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Abstract: Subclinical hypothyroidism (sHT), defined by elevated thyroid-stimulating hormone levels with
preserved circulating thyroid hormone concentrations, may subtly affect physiological processes relevant
to athletic performance. Emerging evidence suggests that levothyroxine (LT4) therapy can enhance muscle
strength, mobility, and cardiopulmonary reserve, particularly in younger and middle-aged populations. This
review critically examines current data on the physiological effects of levothyroxine in subclinical hypothy-
roidism, with a focus on its potential implications for athletic performance. The most consistent findings
relate to cardiac physiology: LT4 therapy reverses diastolic dysfunction, reduces systemic vascular resistance,
and enhances cardiopulmonary reserve, suggesting that functional cardiac abnormalities in sHT are largely
reversible. In contrast, effects on energy metabolism remain limited. Patients with sHT exhibit impaired
exercise tolerance, altered substrate utilization, and increased lactate accumulation, and these disturbances
are only partially ameliorated by LT4. Overall, LT4 therapy in sHT shows promise in improving selected
physiological parameters, yet evidence for meaningful enhancement of overall exercise capacity or athletic
performance remains weak. Until robust, athlete-specific data are available, treatment decisions should con-
tinue to follow established clinical criteria rather than anticipated performance gains.
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Introduction

Subclinical hypothyroidism (sHT) is defined by elevated serum thyroid-stimulating hormone (TSH)
levels with normal concentrations of free thyroxine (T4) and triiodothyronine (T3) [1]. Its preva-
lence ranges from 3% to 15%, depending on the characteristics of the study population [2, 3], and is
more common in women and older adults [4]. Data on the frequency of thyroid disorders in athletes
are scarce; however, a Russian study of 1,000 elite athletes reported a 9.5% prevalence of sHT [5].

Thyroid hormones are key endocrine regulators of physiological processes essential for athletic
performance. Acting primarily through T4 and T3, they play a central role in energy balance,
thermogenesis, and lipid and glucose metabolism [6, 7]. Additionally, thyroid hormones interact
with both central and peripheral metabolic signals to fine-tune the body’s metabolic responses [6].
Beyond their metabolic actions, thyroid hormones are critical for skeletal muscle development,
regeneration, and contractile function [8]. Importantly, thyroid status and physical activity are
interconnected — exercise can modulate thyroid function, while thyroid dysfunction can impair
performance and recovery [7, 9, 10].

Intense exercise training has been associated with alterations in thyroid hormone levels, though
the underlying mechanisms remain incompletely understood [10]. Loucks et al. demonstrated
that intense athletic training in women affects thyroid hormone levels, especially in those with
amenorrhea [11]. Athletes with regular cycles had reduced T4, while amenorrheic athletes had
broader decreases in T4, T3, and related hormones, suggesting that menstrual dysfunction may
exacerbate exercise-induced thyroid alterations. In contrast, Matsumura et al. found no evidence
of training-induced hypothyroidism in nonelite female distance runners, although individuals
who began competitive training before the age of 10 exhibited a threefold higher prevalence of
hypothyroidism [12]. These findings underscore the complexity of the exercise-thyroid axis.

Both hypothyroidism and hyperthyroidism are linked to impairments across cardiovascular,
metabolic, neuromuscular, musculoskeletal, and neuropsychiatric systems, collectively reducing
exercise tolerance, energy metabolism, and recovery capacity [7, 13]. Animal studies further sup-
port the role of thyroid hormone homeostasis in optimizing exercise performance. Both defi-
cient and excessive T3 states have been shown to impair physical capacity; however, interventions
such as endurance training or exogenous T3 supplementation partially ameliorated the deficits
observed in hypothyroid subjects. Notably, these restorative effects were accompanied by an in-
creased accumulation of lactate during exercise, indicating altered metabolic responses under
conditions of modified thyroid hormone status [14]. In humans, women with sHT demonstrate
lower physical activity levels, reduced muscle strength, and diminished functional capacity in the
six-minute walk test compared with euthyroid controls [15].

Current guidance emphasizes a conservative, risk-stratified approach to sHT. In adults, levothy-
roxine (LT4) therapy is generally recommended when TSH persistently exceeds 10 mIU/L, partic-
ularly in individuals younger than 65-70 years. For milder elevations (TSH 4-10 mIU/L), treat-
ment may be considered only in the presence of clinically significant symptoms, positive thyroid
autoimmunity, goiter, or specific circumstances such as pregnancy planning [16]. In older adults
— especially with TSH <10 mIU/L — a watchful-waiting strategy is preferred due to limited bene-
fit and greater risk of overtreatment. According to guidelines, most non-pregnant adults with sHT
derive no clinically relevant benefit from routine levothyroxine therapy [17]. Applied to sport,
these criteria imply that the majority of athletes with sHT — typically young, asymptomatic, and
with modest TSH elevations — will not meet guideline thresholds for pharmacological treatment,
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and are better served by structured monitoring and targeted management of contributory factors.
Given these findings, the present review aims to critically evaluate the available literature on the
effects of levothyroxine treatment on physical performance outcomes in patients with subclini-
cal hypothyroidism, to better inform clinical decision-making regarding the potential functional
benefits as well as risks of such therapy in athletes.

Strength and mobility

There is limited and inconsistent evidence regarding neuromuscular dysfunction in sHT. Several
studies have documented a higher prevalence of neuromuscular symptoms and electromyograph-
ic abnormalities in individuals with sHT, suggesting subclinical impairments in muscle function
[2, 18-20]. Notably, proximal muscle strength appears to be diminished in individuals with sHT.
For instance, a Brazilian research group conducted a cross-sectional study demonstrating a higher
frequency of neuromuscular complaints and reduced muscle strength in sHT patients compared
to matched controls [20]. Conversely, other investigations suggest that subclinical hypothyroidism
exerts minimal or no significant effects on muscle mass, strength, or muscle quality, particularly in
elderly populations [21]. A large-scale study involving adults aged 65 years and older reported no
significant differences in muscle mass, strength, or quality between euthyroid and sHT patients.
However, it was noted that women with sHT exhibited a marginally increased prevalence of sar-
copenia according to one diagnostic criterion [21].

Intervention studies provide additional insights, such as a recent study by Hanke et al., which
examined the influence of levothyroxine therapy on body composition and physical performance
in sHT. The study enrolled 25 women (mean age 27.4 + 5.8) who were evaluated at baseline, after
two months of levothyroxine treatment, and once TSH levels had normalized within the reference
range. The intervention was associated with consistent improvements in muscle performance:
chest press, leg extension, grip strength (right hand), shoulder and hip mobility, as well as ex-
plosive strength, all of which showed measurable gains. Endurance capacity also improved, as
reflected by a higher anaerobic threshold. The authors concluded that while levothyroxine does
not have a beneficial impact on body composition, energy expenditure, or respiratory quotient,
it may enhance strength, mobility, and endurance performance [22]. Similarly, a double-blind,
randomized, placebo-controlled trial evaluated the impact of levothyroxine therapy on neuro-
muscular function in 71 participants with sHT, predominantly middle-aged women (mean age
51 + 10 years), who were randomized to receive levothyroxine (n = 35) or placebo (n = 36). Mus-
cle strength was assessed in both peripheral and respiratory domains: pelvic and scapular girdle
strength by manual muscle testing, quadriceps strength by standardized isometric dynamome-
try, and inspiratory strength by maximum static inspiratory mouth pressure. After six months of
maintained euthyroidism, levothyroxine therapy was associated with a significant improvement
in inspiratory muscle strength, whereas no meaningful changes were observed in quadriceps per-
formance or pelvic and scapular girdle strength [23].

In contrast to findings in younger populations, evidence from older adults suggests limited ben-
efits of LT4 therapy on physical performance. Netzer et al. conducted an ancillary analysis of two
randomized, placebo-controlled trials including 267 participants aged 265 years (mean age 77.5
years) with persistent subclinical hypothyroidism (TSH 4.6-19.9 mIU/L, normal free thyroxine).
Participants were randomized to receive levothyroxine with TSH-guided dose adjustments or pla-
cebo with sham titration to preserve blinding. After a median follow-up of 18 months, levothyroxine
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effectively lowered TSH levels compared with placebo; however, no differences were observed in
the primary endpoint of gait speed. Similarly, secondary outcomes — including handgrip strength
and annual change in muscle mass — showed no significant group differences [24].

Taken together, current evidence suggests that levothyroxine therapy may improve selected mea-
sures of muscle strength or mobility in younger and middle-aged individuals with subclinical hypo-
thyroidism; however, these findings are based on small trials and remain limited to isolated parame-
ters rather than consistent gains in overall performance capacity. In older adults, robust randomized
data indicate no significant benefit of levothyroxine on muscle mass, strength, or functional out-
comes, underscoring the age-dependent and context-specific nature of therapeutic effects.

Cardiopulmonary function

Minimal changes in thyroid function observed in patients with subclinical hypothyroidism lead
to significant cardiac abnormalities, including impaired left ventricular (LV) diastolic function
at rest, characterized by delayed LV relaxation, as well as LV systolic dysfunction during physical
exertion [25, 26]. LT4 treatment in patients with sHT has been shown to exert beneficial effects
on cardiopulmonary function, although the extent of improvement varies across studies [27, 28].

Mainenti et al. reported in two trials that normalization of TSH with levothyroxine enhanced
submaximal exercise performance and cardiopulmonary reserve in sHT patients. Improvements
were noted in ventilatory and gas exchange parameters, while post-exercise recovery did not sig-
nificantly change [27, 28]. Similarly, Brenta et al. demonstrated that sHT is characterized by pro-
longed time to peak filling rate — a marker of diastolic dysfunction — which normalized after six
months of levothyroxine therapy, underscoring the reversibility of these impairments [29].

Additional echocardiographic and hemodynamic studies support these findings, though results
are somewhat heterogeneous [30-33]. Arem et al. found largely unchanged cardiac function after
levothyroxine therapy, aside from modest improvements in LV diastolic dimension and preejection
period [30]. In contrast, Biondi and Monzani reported more pronounced benefits: six months of
treatment improved systolic performance, reduced systemic vascular resistance, and significantly
enhanced diastolic indices, with post-treatment parameters approaching those of euthyroid con-
trols [29, 30] Faber et al. extended these observations by documenting reductions in mean arterial
pressure, increases in cardiac output, and decreases in systemic vascular resistance after levothy-
roxine replacement in women with sHT, suggesting that even subclinical dysfunction induces
a spectrum of hemodynamic changes that can be partly reversed with therapy [33]. Collectively,
these studies indicate that levothyroxine therapy in subclinical hypothyroidism can improve se-
lected aspects of cardiac and cardiopulmonary function — particularly LV diastolic performance,
systemic vascular resistance, and ventilatory reserve — while effects on recovery kinetics and over-
all exercise tolerance remain less consistent. The variability of findings likely reflects differences in
study populations, baseline cardiovascular health, and treatment duration, but overall supports the
view that sHT exerts subtle yet reversible effects on cardiovascular physiology.

Energy metabolism
Although overt hypothyroidism is well established to induce muscle dysfunction, characterized by

alterations in muscle architecture and reduced activity of enzymes involved in glucose metabolism,
the effects of sHT on muscle energy metabolism remain underexplored [34, 35]. Monzani et al.
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investigated the clinical and biochemical manifestations of muscle dysfunction in sHT by quan-
tifying skeletal muscle lactate and pyruvate production at rest and during dynamic arm exercise.
Their findings demonstrated that blood lactate levels during exercise were significantly elevated
in sHT patients compared to healthy controls, with differences emerging from moderate exercise
intensity onward. The authors hypothesized that impaired mitochondrial function underlies this
metabolic disturbance. Furthermore, the increase in blood lactate concentration correlated posi-
tively with the duration of subclinical hypothyroidism but showed no association with circulating
thyroid hormone levels [36].

Caraccio et al. further examined exercise metabolism by comparing 23 patients with sHT to
10 euthyroid controls using incremental exercise testing. Individuals with sHT displayed reduced
maximal power output and VO,max, elevated heart rates at submaximal workloads, and a sharper
rise in respiratory quotient, indicating altered substrate preference. They also exhibited increased
circulating lactate, pyruvate, free fatty acids, and glycerol both at rest and during exercise. Al-
though levothyroxine treatment improved neuromuscular symptoms, it did not normalize exer-
cise metabolism or substrate responses after six months of therapy, suggesting that these distur-
bances may be only partially reversible [37].

Additional metabolic evidence comes from an Italian study involving 38 women with mild
sHT, which found that six months of levothyroxine therapy significantly improved lipid parame-
ters — including reductions in total and LDL cholesterol — while indices of glucose metabolism
remained unaffected [38].

Taken together, current data suggest that subclinical hypothyroidism impairs exercise tolerance
and alters substrate utilization, with a shift toward greater reliance on glycolysis and lipid mobi-
lization. Levothyroxine therapy appears to improve some metabolic risk factors, such as dyslip-
idemia, but has a limited impact on exercise-related energy metabolism and recovery within the
time frames studied. These findings imply that while thyroid hormone replacement can address
certain cardiovascular and biochemical abnormalities, its ability to restore normal metabolic effi-
ciency during exercise remains uncertain.

Discussion

To date, no studies have directly assessed the impact of levothyroxine supplementation on athletic
performance in athletes with subclinical hypothyroidism. Nevertheless, evidence from clinical
and physiological studies in non-athlete populations provides useful insights into pathways po-
tentially relevant for sports.

Across studies, levothyroxine therapy appears to exert selective physiological benefits. In
younger and middle-aged adults, treatment has been associated with improvements in specific
measures of muscle function, such as strength, mobility, and inspiratory performance [22-24].
These effects, however, are inconsistent and generally confined to isolated parameters rather than
reflecting broad improvements in overall performance capacity. By contrast, in older individu-
als (265 years), robust randomized data show no significant impact of levothyroxine on muscle
strength, mass, or functional outcomes [24].

The most consistent evidence of benefit relates to cardiac and cardiopulmonary function.
Multiple studies demonstrated that minimal thyroid dysfunction in sHT leads to cardiac abnor-
malities, which appear reversible with levothyroxine therapy [29, 31, 32]. Normalization of thy-
roid hormone levels improves both systolic and diastolic function, as evidenced by shortened
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isovolumic relaxation time, increased E/A ratio (early to late diastolic mitral flow velocity), and
reduced systemic vascular resistance. These improvements indicate that cardiac abnormalities in
sHT are functional rather than structural. Treatment has also been linked to improvements in
submaximal exercise performance and ventilatory reserve [27, 28], although recovery dynamics
and maximal exertion outcomes remain largely unaffected.

In contrast, the effects of levothyroxine on exercise metabolism are limited. Subclinical hypo-
thyroidism alters substrate utilization and reduces exercise tolerance, yet short-term therapy does
not normalize patterns of energy metabolism or substrate oxidation [37]. While levothyroxine
treatment has been shown to relieve neuromuscular symptoms in some patients with subclinical
hypothyroidism, its metabolic effects are more selective: improvements are consistently observed
in lipid parameters, with reductions in total and LDL cholesterol, whereas glucose metabolism
and muscle bioenergetics remain largely unaffected [38]. This discrepancy between symptomatic
relief and persistent metabolic dysfunction highlights the complexity of tissue-specific responses
and suggests that longer treatment durations may be required to evaluate full metabolic recovery.

Several gaps in the literature need to be addressed. First, there is a lack of direct evidence on
athletes, in whom even subtle physiological changes may influence performance, as current ev-
idence is predominantly derived from non-athlete populations. Second, age-related differences
in treatment response remain poorly understood and warrant targeted investigation. Third, the
long-term impact of levothyroxine on exercise metabolism and recovery kinetics is unknown,
as most trials have been limited to <12 months. Fourth, treatment protocols in existing studies
are designed to normalize TSH rather than optimize functional outcomes, leaving questions re-
garding dosing strategies for performance enhancement unresolved. Finally, potential sex-specific
differences in treatment response have not been systematically studied.

It is also important to acknowledge the risks of overtreatment. Excessive levothyroxine use
may lead to osteoporosis, cardiac arrhythmias, heart failure, muscle wasting, reduced quality of
life, and cognitive impairment [37]. Thus, the uncertain performance-related benefits must be
weighed against these established risks, particularly in athletic contexts where supraphysiological
use of thyroid hormones has been reported [39].

This review has several limitations. As a non-systematic synthesis, it is subject to selection bias,
and the primary studies included are heterogeneous in sample size, study design, and outcome
measures. Many were small trials without placebo controls, reducing their statistical power and
limiting generalizability. Differences in patient characteristics, such as thyroid autoimmunity sta-
tus, were not consistently reported and may influence therapeutic response. Moreover, long-term
data remain scarce, leaving questions about the durability of observed effects unanswered.

Conclusion

Levothyroxine supplementation in subclinical hypothyroidism has been linked to improvements
in muscle strength, cardiac performance, and cardiopulmonary reserve, whereas its effects on
energy metabolism, substrate utilization, and recovery kinetics appear modest. While such phys-
iological adaptations could potentially enhance athletic performance, current evidence does not
justify routine substitution in athletic populations. Establishing levothyroxine as a standard inter-
vention for athletes with subclinical hypothyroidism requires robust, high-quality clinical trials
that address long-term outcomes and sport-specific endpoints. Moreover, thyroid hormone alter-
ations observed in athletes may, in many cases, represent adaptive responses to intensive training
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rather than true endocrine pathology. Consequently, therapeutic decisions should not rely solely
on biochemical thresholds but should incorporate age, symptom burden, performance context,
and the possibility of adaptive hormonal fluctuations. A cautious, individualized, and integrative
approach remains the most appropriate strategy for supporting both health and performance in
athletes with suspected subclinical hypothyroidism.
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