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Abstract

O

Background& purpose: Obesity and thyroid disorders can disrupt hormonal and metabolic circadian
rhythms, and implementing combined exercise and nutritional interventions may play an important role
in restoring these rhythms. The present study aimed to investigate the effects of eight weeks of high-
intensity functional training combined with time-restricted fasting on circadian rhythm-related hormones
in obese women with and without hypothyroidism. Methods: Forty-eight inactive obese women wi
assigned to four groups: (1) high-intensity functional training combined with time-restricted fasti

obese women without thyroid disorders, (2) time-restricted fasting alone, (3) control group, and (: h1gh- is Q!ode to see the article
intensity functional training combined with time-restricted fasting in obese women with hypothy journal page or visit
The time-restricted fasting protocol followed a 16:8 schedule, and high-intensity functional traini ahssp.azaruniv.ac.ir

fasting state before and after the intervention. Two-way repeated measures ANOV A [ . PhD student of exercise

decreased significantly in all three intervention groups—functional training p|

functional training plus fasting (hypothyroid), and fasting alone—com . . .

(p<0.05) Addltlor%aﬁy, a s1gnif%c£1n}t,predu};tlon) in TSH Wasgobserved onl v University, Urmia,

high-intensity functional training in combination with fasting. In contr: Iran,

not show significant changes following the intervention (p<0.05).. C

combination of high-intensity functional training and time- restrlc d was more effective than Associate professor of

fasting alone and partially restored disrupted hormonal rhythia oth with normal exercise  physiology,

thyroid function and with hypothyroidism. Therefore, this g rs to be a promising Sport sciences faculty,

strategy for improving metabolic status and circadian rhy; i Urmia University,
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Extended abstract

Background

Obesity and hypothyroidism are two common clinical conditions that frequently coexist and can exacerbate metabolic dysfunction,
systemic inflammation, and disturbances in circadian hormonal rhythms. Obesity alters the secretion patterns of key hormones—
including leptin, cortisol, GH, and TSH—through mechanisms such as chronic low-grade inflammation, leptin resistance, and
dysregulation of the hypothalamic—pituitary—thyroid axis, all of which disrupt biological timing systems. Hypothyroidism, with its
reduced basal metabolic rate and impaired thyroid-axis signaling, can further intensify these rhythm disturbances. Recently, behavioral
interventions such as high-intensity functional training (HIFT) and time-restricted fasting (TRF) have gained traction due to their
positive effects on body composition, insulin sensitivity, inflammation, and circadian alignment. Although the i endent effects of
exercise and TRF on metabolic health have been widely studied, limited research has explored their combingdinfluchce—particularly
in obese women with and without thyroid dysfunction—on circadian rhythm-related hormones. Addre
present study aimed to investigate the effects of eight weeks of high-intensity functional training combin

function and those with hypothyroidism.

Methodology

The research method of the present study was a quasi-experimental type with a pre- test-post -t . tatistical population of
this study was healthy, inactive obese women and also obese women with hypothyroi ia city. into the study included
regular exercise activities for six consecutive months, not using a fasting diet in th cific disease, having a BMI

above 30 m2, and in some people, hypothyroidism was diagnosed by a doctor.
using G*Power software with a statistical power of 0.95, an alpha level of 0.(
possible dropout of subjects, 48 people who met the conditions for parti i

imples ‘was estimated to be 40 people
§ize of 0.35 in this study, and due to

functional exercises with time-restricted nutrition, the second grou, i icted"autrition and the third group of control, and the
fourth group of 12 obese women with hypothyroidism who unde se functional exercises with time-restricted nutrition. Before
starting the training program, subjects were familiarized with the exer d the time-restricted diet for one week. After the pre-test,
the main intervention included following the time-restricted erforming intense functional exercises for 8 weeks
(three sessions per week).

Training protocol

0 Table 1. The exercises were performed with a perceived
h group, the activity was controlled by the perceived exertion

index; in other words, the percelved exertion index shol al to or greater than 7) and the heart rate was performed
according to the second Ve threshold using the figldprotocol method. The exercise heart rate was determined as
follows: during a thirty- ¢ exercise, the subjécts had to maintain a certain maximum intensity or maximum

exercise heart rate for i ftgr the test, the average heart rate obtained for 15 to 20 minutes was multiplied

calorie-free beve
intervention period.

nswegtened teas, black coffee, sugar-free gum, and were encouraged to drink plenty of water during the
ts were given a written instruction sheet to inform them which beverages were allowed and which were
not appropriate for conSumption during the fast. They were also given a food diary and were asked to record the time of their first and
last calorie intake each/day. The designated eating hours were from 8 a.m. to 4 p.m., during which participants were not restricted in
caloric intake except for the restriction of overeating. The study intervener contacted participants by telephone at the end of each week.
The purpose of these calls was to assess adherence to the diet, monitor for adverse events, and provide support and guidance to promote
adherence to the nutritional intervention. At each follow-up call, participants were asked about any changes in their health or physical
functioning since the previous call, and any changes in adverse event reporting were recorded. Participants were also asked about any
problems or challenges they encountered in following the study intervention.

Statistical analysis

In the present study, the Shapiro-Wilk test and the Levene test were used to examine the normality of data distribution and
homogeneity of variances, respectively. To examine the effect of exercise interventions, two-way analysis of variance with repeated
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measures (interaction effect of 2 times in 4 groups) was used, and the LSD post hoc test was used to compare pairs of groups. The
significance level for all statistical methods was considered p<0.05. SPSS version 26 was used to analyze the data.

Results

Findings revealed that after eight weeks, serum leptin and cortisol levels decreased significantly in all three intervention groups—
including exercise + fasting in healthy women, exercise + fasting in women with hypothyroidism, and fasting alone—compared with
the control group. These reductions reflect improved inflammatory status, metabolic sensitivity, and partial restoration of circadian
hormonal patterns. Additionally, TSH levels decreased only in the two groups performing the combined exercise and fasting protocol,
indicating that exercise strengthens the impact of TRF on the hypothalamic—pituitary—thyroid axis. This effect was observed not only
in healthy obese women but also in those with hypothyroidism. In contrast, testosterone and GH levels showed ignificant changes

in any group, likely due to factors such as the intervention duration, participant characteristics, or obesity-rel@ted hormonal resistance.

Conclusion
Overall, the results demonstrate that combining high-intensity functional training with time-res; i ore robust
improvements in disrupted hormonal rhythms than fasting alone. This combined approach ap, ars tob ivejStrategy for

regulating circadian rhythms, improving hormonal axis function, and enhancing metabolic h en—with or without

hypothyroidism
Article message

es such as leptin, cortisol, and TSH,
intensity functional training (HIFT)
d without hypothyroidism. After eight
improved metabolic and inflammatory
d fasting groups, highlighting the added value of exercise in
nsity training with time-restricted fasting appears to be a
1th ip obese women.

Obesity and hypothyroidism often coexist and disrupt metabolic health by alt;

weeks, leptin and cortisol levels significantly decreased in all interyenfion group
status. Notably, TSH levels improved only in the combined exer
supporting thyroid-axis function. Overall, integrating structure
powerful strategy for restoring hormonal rhythm and enhancing metab:
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