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Research status of subclinical
hypothyroidism promoting the
development and progression of
cardiovascular diseases
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In recent years, the incidence of cardiovascular disease (CVD) has risen steadily,
significantly impacting public health. Subclinical hypothyroidism (SCH) remains a
controversial risk factor for CVD. This review examines the associations between
SCH and dyslipidemia, carotid intima-media thickness (C-IMT), cardiac
dysfunction, and cardiovascular event risk. Evidence suggests SCH may
exacerbate atherosclerosis and cardiac dysfunction through mechanisms such
as increased LDL synthesis, oxidative stress, and impaired vascular endothelial
function. However, the causal link between SCH and cardiovascular outcomes
remains unclear due to study design heterogeneity and overreliance on TSH
levels. Elevated TSH may not solely reflect thyroid dysfunction but could also
indicate compensatory responses to inflammation, aging, or stress. Large-
scale studies like NHANES and IPD meta-analyses show a strong association
between SCH and cardiovascular risk in younger populations, which
diminishes in older adults due to physiological TSH increases. The
cardiovascular benefits of levothyroxine (L-T4) therapy in SCH patients are
limited, especially in older individuals, where a narrow therapeutic window
increases side effect risks. Studies relying solely on TSH as a diagnostic and
therapeutic target have significant limitations, as TSH cannot distinguish
adaptive thyroid adjustments from pathological states and overlooks the role
of free thyroid hormones (FT3/FT4). Future research should integrate multi-
dimensional markers (such as oxidative stress indicators, vascular elasticity
measures, and thyroid antibody status) and adopt longitudinal study designs to
more accurately assess the clinical significance of SCH.
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1 Introduction

Subclinical hypothyroidism (SCH) is a metabolic condition characterized by mild or

no symptoms, defined by normal free thyroxine (FT4) levels and elevated thyroid-

stimulating hormone (TSH) levels, indicating subtle thyroid dysfunction (1). SCH is

often categorized into mild and severe forms based on TSH levels, with a cutoff of

≥10 mIU/L (2). However, classifications may vary due to age and disease status in

different populations. In elderly populations, TSH levels naturally increase with age due

to a decline in hypothalamic-pituitary-thyroid (HPT) axis function, often leading to a

compensatory slight increase in TSH secretion. Consequently, L-T4 treatment may not

significantly benefit these patients (3).
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Key factors contributing to the development of SCH include

thyroid tissue damage, intake of goitrogenic substances like iodide,

lithium, and antithyroid drugs, as well as autoimmune conditions

such as thyroiditis (4). TSH, primarily released by the anterior

pituitary gland under the influence of thyrotropin-releasing

hormone (TRH) from the hypothalamus, stimulates the synthesis

and secretion of thyroid hormones, primarily T4 and T3. The

secretion of TSH is regulated by feedback from circulating thyroid

hormones. Decreased thyroid hormone levels, as in primary

hypothyroidism, trigger increased TSH release, while elevated

levels suppress further TSH secretion (5–7). However, an elevated

TSH concentration does not always indicate early thyroid

dysfunction. It may reflect an increased set point of homeostasis

in the HPT axis. Factors such as bacterial infections, systemic

inflammation, drastic environmental changes, or chronic

psychosocial stress (Post-traumatic stress disorder,PTSD) can shift

the body’s homeostatic set point, leading to higher TSH levels

despite unchanged FT4 levels. Elevated TSH levels may thus result

from factors beyond SCH (8, 9), and may be associated with an

increased risk of cardiovascular issues. This article reviews the latest

research on the relationship between SCH and CVD, aiming to

enhance prevention and management strategies. A comprehensive

review of English-language literature published since 2000, extracted

from the PubMed/Medline database, is provided. Search terms

included “subclinical hypothyroidism”, “cardiovascular disease”,

“lipid disorders”, “atherosclerosis”, “diastolic heart function”,

“levothyroxine”, and “TSH”.
2 Dyslipidemia in patients with
subclinical hypothyroidism

2.1 Increased levels of low-density
lipoprotein

3-Hydroxy-3-methylglutaryl-CoA reductase (HMGCR), the

rate-limiting enzyme in cholesterol biosynthesis, is regulated by

its phosphorylation state, with phosphorylation inactivating and

dephosphorylation restoring its activity. As the pivotal regulatory

step in the cholesterol synthesis pathway, HMGCR activity

directly influences pathway flux and correlates positively with

cholesterol production (10). TH enhances cholesterol synthesis

by stimulating the transcription of the low-density lipoprotein

receptor (LDL-R) gene, thereby elevating hepatic HMGCR

expression (11). AMP-activated protein kinase (AMPK), known

as the “metabolite-sensitive kinase”, plays a critical role in

phosphorylating HMGCR. When TSH binds to the TSH receptor

(TSHR) on hepatocytes, it activates the cAMP/PKA signaling

pathway, leading to PKA-mediated phosphorylation of AMPK’s

inhibitory site. This reduces AMPK activity in hepatocytes,

increasing HMGCR expression and promoting cholesterol

synthesis, which contributes to dyslipidemia (12).

Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a serine

protease that interacts with the LDL-R on liver cells. LDL-R plays a

crucial role in clearing LDL particles from the bloodstream. Upon

binding to LDL, LDL-R internalizes and degrades these particles,
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releasing free cholesterol. PCSK9 enhances the lysosomal

degradation of LDL-R, reducing its levels and impairing LDL

clearance, thereby increasing low-density lipoprotein cholesterol

(LDL-C) in the blood. Elevated LDL-C contributes to

hyperlipidemia and is associated with dyslipidemia and

inflammatory responses, increasing cardiovascular risk (13).

A population-based cross-sectional study examined 1,003 middle-

aged individuals, including those with normal thyroid function

and SCH, excluding those on thyroid medication or with a history

of metabolic disorders. SCH patients had higher serum TSH levels

but normal FT3 and FT4 levels, ensuring the study was not

confounded by thyroid hormones. The findings indicated elevated

serum PCSK9 levels in SCH patients compared to those with

normal TSH, suggesting a possible link. An in vitro experiment

further explored TSH’s effect on PCSK9 expression in hepatocytes.

Elevated TSH bound to the TSHR, activated adenylyl cyclase

(AC), increased intracellular cAMP, and triggered the cAMP-PKA-

CREB pathway, leading to increased PCSK9 expression, synthesis,

and secretion (14). However, the study’s limitations included the

inability to directly correlate in vitro TSH concentrations with

human serum levels and the lack of subgroup analysis based on

varying TSH levels. Future research should stratify participants by

serum TSH levels for a more robust analysis.

In a descriptive cross-sectional retrospective analysis,

researchers excluded individuals with low T3 and FT4 levels and

randomly selected 447 patients without hypothyroidism history

or prior treatment. The study assessed factors including gender,

age, lipid profiles, and TSH levels. Results showed higher LDL

levels in SCH patients compared to those without SCH (15).

However, lifestyle and genetic factors contributing to lipid

abnormalities were not considered. Future research should

explore these variables to better understand the interplay between

thyroid function and lipid metabolism. Elevated LDL levels

promote lipid accumulation in arterial walls, increasing

atherosclerosis and cardiovascular risk (16). SREBP2 (Sterol

Regulatory Element-Binding Protein Transcription Factor 2)

plays a pivotal role in cellular cholesterol synthesis and LDL-R

gene regulation. It can enhance PCSK9 expression, and TSH

levels positively correlate with circulating PCSK9, possibly

mediated by SREBP2 (17). HDL (High-Density Lipoprotein) is

renowned for its cardio-protective effects, attributed to its anti-

inflammatory, antioxidant properties, endothelial enhancement,

and lipid metabolism regulation. A cross-sectional study on SCH

patients, excluding those with overt thyroid or other medical

issues and not on thyroid medication, revealed a link between

SCH and reduced levels of small HDL particles (sHDL-P). This

association persists even after considering factors like smoking,

weight, and gender, suggesting a potential tie to increased

cardiovascular risk, as smaller HDL particles are believed to

provide stronger cardiovascular protection (18).
2.2 Lipid peroxidation

8-iso-Prostaglandin F2α (8-iso-PGF2α) is a biomarker

indicating oxidative stress, which contributes to atherosclerosis
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via vascular inflammation, lipid deposition, and plaque instability.

Therefore, it’s a valuable indicator for assessing atherosclerotic risk.

A study on 40 thyroidectomy patients revealed that at the onset of

subclinical hypothyroidism, 8-iso-PGF2α levels paralleled changes

in TSH. Following two months of LT4 replacement therapy,

changes in 8-iso-PGF2αcontinued to positively correlate with TSH

changes. Even after adjusting for thyroid hormone levels and blood

pressure, this relationship persisted. This suggests that elevated TSH

may enhance lipid peroxidation, potentially promoting platelet

activation related to atherosclerosis (19). However, the study’s small

sample size limits its generalizability, necessitating further research

with larger cohorts. Additionally, since the experiment did not

include a placebo group, it cannot fully rule out the possibility that

reductions in 8-iso-PGF2α levels may occur independently of the

replacement therapy. Hydroxyoctadecadienoic acid (HODEs) and

hydroxyeicosatetraenoic acid (HETEs) are stable end products of

lipid peroxidation. A study on lipid peroxidation, which diagnosed

SCH using two measurements over six months to exclude

laboratory errors or transient elevations, included 129 patients.

Participants were categorized into normal, mild SCH (4.5≤TSH

<10 mU/L), and severe SCH (TSH ≥10 mU/L) groups based on

their TSH levels. There were no significant differences in

demographic and clinical factors, including age, gender, BMI, blood

pressure, fasting glucose, total cholesterol (TC), HDL-C, and

triglycerides (TG) at baseline. The results showed significantly

elevated levels of HODEs and HETEs in both mild and severe SCH

patients compared to the normal group (20). This indicates that

SCH may intensify oxidative stress, potentially increasing the risk of

atherosclerosis. Although the sample sizes were limited, these

studies provide valuable initial insights. Future research should

involve larger cohorts to validate the findings and offer more

reliable clinical guidance.
2.3 Carotid intima-media thickened

Carotid intima-media thickness (C-IMT) reflects

inflammation, lipid deposition, and fibrous tissue proliferation in

the vascular wall. It is widely recognized as an early indicator of

atherosclerosis and a significant predictor of coronary artery and

cerebrovascular diseases. Elevated TSH levels are associated with

lipid metabolic disorders and oxidative stress, particularly

increased LDL-C and triglycerides, which contribute to increased

C-IMT. A retrospective study involving 100 women aged 30–70

compared a SCH group with a normal thyroid function (control)

group. Exclusion criteria included FT4 values outside the

reference range or a history of thyroid disease. B-mode

ultrasound was used to measure C-IMT, and correlations with

serum FT4, TSH, C-reactive protein (CRP), and lipid levels were

analyzed. Age showed the strongest correlation with C-IMT, and

multivariate analysis revealed significant correlations with both

age and TSH levels. SCH patients exhibited higher TSH levels,

significantly increased C-IMT, and greater plaque formation

frequency, with TSH levels positively correlating with C-IMT

values (21). In a cross-sectional analysis of 8,623 participants in

Brazil, a positive correlation was observed between mean C-IMT
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and SCH after adjusting for age, sex, race, and cardiovascular

risk factors. Although the correlation was weak, mean C-IMT

values were significantly higher in SCH participants compared to

those with normal thyroid function (22). Despite the study’s

large scale, its cross-sectional design limits causal inferences,

though elevated lipid levels may act as mediators influencing

intima-media thickness (IMT) values. Yao et al. conducted a

meta-analysis of 27 studies involving 1,065 SCH cases and 866

controls, finding that 494 SCH patients had significantly higher

C-IMT compared to 390 controls (23). This finding is supported

by other studies (24), further emphasizing the association

between subclinical thyroid dysfunction and elevated carotid

intima-media thickness.
3 Cardiac dysfunction in patients with
subclinical hypothyroidism

3.1 Impaired ventricular diastolic and
systolic function

The contraction function of the myocardium is intricately

regulated by sarcoplasmic reticulum calcium adenosine

triphosphatase (SERCA2), which pumps calcium ions back into

the sarcoplasmic reticulum to maintain normal cardiac contraction

and relaxation. Previous research has shown that T3 enhances

myocardial contractility by upregulating SERCA2 expression (25).

Conversely, TSH binding to the TSHR on cardiomyocyte

membranes activates the downstream cAMP-PKA signaling

pathway, leading to PKA phosphorylation of SERCA2a protein.

This phosphorylation may inhibit SERCA2a activity, disrupting

calcium ion homeostasis in cardiomyocytes, which can impair

ventricular diastolic and systolic function and potentially

contribute to ventricular remodeling (26). Additionally, a study on

peak filling rate (PFR) provided similar insights. PFR reflects the

maximum rate of blood filling the ventricles during diastole,

indicating early diastolic filling capacity. The study included 36

participants: 20 patients with Hashimoto’s thyroiditis who met

SCH criteria, with thyroid function reassessed after a month to

minimize laboratory errors and transient abnormalities, and 16

controls. The researchers found that patients with TSH levels

≥10 μIU/ml had significantly reduced PFR, indicating impaired

diastolic function (27). This further confirms the negative impact

of high TSH levels on cardiac function. However, due to the small

sample size, larger studies are needed to validate these findings.
3.2 Aortic stiffness increased

Aortic stiffness is a critical predictor of morbidity and mortality

in CVD, primarily due to age-related vascular stiffness caused by

aging and degradation of elastic fibers in the arterial wall. Pulse

wave velocity (PWV) reflects the speed at which the pulse pressure

wave travels through blood vessels, while vascular compliance

measures the vessel wall’s ability to stretch in response to pressure

changes. Lower compliance indicates reduced vessel elasticity,
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FIGURE 1

Impact of elevated TSH in subclinical hypothyroidism on lipid
metabolism and cardiac function.
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which increases resistance to blood flow and pulse wave propagation,

thereby elevating PWV. Thus, increased aortic stiffness is associated

with decreased compliance and higher PWV. Stella Bernardi et al.

reviewed 11 observational studies and found that both subclinical

and overt hypothyroidism patients exhibited significantly higher

PWV compared to controls. Subgroup analysis revealed no

significant difference in PWV between subclinical and overt

hypothyroidism patients, suggesting that elevated PWV may

increase cardiovascular risk in both groups (28). However, given

the small-scale and non-randomized nature of most studies

included in the meta-analysis, as well as differences in participant

demographics and PWV measurement sites, these findings require

further validation. Flow-mediated dilation (FMD) assesses the

change in brachial artery diameter following a brief interruption

and restoration of blood flow. Upon restoration, endothelial cells

respond to changes in blood flow shear stress by releasing nitric

oxide (NO), causing vasodilation and increased arterial diameter.

Another study indicates that elevated PWV coupled with reduced

FMD may signify endothelial dysfunction, where endothelial cells

fail to respond effectively to shear stress, leading to diminished

NO release and reduced vasodilation, thereby increasing

cardiovascular risk (23).
3.3 Increased blood viscosity

A shortened activated partial thromboplastin time (APTT)

suggests enhanced blood clotting ability, potentially altering blood

rheological properties. The study included 50 controls and 141

untreated patients (116 females and 25 males). Based on pre-study

TSH and free FT4 levels, patients were categorized into three

subgroups: SCH with elevated TSH but normal thyroid hormones,

moderate hypothyroidism with TSH ≤50 mU/L, and severe

hypothyroidism with TSH >50 mU/L. Compared to the control

group, patients with SCH exhibited significantly shortened APTT

values and increased fibrinogen (FIB) levels, indicating a

hypercoagulable state and an increased risk of thrombosis (29). The

exact mechanisms warrant further exploration, but increased

fibrinogen levels may contribute by altering blood rheological

properties and enhancing plasma viscosity. APTT and fibrinogen

have synergistic effects on thrombus formation. Another study

arrived at similar conclusions, suggesting that changes in thyroid

hormone levels in SCH patients affect liver metabolic functions,

leading to dyslipidemia. This study found higher levels of Factor VII

(FVII) and tissue-type plasminogen activator (t-PA), along with

significantly reduced fibrinolytic capacity in SCH patients. These

findings suggest that SCH may have a net prothrombotic effect (30).
3.4 Reduced carbon monoxide levels

NO is primarily synthesized in vascular endothelial cells by nitric

oxide synthase (NOS), an enzyme family with three subtypes, of

which endothelial nitric oxide synthase (eNOS) is the main

physiologically active form (31). NO activates soluble guanylate

cyclase (sGC), increasing cyclic guanosine monophosphate (cGMP)
Frontiers in Cardiovascular Medicine 04
levels, which in turn activates protein kinase G (PKG) and its

downstream signaling pathways. This process decreases intracellular

calcium ion concentration, leading to smooth muscle relaxation and

regulation of vascular tone (32). In an experiment with 60 male rats,

animals were randomly divided into three groups: a normal thyroid

group, a SCH group, and a thyroid hormone treatment (SCH+ T4)

group, each consisting of 20 rats. The SCH model was induced by

gavage, while the SCH+T4 group received L-T4 treatment at

specific intervals, and the control group received physiological saline.

Results showed that NO levels were reduced in the SCH group.

However, in the SCH+T4 group, TSH concentrations decreased to

levels similar to the control group, and NO levels increased (33).

According to the discussion, elevated TSH levels in SCH may

promote vascular smooth muscle cell proliferation and endothelial

dysfunction, thereby affecting NO production and release, leading to

reduced NO levels. Another study supports this, noting that SCH

decreases nitric oxide utilization efficiency (34), though its clinical

significance remains unclear. In summary, even with normal thyroid

hormone levels, patients with SCH may be at risk for CVD due to

elevated TSH levels, which can affect lipid metabolism and cardiac

function (see Figure 1).
4 The incidence of cardiovascular
disease in subclinical hypothyroidism

Thyroid hormones (TH) and TSH play a critical role in

cardiovascular health, influencing the entire circulatory system.

A comprehensive meta-analysis of 555,530 participants across 32

prospective cohort studies revealed that SCH is moderately

associated with increased risk of CVD and higher all-cause

mortality compared to individuals with normal thyroid function.
frontiersin.org

https://doi.org/10.3389/fcvm.2025.1527271
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Wang et al. 10.3389/fcvm.2025.1527271
Subgroup analyses stratified by CVD risk demonstrated that SCH

significantly elevates CVD and all-cause mortality risks in the

high CVD risk subgroup, with relative risks (RR) of 2.20 (95%

CI: 1.28–3.77) and 1.66 (95% CI: 1.41–1.94), respectively.

Conversely, in the low CVD risk subgroup, SCH was moderately

associated with CVD risk but showed no notable association with

all-cause mortality. Age-based subgroup analyses revealed that in

participants under 65 years, SCH was linked to increased CVD

risk and all-cause mortality, with RRs of 1.54 (95% CI: 1.21–

1.96) and 1.28 (95% CI: 1.10–1.48), respectively. However, this

association was not evident in studies involving participants aged

65 years or older. Further analysis in older adults (≥65 years)

showed that SCH was not significantly associated with CVD risk

or all-cause mortality in the low CVD risk subgroup. In the high

CVD risk subgroup, SCH was associated with elevated all-cause

mortality, though the result was not statistically significant, likely

due to the physiological increase in TSH levels with age (35).

This meta-analysis highlights the importance of identifying SCH

patients who may benefit from targeted treatment based on their

CVD risk. However, it is crucial to acknowledge the limitations

of applying population-level data to individual cases (36), as

most studies measured TSH and T4 only once at baseline. Future

clinical practice should consider individual etiological variations

when assessing the health risks of SCH patients. This nuanced

understanding will enhance personalized approaches to managing

potential cardiovascular complications in this population. Other

studies focusing on the elderly and systematic reviews have also

produced similar results (37, 38). Moreover, systematic reviews

indicate that individuals with higher TSH levels, especially those

with SCH and TSH concentrations ≥10 mIU/L, have a

significantly increased risk of coronary heart disease (CHD)

events and CHD-related mortality (39).

Another study based on the U.S. National Health and Nutrition

Examination Survey (NHANES) involving 7,626 adults aged 20

years and older provided contrasting insights (40). By analyzing

TSH, FT4, and FT3 levels along with mortality data and

employing a Cox proportional hazards model, the study assessed

the relationship between HPT axis hormones and lifespan. The

findings indicated that HPT axis function declines with age,

marked by elevated FT4 and decreasing FT3 levels. This decline

may result from reduced deiodinase enzyme efficiency in

converting T4 to T3 or variations in the thyroid’s T4/T3

production ratio. Notably, higher FT3 levels were associated with

lower mortality, while higher FT4 levels correlated with increased

mortality, suggesting that declines in T3 and the T3/T4 ratio

significantly influence lifespan. Non-parametric analysis further

revealed that FT3 levels declined more sharply with age

compared to FT4 and TSH. These hormonal changes aligned

with mortality findings, emphasizing their role in lifespan

regulation. After adjusting for disease-related covariates and

inflammatory markers, the results remained consistent. This

underscores the potential of therapies targeting the T3/T4 ratio,

particularly for elderly patients on levothyroxine treatment.

Expanding the study sample to include diverse racial and

regional populations is also essential to validate these findings.

Additionally, the study highlights FT3 as a principal effector
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molecule, recommending enhanced clinical focus on free T3

levels for improved thyroid disorder diagnosis and management.

A study using individual participant data (IPD) from 11

prospective cohort studies investigated the relationship between

thyroid function and atrial fibrillation (AF) risk, involving 30,085

individuals. After adjusting for age and gender, no association

was found between TSH levels within the normal range and AF

risk. Continuous TSH analysis revealed a slightly increased AF

risk at lower normal TSH levels and a slight decrease at higher

levels, though the hazard ratio (HR) remained near 1.0. SCH,

regardless of severity, showed no association with AF occurrence

after adjusting for age and gender. Baseline FT4 levels were

positively associated with AF risk, with higher FT4 levels linked

to increased risk, a finding consistent across multivariate

adjustments and additional factors. However, in participants with

a history of CVD, FT4 levels were not associated with AF risk

(41). Although the study had a large sample size, the majority of

participants were white and relatively young, limiting

generalizability. Future research should include diverse ethnic

and age groups and assess changes in thyroid function over time

to provide new insights into AF risk assessment.
5 Treatment of subclinical
hypothyroidism

5.1 Real effects of levothyroxine therapy

Levothyroxine (L-T4), a standard hypothyroidism treatment,

has demonstrated a capacity to reduce C-IMT, potentially

preventing or slowing atherosclerosis. This beneficial effect is

primarily attributed to its impact on key lipid parameters,

including total cholesterol, triglycerides, LDL, blood pressure, and

lipoprotein levels. Specifically, thyroid hormones can enhance

eNOS expression and activity, leading to increased NO

production and lower LDL-C levels (42). L-T4 therapy may also

reduce the risk of heart failure and enhance cardiac function

through various mechanisms, including improved cardiac output,

vasodilation, and anti-inflammatory and antioxidant pathways

(43). However, it’s important to note that for patients with SCH,

the treatment outcomes may not be as favorable. Significant

therapeutic effects from L-T4 are primarily observed in cases of

overt hypothyroidism. A comprehensive meta-analysis,

encompassing 58 high-quality studies with diverse populations

and genders, was conducted to explore the associations between

thyroid hormone levels and various clinical parameters. The

analysis revealed a consistent trend across the studies, with a

total of 1880 association analyses. In particular, the study

compared the frequencies of associations between thyroid

hormones (FT4, TT3/FT3, TSH) and clinical outcomes such as

atrial fibrillation, cardiac measurements, osteoporosis, and

fractures. The findings indicated that thyroid hormone levels,

especially FT4, exhibited stronger associations with clinical

parameters compared to TSH levels. The strong negative

correlation between thyroid hormone levels and TSH largely

explained the relationship between TSH and clinical outcomes.
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Consequently, the current clinical and research practices that rely

primarily on TSH levels for thyroid function assessment may

require reevaluation. Categorizing thyroid status based on thyroid

hormone levels, particularly FT4, appears to be a more robust

approach both theoretically and empirically (44).

His study evaluated the effects of L-T4 therapy in 117 patients

with SCH and heart failure with reduced ejection fraction (HFrEF),

divided into an experimental group (L-T4 combined with standard

HFrEF treatment) and a control group (standard HFrEF treatment

alone). Patients ranged in age from 42 to 72 years. Thyroid

function tests were performed within 24 h of hospitalization,

with a second test conducted 10–14 days after HFrEF diagnosis

to confirm SCH. No significant differences in baseline

characteristics were found between the two groups. The primary

endpoint, assessed using the 6-Minute Walk Test (6MWT),

evaluated the efficacy of L-T4 treatment. Thyroid function was

reassessed at weeks 4, 8, 12, and 24 to guide L-T4 dose

adjustments. After 24 weeks, the experimental group showed a

significant reduction in TSH [from 6.23 (5.30, 7.92) to 4.07

(2.56, 5.12) mIU/L] compared to the control group. However, the

experimental group also exhibited significantly higher FT3 [from

2.64 (2.31, 3.02) to 2.99 (2.73, 3.81) pg/ml] and TT4 [from 7.90

(6.43, 8.68) to 8.20 (7.30, 9.10) μg/dl]. Both groups improved in

6MWT distance, but the experimental group showed greater

improvement after adjusting for age, sex, left ventricular ejection

fraction (LVEF), TSH, and hypertension history. Subgroup

analyses revealed that benefits were primarily observed in men,

patients under 65 years, and those with TSH >6.52 mIU/L, with

no significant effects in patients over 65 years (45). The findings

suggest that L-T4 therapy may be a promising adjunct for HFrEF

patients with SCH. However, while L-T4 effectively reduced TSH,

it also elevated FT3 and TT4 levels, potentially leading to thyroid

hormone dysregulation. Given that thyroid hormone levels,

particularly FT4, are more clinically relevant than TSH, the

observed increases may complicate thyroid function management

in these patients. Future studies should explore these effects

further, particularly in different patient subgroups.

A clinical trial divided 95 patients with acute myocardial

infarction and persistent mild SCH into a L-T4 group and a

placebo group. Participants’ ages ranged from 62.9 to 64.1 years.

TSH and thyroid hormone levels were measured twice at 7- to

10-day intervals to confirm SCH. The L-T4 group had TSH

levels monitored at weeks 4, 8, 12, and 24 (±7 days), with dosage

adjustments based on results. Both groups showed improvements

in left ventricular ejection fraction (LVEF) after 52 weeks.

However, there was no significant difference in LVEF

improvement between the L-T4 and placebo groups. Serum TSH

levels decreased in both groups over 52 weeks, with the L-T4

group exhibiting significantly lower median TSH [1.8 mU/L

(interquartile range, 1.3–2.2)] compared to the placebo group

[3.2 mU/L (interquartile range, 2.7–4.2)]. FT4 levels were also

higher in the L-T4 group (46). The decrease in TSH in the

placebo group was not explicitly explained but may be attributed

to stress from acute myocardial infarction, which could disrupt

HPT axis function, reducing TSH secretion. Alternatively,

cardiovascular medications used during treatment might have
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influenced thyroid function. These factors likely contributed to

the observed changes in TSH levels.
5.2 Treatment of subclinical hypothyroidism
in the elderly

Distinguishing between physiological TSH elevation and true

hypothyroidism in the elderly is crucial. TSH levels naturally

increase with age due to a decline in HPT axis function, leading

to higher TSH secretion. Additionally, physiological changes like

reduced basal metabolic rate and decreased liver and kidney

function may contribute to this phenomenon (38). Hence, the

therapeutic benefits of treating SCH in elderly patients may be

limited, primarily due to their lower tolerance to L-T4. Initiating

treatment without thorough evaluation can pose risks, including

hyperthyroidism, which may exacerbate cardiac conditions such

as heart failure, myocardial ischemia, and arrhythmias.

Additionally, inappropriate treatment can lead to decreased bone

density, increasing fracture risk (47). A randomized, double-

blind, placebo-controlled trial demonstrated that among patients

aged 65 and older with SCH (elevated TSH levels, 4.6–19.9 mIU/L,

and FT4 within the reference range), L-T4 treatment offered

limited cardiovascular benefits (48). Another randomized,

double-blind, placebo-controlled trial included 842 patients aged

65 years or older with SCH, defined by elevated TSH levels (4.6–

19.9 mIU/L) with at least two measurements over 3 months to

3 years and FT4 levels within the reference range. The study

used forest plots and stratified comparisons based on

participants’ cardiovascular history and age, analyzing

cardiovascular outcomes. Results indicated that L-T4 treatment

did not significantly improve cardiovascular outcomes in elderly

patients with SCH, regardless of their cardiovascular history (49).

In a study involving 185 adults aged 65 and older with mild

SCH, defined by elevated TSH levels (4.60–19.99 mIU/L) with at

least two measurements taken 3 months to 3 years apart and

FT4 levels within the reference range, patients with recent acute

coronary syndrome (within 4 weeks) or NYHA class IV heart

failure were excluded. Participants, who had cardiovascular risk

factors, received either levothyroxine (initial dose 50 µg daily) or

a placebo. TSH levels were measured at least twice, 3 months to

3 years apart, and echocardiography was performed at the trial’s

end. The results showed no significant differences in cardiac

systolic or diastolic function, suggesting that most elderly patients

with SCH may not benefit from thyroid hormone therapy (50).

Baseline TSH levels were 6.26 ± 1.75 mIU/L in the levothyroxine

group and 6.47 ± 2.17 mIU/L in the placebo group, both below

10 mIU/L, indicating a possible physiological basis or stress

response to non-thyroidal illnesses. A clinical practice guideline

for SCH, which evaluates the annual risk of progression to

clinical hypothyroidism at 2%–5%—increasing with positive

thyroid peroxidase antibodies and elevated TSH levels—strongly

recommends against thyroid hormone treatment for adult

patients with SCH, except in special cases (women planning to

become pregnant or patients with TSH >20 mIU/L). Studies

show that thyroid hormone treatment does not significantly
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improve quality of life or thyroid-related symptoms and lacks

evidence of impact on cardiovascular events and mortality. There

is also a potential for harm (51), consistent with patients’ views

on the lack of benefits. Since SCH is not life-threatening and

patients are generally healthy at diagnosis, the potential harms,

especially mortality risk, vary based on individual quality of life

and comorbidities. This aligns with previous research findings.
5.3 Individualized treatment of the elderly
population

Individualized treatment is recommended for elderly patients,

emphasizing that significant therapeutic benefits from L-T4 are

limited to those with true hypothyroidism. A comprehensive

assessment of cardiovascular history, comorbidities, osteoporosis

risk, and relevant lab tests is essential. Key indicators include the

degree of TSH elevation, FT4 levels, and thyroid peroxidase

antibody (TPOAb) status. Approximately one-third of elevated

TSH levels are transient and may normalize upon retesting, and

non-thyroidal interventions should be considered, as some

elevations may result from stress responses. Lipid profiles, such

as triglycerides and LDL-C, should also be evaluated. For

patients with TSH ≥10 mIU/L or ≥20 mIU/L, low-dose L-T4

therapy (25–50 µg daily) may be warranted to mitigate potential

cardiovascular risks, with adjustments every 4–6 weeks. Regular

follow-up is critical to monitor symptoms (heart rate, blood

pressure, fatigue) and prevent overtreatment complications.

A low-fat, high-fiber diet is recommended. Dosage adjustments

should be patient-specific, ensuring precise and personalized

management (52).
6 Conclusions

The current research on the association between subclinical

hypothyroidism (SCH) and cardiovascular diseases presents

conflicting conclusions, primarily due to methodological flaws

and misinterpretation of thyroid-stimulating hormone (TSH)

levels. Many studies rely solely on TSH as a marker, overlooking

the dynamic balance of thyroid hormones, such as changes in

the FT3/T4 ratio, and ignoring the confounding effects of non-

thyroidal factors like chronic inflammation and aging on TSH

levels. For instance, elevated TSH may be an adaptive response

to metabolic stress or vascular damage rather than an

independent marker of thyroid dysfunction. This “TSH-centric”

approach has led to irreproducible findings and even misleading

conclusions. Moreover, statistical associations often lack a

pathophysiological basis, such as ignoring mechanisms like

SERCA2a phosphorylation or PCSK9 regulation, trapping

research in a “correlation trap” without elucidating causal

relationships. To advance research in this area, methodological

innovations are needed. Firstly, multi-omics techniques, such as

metabolomics and epigenetics, should be employed to explore the
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heterogeneity of SCH. Secondly, dynamic assessments of thyroid

function, like continuous monitoring of TSH and FT3, should be

combined with clinical endpoints such as plaque stability and

heart failure hospitalization rates. Lastly, treatment strategies

should be reexamined, and personalized intervention trials

designed for different subgroups, such as individuals with TSH

≥10 mIU/L and positive TPOAb. Only by moving beyond sole

reliance on TSH and integrating pathological physiology with

clinical phenotypes can we overcome current research bottlenecks

and provide evidence-based guidelines for SCH management.
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