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Introduction: This study aimed to compare the effects of a 12-week aerobic training program 

combined with salvia supplementation on thyroid hormone secretion and the secretion of the 

stimulating hormone. 

Methods: In this quasi-experimental study, 48 young male athletes (aged 20–35 years) were randomly 

assigned to four groups (n = 12 per group): (1) aerobic training, (2) aerobic training with Salvia 

supplementation, (3) Salvia supplementation only, and (4) control. The intervention lasted 12 weeks 

and included three one-hour aerobic training sessions per week. Participants in the Salvia groups 

received three coated Salvigol tablets daily (100 mg each). Groups without supplementation performed 

only the aerobic training protocol for 12 weeks. Data were analyzed using descriptive and inferential 

statistics. The Shapiro–Wilk test was used to assess normality. To test the study hypotheses, a two-way 

ANOVA was conducted; paired t-tests compared pre- and post-test values within groups, and Tukey’s 

post hoc test was applied for between-group comparisons. All analyses were performed in SPSS version 

27, with a significance level of p < 0.05. 

Results: The findings demonstrated that 12 weeks of aerobic training combined with Salvia 

supplementation resulted in a significant reduction in serum T3 concentrations and its stimulating 

hormone (p = 0.001). Furthermore, aerobic training with Salvia supplementation significantly 

increased T4 levels (p = 0.001). However, no significant change in TRH concentrations was observed (p 

> 0.05). Pairwise comparisons revealed significant differences in T3 and T4 between the aerobic + 

Salvia group and each of the aerobic, Salvia-only, and control groups. Additionally, significant 

differences in T3 and T4 were observed between the aerobic and control groups, whereas no other 

significant differences were observed among the remaining groups. 

Conclusion: Considering the beneficial properties of Salvia supplementation, its combination with 

aerobic exercise may have a synergistic effect on the regulation of thyroid hormone levels and their 

stimulating hormone. 
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 Introduction 
The thyroid gland, a key regulator of basal 

metabolism, plays a crucial role in governing 

energy balance, growth, and various 

physiological processes (1). Thyroid hormones 

(T3 and T4) and thyroid-stimulating hormone 

(TSH) exhibit significant fluctuations in response 

to physical stressors, such as exercise (2). 

Emerging evidence suggests that aerobic 

exercise, in particular, can influence these 

hormone levels by modulating the 

hypothalamic–pituitary–thyroid (HPT) axis (3). 

Conversely, antioxidant-rich medicinal plants, 

such as Salvia, have been shown to mitigate 

exercise-induced oxidative stress through their 

bioactive constituents, including carnosic acid 

and rosmarinic acid (4). Experimental studies 

further indicate that Salvia may enhance thyroid 

function by modulating genes involved in 

hormone biosynthesis (e.g., TPO and NIS) (5). 

However, clinical data regarding the combined 

effects of aerobic exercise and Salvia 
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supplementation on thyroid homeostasis in 

athletes remain limited and inconsistent. The 

underlying mechanisms of these interactions, as 

well as the specific contributions of herbal 

compounds such as Salvia, have yet to be fully 

elucidated (6). While some studies have reported 

reductions in TSH and increases in T3 following 

aerobic exercise (7), others have found no 

significant changes (8). These discrepancies may 

stem from variations in exercise intensity, 

duration, or participant characteristics. Despite 

the well-documented antioxidant and anti-

inflammatory properties of Salvia (9), its effects 

on the HPT axis during exercise remain unclear. 

Evidence from animal studies suggests that 

Salvia extracts may modulate TSH secretion by 

reducing lipid peroxidation (10), but translating 

these findings to human physiology requires 

further investigation. Young male athletes (aged 

20–35 years) are at increased risk of thyroid 

dysfunction due to accelerated metabolism and 

oxidative stress induced by intensive training 

(11). However, most previous studies have 

focused on sedentary individuals or patients with 

hypothyroidism (12). Siloglu et al. (2023) 

reported significant decreases in TSH and 

increases in T3 levels following 12 weeks of 

aerobic training in male athletes (13). In 

contrast, Rahmani et al. (2019) observed only a 

slight reduction in TSH and no change in T4 after 

eight weeks of aerobic exercise (14). Similarly, 

Nasiri and Khalili (2021) found a 20% decrease 

in TSH and a 15% increase in T3 in rats treated 

with Salvia extract (15). Rabiei et al. (2020) 

demonstrated TSH modulation in obese 

individuals receiving Salvia supplementation, 

although athletes were not included in their 

study (16). Fathi et al. (2023) reported improved 

T3/T4 ratios with a combined exercise–herbal 

protocol, yet the specific role of Salvia remained 

unclear (17). While the effects of aerobic exercise 

alone have been extensively investigated, the 

interaction between aerobic training and herbal 

supplementation in athletic populations remains 

poorly understood. Prolonged aerobic activity 

may disrupt thyroid homeostasis through 

oxidative stress, whereas Salvia's antioxidant 

properties could mitigate these effects. 

Therefore, the present study aimed to examine 

whether a 12-week aerobic exercise program 

combined with Salvia supplementation 

significantly alters serum T3, T4, and TSH levels 

in male athletes aged 20–35 years. Clarifying this 

relationship may help elucidate exercise–herbal 

interactions and offer practical insights for 

maintaining thyroid health during intensive 

training.  

Materials and Methods 
The present study employed an experimental, 

applied design with a pre-test–post-test 

structure and randomized allocation into three 

experimental groups and one control group. 

Before participation, the study objectives and 

procedures were explained to all subjects, and 

written informed consent was obtained. Baseline 

anthropometric characteristics and background 

variables—including height, weight, and body 

mass index (BMI)—were then measured and 

recorded. The intervention lasted 12 weeks and 

consisted of three one-hour aerobic exercise 

sessions per week. Dependent variables were 

collected from both the training and control 

groups at pre- and post-test stages. Before 

randomization and the initiation of training, 

participants underwent general health screening 

to ensure cardiovascular–respiratory fitness, 

medication compliance, absence of chronic 

diseases or mobility limitations, and non-

smoking status. This assessment was performed 

through a structured questionnaire and verified 

by a licensed physician. Participants were 

subsequently instructed to visit the sports club 

one day before the study commenced to register 

demographic information and undergo baseline 

measurements of the study variables. Afterward, 

they were randomly assigned to one of the four 

groups: (1) aerobic training, (2) aerobic training 

with Salvia supplementation, (3) Salvia 

supplementation only, or (4) control. All training 

sessions were conducted under the direct 

supervision of the principal investigator. 

The Salvia group received three coated Salvigol 

tablets daily, each containing 100 mg of dried 

extract derived from young Salvia branches. 

Groups without supplementation performed 

only aerobic training for 12 weeks. Before the 

intervention, all participants completed pre-

tests, and the results were recorded for later 
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comparison with post-test outcomes. Following 

12 weeks of training and supplementation, and 

48 hours after the final training session, post-

tests were administered. 

The study population consisted of male athletes 

aged 20–35 years with at least six months of 

consistent exercise experience (minimum of 

three sessions per week). A total of 48 

participants were recruited voluntarily and 

randomly assigned to four groups (n = 12 per 

group): (1) aerobic exercise, (2) aerobic exercise 

with Salvia supplementation, (3) Salvia 

supplementation only, and (4) control. 

Participants were informed that they could 

withdraw from the study at any stage without 

penalty. A screening questionnaire was 

administered to exclude individuals who had 

used any type of supplements or performance-

enhancing substances before the survey. 

Ultimately, 48 athletes met the eligibility criteria 

and were selected as the study sample. They 

were then randomly assigned to four groups (n = 

12 per group): (1) aerobic training, (2) aerobic 

training with Salvia supplementation, (3) Salvia 

supplementation only, and (4) control. Inclusion 

criteria included the absence of medical or 

metabolic disorders, no current medication use, 

non-smoking status, and no consumption of 

other sports supplements. Participants were also 

required to have at least 6 months of continuous 

training experience (at least two sessions per 

week) and to be free of acute health conditions. 

Furthermore, participants needed to 

demonstrate willingness to participate, ensure 

accessibility for monitoring throughout the 

study, and complete all study questionnaires. 

Exclusion criteria included irregular attendance 

(missing more than three training sessions), the 

use of sports supplements during the 

intervention, illness during the study period, or 

initiation of any medication regimen. Statistical 

analyses were conducted using SPSS (version 

22), with a significance level of p < 0.05. 
 

Salvia Supplement Protocol (18) 

 Supplement: Standardized salvia extract 
(containing 240 mg of rosmarinic acid per 
capsule). 

 Dosage and Administration: 500 mg daily 
(two 250 mg capsules) for 12 weeks, taken one 
hour after breakfast. 

 Placebo: Identical starch-containing capsules 
(no active ingredient). 

 Compliance Monitoring: 
o Weekly supplement distribution under 

researcher supervision. 
o Daily intake recorded in a logbook by 

participants. 
Blinding: Participants and researchers were 

blinded to the supplement contents. 

Training Protocol 

The training protocol consisted of 12 weeks of 

exercise, with each week including three sessions 

lasting between 45 and 60 minutes, as follows: 

 Weeks 1-4: 40 minutes (10 minutes of warm-
up + 25 minutes of main activity + 5 minutes of 
cool-down). 

 Weeks 5-8: 50 minutes (10 minutes of warm-
up + 35 minutes of main activity + 5 minutes of 
cool-down). 

 Weeks 9-12: 60 minutes (10 minutes of warm-
up + 45 minutes of main activity + 5 minutes of 
cool-down). 

Gradual Progression: An increase of 5% in 

intensity or 10% in duration every 4 weeks 

(based on standard principles) (17). 

All training sessions were conducted by the 

researcher and were standardized for the 

participants (Table 1) (17). 

Table 1. Training Protocol 

Weeks of 
Training 

Duration of Each 
Session (Minutes) 

Exercise Intensity 
(% HRmax) 

1-4 40 60% 
5-8 50 65% 

9-12 60 75% 

Statistical Analyses 

The Shapiro–Wilk test was used to verify the 

normality of data distribution. To test the study 

hypotheses, a two-way analysis of variance 

(ANOVA) was conducted. Paired-sample t-tests 

were applied to assess within-group differences 

between pre- and post-test scores, while Tukey’s 

post hoc test was employed for between-group 

comparisons. All statistical analyses were 

performed using SPSS (version 27), with a 

significance level of p < 0.05. 
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Results 
According to the study results, the mean serum 

T3 levels varied across groups before and after 

the intervention. In the combined aerobic 

exercise and Salvia group, T3 levels decreased 

from 13.11 to 9.77 ng/dL, the largest reduction 

among all groups. A similar, though smaller, 

decline was observed in the aerobic exercise 

group (from 12.66 to 10.82 ng/dL). The Salvia-

only group also showed a slight decrease (from 

10.76 to 9.57 ng/dL), whereas the control group 

exhibited no significant change (from 10.00 to 

9.77 ng/dL). 

Regarding TRH, a notable decrease was observed 

in the combined aerobic exercise and Salvia 

group (from 178.84 to 165.31 ng/L). The aerobic 

exercise group showed a comparable reduction 

(from 179.77 to 168.35 ng/L). In contrast, 

smaller changes were recorded in the Salvia-only 

group (from 174.11 to 170.88 ng/L) and the 

control group (from 179.09 to 176.29 ng/L). 

Similarly, mean T4 levels declined in all 

experimental groups, with the most pronounced 

decrease observed in the combined aerobic 

exercise and Salvia group (from 133.94 to 117.54 

ng/dL). The aerobic exercise group showed a 

moderate reduction (from 131.08 to 120.22 

ng/dL), and the Salvia-only group exhibited a 

minimal decrease (from 130.58 to 127.92 

ng/dL). No significant variation was observed in 

the control group, with levels remaining slightly 

stable at 131.23-129.20 ng/dL. 

Assumption Testing for Two-Way ANOVA 

The first assumption for conducting a two-way 

analysis of variance (ANOVA) is that the data are 

normally distributed. This assumption was 

examined using the Shapiro–Wilk test. The 

results indicated that the test statistics and 

corresponding p-values for all variables across 

the four groups at both pre-test and post-test 

stages exceeded 0.05. Therefore, the normality 

assumption was met, and no significant deviation 

from normality was observed. 

The second assumption involves the equality 

(homogeneity) of error variances among the 

study groups. Levene’s test was performed to 

verify this condition. The results showed that the 

error variances were homogeneous, as the 

obtained F-values were not significant at the 0.05 

level. 

The third assumption for applying the two-way 

ANOVA was the homogeneity of regression 

slopes. This assumption was also satisfied, as the 

calculated F-values for all three variables were 

not significant at the 0.05 level. 

In summary, since all assumptions required for 

the two-way ANOVA were met, the use of this 

method to test the study hypotheses was 

appropriate. 

 
Figure 1. Secretion levels of the T3 hormone across the four groups. 
The symbol ** indicates statistical significance based on the t-test, while the symbol *** denotes statistical significance based on 
Tukey’s test. 
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The results of the two-way ANOVA examining the 

effects of 12 weeks of aerobic training combined 

with Salvia supplementation on T3 secretion 

supported the first hypothesis, indicating a 

significant influence of the intervention on T3 

levels. Significant between-group differences in 

T3 secretion were observed: for the 

supplementation group (F = 4.219, p = 0.006, η² 

= 0.208), for the training group (F = 6.741, p = 

0.001, η² = 0.315), and for the combined training 

and supplementation group (F = 10.07, p = 0.001, 

η² = 0.511). 

 
Figure 2. Secretion levels of the TRH hormone across the four groups. 
The symbol ** indicates statistical significance based on the t-test, while the symbol *** denotes statistical significance based on 
Tukey’s test. 

The results of the two-way ANOVA examining the 

effects of 12 weeks of aerobic training combined 

with Salvia supplementation on TRH secretion 

supported the second hypothesis, indicating a 

significant influence of the intervention on TRH 

levels. The findings showed no significant change 

in the supplementation group (F = 2.319, p = 

0.148, η² = 0.045). However, significant effects 

were observed in the training group (F = 3.566, p 

= 0.031, η² = 0.152) and in the combined training 

and supplementation group (F = 4.128, p = 0.011, 

η² = 0.197). 

 
 

Figure 3. Secretion levels of the T4 hormone across the four groups. 
The symbol ** indicates statistical significance based on the *t*-test, while the symbol *** denotes statistical significance based on 
Tukey’s test. 
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Similarly, the two-way ANOVA results for T4 

secretion indicated that the 12-week aerobic 

training combined with Salvia supplementation 

significantly affected T4 levels. No significant 

difference was found in the supplementation 

group (F = 2.018, p = 0.159, η² = 0.036). In 

contrast, significant effects were detected in the 

training group (F = 3.714, p = 0.023, η² = 0.165) 

and in the combined training and 

supplementation group (F = 5.188, p = 0.002, η² 

= 0.271). 

Discussion and Conclusion 
The present study demonstrated that a 12-week 

aerobic exercise program alone significantly 

reduced serum TSH, TRH, and free T3 levels in 

young male athletes. These results suggest that 

prolonged aerobic training modulates the 

hypothalamic–pituitary–thyroid (HPT) axis, 

leading to lower circulating concentrations of 

these hormones as part of a physiological 

adaptation. The impact of aerobic exercise on 

thyroid hormone levels appears to vary 

depending on training intensity, duration, and 

participant characteristics. Previous research 

indicates that moderate- to high-intensity 

aerobic exercise tends to reduce TSH and free T3 

concentrations, reflecting a transient 

suppression of HPT axis activity. Such 

adaptations are thought to represent an energy-

conservation mechanism during sustained 

aerobic activity, given the central role of thyroid 

hormones in regulating basal metabolic rate and 

overall energy metabolism. Consistent with 

earlier findings, endurance athletes frequently 

exhibit lower TSH and T3 levels, likely resulting 

from exercise-induced negative energy balance 

and altered central and peripheral endocrine 

signals, including leptin-mediated modulation of 

hypothalamic pathways governing thyroid 

function. These findings align with evidence 

suggesting that chronic exercise triggers 

metabolic adaptations characterized by reduced 

TSH stimulation and decreased thyroid hormone 

secretion, thereby optimizing energy 

expenditure during long-term training (18, 19). 

The observed decline in TRH, a hypothalamic 

hormone regulating TSH release, further 

supports the hypothesis of central 

downregulation of the HPT axis in response to 

aerobic exercise. Such hormonal adjustments 

may enhance endurance performance and 

metabolic efficiency in trained individuals. 

Nonetheless, discrepancies in the literature exist, 

with some studies reporting increases or no 

significant changes in thyroid hormone levels, 

likely due to differences in exercise protocols, 

participant sex, age, or baseline fitness levels (20, 

21). 

Another key finding of the present study was that 

12 weeks of supplementation with Salvia 

officinal is alone significantly reduced serum T3 

concentrations, while TRH and T4 levels 

remained unchanged in young male athletes. 

This pattern suggests that Salvia primarily 

influences peripheral thyroid hormone 

metabolism rather than central hypothalamic–

pituitary regulation or T4 synthesis. Previous 

research on the thyroidal effects of Salvia has 

yielded inconsistent results. Some animal studies 

have reported stimulatory effects of Salvia 

extract, with increased T3 and T4 levels (22, 23). 

In contrast, others have demonstrated 

suppressive actions on T3, likely mediated by 

modulation of deiodinase enzymes that convert 

T4 to its active form, T3 (24). The reduction in T3 

observed in the present study may therefore 

reflect alterations in peripheral enzymatic 

activity that modify thyroid hormone 

bioavailability, rather than direct changes in 

glandular secretion or hypothalamic output—an 

interpretation supported by the stable TRH and 

T4 concentrations. The unaltered TRH levels 

suggest preserved hypothalamic regulation. At 

the same time, the absence of a significant change 

in T4 indicates that thyroid hormone synthesis 

and release were largely unaffected by Salvia 

supplementation under these conditions. This 

selective decrease in T3 could lead to a modest 

reduction in basal metabolic rate and energy 

expenditure, potentially influencing metabolic 

efficiency and performance in athletes. Salvia 

contains various bioactive compounds, including 

rosmarinic acid, with known antioxidant and 

endocrine-modulating properties (22). However, 

evidence in humans—particularly in healthy, 

physically active populations—remains scarce. 

The direction and magnitude of Salvia’s influence 

on thyroid hormone levels may depend on 
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factors such as dosage, duration of 

supplementation, and individual metabolic 

characteristics, warranting further controlled 

investigations. 

A further finding of the present study revealed 

that a 12-week combined program of aerobic 

exercise and Salvia officinalis supplementation 

resulted in significant reductions in serum 

TSH, TRH, and T3 levels among young male 

athletes. These results indicate that the 

combined intervention modulates thyroid 

hormone regulation. The observed decrease in 

thyroid hormones (T3 and T4) and TRH is 

consistent with previously reported effects of 

both exercise and phytochemical 

supplementation on endocrine function. 

Aerobic exercise influences thyroid hormone 

dynamics primarily through its impact on 

energy metabolism and overall metabolic rate, 

while Salvia contains bioactive constituents 

that can modulate hormone synthesis and 

peripheral conversion. Earlier studies have 

reported inconsistent findings regarding the 

effects of aerobic training alone on thyroid 

function, with outcomes varying by exercise 

intensity, duration, and participant 

characteristics. Salvia supplementation may 

additionally contribute to hormonal 

modulation, potentially amplifying the 

adaptive endocrine responses induced by 

aerobic training (25, 26). The concurrent 

reductions in T3, T4, and TRH observed in the 

present study may reflect a transient 

downregulation of the hypothalamic–

pituitary–thyroid (HPT) axis, representing a 

physiological adaptation aimed at improving 

metabolic efficiency and conserving energy 

during prolonged aerobic activity. Such a 

response could facilitate optimal energy 

utilization in athletes exposed to combined 

physical and biochemical stimuli. However, 

variability across studies underscores the 

complex interplay among exercise mode, 

supplementation type, and individual 

endocrine status.  

Future research should focus on elucidating 

the underlying mechanisms and assessing the 

long-term endocrine and metabolic 

consequences of combined aerobic and Salvia 

interventions across diverse athletic 

populations. 
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