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ABSTRACT: Background: Hypothyroidism is a prevalent endocrine condition linked
to metabolic impairment, muscular weakness, and diminished quality of life. While
pharmacological treatment remains the standard of care, resistance exercise may provide

additional therapeutic benefits.

Obijective: To compare the effects of non-linear versus linear periodized resistance
training on serum thyroid stimulating hormone (TSH), thyroxin (T4), triglyceride-glucose
index (TyG), handgrip strength, and quality of life (QoL) in women with hypothyroidism.

Subjects and methods: Seventy-five female subjects diagnosed with hypothyroidism,
aged between 35 and 45 years, were randomly allocated into three equal groups (n=25
each): (Group A) non-linear periodized resistance training (NLPRT), (Group B) linear
periodized resistance training (LPRT), and (Group C) the control group (CG). The
training groups participated in the exercise three times each week for a period of 12 weeks.
The results assessed before and after the intervention were blood TSH and T4 levels,
triglyceride-glucose index, hand grip strength determined with a hand-held dynamometer,
and quality of life evaluated by the SF-12 health survey.

Results: Following the 12-week intervention, the NLPRT group demonstrated
significantly higher T4 levels and greater physical and mental quality-of-life scores than
the LPRT group, while no significant between-group differences were observed in TSH,
blood glucose, triglycerides and triglyceride glucose index (TyG) or handgrip strength.
Compared with the CG, both NLPRT and LPRT demonstrated significantly higher T4
levels, hand grip strength, and physical and mental quality of life scores along with
significantly lower TyG index values following the intervention, whereas significantly
lower TSH, blood glucose, and triglyceride levels were observed only in the NLPRT

group.
Conclusion: Both nonlinear and linear periodized resistance training were beneficial in
enhancing thyroid function, handgrip strength, and both physical and mental dimensions
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of quality of life. Nonlinear periodization yielded superior advantages, especially with T4
levels and both the physical and psychological dimensions of quality of life.

INTRODUCTION

Hypothyroidism is a prevalent endocrine disorder characterized by inadequate synthesis of thyroid hormones. Hypothyroidism
is predominantly identified by biochemical methods owing to the wide range of clinical presentations and the lack of distinct
symptoms. Overt or clinical primary hypothyroidism is defined by elevated thyroid-stimulating hormone (TSH) levels and
decreased free thyroxine levels (Bianco, 2011). The disease results from inadequate hormone synthesis stemming from primary
gland dysfunction or central factors (Wilson, 2011). Primary hypothyroidism constitutes more than 99% of instances, impacting
as much as 5% of the overall populace, with an estimated extra 5% remaining untreated. The causes differ by geographical
location: iodine shortage is the primary cause globally, whereas Hashimoto’s illness is more prevalent in regions with adequate
iodine levels (Ametepe et al., 2025). Hypothyroidism is more prevalent in women, with peak incidence between ages 30 and 50
(Chiovato et al., 2019)

Beyond thyroid hormone abnormalities, hypothyroidism is associated with several metabolic disturbances, including impaired
glucose—insulin homeostasis, insulin resistance, and dyslipidemia (Cheng et al., 2023). The triglyceride-glucose (TyG) index
serves as a surrogate marker of insulin resistance and may offer more understanding of the metabolic changes linked to
hypothyroidism (Zhao et al., 2021).

The consequences of hypothyroidism extend beyond metabolic disturbances. Patients may experience fatigue, reduced physical
capacity, and psychological difficulties, which can interfere with daily activities and adversely affect both physical and mental
aspects of quality of life (Werneck et al., 2018).

Exercise has been demonstrated to affect thyroid function by enhancing thyroid hormone turnover and regulating the pituitary-
thyroid axis (Ciloglu et al., 2006). Hypothyroidism diminishes exercise capacity; however, thyroxine therapy can restore it, and
regular physical activity may additionally improve thyroid function, mental and physical state, and possibly reduce thyroxine
requirements (Bansal et al., 2015).

Periodized resistance training, involving planned manipulation of training variables, may optimize adaptations and prevent
overtraining (Vargas-Molina et al., 2025). Nonetheless, the optimal exercise approach for enhancing clinical, functional, and
patient-reported results in hypothyroidism has yet to be established (De Lima et al., 2012).

In particular, whether nonlinear periodization provides additional benefits over linear periodization for thyroid function,
triglyceride glucose index, hand grip strength, and quality of life has not been sufficiently established. Consequently, the present
study was designed to investigate the comparative effects of nonlinear and linear periodized resistance training on thyroid

function, triglyceride glucose index, muscle strength, and quality of life in women with hypothyroidism
2- METHODS

The flow of participants throughout the study is illustrated in Figure 1, using the flow diagram format.
Study design

The study is a prospective, parallel-group, randomized controlled trial using a pre- and post-intervention design. The research
was carried out from January 2025 until December 2025. Individuals were chosen from the outpatient Endocrine department
at Ain Shams University and were enlisted through a reference from an endocrinologist.

Ethical consideration

The Faculty of Physical Therapy's research ethics committee at Cairo University, Egypt, authorized the study, reference number:
P.TREC/ 012/005442. The study was recorded on Clinical Ttials.gov under the identifier NCT06757712. A documented
informed permission form was acquired from patients for their participation in the current study, along with a verbal elucidation
about the significance of the study methods, primary objective, and conceptual framework provided to each patient. Every
patient has the right to retract their participation at any moment.

695
Natural Resources for Human Health (NRFHH)

https://nrfhh.com



Natural Resources for
Human Health 9

elSSN: 2583-1194

Sample size calculation

The sample size was determined utilizing the F-test MANOVA), with repeated measures and within-subject variables, achieving
a power of 80% and a type I error rate of 5%. The effect size (0.27) and partial eta squared (0.07) were calculated from the
primary outcome (quality of life) in published research (Tozetto et al., 2022) indicating that a sample size of 57 patients was
necessary for this investigation. The analysis utilized G* Power version 3.1.9.2 (Franz Faul, University of Kiel, Germany). The

number of patients was increased to 75 to avert attrition (Poongothai et al., 2023).

[ Enrolment J

Assessed for eligibility (n=147)

Excluded {n=65)

+« Not meeting inclusion criteria (n=22)
+« Declined to participate (n=28)

+« Other reasons (n=15)

Randomized (n=82)

l [ Allocation } i

¥
Group A (n=27) Group (B) (n=29) Group (C) (n=26)
s Received non linear » Received linear + Received medical treatment
periodized  training periodized training only

l [ Follow-Up ] L

Lost to follow-up (due to personal Lost to follow-up (due to Lost to follow-up (distance from
reasons) (n=2) personal reasons) (n=4) the clinic) (n=1)

l ) l

Analysed (n=25) Analysed (n=25)
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Fig.1 Flow diagram of participants

Randomization:

Randomization was conducted by an investigator uninvolved in the results, utilizing random number creation within an Excel

spreadsheet.

The patients were randomly allocated into three equal cohorts, with each group including 25 individuals. Group (A) underwent
nonlinear periodization exercise alongside their medical therapy, Group (B) engaged in linear periodization exercise in
conjunction with their medical treatment, while Group (C) served as the control group, receiving just their medical treatment.

Seventy-five female patients diagnosed with hypothyroidism were enlisted for this research. The inclusion criteria consisted of:
females aged between 35 and 45 years, a body mass index of 30-34.9 kg/m?2, controlled hypothyroidism (TSH levels ranging
from 0.5 to 4.5 mU/L and free T4 between .7 and 1.8 ng/dl) (Carvalho et al., 2013), and a triglyceride-glucose (TyG) ratio
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above 4.5 (Nilofer Sagana et al., 2024). Exclusion criteria included: a history of pulmonary disease, individuals with uncontrolled
coronary or cerebrovascular conditions, those who had musculoskeletal surgery in the past year, recent occurrences of lower
and upper limb fractures, hip and shoulder dislocations, cognitively impaired individuals, patients with a history of epilepsy,

and those engaged in any other exercise regimen.
Outcome measures:
Primary outcome measures

Thyroid function tests: Serum TSH and free T4 concentrations assessed using ELISA kits. (Review biography, incorporated, at
EIA KIT, United States). Blood samples were collected in the morning following an overnight fast of 8—12 hours, before the
administration of the morning levothyroxine dose.

Health related Quality of life questionnaire (SF-12) (HRQOL):

The SF-12 is a streamlined version of the SF-36, with just 12 questions to evaluate functional health and wellness from the
patient's perspective (Busija et al., 2011).

The questionnaire was administered through structured interview, with patients’ responses  recorded accordingly
Secondary outcome measures

Triglyceride-glucose (TyG) index: The triglyceride-glucose (TyG) index was formulated utilizing a mathematical approach that
is contingent only on laboratory evaluations of fasting plasma glucose and triglyceride values. The TyG index was established
using the calculation: fasting triglycerides (mg/dL) multiplied by fasting plasma glucose (mg/dL) and thereafter divided by 2
(Arayjo et al., 2022).

Hand held dynamometer

Grip strength was assessed using a Baseline Hydraulic Hand Dynamometer (Baseline Evaluation Instrument, NY, USA), while
patticipants were seated in an upright position on a chair, with their knees and hips at 90°, and supported by a backrest. The
shoulder on the dominant side was drawn inwatd toward the chest, the elbow positioned at a 90° angle of flexion, and the wrist
kept in a neutral position. Participants were instructed to execute three attempts of handgrip contractions, with the evaluator
offering verbal motivation to enhance force during each attempt; the highest force measurement in kilograms obtained from

any of the three primary trials was employed for analysis (Lupton-Smith et al., 2022).
Intervention

Both exercise groups (Group A&B) participated in a 12-week resistance-training program, Executed on three non-contiguous
days per week. Every training session lasted around 60 minutes and comprised a warm-up, a resistance-training phase, and a

cool-down. The preparatory and concluding phases comprised cycling and gentle stretching activities lasting around 10 minutes.

Group C: obtained solely medical intervention. All individuals in the three cohorts received Levothyroxine therapy at a daily

dosage between 50 and 200 micrograms, monitored by an endoctinologist.

Prior to commencing the training regimen, the projected one-repetition maximum (1RM) for each resistance exercise was
assessed by a submaximal repetition evaluation. The Brzycki formula was employed to calculate 1RM by considering the weight
lifted and the repetitions petformed: 1RM = weight lifted / (1.0278 - (0.0278 x trepetitions) (Moradi et al., 2020).

Training intensity was subsequently prescribed as a percentage of the estimated 1RM and was individually adjusted for each
participant. The prescribed intensity was progressively modified according to the assigned periodization model throughout the
12-week intervention.

All exercises performed bilaterally which included: (1) Leg press, (2) Bench press, (3) Leg curl, (4) Hip flexion associated with
knee flexion, (5) Hip abduction and adduction, (6) Shoulder flexion, (7) Shoulder abduction, (8) Abdominal exercise, (9)
Squatting, (10) Elbow flexion and extension (Frykholm et al., 2019)
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Nonlinear periodized resistance training

The NLPRT group followed a nonlinear periodization program in which training intensity varied across sessions and weeks
over the 12-week intervention period (Moradi et al., 2020). Tables 1,2

Table (1) program of (NLPRT)

Weeks
1 2 3 4 5 6 7 8 9 10 11 12
Day 1 L L M VL M L VL H H L L VL
Day 2 M M H H H M M VL L H M H
Day 3 L H L L H H L M M M VL L

VL = very light intensity workout, I = light intensity workout, M = moderate intensity workout. H = heavy intensity workout,

Table (2) program of (NLPRT)

Intensity Repetitions X Sets 1RM Rest time
Very light 20%1 40% 1 min
Light 15%2 50% 2 min
Moderate 10X3 65% 2-3 min
Heavy 4X3 85% 2-3 min

linear periodization training

The linear periodized resistance training (LPRT) protocol was developed based on established principles of progressive
resistance training (Garber et al., 2011) (Mahmoud et al., 2022)

Throughout the 12-week intervention, training intensity and volume were progressively increased, with rest intervals between
sets following the same schedule as that used in the nonlinear periodization group. The protocol was implemented as detailed

below Table (3).
Table (3) program of (LPRT)

Weeks Intensity (protocol- %I1RM Sets X Repetitions
defined)

1-2 Very Ligh to Light 40-50% 1Xx20/2x15

3-4 Light 50% 2% 15

5-6 Light to Moderate 50-65% 2x15/3x%x10

7-8 Moderate 65% 3x10

9-10 Moderate to Heavy 65-85% 3x10/3x%x4

11-12 Heavy 85% 3x4

To facilitate comparison with the nonlinear periodization program, the total number of sessions performed at each intensity
level, along with the prescribed sets and repetitions, was matched across the two protocols. The main difference between the
programs was the temporal distribution of training intensity, which increased progressively in the linear group but varied
frequently in the nonlinear group.

Statistical analysis

The statistical assessments were conducted with SPSS softwatre version 22. A comparative analysis of the groups' attributes,
including age, weight, height, and BMI, was performed using ANOVA. Furthermore, MANOVA was used to evaluate the
outcomes among the three groups. Nevertheless, several comparisons were executed to discern the distinctions among each
group, and pairwise analysis were undertaken to uncover the notable changes among the groupings. The Kolmogorov—Smirnov
test was employed to evaluate the normality of the data. Furthermore, Levene's test was utilized to evaluate the uniformity of

the data. The significance level for all statistical evaluations was set at P < 0.05.

RESULTS
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In this research, 75 participants were enlisted and randomly assigned to three groups, with each group including 25 individuals.

An analysis of demographic information and initial clinical traits indicated no notable differences among the three cohorts for

demographic factors (age, weight, height, and BMI), with P-values beyond 0.05 (Table4).

Table4. Comparison of characteristics and baseline features between groups A, B, C

Group A Group B Group C
(Non Linear) (Linear) (Control)
_ _ _ F- P-
n=25 n=25 n=25 value value
X+*SD X+*SD X+SD
Age (years) 39.4%2.3 39.3%3 39.36%2.7 0.012 0.988
Weight (Kg) 80.2%5.5 80.4+£5.1 81.5%6.7 0.362 0.697
Height (cm) 158.6£5.3 158+4.8 157.7+6.4 0.161 0.851
BMI (kg/m?) 31.9+1 32.2+1.4 32.8%1.5 2.791 0.068

X: Mean, SD: Standard deviation, p-value: Probability value,*: significance, n: number of participants

The research revealed that prior to the intervention, no statistical discrepancies in TSH levels were seen across the three groups;

nevertheless, a significant difference emerged post-intervention with a P value of 0.026. Consequently, further analysis indicated

a significant difference between groups A and C (P value of 0.023); still, no substantial differences were seen between groups

A and B or B and C (P value above 0.05). Furthermore, there were a significant alteration in the TSH level within groups A and
B with percentage of the reduction were 36.2% and 26.9%, respectively (Table5).

The investigation showed that no statistical differences regarding T4 level was detected between the three groups before

intervention (P value was 0.064) but after intervention, there was a significant variation as P value was less than 0.05. Therefore,

later analysis demonstrated a considerable variation between groups A and C, A and B, and B and C (P value was less than

0.05). In addition, there was a conspicuous variation in T4 levels among groups A and B, showing rises of 25.9% and 16.2%,

respectively (Table5).

Table5. Comparison between groups regarding Thyroid stimulating hormone (TSH) and T4

Thyroid-stimulating hormone (TSH) MIU/L Thyroxine (T4) ng/dl
Group A Group B Group C Comparison Group A Group B Group C Comparison
between group between group
(Non (Linear) (Control) | F- P-value (NonLinear | (Linear) (Control) F-value P-
Linear) n=25 | n=25 n=25 value ) n=25 n=25 n=25 value
Xt SD X £ SD X £ SD X *SD X *SD Xt
SD
Before 3.2910.6 3.1510.8 27411 2.744 0.071 1.274 £0.08 1.301 £0.07 | 1.369£0.2 | 2.849 0.064
Intervention 3
After 2.1£0.7 23109 2.710.9 3.862 0.026* 1.604%0.01 1.509£0.07 1.368+0.2 | 18.680 P<0.0
Intervention 1 5%
percentage of 36.2% 26.9% 1.5% 25.9% 16.2% 0.07%
change
Comparison P<0.05% P<0.05* 0.951 P<0.05* P<0.05* 0.972
within group
Post-intervention Multiple Comparisons TSH Post-intervention Multiple Comparisons T4
MD P-Value MD P-Value
Group (A) vs. 02 0.927 0.69 0.049%
Group (B)
Group (A) vs. 0.6 0.023* 0.236 P<0.05*
Group (C)
Group (B) vs. 04 0.267 0.140 0.002*
Group (C)

X: Mean, SD: Standard deviation, p-value: Probability value,*: significance, n: number of participants.

The research indicated that prior to the intervention, no statistical differences in TG levels were seen across the three groups;

nevertheless, a notable difference emerged post-intervention with a P value of 0.013. After the analysis, post-hoc testing

demonstrated a noticeable difference between groups A and C (P value of 0.011); in contrast, no significant differences were
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found between groups A and B or B and C (P value of 0.05). In addition, groups A and B exhibited a substantial decline in TG
levels, with reductions of 13.1% and 8.7%, respectively (Table0).

The inquiry disclosed that before to the intervention, no statistical variances in blood glucose levels were seen across the three
groups; but, post-intervention, a significant difference emerged with a P value of 0.001. Consequently, further analysis indicated
a significant difference between groups A and C (P value was 0.001); however, no substantial differences were seen between
groups A and B or B and C (P-value beyond 0.05). Additionally, there were a significant dectrease in the blood glucose level
within groups A and B with percentage of the reduction were 9.2% and 5.6%, respectively.

(T'able6) Table 6 Comparison between groups regarding triglyceride (TG) and glucose level

Triglyceride (TG) mg/DI Blood glucose level (mg/dL)

Group A Group B Group C Comparison Group A Group B Group C Comparison
between group between group
(Non Linear) (Linear) n=25 (Control) F-value | P-value (Non Linear) | (Linear) (Control) F-value P-value
n=25 n=25 n=25 n=25 n=25
X £ SD X +SD X *SD X *SD X SD X £ SD
Before 121.31£18.2 121.7+£16.9 120.31£19.2 0.037 0.964 86.6£10.3 89.4+ 114 89.8 £9.2 0.688 0.506
Intervention
After Intervention 105.4£18.7 111.1£16.9 120.4+17.2 4.605 0.013* 78.6£10.1 84.1 £11.1 89.718.5 7.771 0.001*
percentage of 13.1% 8.7% 0.08% 9.2% 5.6% 0.1 %
change
Comparison P<0.05* P<0.05* 0.965 P<0.05* P<0.05* 0.988
within group
Post-intervention Multiple Comparisons Triglyceride Post-intervention Multiple Comparisons Blood glucose level
MD P-Value MD P-Value
Group (A) vs. 5.6 0.789 -5.5 0.168
Group (B)
Group (A) vs. -14.9 0.011* -11.1 0.001*
Group (C)
Group (B) vs. 93 0.196 -5.6 0.148
Group (C)

X: Mean, SD: Standard deviation, p-value: Probability valune, *: significance, MD: mean difference, n: number of participants

The analysis indicated that before to the intervention, there were no statistical discrepancies in the TyG index levels among the
three groups; but, post-intervention, a significant difference emerged with a P value below 0.05. Furthermore, further analyzes
revealed a significant difference between groups A and C, as well as B and C (P value <0.05); however, no substantial difference
was seen between groups A and B (P value 0.564). Additionally, a significant decrease in the TyG index was seen in groups A
and B, with decreases of 2.8% and 2.2%, respectively (Table7).

Table7. Comparison between groups regarding Triglyceride Glucose index (TyG).

Triglyceride Glucose Group A (Non Group B (Linear) Group C (Control) Comparison between
index (TyG) Linear) n=25 n=25 n=25 group
Xt SD X+ SD X*SD F-value P-value
Before Intervention 4.6£0.06 4.61£0.05 4.64£0.01 1.255 0.291
After Intervention 4.47%0.09 4.51+0.12 4.6310.09 17.579 P<0.05*
percentage of change 2.8% 2.2% 0.2%
Comparison within group P<0.05* P<0.05* 0.933
Post-intervention Multiple Comparisons
MD P-value
Group (A) vs. Group (B) -0.04 0.564
Group (A) vs. Group (C) -0.16 P<0.05*
Group (B) vs. Group (C) -0.12 P<0.05*

X: Mean, SD: Standard deviation, p-value: Probability value, *: significance, MD: mean difference

The results of the study indicated that no statistical variations regarding the dynamometer degree observed between the three

groups before intervention but after intervention there was a significant variation as P value was less than 0.05. Moreover,
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and 0.003, respectively); nonetheless, no considerable difference was detected between groups A and B (P-value was 0.116).
Furthermore, a remarkable surge in the dynamometer values for groups A and B was seen, with percentage increments of 28.7%
and 20.9%, respectively (Table8).

Table8. Comparison between groups regarding dynamometer degree.

Group B Group C .
Dynamometer degree (:i(:ll;ﬁ)\ IEI:ZOSH (Liner;r) (Contrr’ol) bect\(:vr:epnag:(())f:p
(kg) n=25 n=25
X+ SD X+ SD X *SD F-value P-value
Before Intervention 289124 28.612.8 30.5+5.4 1.728 0.185
After Intetvention 37.212.6 34.6+2.8 30.4%6.5 15.432 P<0.05*
percentage of change 28.7% 20.9% 0.3%
Comparison within group P<0.05% P<0.05*% 0.770
Post-intervention Multiple Comparisons
MD P-value
Group (A) vs. Group (B) 2.6 0.116
Group (A) vs. Group (C) 6.8 P<0.05*
Group (B) vs. Group (C) 4.2 0.003*

X: Mean, SD: Standard deviation, p-value: Probability valne, *: significance, MD: mean difference, n: number of participants

The investigation showed that no statistical differences regarding Quality of life physical score was detected between the three
groups before intervention (P value was 0.368) but after intervention, there was a significant variation as P value was less than
0.05. As a result, further analysis revealed a significant difference among groups A and C, A and B, and B and C (P value was
under 0.05). Furthermore, a significant alteration was seen in the physical quality of life scores for groups A and B, with
enhancements of 18.4% and 11.7%, respectively (Table9).

The study indicated that no statistical differences regarding Quality of life mental score was detected between the three groups
before intervention (P value was 0.125) but after intervention, there was a significant variation as P value was less than 0.05. As
a result, further analysis indicated a significant disparity between groups A and C, A and B, and B and C (P value was below
0.05). Moreover, a significant alteration was seen in the mental quality of life ratings for groups A and B, reflecting increases of

21.9% and 16.6%, respectively (Table9).

Table 9. Comparison between groups regarding quality of life physical and mental score.

Quality of life physical score

Quality of life mental score

Group A Group B Group C Comparison Group A Group B Group C | Comparison
between group between group
(Non (Linear) (Control) | F- P-value (Non (Linear) (Control) | F- P-
Linear) n=25 | n=25 n=25 value Linear) n=25 n=25 value value
n=25
X+ SD X+ SD X+ SD X+ SD X+ SD X+ SD
Before 41,9126 429124 42,8128 1.012 0.386 33.2%39 31.4%28 32.5%2.6 2.138 0.125
Intervention
After 49.612.8 47.9%2.1 42,9137 37.370 | P<0.05* | 40.5+3 36.6%3 32.6%2.8 44909 | P<0.0
Intervention 5%
petcentage of 18.4% 11.7% 0.2% 21.9% 16.6% 0.3 %
change
Comparison P<0.05* P<0.05* 0.919 P<0.05* P<0.05* 0.977
within group
Post-intervention Multiple Comparisons Quality of Post-intervention Multiple Comparisons Quality of life
life physical score mental score
MD P-Value MD | P-Value
Group (A) vs. 2 0.049% 39 P<0.05*
Group (B)
Group (A) vs. 71 P<0.05% 7.9 P<0.05*
Group (C)
Group (B) vs. 4.9 P<0.05* 4.1 P<0.05*
Group (C)
701
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X: Mean, SD: Standard deviation, p-value: Probability valne, *: significance, MD: mean difference, n: number of participants
DISCUSSION:

The aim of this research was to assess the effects of nonlinear compared to linear periodized resistance training on thyroid
function and quality of life in women suffering from hypothyroidism.

In contrast to the control group, the findings of the study indicated that: group (A) significantly decreased TSH, increased
thyroxine T4, decreased triglyceride and blood glucose levels and triglyceride-glucose index, increased dynamometer score,
increased score of physical and mental quality of life questionnaire, group (B) participants showed significantly increased
thyroxine T4, decreased triglyceride-glucose index, increased dynamometer score , increased score of physical and mental
quality of life questionnaire. Group (A) showed significant superiority in increasing thyroxine T4 levels and also significant
increase score of physical and mental quality of life, compared to linear petiodization (group B).

A statistically significant decrease in TSH levels was observed within both NLPRT and LPRT groups, but not in the CG in
addition to the findings regarding Free Thyroxine (T4) showed a statistically significant difference between NLPRT and LPRT
favoring NLPRT.

These results align with an earlier investigation that assessed the impact of consistent physical activity, such as sports or jogging,
on the thyroid function of treated hypothyroid individuals over a 3-month period of daily 1-hour exercise, revealing that serum
T3 and T4 concentrations were markedly elevated in those who exercised regularly compared to their sedentary counterparts,
with the exercising cohort exhibiting a significant reduction in TSH upon intergroup analysis, potentially due to enhanced gland
perfusion (Bansal et al., 2015). A prior investigation demonstrated a statistically significant elevation in T4 serum concentration
(P=0.017) and a reduction in TSH levels (P=0.018) following a sixteen-week progressive intensity resistance exercise program
in school-aged children with intellectual disabilities (Zenebe et al., 2020).

Moreover, a comparative study on resistance and aerobic training, which included 50 minutes of exercise, five sessions weekly
for three months, revealed a significant reduction in TSH serum concentration among the resistance training cohort of 30
hypothyroid patients aged 30 to 40 years, in contrast to the aerobic training group intervention (Yadav & Verma, 2022). A
recent meta-analysis encompassing seven randomized controlled trials corroborates that prolonged exercise functions as an
efficacious non-pharmacological strategy for managing hypothyroidism, enhancing thyroid function by reducing TSH and
elevating T4 levels when used alongside standard medication(Sundus et al., 2025).The findings of the current investigation are
elucidated by a study that assessed the impact of 12 weeks of NLPRT, administered three times weekly, on lipid and hormonal
profiles in a breast cancer survivor suffering from lymphedema and hypothyroidism undergoing hormonotherapy, suggesting
that the diverse stimuli of NLPRT may beneficially affect thyroid function, as the elevation of T4 levels modulates TSH
secretion through negative feedback and TRH mediation, while concurrently boosting the synthesis of its derivative,
triiodothyronine (de Jesus Leite et al., 2017).Also the frequent variation in intensity and volume characteristic of NLPRT may
effectively reduce the chronic, low-grade stress associated with hypothyroidism and optimize hypothalamic-pituitary-thyroid
axis feedback (Kraemer & Ratamess, 2005).

Unlike the findings of the current study, a previous investigation indicated no notable alterations in TSH, T3, or T4 levels
following cight weeks of resistance training in young active males, potentially attributable to variations in the frequency of
exercise sessions and training methodology (Rahimi et al., 2013). Furthermore, a meta-analysis encompassing data from ten
studies conducted on women with hypothyroidism revealed that aerobic and resistance training resulted in a non-significant
decrease in TSH levels, concluding that physical exercise did not significantly influence thyroid function, despite potentially
yielding secondary benefits for physical and mental health (Dufiabeitia et al., 2023).

In the present study the significant reduction in fasting plasma glucose and triglycerides within both exercise groups A, B
compared to the baseline with a significant reduction between groups A and C .These findings align with a previous study
which evaluated the impact of linear and nonlinear training program for 8 weeks with 3 previous weeks of familiarization, three
sessions per week were performed on biochemical parameters(fasting plasma glucose and triglyceride) in older adults and found
that both interventions significantly decreased fasting plasma glucose and triglycerides (Vargas-Molina et al., 2025).
Furthermore, metabolic challenge is probably provided by the daily or weekly fluctuation in NLPRT, which alternately stresses
oxidative and glycolytic pathways. This constant "metabolic switching" may prevent adaptation plateaus and lead to more
improvements in glucose uptake and triglyceride metabolism (Foschini et al., 2010).

702
Natural Resources for Human Health (NRFHH)

https://nrfhh.com



Natural Resources for
Human Health 9

elSSN: 2583-1194

Both NLPRT and LPRT groups produced significant and comparable decrease in the Triglyceride-Glucose (TyG) Index
compared to the control group, with no significant difference between the two training modalities with more percentage
improvement for NLPRT 2.8% than LPRT 2.2%. This indicates that both periodization strategies are effective in enhancing

systemic insulin sensitivity which is a key factor for hypothyroid patients who are often prone to metabolic syndrome.

Consistent with the current results, prior research investigated the impact of short-term non-petiodized, linear periodized, and

daily undulating periodized resistance training on insulin resistance in sedentary overweight males over an 8-week duration,
revealing a reduction in insulin resistance across all training cohorts, though notable differences were exclusively observed
between the daily undulating periodized resistance training and control groups (Ahmadizad et al., 2014).

The present study indicated improvements in quality of life following both resistance training programs, with significant gains
recorded in the physical and mental components.in contrast, neither component changed significantly among participants in
the control group. The between-group analysis favored Group A, with significantly better physical and mental quality-of-life
outcomes than Group B. This is supported by earlier study suggesting that a twelve-week moderate-impact exercise program
markedly enhanced physical functioning, overall health, and mental well-being in women with subclinical hypothyroidism
(Garces-Arteaga et al., 2013). A recent study indicated significant improvements in both physical and mental health-related
quality of life, evaluated by the SF-12, across all forms of exercise (acrobic, strength, and combined aerobic and resistance
training) among women with hypothyroidism (Ahmad et al., 2023). The present study uncovered a significant difference in
hand grip strength between groups A and C, and B and C, however no substantial differences were detected between groups
A and B. These results align with a prior study that assessed strength improvements between LPRT and NLPRT over a 12-
week training period, which found comparable strength enhancements in strength-trained males and concluded that both
periodization strategies are equally efficacious(Prestes et al., 2009) .In opposition to the results of the current investigation, a
prior study assessed LPRT against NLPRT for strength enhancements for]2weeks in persons with prior training and discovered
that NLPRT was more effective in optimizing strength compared to traditional LPRT (Miranda et al., 2011). Furthermore, an
eatlier investigation performed a meta-analysis to examine the impact of two periodization frameworks on strength
enhancement and determined that NLPRT surpasses conventional periodized training in augmenting maximal strength
petformance (Caldas et al., 2016).

These findings suggest that periodized resistance training may serve as a useful complement to conventional medical treatment
for women with controlled hypothyroidism potentially contributing to favorable changes in thyroid hormone levels, reductions
in the triglyceride-glucose (TyG) index, a surrogate marker of insulin resistance, and improvements in health-related quality of
life.

CONCLUSION:

The current results suggest that physical activity might beneficially influence thyroid function, triglyceride-glucose levels,
muscular strength, and health-related quality of life (HRQoL) in women suffering from hypothyroidism. Both nonlinear
(NLPRT) and linear (LPRT) periodized resistance training groups significantly increased T4 levels, muscle strength
(dynamometer), HRQoL and decreased TyG index. However, NLPRT resulted in significantly greater improvements in T4
levels and both physical and mental components of HRQoL compared to LPRT. These findings highlight the potential value
of tailoring resistance training programs to the individual needs of women with controlled hypothyroidism as part of

physiotherapy care.
LIMITATIONS OF THE STUDY

The research possesses many constraints that might affect the understanding of its results. Initially, the limited sample size and
the inclusion of only women aged 35—45 years with controlled hypothyroidism might restrict the applicability of the findings.
Secondly, the intervention lasted 12 weeks, and the lack of follow-up assessments made it difficult to establish whether the
benefits would persist over time. Finally, the mechanisms responsible for the changes in thyroid hormone levels were not
directly examined, leaving uncertainty about how the two resistance training approaches may have influenced hormonal

responses.
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