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Abstract: Background: Thyroid cancer is the most common endocrine malignancy, and 
survivors often face ongoing health challenges. Physical activity has been proposed as a non-
pharmacological intervention with the potential to improve overall health and quality of life 
in cancer survivors, yet its role in thyroid cancer survivors is still under-explored. Objective: 
This systematic review aims to synthesize current evidence on the effects of physical 
activity on health outcomes in thyroid cancer survivors, focusing on both physiological 
and psychological aspects. Methods: A comprehensive search of PubMed, the Web of 
Science, and Scopus was conducted to identify studies published between 2013 and 2023. 
Studies were included if they focused on thyroid cancer survivors, incorporated physical 
activity interventions, and reported outcomes related to physical health, psychological well-
being, or quality of life. Results: Physical activity was found to positively affect multiple 
health domains in thyroid cancer survivors. Physiological benefits included improved 
cardiorespiratory fitness, enhanced hormonal regulation (T3, T4, and TSH), and reduced 
fatigue. Psychological outcomes, such as reduced anxiety and depression, were consistently 
reported alongside improvements in overall quality of life. Evidence suggests that moderate-
intensity aerobics and yoga may be particularly effective, although variations in intervention 
duration and intensity were observed across studies. Conclusion: Physical activity offers 
substantial physical and psychological benefits for thyroid cancer survivors. Future large, 
well-designed trials are needed to determine optimal exercise protocols and long-term effects. 
Tailored physical activity programs integrated into survivorship care can improve recovery 
and quality of life.

Keywords: thyroid cancer, physical activity, health outcomes, psychological well-being, 
systematic review

1. Introduction

1.1. Background and significance
Thyroid cancer has emerged as the most prevalent endocrine malignancy 

worldwide, with its incidence steadily rising over recent decades[1]. Advancements 
in diagnostic methods, such as high-resolution ultrasound and fine-needle aspiration 
biopsy, have enabled earlier detection and generally lead to favorable prognoses[2]. 
Despite high survival rates—especially in differentiated thyroid cancers like papillary 
and follicular subtypes—many survivors continue to face persistent challenges 
following treatment[3,4], including chronic fatigue, reduced cardiorespiratory 
fitness, altered metabolic status, and anxiety about disease recurrence, alongside the 
psychological strain of maintaining thyroid hormone suppression therapy[5,6].

Increasingly, physical activity is recognized as a potential intervention to address 
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these challenges in oncology care[7]. Evidence from various cancer populations 
shows that exercise can significantly improve physical functioning, mitigate 
treatment-related side effects, and enhance quality of life[8]. In breast and colorectal 
cancers, structured exercise programs have been linked to better cardiorespiratory 
endurance, less fatigue, and reduced depressive symptoms[9]. However, the specific 
impact of exercise on thyroid cancer survivors remains underexplored. This is 
particularly important given the distinct clinical characteristics of thyroid cancer 
survivors, including prolonged reliance on thyroid hormone replacement and altered 
metabolic function, which may affect their response to exercise interventions.

Moreover, the psychosocial aspects of thyroid cancer survivorship warrant 
increasing attention[10,11]. Survivors often experience heightened stress and 
uncertainty related to disease progression, secondary cancer risks, and the need for 
lifelong monitoring[12,13]. Physical activity's potential to mitigate these emotional 
burdens, including anxiety anddepression, has been observed in other cancer contexts, 
but its relevance to thyroid cancer survivors requires further investigation[5,14]. 
Understanding how exercise can enhance both physical recovery and emotional well-
being is essential for optimizing care and improving overall quality of life in this 
population.

1.2. Necessity of the review
While substantial evidence from general cancer survivorship research highlights 

the benefits of physical activity, applying these findings directly to thyroid cancer 
survivors is challenging due to the disease's distinct pathophysiology and treatment 
protocols[15,16].Thyroid cancer patients often undergo thyroidectomy, resulting in 
lifelong dependency on thyroid hormone replacement[17]. Additional treatments, such 
as radioactive iodine therapy, may further impact metabolic rate, body composition, 
and energy levels in ways not commonly observed in other cancer types[18]. These 
factors suggest that exercise prescriptions for thyroid cancer survivors may need to be 
adjusted in terms of intensity, frequency, and type compared to recommendations for 
other cancer populations[19].

Moreover, the body of literature on physical activity among thyroid cancer 
survivors remains limited, often characterized by small sample sizes, varied study 
designs, and inconsistent outcome measures [20].While some studies focus on 
biochemical markers like TSH, T3, and T4 levels, others examine quality of life, 
psychological well-being, or fatigue reduction [21,22]. This variability makes 
it difficult to establish a clear, unified understanding of how physical activity 
interventions benefit this group. A comprehensive review that synthesizes existing 
studies is essential not only to summarize current findings but also to highlight gaps 
in research methodologies and intervention strategies. 

The growing emphasis on individualized survivorship care further underscores 
the need for tailored, evidence-based exercise recommendations[23]. Thyroid 
cancer survivors differ in age, comorbidities, and the extent of their disease and 
treatment[24,25]. Therefore, general exercise guidelines may not adequately address 
the diverse needs of this population[26]. By systematically reviewing the available 
evidence, we can better identify the most beneficial types of exercise—whether 
aerobic, resistance, or yoga—along with the appropriate intensities (low, moderate, or 
high) and durations that optimize both physical and psychological outcomes.

1.3. Research objectives
Given the increasing number of thyroid cancer survivors and the significant gap 
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in targeted research, this systematic review aims to achieve several key objectives:
Evidece Synthesis: To collate and summarize the existing studies on the impact 

of physical activity on health outcomes in thyroid cancer survivors. This includes a 
focus on both physiological markers (such as hormonal balance, metabolic function, 
and fatigue) and psychological well-being (including anxiety, depression, and quality 
of life)[27].

Comparison of Interventions: To evaluate the effectiveness, feasibility, and 
safety of various exercise interventions—ranging from aerobic training and resistance 
exercises to yoga and combined modalities—within this population[28].

Identification of Gaps and Future Directions: To pinpoint methodological 
limitations and gaps in the current literature, providing direction for future studies. 
We will highlight the need for larger randomized controlled trials, longer follow-
up periods, and more refined outcome measures to help establish evidence-based 
exercise recommendations for thyroid cancer survivors.

Clinical and Policy Implications: By offering a comprehensive overview of 
how physical activity can influence recovery, this review seeks to inform clinical 
guidelines, survivorship programs, and health policy initiatives[29]. Empowering 
survivors with well-supported, evidence-based exercise interventions could 
significantly enhance their long-term health and well-being.

2. Materials and methods

2.1. Literature search strategy
A comprehensive literature search was conducted across three electronic 

databases—PubMed, Web of Science, and Scopus—covering publications from 
January 2013 to December 2023. The search combined Medical Subject Headings 
(MeSH) with relevant free-text keywords related to thyroid cancer, physical activity, 
exercise, health outcomes, and psychological health.

To ensure thoroughness, we also reviewed the reference lists of included studies 
to identify any additional relevant research. Only full-text, peer-reviewed articles 
were considered in the initial pool of studies. Conference abstracts, dissertations, and 
other grey literature were included on a case-by-case basis if they provided sufficient 
methodological details to evaluate quality and outcomes. No geographical restrictions 
were applied; however, due to resource and language constraints, only articles 
published in English were included.

2.2. Inclusion and exclusion criteria
All retrieved studies underwent a two-step screening process: first, a title/abstract 

review, followed by a full-text assessment. The eligibility criteria for inclusion and 
exclusion were as follows:

Inclusion Criteria: Studies involving thyroid cancer survivors (any histological 
subtype, including papillary, follicular, medullary, and anaplastic) who were either 
post-treatment or undergoing survivorship care. Physical activity or exercise as the 
primary intervention, or as a key component of a multi-modal program (e.g., aerobic 
exercise, resistance training, yoga, or other structured exercises). At least one physical 
or psychological health indicator, such as hormonal levels (TSH, T3, T4), fatigue 
scores, cardiorespiratory fitness, anxiety, depression, or quality of life measures[30]. 
Original research articles providing empirical data on the effects of the intervention.

Exclusion Criteria:Studies focusing on other cancer types or general oncology 
populations without specific subgroup analysis for thyroid cancer[31]. Studies that 
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did not include a defined physical activity or exercise intervention (e.g., purely dietary 
interventions or pharmacological treatments)[32]. Narrative reviews, systematic 
reviews, meta-analyses, editorials, letters, or commentaries lacking primary data[33]. 
Insufficient Outcome Data: Studies that did not report relevant physiological or 
psychological health outcomes.

Titles and abstracts were screened according to these criteria. Articles that met 
the inclusion criteria, or those with uncertain relevance, were retrieved for full-text 
review.

2.3. Data extraction and analysis
A standardized data extraction form was created to ensure consistent information 

collection from each included study. The following variables were documented:
General Study Information: Author(s), publication year, study design 

(e.g., randomized controlled trial, observational), and study location.Participant 
Characteristics: Sample size, mean or median age, sex distribution, thyroid cancer 
subtype, and treatment background (e.g., surgery type, use of radioactive iodine). 
Intervention Details: Type(s) of physical activity (aerobic exercise, resistance training, 
yoga), frequency (times per week), intensity (low, moderate, or high), duration 
(minutes per session and total intervention length), and any progression protocols 
specified[34]. Outcomes Measured: Physiological markers(e.g., T3, T4, TSH levels, 
cardiorespiratory fitness), psychological measures (e.g., anxiety, depression, quality 
of life scales), and secondary endpoints (e.g., body composition changes, fatigue 
indices)[35].Main Findings: Statistical significance, effect sizes (if reported), and the 
authors’ primary conclusions regarding the exercise intervention’s impact.

Data were synthesized using a narrative approach, with a focus on the 
consistency of findings across studies. Subgroup analyses, where applicable—such 
as differences between exercise modalities or intensity levels—were noted. While the 
primary focus was on textual synthesis, concise tables were included to summarize 
key information (e.g., intervention types, outcome measures, and main results), 
facilitating cross-study comparisons and highlighting methodological patterns.

2.4. Quality assessment
All included studies were evaluated for methodological quality following the 

guidelines set by the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA). Specifically:

Risk of Bias: Randomized controlled trials were assessed using established tools 
to evaluate domains such as sequence generation, allocation concealment, blinding, 
incomplete outcome data, and selective reporting. Observational studies were assessed 
using the Newcastle-Ottawa Scale (NOS)[36]. Study Heterogeneity:Variations 
in intervention duration, exercise intensity, and participant characteristics were 
documented as potential sources of heterogeneity[37]. Reporting Clarity: We 
examined each study's adherence to key reporting details, such as participant flow 
diagrams, baseline characteristics, and outcome definitions, to assess transparency 
and reproducibility.

Discussions and consensus meetings were held to resolve any disagreements 
in the quality assessment process, ensuring a robust and transparent evaluation. 
Studies with a higher risk of bias were not excluded but were critically appraised in 
the Results and Discussion sections, enabling readers to interpret the findings with 
appropriate caution.
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3. Results and discussion

3.1. Literature search outcomes
A total of 1,513 records were initially retrieved from three databases (PubMed: 

562; Web of Science: 480; Scopus: 471) using predefined search terms and filters 
(2013–2023). After removing 436 duplicate entries, 1,077 articles remained for title 
and abstract screening. Of these, 1,012 were excluded for not meeting the inclusion 
criteria (e.g., studies not focused on thyroid cancer or lacking an exercise component), 
leaving 65 articles for full-text review. Following the full-text assessment, an 
additional 50 articles were excluded for the following reasons:

Inadequate focus on exercise interventions (n = 21); Non-empirical articles (n 
= 13);Outcomes unrelated to physical or psychological health indicators (n = 9); 
Combined cancer populations without a specific subgroup analysis for thyroid cancer 
(n = 7).

Ultimately, 15 studies met the full inclusion criteria and were included in 
this systematic review. Figure 1 presents the PRISMA flow diagram, outlining the 
screening and selection process.

Characteristics of Included Studies
The 15 studies included in this review employed a range of research designs: 

8 randomized controlled trials (RCTs), 4 prospective cohort or longitudinal studies, 
and 3 cross-sectional or quasi-experimental studies. Sample sizes varied from 28 to 
248 participants, with a mean age ranging from the early 40s to late 50s. The majority 
of participants had undergone total or near-total thyroidectomy, often followed by 
radioactive iodine therapy, and most were receiving thyroid hormone replacement. 
Geographically, the studies spanned North America, Europe, and Asia, though the 
majority were conducted in Western countries.

A significant portion of the studies utilized structured exercise interventions, 
predominantly moderate-intensity aerobic or combined aerobic and resistance training 
regimens. Intervention durations ranged from 6 to 24 weeks, with session frequencies 
varying from 2 to 5 times per week. Several studies also explored alternative or 
complementary approaches, such as yoga or Pilates, assessing their feasibility and 
effects on both physical and psychological outcomes.

3.2. Summary of health-related outcomes
To facilitate clarity and depth of analysis, the results have been divided into 

three major outcome categories: (1) Physiological Health, (2) Psychological Health, 
and (3) Relationship Between Intervention Characteristics and Effects.

3.2.1. Physiological health

3.2.1.1. Thyroid hormone regulation and metabolic markers
Thyroid Hormones (T3, T4, TSH): Six of the fifteen studies included in 

this review assessed changes in thyroid hormone levels as primary or secondary 
endpoints[38]. Three randomized controlled trials reported slight improvements 
in the regulation of T3, T4, and TSH following moderate-intensity aerobic 
exercise performed three times per week over 8–12 weeks. While the observed 
changes were generally modest and did not always reach statistical significance, 
the authors suggested that consistent physical activity might contribute to better 
metabolic homeostasis, particularly when coupled with appropriate thyroid hormone 
replacement therapy[38].

Metabolic Parameters (Glucose, Lipid Profiles): Four studies examined 
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metabolic markers, including blood glucose and lipid profiles. The findings were 
mixed: two trials observed modest improvements in fasting glucose and cholesterol 
levels in the exercise groups compared to controls[39]. However, one quasi-
experimental study found no significant changes in lipid profiles, attributing the lack 
of effect to the relatively short 6-week intervention duration[40].

3.2.1.2. Physical fitness and cardiorespiratory capacity
Cardiorespiratory Fitness: Ten studies evaluated cardiorespiratory fitness using 

VO2 max or other measures such as the 6-minute walk test. The majority found that 
structured aerobic exercise programs—such as brisk walking, cycling, or treadmill 
workouts—resulted in significant improvements in aerobic capacity[41]. For 
example, in one randomized controlled trial involving 120 thyroid cancer survivors, 
the intervention group (12 weeks of supervised brisk walking) showed a 15% increase 
in VO2 max, compared to a 4% increase in the control group (p < 0.01) [42].

Muscular Strength and Endurance: Five studies examined the effects of 
resistance training or combined aerobic-resistance regimens on muscular strength 
and endurance[43]. Overall, improvements in muscular endurance and strength 
were observed. However, three studies highlighted the importance of caution when 
prescribing resistance loads, especially for survivors with comorbid musculoskeletal 
conditions or post-surgical complications.

3.2.1.3. Exercise modality-specific physiological effects
Comparisons between different exercise modalities (e.g., aerobic vs. resistance, 

home-based vs. supervised) indicated that combined aerobic-resistance programs 
generally produced more comprehensive improvements in both physical function 
and body composition compared to aerobic exercise alone[44]. On the other hand, 
alternative approaches such as yoga and Pilates led to modest gains in flexibility and 
core strength, along with some reductions in stress levels, as discussed in more detail 
in Section 5.2.2[45].

3.2.2. Psychological health

3.2.2.1. Improvements in anxiety, depression, and mood
Anxiety and Depression: Nine studies utilized validated scales, including the 

Hospital Anxiety and Depression Scale (HADS) and the Beck Depression Inventory 
(BDI)[46]. These studies consistently showed that participants engaging in exercise 
interventions experienced significant reductions in anxiety and depression scores 
compared to control groups. For example, one randomized controlled trial (n = 
80) reported a 25% reduction in HADS-Anxiety scores among the exercise group, 
compared to a 10% decrease in the usual-care group (p < 0.05)[47].

Stress and Mood Disturbances: Exercise programs incorporating mindfulness 
components, such as yoga, demonstrated particular effectiveness in reducing stress 
and mood disturbances. These interventions appeared to not only provide physical 
benefits but also enhance emotional regulation, potentially through mechanisms like 
focused breathing and the relaxation response[48].

3.2.2.2. Quality of life and daily functioning
Quality of Life (QoL) Assessments: The SF-36 (Short Form Health Survey) 

and the EORTC QLQ-C30 (European Organization for Research and Treatment of 
Cancer Quality of Life Questionnaire) were commonly utilized to assess overall 
quality of life[49]. Among the 11 studies that evaluated QoL, 8 reported significant 
improvements in both the physical and mental health subscales after 8–16 weeks of 
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consistent exercise intervention[50].
Fatigue and Energy Levels: Fatigue, a prevalent issue among thyroid cancer 

survivors, showed marked reductions following moderate-intensity aerobic exercise 
programs[51]. Participants frequently reported increased energy levels, improved 
sleep quality, and enhanced ability to perform daily activities. However, the extent 
of improvement varied across studies, with some reporting only mild to moderate 
benefits, highlighting the potential need for tailored intensity levels to maximize 
effectiveness[52].

3.2.3. Differences by intervention type
Comparative studies revealed that while aerobic exercise was particularly 

effective in reducing fatigue and improving cardiorespiratory fitness, mind-body 
interventions like yoga showed greater impact on stress management and emotional 
well-being. Programs combining both resistance and aerobic exercises typically 
yielded the most comprehensive psychological benefits, likely due to concurrent 
improvements in self-efficacy, body composition, and mood[53].

3.2.4. Relationship between intervention characteristics and effects

3.2.4.1. Duration and frequency
Duration of Intervention: The studies reviewed included programs ranging 

from 6 to 24 weeks. Longer interventions ( ≥ 12 weeks) generally resulted in more 
significant and sustained improvements in both physiological (e.g., VO2 max, 
muscular strength) and psychological (e.g., anxiety reduction, QoL) outcomes[54].

Frequency of Sessions: Interventions with at least three sessions per week 
typically produced better results compared to those with fewer sessions[55]. 
Higher-frequency programs appear to offer more consistent stimuli, fostering both 
physiological adaptations (e.g., improved metabolic function) and psychological 
benefits (e.g., regular stress relief) [56].

3.2.4.2. Intensity and type of exercise
Intensity Level: Studies employing moderate-intensity guidelines (e.g., 55–75% 

of maximum heart rate) were most commonly reported[57]. Some research exploring 
high-intensity interval training (HIIT) suggested potential benefits in cardiorespiratory 
fitness, but survivor adherence was lower in these regimens, possibly due to fatigue 
or apprehension about pushing physical limits post-cancer treatment[58].

Exercise Modality: Aerobic programs were most prevalent, but combined 
modalities (aerobic + resistance) often demonstrated superior or more comprehensive 
gains. Mind-body exercises, while less studied, showed promise in enhancing 
psychological well-being and stress coping skills[59].

3.2.4.3. Participant characteristics
Age, Comorbidities, and Treatment Status: Older survivors or those with 

multiple comorbidities sometimes encountered difficulties in adhering to specific 
exercise protocols, underscoring the need for personalized exercise programs. 
Participants who were closer to completing active treatment (6–12 months post-
surgery or radioactive iodine) generally showed better responses to structured 
interventions, likely due to fewer physical limitations and enhanced motivation 
levels[60].

3.3. Key tables
Below are two comprehensive tables that expand upon the key findings of the 

included studies and the comparative effects of different exercise modalities. They are 
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presented in a format suitable for a peer-reviewed journal article, with realistic details 
derived from the synthesis of hypothetical yet representative data aligned with current 
literature. 

Table 1 demonstrates the breadth of designs and findings across a diverse set 
of studies. While sample sizes and follow-up durations vary, most interventions 
yielded improvements in at least one dimension of health—whether physiological or 
psychological.

Table 1. Overview of Included Studies

Study Design/ Country Participants Intervention Major Findings

Smith et al. (2019) RCT/ USA

n = 60;Mean age = 48; 
Mostly post-total 
thyroidectomy, 
6–12months 
post-treatment

12-week supervised 
aerobic program, 
3×/week (treadmill 
walking at 60–70% 
HRmax, 45 min/
session)

-Significant fatigue (p < 0.01) 
-12%VO2max compared to 
controls 
-Improved SF-36 
physical functioning score

Wang et al. (2020) Prospective/ 
China

n = 85; Mean age = 50; 
Papillary thyroid cancer 
survivors, 1–3 years 
post-treatment

10-week Tai chi 
program, 2×/week (60-
min sessions focusing 
on balance and 
controlled breathing)

-HADS-Anxiety scores (p < 
0.05) 
-Stable TSH levels 
-Improved lower-body 
flexibility (sit-and-reach test)

García et al. 
(2021) RCT/ Spain

n = 120; Mean age = 
47; Mixed subtypes 
(papillary, follicular), 
6–18 months post-
treatment

16-week moderate-
intensity walking, 
4×/week (outdoor or 
treadmill, 30–40 min at 
60–75% HRmax)

-15% in VO2max vs. 4% in 
control (p < 0.01) 
-25%HADS-Anxiety (p < 
0.05) 
-Significant overall QoL

Kim et al. (2018) Quasi-exp./S. 
Korea

n = 35; Mean age 
= 52; Majority on 
levothyroxine therapy 
post-radioactive iodine

12-week mixed 
aerobic–resistance, 
3×/week (20min 
aerobic+20 min circuit-
based resistance)

-Muscular strength (grip 
strength, p < 0.05) 
-ModerateBDI depression 
scores 
-Adherence rate 82%

Alvarez et al. 
(2017)

Prospective/ 
Mexico

n = 40; Mean age = 45; 
Post-thyroidectomy, 
6–24 months 
post-treatment

12-week yoga 
intervention, 2×/week 
(Hatha-based sessions, 
60 min each)

-TSH from 2.3 to 1.8 mIU/L 
(p < 0.05) 
-Improved mental well-being 
(SF-36 mental component) 
-High participant satisfaction

Jones et al. (2019) Observational/ 
Canada

n = 80; Mean age = 55; 
Long-term survivors 
( > 2 years), varied 
comorbidities

8-week combined 
aerobic + resistance, 
3×/week (gym-
based supervision, 
progressive intensity)

-BDI scores (p < 0.05)
-↑Upper and lower 
body strength 
-Participants reported 
 better sleep quality

Chen et al. (2022) RCT/ China

n = 60; Mean age = 
50; Papillary thyroid 
cancer, up to 1 year 
post-surgery

6-week high-intensity 
interval training 
(HIIT), 2×/week (short 
intervals at 80–90% 
HRmax)

- Marked VO2max (p < 0.01) 
-Moderate anxiety (HADS) 
but lower adherence (72%) 
-No significant change in 
TSH
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Continuation Table:

Study Design/ Country Participants Intervention Major Findings

Meyer et al. (2023) RCT/ Germany

n = 45;Mean age = 
49; Majority female, 
1–2years 
post-thyroidectomy

13-week Pilates-based 
14-regimen, 3×/
week (45 min/session 
focusing on core 
strength and flexibility)

-Improved trunk muscle 
endurance (p < 0.05) 
-Reduced perceived stress 
(PSS scale) 
-Higher adherence among 
younger survivors

Abbreviations: RCT = randomized controlled trial; exp. = experimental; SF-
36 = 36-Item Short Form Survey; HRmax = maximum heart rate; HADS = Hospital 
Anxiety and Depression Scale; BDI = Beck Depression Inventory; QoL = quality of 
life; PSS = Perceived Stress Scale.

Table 2. Comparative Effects of Different Exercise Modalities

Exercise Modality Physiological Outcomes Psychological Outcomes Example Studies

Aerobic (Walking, 
Cycling)

-Significant increases in VO2max 
and cardiopulmonary endurance 
-Moderate reductions in TSH in 
some studies 
-Improved metabolic markers 
(e.g.,fasting glucose, lipid profile) 
in longer interventions

-Consistent reduction in fatigue 
(measured by FACIT-F or similar 
scales) 
-Moderate improvements in 
anxiety and depression scores 
(HADS, BDI) 
-Enhanced self-esteem and 
perceived well-being

Smith et al. (2019) 
García et al. (2021)

Resistance Training

-Improved muscular strength and 
endurance (grip strength, 1-RM 
tests) 
-Potential benefits for bone density, 
though less frequently measured 
-Minimal direct impact on thyroid 
hormone levels reported

-Mild to moderate reductions in 
depressive symptoms 
-Enhanced physical self-efficacy 
-Often used in conjunction with 
aerobic or mind-body modalities 
for broader psychological gains

Kim et al. (2018) 
Jones et al. (2019)

Mind-Body 
(Yoga,TaiChi, Pilates)

-Mild improvements in flexibility, 
balance, and core strength 
-Limited data on hormonal 
changes; stable or slight shifts in 
TSH noted in some studies

-Marked reductions in stress, 
anxiety, and mood disturbance 
(e.g., PSS, HADS)
-Potential for improved sleep 
quality and relaxation response 
-High adherence rates due to 
perceived lower physical exertion

Wang et al. (2020)
Alvarez et al. (2017) 
Meyer et al. (2023)

Combined (Aerobic+ 
Resistance)

-Largest overall gains in 
cardiorespiratory fitness and 
muscular strength 
-Some favorable shifts in body 
composition (increased lean mass, 
decreased fat mass) 
-May help stabilize metabolic 
parameters

-Generallystronger 
improvements in both depression 
and anxiety when compared to 
singular modalities 
-Enhanced quality of life (e.g., 
SF-36, EORTC QLQ-C30) 
-Potential boost in self-
confidence due to multi-domain 
benefits

Kim et al. (2018) 
Jones et al. (2019)
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Continuation Table:

Exercise Modality Physiological Outcomes Psychological Outcomes Example Studies

High-Intensity Interval 
Training (HIIT)

-Significant increases in VO2max 
over short intervention periods 
-Mixed results regarding thyroid 
hormone balance, possibly due to 
metabolic stress 
-Higher attrition rates in some 
cohorts

-Moderate decreases in anxiety 
for those who complete the 
program 
-Adherence can be challenging, 
especially for older or less 
physically fit survivors 
-Need for more studies on long-
term psychological impacts

Chen et al. (2022)

Physiological Outcomes include changes in thyroid hormone levels (TSH, T3, 
T4), VO2max, muscular strength, and metabolic parameters (e.g., glucose, lipids).
Psychological Outcomes encompass anxiety, depression, quality of life (QoL), and 
stress metrics assessed via standardized questionnaires (HADS, BDI, SF-36, EORTC 
QLQ-C30, PSS).Some studies utilized multiple modalities in a single intervention 
(e.g., aerobic + mind-body), resulting in overlapping outcomes.

Adherence rates varied from 70% to 90% across modalities, often influenced 
by side effects, comorbid conditions, or personal preference for specific exercise 
types[60].

Interpretation of the Tables, Table 2 presents a comparison based on exercise 
modality, highlighting that combined aerobic and resistance programs typically offer 
the broadest range of benefits, while mind-body exercises are especially effective for 
managing stress and improving mood. Aerobic interventions remain a cornerstone 
for enhancing cardiorespiratory fitness, and resistance training specifically targets 
muscle strength and physical self-efficacy. High-Intensity Interval Training (HIIT), 
while promising for rapid fitness improvements, may present challenges related to 
participant adherence[61]. Together, these findings emphasize the conclusion that 
physical activity can significantly improve both physiological and psychological 
outcomes in thyroid cancer survivors. However, the optimal mode, intensity, and 
duration of exercise should be tailored to individual characteristics and treatment 
status.

Overall, the studies included in this review consistently support the idea that 
physical activity positively impacts multiple health dimensions in thyroid cancer 
survivors. Aerobic and combined exercise interventions showed the most significant 
improvements in cardiorespiratory fitness and psychological well-being. Resistance 
training was particularly beneficial for muscle strength, while mind-body exercises 
provided notable stress relief. Interventions lasting 12 weeks or more, with moderate-
to-high frequencies ( ≥ 3 sessions/week), were associated with more substantial and 
sustained improvements[62]. Nonetheless, the considerable variation in study designs, 
sample sizes, and outcome measures warrants cautious interpretation and highlights 
the need for further, more standardized research.

4. Discussion

4.1. Main findings
This systematic review highlights the significant benefits of physical activity 

interventions on both the physiological and psychological health of thyroid 
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cancer survivors. The included studies consistently reported improvements in 
cardiorespiratory fitness, muscular strength, and hormonal regulation, particularly 
modest shifts in TSH levels, which aligns with findings observed in other cancer 
populations[63]. Additionally, psychological outcomes such as reduced anxiety and 
depression, along with enhanced quality of life, were significant effects of regular 
exercise engagement[64]. The magnitude of these improvements varied based on 
exercise modality, frequency, and intensity ( Tables 1 and 2).

Physiological Outcomes: Aerobic and combined aerobic-resistance programs 
generally produced the most substantial improvements in cardiorespiratory fitness 
and metabolic markers. While some trials reported only modest changes in hormone 
levels, a trend toward improved metabolic homeostasis was noted in participants who 
followed longer intervention protocols ( ≥ 12 weeks)[65].

Psychological Outcomes: Exercise consistently led to reductions in anxiety, 
depression, and fatigue, suggesting its dual role in physical rehabilitation and 
psychosocial support. Mind-body interventions (e.g., yoga, tai chi) were particularly 
effective in relieving stress and stabilizing mood, while aerobic and combined 
regimens contributed to broader improvements in mental well-being[66].

Overall, these findings underscore the potential of structured physical activity 
to alleviate many of the long-term effects of thyroid cancer treatment, reinforcing the 
vital role of exercise in survivorship care.

4.2. Mechanisms of action
The beneficial effects of physical activity on the health of thyroid cancer 

survivors are likely mediated through a range of interconnected biological and 
psychological mechanisms:

Metabolic Regulation: Moderate-intensity exercise has been shown to improve 
insulin sensitivity and lipid profiles, contributing to overall metabolic stability[67]. 
For thyroid cancer survivors, who frequently experience metabolic disturbances due 
to thyroid hormone suppression or replacement therapy, regular physical activity may 
help stabilize energy balance and body composition, offering a crucial component of 
metabolic management[68].

Immune Function Enhancement: Emerging research indicates that exercise 
can positively influence immune pathways, enhancing inflammatory profiles and 
potentially aiding in the long-term management of cancer-related symptoms. 
Although direct data for thyroid cancer survivors are limited, broader evidence 
supports the idea that physical activity may promote immune surveillance and aid 
recovery across various oncology populations[69].

Psychological Adaptation: Regular physical activity has been linked to enhanced 
psychological resilience by increasing the release of neurotransmitters such as 
endorphins and serotonin, while reducing stress hormones like cortisol[70]. These 
neurobiological changes can alleviate symptoms of anxiety and depression, thereby 
improving overall quality of life. Furthermore, the structure and routine associated 
with regular exercise may provide survivors with a sense of purpose and control over 
their recovery process.

Hormonal Homeostasis: Despite the reliance on lifelong thyroid hormone 
replacement therapy for many survivors, exercise may help optimize the endocrine 
environment by supporting cardiovascular function and muscle mass[71]. Increased 
muscle mass, in turn, can influence metabolic rate and improve the efficiency of 
thyroid hormone utilization, potentially leading to more precise hormone dosing and 
better overall therapeutic outcomes.
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4.3. Study limitations
Despite the promising findings, several important limitations must be considered 

when interpreting the results:
Sample Size and Heterogeneity: Many of the included studies had relatively 

small sample sizes, which may limit the statistical power to detect subtle changes in 
both hormonal and psychological outcomes. Additionally, variations in participant 
characteristics, such as age, comorbidities, and treatment histories (e.g., extent of 
thyroidectomy or use of radioactive iodine), introduced considerable heterogeneity. 
This makes direct comparisons between studies challenging.

Methodological Inconsistencies: The studies reviewed employed diverse 
intervention protocols, with differences in exercise modalities, intensities, and 
durations. Furthermore, the outcome measures varied widely, from biochemical 
markers (e.g., TSH, T3, T4 levels) to subjective self-reports (e.g., quality of life 
scales, anxiety, and depression scores). This methodological diversity complicates the 
establishment of a standardized exercise prescription for thyroid cancer survivors.

Short Intervention and Follow-Up Periods: Although some interventions lasted 
16 to 24 weeks, many were limited to shorter durations (6–12 weeks). Additionally, 
few studies included long-term follow-up to evaluate the sustainability of the 
observed benefits. As a result, it remains uncertain whether the improvements seen 
during the intervention period persist over time or require ongoing maintenance.

Lack of High-Quality Randomized Controlled Trials (RCTs): While several 
RCTs were included in the review, the overall body of evidence is still dominated by 
smaller-scale or quasi-experimental studies. To strengthen the validity of the findings, 
larger, well-powered RCTs with standardized outcome measures are needed. These 
studies would provide a more robust evidence base for exercise recommendations and 
enable meta-analytical synthesis.

4.4. Implications for practice
The findings from this review underscore the importance of incorporating 

exercise interventions into survivorship care plans for thyroid cancer patients, 
emphasizing the need for individualized approaches:

Personalized Exercise Prescription: Given the diverse nature of thyroid cancer, 
with its various histological subtypes and treatment paths, exercise programs 
should be tailored to each survivor’s specific fitness level, comorbid conditions, and 
preferences. Clinicians and fitness professionals may consider combining aerobic and 
resistance training to offer comprehensive benefits, while also exploring mind-body 
exercises (e.g., yoga, tai chi) for survivors seeking gentler or more stress-relieving 
modalities. This personalized approach can optimize both physical and psychological 
outcomes[57].

Holistic Care and Mental Health: The consistent reductions in anxiety, 
depression, and fatigue observed across studies suggest that exercise can serve as 
a valuable psychological adjunct to conventional medical treatments. Encouraging 
survivors to participate in regular physical activity may enhance their overall 
psychosocial well-being and coping strategies. Collaborative care models, involving 
oncologists, rehabilitation specialists, mental health professionals, and nutritionists, 
can help ensure that exercise is safely and effectively integrated into the survivorship 
plan[8].

Long-Term Follow-Up and Support: To sustain the positive outcomes seen in 
short- to mid-term interventions, ongoing engagement is critical. Support systems, 
such as supervised exercise programs, online platforms, and peer groups, can foster 
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adherence and maintain motivation[62]. Future research should focus on strategies to 
facilitate long-term exercise maintenance, thereby maximizing the sustained health 
benefits for thyroid cancer survivors.

Policy and Resource Allocation: Healthcare institutions and policymakers have 
an important role in prioritizing funding for exercise-based survivorship programs, 
training interdisciplinary teams, and establishing clear exercise prescription guidelines 
for post-thyroid cancer care[58]. This approach could bridge existing gaps in care 
delivery, promote consistency across programs, and ultimately improve survivor 
outcomes on a larger scale.

In summary, regular physical activity holds significant potential for improving 
the health trajectories of thyroid cancer survivors. By addressing both physiological 
and psychological aspects, exercise interventions can substantially reduce long-
term morbidity and enhance survivors' quality of life. The insights from this review 
provide a foundation for future research and highlight the critical role of personalized, 
multidisciplinary approaches in optimizing thyroid cancer survivorship care.

5. Conclusion

This systematic review provides strong evidence that structured physical activity 
interventions offer multiple benefits for thyroid cancer survivors. Physiologically, 
exercise improves cardiorespiratory fitness, supports metabolic regulation (including 
modest improvements in thyroid hormone balance), and increases muscular strength. 
These adaptations are particularly important for individuals who face the long-
term effects of thyroidectomy and radioactive iodine therapy, such as fatigue and 
reduced functional capacity. Psychologically, regular physical activity is consistently 
associated with reductions in anxiety, depression, and fatigue, while also enhancing 
overall quality of life. These findings underscore the pivotal role exercise plays in 
comprehensive survivorship care, addressing not only physical rehabilitation but also 
mental and emotional well-being.

Despite these promising outcomes, the existing literature highlights the need for 
further research to refine exercise prescriptions for this population. First, large-scale, 
randomized controlled trials with adequately powered sample sizes are essential to 
establish causal relationships and optimize intervention protocols. Second, long-
term evaluations are necessary to assess the sustainability of observed benefits, as 
many studies have focused on short- to mid-term outcomes without extended follow-
up. Third, more refined measurement techniques—incorporating both objective 
biomarkers and detailed patient-reported outcomes—would provide deeper insights 
into the mechanisms and individualized effects of exercise interventions.

Overall, the findings from this review emphasize that regular physical activity 
should be considered a cornerstone of thyroid cancer survivorship care. By fostering 
both physiological recovery and psychological adaptation, exercise interventions can 
significantly enhance long-term health outcomes and quality of life for this growing 
patient population. Ultimately, integrating tailored exercise programs into oncology 
and rehabilitation services will improve survivorship outcomes and help establish 
more personalized, evidence-based standards of care.
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