56
Body weight (kg) 80.87 41244 59.5 1366
Height (cm) 161414+592 142 179
BMI (kg/mz) 31.05+£433 24.2 49.6
LCD score 3501+£1022 6 58
MEQ status 50.5+£1947 31 70
Sleep night 6.54+1.59 1 12
Sleep day 3+1346 2 4
Stress status 798 +£5.04 1 21
Physical activity (MET-minutes/week) 1202.05+2085.34 40 19,194
Blood parameters
Glucose (mmol/dl) 875696 67 137
Total cholesterol (mg/dl) 185.104+35.84 104 344
TG (mg/dl) 121.81+£69.32 37 512
HDL (mg/dl) 46.52+10.88 18 87
LDL (mg/dl) 95.06£24.38 34 156
TGF-B (mg/L) 78.67 £48.58 3292 494.66
IL-1B (ma/L) 2714092 092 529
Galectin-3 (ng/ml) 39647.07 0.15 32.29
Body composition
BFM (kg) 34.04+£8.69 194 74.2
BFP (%) 41.534+548 15 54.3
FFM (kg) 4684564 353 65.7
FEMI 17.93+1.51 14.6 226
FMI 13.154+337 6.9 269
WC (cm) 99.01+£10.05 80.1 136
VFA (cm) 163.344+3845 753 284.1
ODP (%) 144.094+2047 71 231

SD, Standard deviation; BMI, Body mass index; LCD, Low carbohydrate diet; MEQ, Morning-evening questionnaire; TG, Triglyceride; HDL, High density lipoprotein; LDL,
Low density lipoprotein; TGF-B, Transforming growth factor 3; Il-1B, Interleukin-1{; BFM, Body fat mass; BFP, Body fat percentage; FFM, Fat free mass; FFMI, Fat free

mass index; FMI, Fat mass index; WC, Waist circumference; VFA, Visceral fat area; ODP, Obesity degree percentage

circadian rhythm. By including each of these inflamma-
tory markers as a confounding variable along with the
other confounders in the final model, which showed
a significant relationship between LCD and circadian
rhythm, we observed that two inflammatory mark-
ers including; IL-1p (OR=0.33, 95% CI=0.02 to 4.49,
P=0.67) and Galectin-3 (P=0.21, 95% CI=0.02 to
2.06, P=0.18) in intermediate and also in morning type
( IL-1p (OR=0.36, 955 CI=0.02 to 6.04, P=0.49) and
Galectin-3 (OR=0.17, 95% CI=0.01 to 1.95, P=0.4)),
eliminated this significance so they can be considered as
mediatory markers (Table 5).

Discussion

This cross-sectional study was the first study, investigated
the association between the adherence of LCD and circa-
dian rhythm status and also examines the mediating role

of three inflammatory markers (TGF-B, IL-1p, Galec-
tin-3) among overweight and obese women.

In this study, there was a negative significant correla-
tion between circadian rhythm status and adherence
of LCD. In other words, as the LCD scores increased
(Indicates increased adherence to a LCD), the odds of
circadian rhythm disturbance in intermediate group
and morning type person compared to the evening type
person, decreased.. Moreover in this study, we investi-
gated that two inflammatory markers including; IL-1B
and Galectin-3 play mediatory roles in the association
between LCD and circadian rhythm status.

Rohit Sane et al., demonstrated that combination of
LCD and obesity management procedures caused signifi-
cant reduction in body weight, BMI and WC, without any
adverse effect in obese people [35]. One study observed
that morning carbohydrate consumption was associated
with improvement of lipid and glycemic profiles. This
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Table 2 Description of characteristics among types of circadian rhythm status
Variable Relative evening  Intermediate Relative morning P value” P-ANCOVA™
type n=159 type
n=57 58.7% n=88
11.7% 29.6%
Age (years) 340749.12 35.87+£86 38.75£793 0.02 0.17
Body weight (kg) 83311588 80.38+11.65 77.88+10.61 0.11 0.04
Height (cm) 162.62+6 16.85+5.95 160.44+5.77 0.26 0.83
BMI (kg/m?) 31.37+4.89 3112424 30.28+3.79 033 0.05
Sleep night 8224187 7.75£1.62 7.54+£1.59 0.22 0.24
Sleep day 12.2+£26.72 0.69+2.79 7.77 £19.06 0.11 0.29
Stress status 10.92+5.01 781452 6.75£5.34 0.001 0.002
Physical activity (MET-minutes/week) 936.06+1161.94 1087.48 +1665.42 1080.05+1183.76 0.9 0.77
Blood parameters
Glucose (mmol/dl) 8747 £855 874941021 86.79+10.75 0.89 0.66
Total cholesterol (mg/dl) 187.69+47.79 177.8+£31.78 186.65+32.61 0.16 0.16
TG (mg/dl) 109.30£4941 122247046 121.79£54.23 0.64 0.73
HDL (mg/dl) 455241216 46.651+8.72 48.15£10.87 048 0.75
LDL (mg/dl) 97.47 £28.28 9542 £23 102364213 0.18 0.26
TGF-B (mg/L) 732142651 81.81+433 72.89+£31.98 043 0.62
IL-16 (mg/L) 238+0.88 2.72+0.96 251+0.95 0.59 041
Galectin-3 (ng/ml) 7.63£10.56 554+9 2824485 032 0.27
Body composition
BFM (kg) 3527+£11.12 3414833 3219+7.56 0.18 0.03
BFP (%) 41514552 41944537 40.87+5.05 0.39 0.11
FFM (kg) 48.08+5.78 46.354+5.52 4591593 023 0.39
FFEMI 1811141 1794154 17.75+1.29 0.54 0.3
FMI 13.2543.77 13.28£3.72 12.5243.02 0.29 0.05
WC (cm) 100.67 £12.08 98.75+9.72 96.62+9.27 0.12 0.03
VFA (cm) 166.64 +45.66 164.45+37.36 153.88+36 0.13 0.01
ODP (%) 14596 +£22.77 144.88+19.8 140.82+£17.66 031 0.05

N: 304; 1: Mean + SD; BMI, Body mass index; TG, Triglyceride; HDL, High density lipoprotein; LDL, Low density lipoprotein; TGF-, Transforming growth factor B; II-13,
Interleukin-13; BFM, Body fat mass; BFP, Body fat percentage; FFM, Fat free mass; FFMI, Fat free mass index; FMI, Fat mass index; WC, Waist circumference; VFA, Visceral

fat area; ODP, Obesity degree percentage
" P-values are resulted from ANOVA test

™ P-value reported after adjusting total energy intake, physical activity and education with ANCOVA

finding supports that a higher proportion of carbohy-
drates is made in the first half of the day can lead to bet-
ter nutritional and health status. There is evidence that
carbohydrate oxidation is decreased at later circadian
phases so consuming carbohydrates after midnight can
lead to fat accumulation. It is not yet possible to explain
exactly why the intake of macronutrients and the body’s
biological clock are related [36—38].

LCD reduces glucose supply to the liver, muscles and
brain, leading to limited glucose availability and storage
as glycogen. By restricting access to glucose, glucose-pro-
ducing endogenous process called gluconeogenesis will
be activated in the body. This process can not cover the
body’s need for glucose as the primary fuel for cells, so
ketone bodies will be produced as an alternative source

of glucose. In this condition, insulin secretion and con-
sequently fat and glucose storages will be reduced.
Therefore, the rate of weight gain and inflammation will
decrease due to the reduction in the amount of fat cells
storage [39, 40]. High glucose levels after high carbohy-
drate meals, promote the activation of innate immune
cells and the release of pro-inflammatory cytokines.
Adherence of LCD because of the reducing in fasting
glucose levels can improve the inflammation status and
treat obesity as a chronic inflammation [10, 41-43].
Adherence of LCD reduces some inflammatory markers
levels such as hs-CRP, and increases the concentration
of adiponectin as an anti-inflammatory marker (36—37).
Dietary interventions such as LCD has shown some
improvements in endogenous antioxidant capacity which
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Table 3 Description of characteristics among groups of adherence of LCD
Variable Low adherence of LCD Other groups P value® P-ANCOVA™
n=79 n=212
30.3% 69.7%
Age (years) 35054864 3707 £841 0.07 0.86
Body weight (kg) 84.19£14.04 7943 +£11.25 0.001 0.21
Height (cm) 162.37£5.61 160.88+6.1 0.04 0.2
BMI (kg/mz) 32+£5.06 30.69+£3.96 0.04 0.02
Sleep night 791171 7.56+1.54 0.11 0.62
Sleep day 57941712 34241209 049 0.79
Stress status 8.5+4.96 7.75+5.06 0.27 0.54
Physical activity (MET-minutes/week 1512.32£2602.91 1096.31£1901.06 0.24 0.08
Blood parameters
Glucose (mmol/dl) 87.96£9.41 874949.72 0.7 0.28
Total cholesterol (mg/dl) 182.07+31.1 185.96 4+38.04 041 0.95
TG (mg/dl) 124.56 +74.99 121.294+68.94 0.74 0.77
HDL (mg/dl) 46.21+9.48 46.93+11.34 0.64 0.49
LDL (mg/dl) 93.61422.15 952+£2527 0.65 0.73
TGF-B (mg/L) 72.71£22.09 80.03£54.1 0.21 0.81
-1 (mg/L) 2824084 2.68+0.96 0.59 041
Galectin-3 (ng/ml) 4.89+£835 3.66+6.6 0.7 0.67
Body composition
BFM (kg) 36.44+£1033 33.1£108 0.01 0.06
BFP (%) 42154645 41.28+£5.15 0.03 0.06
FFM 4794+544 46344558 0.03 0.6
FEMI 18.164+1.58 17.85+1.46 012 0.54
FMI 13.894+391 12884314 0.04 0.001
WC (cm) 101.03+£10.86 98.19£9.62 0.03 0.52
VFA (cm) 17161 +£42.64 159.94 +36.52 0.02 0.1
ODP (%) 148841236 14236+19 0.03 0.01

N: 304; 1: Mean = SD; BMI, Body mass index; TG, Triglyceride; HDL, High density lipoprotein; LDL, Low density lipoprotein; protein; TGF-f, Transforming growth factor
B; 1I-1B, Interleukin-13; BFM, Body fat mass; BFP, Body fat percentage; FFM, Fat free mass; FFMI, Fat free mass index; FMI, Fat mass index; WC, Waist circumference; VFA,

Visceral fat area; ODP, Obesity degree percentage
* P-values are resulted from independent t sample test

™ P-value reported after adjusting total energy intake, physical activity and education with ANCOVA

may be used as a method for decreasing markers of oxi-
dative stress and inflammation [44]. A study has dem-
onstrated that reduction in dietary carbohydrate intake
significantly improved some pro-inflammatory markers
such as IL-6, IL-8, TNF-« [45].

Delays in food intake especially at dinner are related
to obesity, metabolic disorders and increased values of
inflammatory markers in obese persons [7]. The results of
a recent study among obese persons show that the timing
of dinner is a relevant factor in obesity. Late dinner eaters
(that was, participants with circadian rhythm disorders at
night) were 2.1-times more likely to be overweight/obese
than early eaters, and had significantly higher odds of
increasing levels of inflammatory markers including IL6
and hs-CRP [46, 47]. One of the negative consequences
of circadian rhythm disorder may be the dysregulation
of the immune system. Changes of the sleep/wake cycle

affect the number of circulating lymphocytes and Natu-
ral killer (NK) cells in humans [48], as well as increased
inflammatory markers such as IL-6, hs-CRP, and Tumor
necrosis factor-a (TNF-a) [49]. The results of some stud-
ies are as follows that shift-workers that often have cir-
cadian rhythm disorders, especially at night, consume
more calories, fat, protein, carbohydrates, and sweets
with lower vegetable and fruit consumption and this
may be the reason for the increased levels of inflamma-
tory markers in these persons [50]. Based on the available
evidence, it can be stated that stimulation of the innate
immune system can alter the expression of several cir-
cadian clock genes such as Perl and Per2 through pro-
inflammatory markers [51]. Circadian rhythm can also
regulate the immune system and its regulation effects are
for many immune markers, including IL-2, IL-10, IL-6,
IL-1B, TNF-a [51, 52]. More over studies indicated that
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Table 4 Relation between adherence LCD and circadian
rhythm status

LCD status
Low adherence® Other groups*®
OR (95%Cl) B+SE P
Evening type*
Intermediate
Crude 038(0.16-0.9) —095+043 0.02
Adjusted 0.33(0.12-089) —114£05 0.02
Morning type
Crude 0.32(0.12-0.84) 1284+029 0.02
Adjusted 0.08-0.86))0.27 —1.284+0.58 0.02

OR, odds ratio; Cl, confidence interval; SE, standard error; N: 304; Multinominal
logistic regression; Crude model and adjusted model to job, fat free mass,
physical activity, stress as covariates

" Consider as reference
2 Low adherence includes first quartile

b QOther groups include second, third and fourth quartiles

Table 5 The association of the mediating effect of some
inflammatory markers

LCD status
OR (95%Cl) B+SE P
Evening type*
Intermediate
=18 0.33 (0.02-4.49) —1.10£133 0.67
Galectin-3 0.21 (0.02-2.06) —152+1.14 0.18
TGF-B 0.12(0.03-047) —2.1240.69 0.004
Morning type
IL-18 0.36 (0.02-6.04) —1+146 0.49
Galectin-3 0.17 (0.01-1.95) —1.76+1.24 0.4
TGF-B 0.11(0.02-0.53) —213+0.77 0.002

OR, Odds ratio; Cl, confidence interval; SE, standard error; II-1B, Interleukin-14;
TGF-B, Transforming growth factor B; N: 304; Multinominal logistic regression
adjusted model to job, fat free mass, physical activity, stress as covariates in
addition to the inflammatory markers

" Consider as reference

appetite-regulating hormones such as reducing leptin
secretion and increasing ghrelin levels would be influ-
enced by circadian rhythm disorders that can stimulate
the appetite and food intake and induce obesity inci-
dence. Furthermore decreased melatonin levels can also
lead to increased pro-inflammatory cytokines secretion
in subjects with circadian rhythm disorders [53-55].

This study was the first study to investigate the rela-
tionship between LCD and circadian rhythm medi-
ated by inflammatory markers and it may represent as
a possible novel insight to monitor and treat obesity
and its complications. We evaluated the association
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between many body composition indicators and circa-
dian rhythm, as well as LCD over the study. In addition
to measuring the relationship between LCD and circa-
dian rhythm status, we also examined the mediating
role of inflammatory markers which have not generally
been investigated in previous studies. Despite increas-
ing attention to women’s health in recent years, stud-
ies on this group of society are still insufficient, so we
selected the women as a target group to provide infor-
mation for improving their health. We tried to select
and adjust the confounding factors socio-economically
because circadian rhythm has a strong correlation with
such factors [56], so it makes the results more accept-
able. However there were a number of limitations; since
the study was a cross-sectional study, causality cannot
be proven, only correlation. The authors’ suggestions
for further studies include to work with larger sam-
ple or to carry out experimental studies to check this
association.

Conclusion

In this study, a significant relationship between adher-
ence of LCD and circadian rhythm status was found,
and it was shown that adherence of this dietary pattern
reduced disorders about circadian rhythm of interme-
diate and morning type groups. Also it was shown that
two inflammatory markers such as IL-1p and Galec-
tin-3 had mediatory role in this relationship. So, having
a LCD may improve the circadian rhythm by reducing
the level of inflammatory markers and it can be consid-
ered as a treatment for overweight and obesity status.
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