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ABSTRACT

Background: Global attention on obesity prevention emphasizes cost-effective strategies, 
particularly physical activity. Evaluating chronobiological influences is crucial for effective 
treatment plans. Noncommunicable disease management requires a nuanced approach to address 
this pervasive health concern. Objective: This study aims to determine the effect of chronotype-
based high-intensity interval training (HIIT) on inflammatory biomarkers among overweight 
and obese individuals. Methods: This experimental study, involving 58 obese adults, utilized 
pretest and post-test evaluations. Participants, aged 31.65 ± 9.1 years with a mean BMI of 29.04 
± 4.04, underwent 12 weeks of cycling HIIT (10 sec on/10 sec off) thrice weekly. Pre- and 
post-training venous blood samples were collected, centrifuged, and stored at -80°C. Outcome 
measures included metabolic, inflammatory biomarkers, and anthropometric data. Result: The 
findings of this study demonstrate that there is a significant difference in metabolic variables such 
as fasting sugar, fasting insulin, 3.7%, 27% (p=0.00), and IL6 5.7% (p=0.00) levels between the 
chronotype-based exercise session group (CBES) and non chronotype based exercise session 
group (NCBES). Anthropometric and other inflammatory variables, such as Tumor necrosis 
factor alpha (TNF -alpha) and high sensitive C-reactive protein (hs CRP), showed no significant 
differences between groups. Conclusion: The study concluded that chronotype-based HIIT is 
effective on metabolic markers but not on inflammatory markers in obese individuals.

Key words: High-intensity Interval Training, Chronotypes, Insulin, Body Mass Index  
Inflammation, Obesity

INTRODUCTION

According to the World Health Organization (WHO), obesi-
ty is a significant public health concern obesity is a signifi-
cant public health concern.(WHO, 2021). The rise in obesity 
rates among individuals of all age groups has been linked to 
the emergence of several chronic conditions, such as met-
abolic syndrome, type 2 diabetes, cardiovascular ailments, 
cancer, and arthritis(Piché et al., 2020). Recent empirical 
studies have emphasized the necessity of integrating phys-
ical exercise into all approaches aimed at preventing obesi-
ty and sustaining weight loss over an extended period (van 
Baak et al., 2021).

The association between obesity and the presence of CRP, 
as well as other inflammatory biomarkers, such as IL-6 and 
TNF-alpha, has been established in previous research (Fahed 
et al., 2022). Elevated amounts of C-reactive protein (CRP) 
and certain cytokines in the bloodstream are indicative of 
low-grade chronic inflammation (Fahed et al., 2022). There 
is a correlation between low-grade systemic inflammation 
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and metabolic syndrome, type 2 diabetes, and atherosclero-
sis. There is evidence linking metabolic syndrome, type 2 
diabetes, and atherosclerosis to low-grade systemic inflam-
mation (Fahed et al., 2022). This connection is significant, as 
obesity is known to contribute to chronic low-grade inflam-
mation, ultimately resulting in the development of type 2 di-
abetes and coronary heart disease (Fahed et al., 2022). There 
should be a direct relationship between these biomarkers and 
the classification of obesity (Mayoral et al., 2020).

The implementation of the WHO’s physical exercise 
guidelines has proven to be difficult for global populations 
(WHO, 2022). This difficulty arises from various factors, in-
cluding time constraints, lack of motivation, and soreness 
(Bull et al., 2020; Daskapan et al., 2006; F. Adeniyi et al., 
2016; Kadariya & Aro, 2018). The available research un-
equivocally demonstrates that a dearth of physical activity 
plays a significant role in the development and progression 
of noncommunicable diseases (Kadariya & Aro, 2018). In 
contrast, individuals of South Asian ancestry are subject to 
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distinct perceptions of the obstacles they face, including fa-
milial obligations, demanding job schedules, and familial 
discouragement(Keating et al., 2017).

High-intensity interval training (HIIT) is a time-efficient 
approach that can be utilized in the treatment of obesity and 
its associated outcomes. HIIT is a form of exercise that en-
tails short but vigorous bursts of physical activity executed 
at intensities ranging from 80% to 100% of an individual’s 
maximal oxygen intake (VO2 Max). These intense intervals 
alternate with periods of low-intensity active recovery. HIIT 
can be carried out using a range of methods, such as body 
blast exercises, cycling, and other modes. The findings of a 
systematic review and meta-analysis suggest that HIIT can 
be considered comparable to moderate-intensity continuous 
exercise in terms of its effects (Nguyen et al., 2016). HIIT 
is gaining increasing popularity and recognition due to its 
several advantages, such as time efficiency (Maillard et al., 
2018), making exercise enjoyable (Vella et al., 2017), and 
promising effects on adiposity (Maillard et al., 2018). How-
ever, the findings of the preceding systematic review and 
meta-analysis provide inconclusive evidence concerning the 
effects of HIIT on obesity and its associated factors, includ-
ing chronic low-grade inflammation in individuals with obe-
sity. There are consistent effects observed in anthropometric 
parameters (Khalafi & Symonds, 2020) and endothelial dys-
function(Ramírez-Vélez et al., 2019; Tsai et al., 2016).

Chronotypes, also known as circadian rhythms, refer to the 
human body’s physiological variations that occur over a 24-
hour period and involve changes in molecular markers (Am-
mar et al., 2017). The diurnal variations of individuals can be 
categorized according to their diurnal extremes as morning-
ness (M), eveningness (E), or neither (N) (Souissi et al., 2004) 
metabolism (Aloui et al., 2017) psychological function (Trine 
& Morgan, 1995) hormonal variations (Aloui et al., 2017) 
and biochemical responses(Ammar et al., 2017; Hammouda 
et al., 2013) in exercise training, and the same will contin-
uously change based on the chronobiological rhythm (Man-
cilla et al., 2020). The metabolic processes occurring at the 
substrate level were found to be significantly impacted by the 
rhythm of chronobiological activity, with a particular empha-
sis on the secretion of insulin (Saad et al., 2012), carbohydrate 
removal (DeFronzo & Tripathy, 2009) and oxidative stress 
(van Moorsel et al., 2016). Therefore, temporal variability 
throughout the day is an unavoidable aspect that should be 
considered when prescribing exercise. The investigation of 
the association between chronotypes and exercise benefits has 
been limited despite the significance of chronotypes in rela-
tion to exercise outcomes (Shiotani et al., 2009).

The study conducted by Blankenship et al (2021) exam-
ined many research works that investigated the impacts of 
exercise conducted at different time intervals throughout the 
day (Blankenship et al., 2021). The findings of this review 
produced a combination of outcomes. Additionally, the re-
sults indicate that engaging in exercise sessions during the 
early part of the day resulted in a more significant weight 
reduction when compared to exercise sessions conducted 
later in the day. A study conducted by Fillon, et al (2019), 
proposed that engaging in physical activity in the morning, 

namely in close proximity to lunchtime, could potentially 
lead to a decrease in subsequent energy consumption. The 
study suggested that exercising in the morning, particularly 
close to lunch, might reduce subsequent energy intake (Fil-
lon et al., 2019). Saviki et al (2019) emphasized the signif-
icance of considering circadian cycles in the scheduling of 
physical activity to maximize the physiological advantages 
of exercise and mitigate metabolic disorders (Savikj et al., 
2019). Despite substantial research that has been undertak-
en to examine the impact of HIIT on inflammation and car-
diometabolic outcomes in individuals with obesity, recent 
higher-quality evidence has uncovered discrepancies in the 
findings, indicating the need for further rigorous studies to 
substantiate the observed effects (Martland et al., 2020). 
Therefore, this study aims to examine the impact of HIIT on 
inflammatory biomarkers across overweight and obese indi-
viduals exhibiting varying chronotypes.

METHODS

Participants and Study Design

The study employed pre- and post-test experimental designs. 
The participants in this study were recruited via electronic 
mail, and individuals with preexisting conditions, such as 
coronary artery disease, type 2 diabetes, peripheral arterial 
disease, or hypertension, were deemed ineligible for inclu-
sion. The study protocol received approval from the Insti-
tutional Ethical Committee of SRM Medical College IEC 
(1761/IEC/2019), Chennai. This study involved 60 over-
weight and obese persons, both male and female, who met 
the predetermined inclusion criteria. The participants had 
an average age of 31.6±9.11 years. The sample size was de-
termined using G*Power software 3.1 to detect a moderate 
effect size pertaining to the alterations in metabolic and in-
flammatory biomarkers induced by HIIT. With a power of 
80%, it was determined that a total of 60 samples (34 males 
and 26 females) would be necessary to detect an effect size 
of 0.80, assuming an average body mass index (BMI) of 29. 
Prior to participating in the study, all participants had an 
assessment to identify their chronotypes. The chronotypes 
were identified by assessing the scores obtained from the 
Olov Ostberg morningness (M) and eveningness (E) ques-
tionnaires (MEQ). The subjects were categorized into three 
groups based on their questionnaire scores: morning type, 
evening type, and neither type. These groups were then fur-
ther divided into a CBES and NCBES group.

Procedure

The study adopted a CBES in which participants classified 
as morningness (M type) were assigned to undergo HIIT in 
the morning (8am–10am), while participants classified as 
eveningness were assigned to get HIIT in the evening (4pm–
6pm) (A. Souissi et al., 2020).

The participants in the NCBES group were assigned to 
undertake HIIT either in the evening, if they identified as 
morningness subjects, or in the morning, if they identified as 
eveningness subjects.
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Intervention Protocol

The participants in the HIIT group utilized a cycle ergom-
eter, mainly the Spin Bike XB-5816 Energie Fitness model 
from India. They performed a total of 60 repetitions of HIIT 
exercises, maintaining a 1:1 work-to-rest ratio. Each repe-
tition consisted of 10 seconds of cycling at high intensity, 
followed by 10 seconds of active recovery. This exercise 
routine was conducted for a duration of 20 min, three 3 days 
per week, for a period of 12 weeks (Kong et al., 2016). An 
individual with specialized training observed the stopwatch 
while it was employed to track the duration of the interval 
cycles and auditory cues. The initial resistance during the 
exercise phase was set at 1.0 kg. Following the completion 
of two consecutive sessions at this workload, the resistance 
was systematically increased by increments of 0.5 kg. Heart 
rate (measured using the Omron HEM 6161) and ratings of 
perceived effort (assessed using the Borg scale) were record-
ed before and immediately after each 10-second cycling ex-
ercise, with measurements taken every five intervals (Shim 
et al., 2014).

Measurement

Anthropometric measurement

The participants were instructed to wear lightweight attire 
and refrain from wearing footwear throughout the measure-
ment of their weight, which was conducted using a stan-
dardized weighing scale (Activex, Pune, India). The heights 
of the participants were measured with a wall-mounted 
stadiometer, with measurements recorded to the closest 
millimeter. The WHO’s Asian classification of BMI was de-
termined by multiplying the body weight and the square of 
height (Pacific, 2000).

Biochemistry assays: Following a 12-hour fasting period, 
5 mL of venous blood was collected from each participant us-
ing a vacutainer. The collected blood samples then underwent 
centrifugation to extract the serum, which was subsequently 
stored in a deep freezer at a temperature of -80°C. The pa-
rameters were retrieved from the samples using appropriate 
procedures. Fasting blood sugar levels were measured soon 
after the samples were collected from the subjects using the 
hexokinase method (Westwood et al., 1986). Fasting insulin 
was assayed using ECLIA techniques (Cassidy et al., 2012). 
The homeostasis model assessment of insulin resistance 
(HOMA-IR) was calculated using the formula (fasting in-
sulin (micro U/L) x fasting glucose (nmol/L)/22.5) (Salgado 
et al., 2010). The lipid profile which includes measurements 
of total cholesterol, triglyceride, high-density lipoprotein 
[HDL], low-density lipoprotein [LDL], and very low-density 
lipoprotein [VLDL]) was determined using the cholesterol 
oxidase technique (Malik & Pundir, 2002).

Inflammatory biomarkers

The measurement of inflammatory biomarkers, including 
IL-6, TNF-alpha, and hs-CRP, was conducted. The high-sen-
sitivity C-reactive protein (hs-CRP) was measured using the 
enzyme-linked immunosorbent assay (ELISA) technique. 

The levels of IL-6 and TNF-alpha were quantified using an 
ELISA kit (EliKine, Abbkine, China).

Statistical Analysis

The Kolmogorov–Smirnov test was employed to assess the 
normality of the data and to examine the equality of vari-
ances. Descriptive statistics were calculated for all variables 
included in the study. The student’s t-test was employed to 
do a between-group analysis of the intervention. The tests 
were conducted with a significance threshold of 0.05 using 
the PSPP statistical program.

RESULTS

All the participants successfully completed the protocol re-
quirements, except for two individuals who could not do so 
due to employment relocations. A total of 58 participants, 
consisting of 32 males and 26 females, successfully con-
cluded a 12-week exercise program. The participants had an 
average age of 31.6±9.11 years (Table 1). The Kolmogor-
ov–Smirnov test demonstrated the presence of baseline sim-
ilarity between anthropometric and inflammatory indicators.

Anthropometric Values

After engaging in HIIT, notable enhancements were ob-
served in anthropometric measurements, specifically body 

Table 1. Demographic data
S.No Variable name n Mean SD
1 Age 58 31.65 9.11
2 Gender 58 Male : 32 (55.2%)

Female : 26 (44.8%)
3 Height 58 167.20 8.69
4 Weight 58 81.19 12.60
5 BMI 58 29.04 4.04
6 Over weight & 

Obesity 
58 Overweight : 36 

(62.1%)
Obesity : 22 (37.9%)

n: number of samples, SD: Standard deviation

Figure 1. Comparison of Metabolic marker between CBES and 
NCBES Groups 
**CBES: Chronotype based exercise session, NCBES: Non 
chronotype based exercise session
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weight, BMI, and body circumference, within the experi-
mental group. Among CBES participants (N=32), weight 
decreased insignificantly from 82.31 kg to 77.48 kg (mean 
difference: 0.24 kg, 95% CI: -6.23 to 6.71, p=0.940, Co-
hen’s d=0.02). Waist and hip circumferences decreased 
modestly, and BMI showed a reduction from 30.03 to 28.28 
(mean difference: 1.35, 95% CI: -0.72 to 3.39, p=0.198, Co-
hen’s d=0.34).

After the HIIT, it was observed that fasting sugar levels 
decreased significantly from 101.5 mg/dL to 91.79 mg/dL 
(mean difference: -3.41 mg/dL, 95% CI: -6.73 to -0.07321, 
p=0.045, Cohen’s d=0.54). Fasting insulin levels also 
dropped significantly from 15.17 µU/mL to 9.06 µU/mL 
(mean difference: -2.48 µU/mL, 95% CI: -3.54 to -1.41, 
p=0.000, Cohen’s d=1.24). The HOMA-IR decreased from 
3.79 to 2.07 (mean difference: -0.66, 95% CI: -0.94 to -0.37, 
p=0.000, Cohen’s d=1.23) (Figure 1).

Before and after HIIT, the CBES and NCEBS exhibited 
notable differences in their levels of inflammatory markers. 
Specifically, there was a significant decrease in markers, 
such as hs-CRP (34%, p=0.000), IL6 (63%, p=0.000), and 
TNF-alpha (12%, p=0.000). However, when comparing 
these markers between the two groups, the differences in hs-
CRP (2.1%, p=0.784) and TNF-alpha (3.5%, p=0.145) were 
not statistically significant. On the contrary, IL6 exhibited a 
statistically significant difference of 5.7%, as illustrated in 
Table 2, Figure 2. This finding substantiates the presence of 
a statistically significant difference.

Conversely, the CBES group showed smaller changes in 
inflammatory biomarkers. Hs-CRP slightly increased from 
6.5 mg/L to 4.26 mg/L (mean difference: 0.09 mg/L, 95% 
CI: -0.57 to 0.75, p=0.784, Cohen’s d=0.07). Interleukin-6 
(IL-6) increased from 53.32 pg/mL to 87.22 pg/mL (mean 
difference: 4.98 pg/mL, 95% CI: 1.71 to 8.25, p=0.003, 
Cohen’s d=0.81). Tumor necrosis factor-alpha (TNF-al-
pha) decreased from 191.01 pg/mL to 168.50 pg/mL (mean 
difference: -5.75 pg/mL, 95% CI: -13.55 to 2.05, p=0.145, 
Cohen’s d=0.39) (Table 3). Regarding lipid profiles, CBES 
participants (N=32) displayed a decrease in total choles-

terol from 189.94 mg/dL to 184.68 mg/dL (mean differ-
ence: -7.82 mg/dL, 95% CI: -19.32 to 3.67, p=0.178, Co-
hen’s d=0.36). HDL levels remained nearly unchanged. 
Triglycerides decreased slightly, from 140.22 mg/dL to 
132.71 mg/dL (mean difference: 0.98 mg/dL, 95% CI: -25.45 
to 27.43, p=0.940, Cohen’s d=0.02). LDL levels exhibited 
minimal changes. VLDL levels showed slight decreases from 
25.33 mg/dL to 19.71 mg/dL (mean difference: -1.78 mg/dL, 
95% CI: -6.8 to 3.2, p=0.482, Cohen’s d=0.19).

DISCUSSION
The primary objective of this research endeavor was to as-
sess the influence of CBES on inflammatory biomarkers in 
obese individuals. The key finding of this investigation re-
vealed that while chronotype-based HIIT had a discernible 
impact on metabolic variables, it did not produce any signif-
icant effects on the selected inflammatory biomarkers when 
contrasted with non-chronotype-based HIIT.

Weight, BMI, and body circumference exhibited im-
provements in both the CBES and NCEBS groups before 
and after the implementation of HIIT. Notably, there was 
no significant disparity between the CBES and NCEBS 

Table 2. Anthropometric measures, metabolic and inflammatory biomarkers are compared between CBES and NCBES
Variables CBES

Baseline 
(N=32)

CBES
12 week 

N=26

NCBES
Baseline

N=32

NCBES
At 12 weeks 

N=26

Mean 
Difference 
at 12 week

95% CI P 
value 

Cohen 
d

Weight 82.31±13.69 77.48±12.9 79.8±11.2 77.23±11.26 0.24±3.23 -6.23 to 6.71 0.940 0.02
Waist Circumference 38.15±3.05 35.44±2.63 37.91±2.74 34.59±3.97 0.84±0.87 -0.90 to 2.59 0.336 0.26
Hip Circumference 45.43±3.89 42.56±3.98 44.92±3,59 41.65±4.35 0.91±1.09 -1.28 to 3.11 0.407 0.22
BMI CBES 30.03±4.16 28.28±3.99 27.8±3.6 26.95±3.73 1.35±1.02 -0.72 to 3.39 0.198 0.34
Fasting Sugar 101.5±4.77 91.79±4.42 98.77±2.85 95.19±8.04 -3.41±1.67 -6.73 to -0.07 0.045 0.54
Fasting Insulin 15.17±2.55 9.06±1.97 14.05±2.3 11.55±2.06 - 2.48±0.53 -3.54 to -1.41 0.000 1.24
HOMA IR 3.79±0.61 2.07±0.46 3.29±0.78 2.73±0.62 -0.66±0.14 -0.94 to -0.37 0.000 1.23
hs CRP CBES 6.5±1.37 4.26±1.36 6.24±1.21 4.17±1.09 0.09±0.33 -0.57 to 0.75 0.784 0.07
IL 6 CBES 53.32±5.87 87.22±6.24 61.55±8.7 82.24±6.11 4.98±1.63 1.71 to 8.25 0.003 0.81
TNF Alpha 191.01±8.38 168.50±15.09 188.11±8.18 174.25±14.33 -5.75±3.8 -13.55 to 2.05 0.145 0.39
*CBES: Chronotype based exercise session, NCBES: Non chronotype based exercise session, CI Confidence interval.
**BMI: Body mass index, hs CRP: high sensitivity C- reactive protein, IL 6: interleukin 6, TNF alpha: Tumor Necrosis factor alpha,.

Figure 2. Comparison of Inflammatory marker between CBES 
and NCBES Groups
**CBES: Chronotype based exercise session, NCBES: Non 
chronotype based exercise session
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groups regarding changes in weight reduction and body 
circumference, which mirrored the findings of Ryan 
et al.’s (2020) study. The study concluded that HIIT in-
terventions resulted in noticeable differences between 
pre- and post-intervention measurements. However, 
when the outcomes of chronotype-based and non-chrono-
type-based HIIT sessions were juxtaposed, no distinctions 
emerged with respect to weight reduction and circumfer-
ences (Ryan et al., 2020). However, when the outcomes 
of chronotype-based and non-chronotype-based HIIT 
sessions were juxtaposed, no distinctions emerged with 
respect to weight reduction and circumferences. The ra-
tionale behind this observed similarity could be attributed 
to the notion that chronotype primarily influences wake-
fulness and performance but may not significantly affect 
changes in body composition following a period of exer-
cise. Several research studies have also suggested that the 
timing of exercise does not substantially influence weight 
loss (Vitale & Weydahl, 2017).

Nevertheless, in our investigation, metabolic variables 
demonstrated a noteworthy improvement in the HOMA-IR 
between the CBES and NCEBS groups. This enhancement 
may be attributable to the preference for carbohydrate ox-
idation as the primary source of energy during HIIT exer-
cises(Peake et al., 2014). Additionally, reports indicate that 
the timing of exercise, whether in the morning or evening, 
can influence glucose control in individuals with diabe-
tes and in obese individuals with insulin resistance (Sav-
ikj et al., 2019). This improvement in glucose control may 
be attributed to the influence of the circadian clock on the 
regulation of food intake and metabolism (Wolff & Esser, 
2019). which aligns with the conclusions drawn by Savikj 
et al (2019) regarding the potential for scheduled exercise 
sessions to enhance glycemic control in type 2 diabetes pa-
tients (Savikj et al., 2019).

Significant changes were observed in hs-CRP, interleu-
kin-6 (IL-6), and tumor necrosis factor-alpha (TNF-alpha) 
before and after CBES and NCEBS training. Although no 
significant differences were noted in hs-CRP and TNF-al-
pha between the CBES and NCEBS groups, a substantial 
difference was observed in IL-6 levels. Our findings sup-
porting the notion that HIIT exercise may have a favorable 
impact on inflammatory biomarkers are substantiated by 

previous research (Khalafi & Symonds, 2020). Howev-
er, there is no distinction between the CBES and NCBES 
groupings. This may be because the impact of HIIT on 
inflammatory markers is directly proportional to exercise 
duration and volume, rather than exercise sessions time 
(Khalafi & Symonds, 2020).

However, these distinctions were not discernible between 
the CBES and NCEBS groups, suggesting that the influence 
of HIIT on inflammatory markers may be more closely tied 
to exercise duration and volume than to the timing of exer-
cise. Moreover, apart from HDL, triglyceride, total choles-
terol, and LDL levels witnessed substantial reductions fol-
lowing HIIT in both the CBES and NCEBS groups. These 
outcomes are in agreement with previous studies that have 
indicated that obese individuals may experience reductions 
in cholesterol levels after four weeks of HIIT (Abdelbasset 
et al., 2019; Minnebeck et al., 2021). Another study exam-
ining the immediate effects of HIIT on efficient triglyceride 
processing following a single session of HIIT reported tran-
sient decreases in plasma-free fatty acid levels (Wilhelmsen 
et al., 2019). However, in our study, no noteworthy dispar-
ities in lipid metrics were observed between the CBES and 
NCEBS groups.

This study has a number of limitations. First, the subjects 
utilized by each group were distinct. As a result, we were 
unable to compare individuals’ responses to exercise. The 
same-subject crossover trial design could be used in the fu-
ture to replicate this type of study. Another drawback is that 
we did not have control over our participants’ behavior.

CONCLUSION

The present study concludes that chronotype-based HIIT 
yields favorable outcomes regarding metabolic markers 
among obese individuals. However, it does not appear to 
exert a significant influence on inflammatory markers in 
this population. Consequently, the timing of HIIT sessions, 
whether conducted in the morning or evening, may warrant 
consideration as a means of mitigating low-grade inflamma-
tion. To bolster these findings, future research could employ 
a crossover design to corroborate and extend the current re-
sults.

Table 3. Lipid profile comparison between CBES and NCBES
Variables CBES

Baseline 
(N=32)

CBES
12 week

NCBES 
Baseline 
(N=26)

NCBES
12 weeks

Mean 
Difference 
at 12 week

95% CI P 
value 

Cohen 
d

Total 
cholesterol 

189.94±22.09 184.68±20.88 196.96±22.65 192.51±22.74 -7.82±5.7 -19.32 to 3.67 0.178 0.36

HDL 47.94±10.25 47.76±8.16 48.23±9.61 47.61±7.4 0.144±2.07 -4.00 to 4.29 0.945 0.02
Triglycerides 
CBES 

140.22±49.56 132.71±47.40 138.77±53.32 131.73±51.84 0.98±13.05 -25.45 to 27.43 0.940 0.02

LDL CBES 122.91±20.70 117.68±19.34 123.04±24.55 117.46±24.55 0.22±5.76 -11.31 to 11.76 0.969 0.01
VLDL CBES 25.33±9.9 19.71±9.03 27.59±11.55 21.49±10.12 -1.78±2.5 -6.8 to 3.2 0.482 0.19
**CBES: Chronotype based exercise session, NCBES: Non chronotype based exercise session, CI: Confidence interval.
**HDL: High density lipoprotein, LDL: Low density lipoprotein, VLDL: Very low-density lipoprotein
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