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Abstract

Hypothyroidism is an endocrine disorder more commonly in older adults. Simultaneously, this population
has an increased incidence of cardiovascular risk factors and disease, which remains the leading cause of
death worldwide. Thyroid hormones (THs) promote adequate function of the cardiovascular system as they
exert their effects through receptors located in the myocardium and the vasculature. In hypothyroidism, this
homeostasis is disrupted, which leads to the emergence of pathogenic pathways that accelerate the
progression of cardiovascular disease and aggravate its outcomes in these individuals. This article has
reviewed existing literature on the relationship between hypothyroidism and cardiovascular disease (CVD).
We have explored the pathogenic mechanisms linking both conditions and highlighted the prevalence of
cardiovascular risk factors as well as the increased incidence of cardiovascular events in overt and
subclinical diseases. Furthermore, indications of hormone replacement therapy in subclinical disease and its
efficacy in reducing CVD morbidities in a particular subset of patients have been discussed.

Categories: Endocrinology/Diabetes/Metabolism, Internal Medicine, Cardiology
Keywords: levothyroxine, endothelial dysfunction, atherosclerosis, cardiovascular risk factors, subclinical
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Introduction And Background

Hypothyroidism is a common endocrine disorder characterized by a deficiency of thyroid hormones (THs),
commonly as a result of insufficient hormone production or less frequently due to insufficient hormone
action in target tissues [1]. The prevalence of hypothyroidism is around 4.6% in the USA, with 4.3% and
0.3% attributed to subclinical and overt disease, respectively. Hypothyroidism is six times more frequent in
women and White people [2]. The incidence increases with age as it is more common in people older than 60
years, and approximately 10% of women older than this age have subclinical hypothyroidism [2].

The most common risk factor of hypothyroidism is a personal or family history of autoimmune diseases such
as celiac disease or type 1 diabetes [3]. Other risk factors linked with the disease include Down and Turner
syndrome, relative selenium deficiency, insufficient or excessive iodine intake, and childhood overweight
[4]. Globally, iodine deficiency is still the major etiology of the disease, while in areas where iodine intake is
adequate, autoimmune thyroiditis is the predominant cause, followed by iatrogenic, drugs, pituitary, and
hypothalamic diseases [5]. Clinical presentation of hypothyroidism can vary from mild to potentially life-
threatening signs or symptoms depending on factors such as onset of presentation, sex, age, pre-existing
thyroid disease, etc. [6]. It presents most commonly with fatigue, weakness, cold intolerance, weight gain,
constipation, periorbital edema, and dry and coarse skin [7].

Due to the lack of specificity of these manifestations, diagnosis is made by laboratory measurements of
serum-free thyroxine (T4) and thyrotropin-stimulating hormone (TSH) levels [6]. Increased TSH levels
indicate hypothyroidism, while free T4 can distinguish between overt and subclinical disease, presenting
with low and normal levels, respectively [3]. Levothyroxine is the treatment of choice because of its efficacy
in normalizing TSH, relieving signs and symptoms, and its minimal adverse effects [6]. Untreated or
inadequate hormone therapy has negative consequences in various organs, being the cardiovascular one of
the most affected systems and a major cause of mortality in these patients [8]. The role of THs in the normal
functioning of the heart and vascular physiology, and how alterations in their levels impact cardiovascular
function, is something that research has particularly focused on [8,9]. Hypothyroidism results in decreased
cardiac output, impaired left ventricular function, and increased vascular resistance [10]. Furthermore,
studies have shown a higher prevalence of cardiovascular risk factors with both subclinical and overt
hypothyroidism, such as dyslipidemia and hypertension as well as endothelial dysfunction, all of which
increase the risk of progression to cardiovascular disease (CVD), most of which are discussed in this article
[11]. This review article aims to explore the likely mechanisms that link hypothyroidism with cardiovascular
disease, highlight the prevalence of cardiovascular risk factors and the incidence of CVD outcomes in
individuals with thyroid dysfunction, and discuss the effectiveness of thyroid hormone replacement therapy
in the management of cardiovascular disease comorbidities in these patients.
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Mechanisms linking hypothyroidism with CVD

Thyroid hormones play an important role in the homeostasis of the cardiovascular system, as TH receptors
are present in both vascular endothelium and myocardium [11,12]. It has been observed that even subtle
alterations of the serum TH levels have a negative effect on the cardiovascular system, associated with
increased risk of CVD and all-cause mortality [13,14]. The two main mechanisms that link hypothyroidism
with CVD are accelerated atherosclerosis formation and myocardial dysfunction [11].

Low levels of TH increase the rate and extension of atherosclerosis through multiple mechanisms, such as
endothelial dysfunction, abnormal lipid metabolism, changes in blood pressure, hemostatic abnormalities,
and insulin resistance [9]. Endothelial dysfunction occurs when the balance between vasoconstriction and
vasodilation is disturbed [15]. The main substance that mediates endothelial function and vasodilation is
nitric oxide (NO) [15]. Sheer stress is the main stimulant for NO release from the vascular endothelial tissue,
but not the only one [15]. Thyroid hormones can also stimulate endothelial NO production through
nongenomic actions by activating the phosphatidylinositol 3-kinase (PI3K) and the serine/threonine-protein
kinase signaling pathways [16,17]. Low levels of NO production in individuals with hypothyroidism will
eventually lead to endothelial dysfunction, which has impacts beyond vascular tone modulation [15]. The
endothelium also has anti-inflammatory and anti-atherogenic functions, as it decreases the expression of
cytokines, the endothelial permeability, and the adhesion of platelets [15,16]. Endothelial dysfunction
caused by reduced NO levels results in decreased flow-mediated dilation and a series of actions that
contribute to the formation of atherosclerosis, such as platelets and monocyte adhesion, low-density
lipoprotein (LDL) oxidation, expression of thrombogenic factors and migration and proliferation of smooth
muscle cells [15].

Abnormal lipid metabolism occurs in patients with deficient levels of TH as they participate in its regulation
via various mechanisms [10]. Thyroid hormones stimulate the gene expression of both the hepatic
hydroxymethylglutaryl coenzyme A reductase (HMG-CoA) enzyme and the low-density lipoprotein receptor
(LDL-R) [16,17]. When there are low levels of THs, cholesterol synthesis in the liver exceeds the clearance of
LDL-cholesterol (LDL-C, resulting in elevated LDL levels) [17]. Along with hypercholesterolemia, increased
levels of triglycerides (TGs) are commonly observed in this condition, as thyroid hormones promote
adequate activity of the lipoprotein lipase, whose function is to degrade TGs in circulating chylomicrons
[18]. Beyond the negative ratio of LDL-C to high-density lipoprotein (HDL)-C, oxidation of LDL is also
increased in this disease, which strongly promotes atherogenesis [15].

Alterations in the vasculature in individuals with hypothyroidism could lead to changes in blood pressure,
the thickness of intima-media layers of main vessels, and arterial stiffness, all being surrogates for
atherosclerosis development [11,19]. The diastolic component of the blood pressure is predominantly
elevated in patients with low levels of TH due to increased systemic vascular resistance (SVR) caused mainly
by reduced expression of endothelial (NO), as mentioned earlier [19]. Additionally, hemostatic abnormalities
such as antithrombin activity, fibrinolysis reduction, and increased levels of factor VII and fibrinogen have
been shown in these patients, making them susceptible to thromboembolic events [11,20].

Serum TSH has a positive correlation with insulin resistance and hyperglycemia. The underlying mechanism
behind insulin resistance in hypothyroidism might involve increased serum-free fatty acids, disruptions in
leptin's effects at the hypothalamus, and a compromised translocation of the glucose transporter type 4
(GLUT4) in peripheral tissues [21]. In addition, TSH promotes the expression of glucose 6-phosphate and
phosphoenolpyruvate carboxins (PEPCK) in hepatocytes, leading to increased glucose production in the liver
[22]. The summary of the pathogenic mechanism that promotes atherosclerotic plaque buildup in
hypothyroidism is shown in Figure 1.
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Pathogenic mechanisms of
atherosclerosis in hypothyroidism
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FIGURE 1: Summary of the pathogenic mechanisms inducing and
accelerating atherosclerotic plaque formation in hypothyroidism
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Functional myocardial changes are the second mechanism that could potentially link hypothyroidism with
cardiovascular disease [9]. The effects of THs on the myocardium are mediated through genomic and
nongenomic actions [17]. Genomic actions of the thyroid hormones in the cardiac myocytes are exerted
through the TH nuclear receptors located intracellularly [17]. These receptors have an increased affinity for
T3 than T4, and the binding regulates positive and negative cardiac gene expression [23]. The alpha myosin
heavy chains (a-MHC) and the sarcoplasmic reticulum calcium adenosine triphosphatase (SERCA2) are
upregulated, favoring cardiac contractility. At the same time, its counterpart, the phospholamban (PLB), is
downregulated, promoting the release and reuptake of calcium ions in cardiac myocytes, which improves
ventricular relaxation [23-25]. This lusitropic effect is a distinctive feature of thyroid hormones on cardiac
contractility, as individuals with hypothyroidism have been observed to have a compromise in diastolic
function due to reduced calcium ions cycling [11,26]. The inotropic effect is directly mediated via the
upregulation of the B1-adrenergic receptor gene expression of the 1-adrenergic receptor, while the
chronotropic effect is mediated via combined genomic and nongenomic mechanisms involving ions
channels and the expression of the f1-adrenergic receptors [17,26]. Overall, thyroid hormone deficiency
causes myocardial dysfunction by depressing the left ventricular diastolic and systolic dysfunction at rest
and during exercise respectively, worsening the cardiovascular performance in older individuals or with pre-
existing cardiac conditions [9].

CVD comorbidities in patients with thyroid dysfunction

The relationship between hypothyroidism and cardiovascular events is something that has been studied for
decades since the first autopsies of individuals with myxedema reported diffuse atherosclerosis [27]. Since
then, different studies have shown an increased risk for cardiovascular diseases such as myocardial
infarction, cerebrovascular diseases, and heart failure in poorly controlled hypothyroid patients [12]. The
underlying mechanisms mentioned before explain how well-known risk factors for cardiovascular disease
could be possibly precipitated and exacerbated in patients with thyroid dysfunction [12]. More recent studies
have demonstrated a higher prevalence of established risk factors in patients with overt and subclinical
hypothyroidism, such as dyslipidemia, hypertension, diabetes, and metabolic syndrome [18,28].

Prevalence of CVD Risk Factors

Dyslipidemia is the most common finding in individuals with overactive thyroid dysfunction, with studies in
lipid profile showing that 90% of patients with overt hypothyroidism have hyperlipidemia, in particular, an
increase of serum total cholesterol and LDL-C [29]. However, evidence of dyslipidemias in subclinical
diseases is contradictory. Before the 2000s, NHANES and Whickham surveys, both major population-based
studies, reported no association between hyperlipidemia and subclinical hypothyroidism [30,31]. The same
findings have been reported in more recent studies [32,33]. A prospective population-based cohort study
was conducted in Iran over a period of one year in a sample population of 5154 aged between 25-55 years
who were randomly selected [33]. It was found that the lipid profile was not significantly different between
the subclinical hypothyroid and control group [33]. In contrast, a meta-analysis conducted by Treister-
Goltzman et al. in 2018, which included 35 case-control and cohort studies evaluating lipid profiles in

2024 Zuaniga et al. Cureus 16(1): €562512. DOI 10.7759/cureus.52512

3of 11


https://assets.cureus.com/uploads/figure/file/858846/lightbox_fd433bd09dd911eea77b21e9a90a38bc-Figure-1-Literature-Review.png
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

patients with mild subclinical hypothyroidism compared to euthyroid, showed that LDL-C and TG were
significantly higher and that HDL-C was significantly lower, concluding that subclinical disease is associated
with an increase in atherogenic lipoproteins [34].

Hypertension is a well-known risk factor for negative cardiovascular outcomes, including mortality from
coronary artery and cerebrovascular diseases [35]. Studies have shown that the lifetime risk of developing
cardiovascular disease in patients with hypertension is 20% more than in normotensive patients [36].
Hypothyroidism is mostly associated with diastolic hypertension or an isolated increase of diastolic
components [37,38]. However, some studies have shown both systolic and diastolic hypertension in
hypothyroid patients [39,40]. A population-based health survey study was conducted in Norway with a
sample population of 5872 subjects aged between 30 and 75 years [39]. It was found that both systolic and
diastolic blood pressure was higher, 4.0 mm and 2.7 mm Hg, respectively, in individuals with higher TSH
levels compared to normal levels, thereby concluding that there was a significant, even if modest, positive
association between serum TSH levels and blood pressure [39]. In addition, changes in blood pressure have
also been reported in patients with subclinical hypothyroidism [41]. In a cross-sectional survey study
conducted by Liu et al. in China in a sample population of 1319 subjects aged 18-85 years divided into
subclinical hypothyroidism and euthyroid [41]. It was found that the prevalence of hypertension in patients
with subclinical hypothyroidism was significantly higher than in euthyroid patients (41.3 vs. 25.6%, p<0.05),
thus concluding that subclinical hypothyroidism could also increase the prevalence risk of hypertension [41].

Diabetes is another major risk factor for the development of cardiovascular diseases, and it is associated
particularly with unfavorable outcomes, even so, that the all-cause mortality risk associated with this
disease is comparable to the all-cause mortality risk associated with previous myocardial infarction
[36,42,43]. The risk of diabetes and its spectrum, including hyperglycemia, insulin resistance, and
hyperinsulinemia, is increased in patients with thyroid dysfunction [44,45]. A descriptive cross-sectional
study was conducted by Poudel et al. in Nepal in 2021 with a sample of a total of 520 patients with overt
primary hypothyroidism. It was found that the prevalence of diabetes out of all 520 patients was 203
(39.04%), with a higher proportion of females than males, thus showing a superior prevalence of diabetes in
these patients than any other similar studies [46]. A meta-analysis study conducted by Roa Duenas et al. in
2022 included seven prospective studies evaluating the association of thyroid disorders and type 2 diabetes.
It was found that the pooled hazard ratio in individuals with hypothyroidism was 1.26 (95% CI, 1.05-1.52) for
the risk of type 2 diabetes, submitting evidence of the increased risk for diabetes in hypothyroidism [47].

Metabolic syndrome consists of the following four metabolic abnormalities criteria: hypertension,
hyperglycemia, abdominal obesity, and dyslipidemia, specifically low HDL and high TG levels [48,49].
Thresholds and numbers of criteria needed for diagnosis of metabolic syndrome vary along guidelines,

with the National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III) being
universally used. Three of the five parameters mentioned above are required for diagnosis [48]. Metabolic
syndrome is a well-established risk factor for the development of both cardiovascular disease and type 2
diabetes [49,50]. Meta-analysis studies have reported individuals with metabolic syndrome have a risk
between 1.53 to 2.18 for developing cardiovascular diseases and a 10-fold increased risk for diabetes
compared to individuals without the syndrome [50-52]. In hypothyroidism, there is an increased prevalence
of the distinct parameters of metabolic syndrome, but the prevalence of having three of the five criteria
needed for the diagnosis is contradictory [53,54]. A meta-analysis conducted by Eftekharzadeh et al. in 2015
included eight studies evaluating the odds ratio of metabolic syndrome in patients with subclinical
hypothyroidism [55]. Even though, in individuals with subclinical hypothyroidism, central obesity was
significantly prevalent (OR=1.43, 95% CI 1.04-1.96), there was no significant difference in the prevalence of
metabolic syndrome compared to euthyroid individuals (OR=1.13, 95% CI 0.95-1.34) [55]. The above study
can be contrasted with another meta-analysis study done in 2020, which included 19 studies evaluating the
association between subclinical hypothyroidism (SCH) and metabolic syndrome, which found a pooled odds
ratio of 1.28 (95% CI: 1.19 to 1.39, p=0.04) for metabolic syndrome in these patients compared to euthyroid
individuals [55,56]. These significant associations of hypothyroidism with the above CVD risk factors are
shown in Table 1.
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References Design

Alamdari et al. (2015) [33]  Cohort study

Treister-Goltzman et al
Meta-analysis
(2021) [34]

Cross-sectional
Liu et al. (2010) [41]
study

Cross-sectional
Poudel et al. (2023) [46]
study

Meta-analysis
Ding et al. (2021) [56]
study

Population
Population sample Variable Findings
characteristics

288 SHT patients, 4766 healthy Adults between 25-75 years

Dyslipidemia Lipid profile did not differ between subclinical hypothyroid and control groups.

controls inIran

SHT patients and healthy LDL-C and TG were significantly higher and HDL-C was significantly lower in subclinical disease
Adults Dyslipidemia

controls compared to control

93 SHT patients, 1266 healthy Adults aged 18-85 years in

Hypertension Prevalence in subclinical hypof was 41.3%. in 25,6% in controls

controls China

520 Overt HT patients. Adults over 18 in Nepal Diabetes Prevalence 39.04%

SHT patients and healthy Metabolic The pooled OR in subclinical hypothyroidism was 1.28 (95% CI: 1.19 to 1.39) compared to
Adults

controls syndrome euthyroid patients

TABLE 1: Summary of studies showing associations between hypothyroidism and cardiovascular

risk factors

HT - hypothyroidism; SHT - subclinical hypothyroidism

Incidence of CDV Outcomes

There is no standard definition of cardiovascular diseases, and usually, different entities are involved in this
terminology depending on the author [57]. The American College of Cardiology/American Heart Association
(ACC/AHA) defines cardiovascular diseases in relation to the principal pathologic process, atherosclerosis,
as atherosclerotic cardiovascular disease (ASCVD) [58]. Four are the main disease groups specific to this
terminology: coronary heart disease (CHD), cerebrovascular disease, peripheral artery disease, and aortic
atherosclerosis disease [58]. It has been reported that overt hypothyroidism is associated with an increase in
cardiovascular disease's morbimortality of 20% to 80%, in particular CHD and cerebrovascular

diseases [16,59].

Stable angina, acute coronary syndrome (ACS), and/or heart failure are manifestations of CHD [58]. It has
been known that CHD is the most common ASCVD observed in patients with thyroid dysfunction [16]. A
cross-sectional study was conducted over a period between 2013 and 2018 in Saudi Arabia in a sample
population of 412 adult hypothyroid patients [60]. CHD was diagnosed in 22% of the patients, and it was also
noted that TSH levels were significantly higher in patients with CHD than patients without, with increased
odds of presenting coronary artery disease (CAD) by 4.8% for every 1 mIU/L increase in serum TSH level

[60]. Subclinical disease also is associated with an increased risk of CHD, even though it is not associated
with mortality from cardiovascular causes [61]. In a meta-analysis study conducted by Singh et al. that
included six studies evaluating the association between subclinical hypothyroidism and coronary heart
disease, it was found significantly higher risk of CHD (RR=1.5) than control groups [61].

Low levels of THs can negatively affect myocardial morphology and physiology, largely compromising
diastolic function [8]. Nevertheless, the degree of dysfunction has not been associated with developing heart
failure but instead exacerbates and worsens this condition [62]. A historical cohort study was conducted by
Ro et al. over a period of 25 years with a sample of 52,856 patients aged >18 at the time of baseline serum
TSH measurement [63]. It was found that individuals with hypothyroidism and congestive heart failure
(CHF) had a significantly higher risk of hospitalization (HR: 1.86) due to CHF exacerbation than in the
euthyroid group [63]. In addition, a prospective cohort was conducted by Kannan et al. in the USA with a
sample of 1365 patients with pre-existing heart failure to assess the prevalence of thyroid dysfunction and
its correlation with cardiovascular outcomes [64]. It was found that higher levels of TSH were associated with
severe heart failure and that hypothyroidism was associated with an increase in heart transplantation,
ventricular assist device placement, and mortality than euthyroid patients [64]. The authors concluded that
in patients with pre-existing HF, hypothyroidism is associated with poor prognosis [64].

Hypothyroidism is speculated to elevate the risk of cerebrovascular diseases, such as stroke and transient
ischemic attack, through atherogenic alterations linked with low TH levels [56,65]. However, conflicting
results of this direct correlation have been found [66,67]. In a systematic review/meta-analysis study
conducted by Chaker et al., which included a sample of six cohort studies evaluating the risk for stroke in
patients with subclinical thyroid dysfunction, it was found no significant difference between the stroke risk
in this group compared to the euthyroid group (HR =1.08, 95% CI 0.87-1.34) [66]. On the other hand, a study
was conducted by Yang et al. in Taiwan with a sample of 5793 hypothyroidism patients with corresponding
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Mahzari et al.

(2022) [60]

Singh et al.

(2008) [61]

Ro etal. (2018)

163]

Chaker et al.

(2014) [3]

Yang et al

(2015) [67]

Design

Cross-
sectional

study

Meta-
analysis

study

Cohort study

Meta-
analysis

study

Case-control

study

control subjects [67]. It was found that hypothyroidism increased 89% of the risk of developing follow-up
stroke by concluding that this condition is comparable to established risk factors, such as diabetes,
hypertension, etc., for cerebrovascular diseases [67]. These significant associations between
hypothyroidism and the above CVD risk events are shown in Table 2.

Population
Sample population Variable Findings
characteristics
Prevalence of 21.8% with CHD. The mean of TSH was significantly higher in CAD patients than non-CAD
412 overt HT patients Adults in Saudi Arabia CAD
patients before and at diagnosis with CAD (p<0.001)
SHT patients and healthy
Adults CAD The risk of CAD in subclinical hypothyroidism was found higher (RR=1.5) than in control groups.
controls
3065 overt HT patients, Adults with congestive Hospitalization due to Hypothyroidism was associated with a higher risk of hospitalization in those with CHF (adjusted hazard
49,791 healthy controls heart failure (CHF) exacerbation of CHF ratio = 1.86, Cl 1.17-2.94) compared to euthyroid.
SHT patients and healthy
Adults Stroke No significant difference in stroke risk between both groups (HR =1.08 (95 % CI 0.87-1.34)
controls
5793 overt HT patients, 5793 Hypothyroidism increased 89% of the hazard of developing follow-up CVD (adjusted HR, 1.89)
Adults in Taiwan Stroke

healthy controls

compared to euthyroid.

TABLE 2: Summary of studies showing associations between hypothyroidism and risk of
cardiovascular disease

HT - hypothyroidism; SHT - subclinical hypothyroidism; CAD - coronary artery disease; CHF - congestive heart failure; CHD - coronary heart disease

Therapy replacement therapy in hypothyroidism: efficacy on CVD
comorbidities

While there is established evidence that replacement therapy with levothyroxine in overt hypothyroidism
significantly improves cardiovascular risk factors and CVD outcomes, the evidence showing benefit in
reducing CVD comorbidities in subclinical disease is not clear [68]. Based on available data, guidelines from
the American Thyroid Association recommend treating subclinical hypothyroidism when TSH levels are
above 10 mU/L, as is at this point where CVD risk is comparable to overt disease [68]. However, it seems that
other factors besides TSH levels, such as age, CVD risk, and other comorbidities, may also influence the CVD
outcomes with levothyroxine, thereby making the decision to treat or not in subclinical disease unclear [69].

Studies evaluating the effect of levothyroxine in subclinical hypothyroidism in CVD risk factors, in particular
dyslipidemias, have shown heterogeneous results [69]. A randomized placebo-controlled study, which
included subclinical hypothyroid and euthyroid patients, evaluated the response in lipid profile after six
months of levothyroxine vs. placebo treatment [70]. It was found that hormone replacement therapy resulted
in a significant decrease in both total cholesterol and LDL-C concentrations (p=0.003), and no changes
occurred in the placebo group [70]. A similar study conducted by Monzani et al. showed only a significant
decrease in LDL-C and total cholesterol when baseline TSH levels were above 10 mU/L [71]. In addition,
numerous studies have reported improvement of cardiovascular risk surrogates, such as carotid intima-
media thickness (IMT) and endothelial function, subsequent to thyroxine treatment in patients with
subclinical hypothyroidism [72-74].

While results from small studies show the benefits of treatment for subclinical disease in improving
cardiovascular disease risk factors and markers, it remains uncertain whether these risk reductions would
eventually result in benefits concerning the incidence of CVD outcomes [75]. Evidence associating reduction
of CVD events in these patients treated with hormone replacement therapy is limited but significant in the
younger population (<75 years) with high risk of CVD (diabetes, hypertension, dyslipidemia) according to
few studies [16,76]. A retrospective cohort study was conducted by Razvi et al. in the United Kingdom, with a
sample of 4735 subjects with subclinical hypothyroidism evaluating the effect of levothyroxine on CVD
outcomes [16]. It was found that only in young patients (<70 years) there were less ischemic heart disease
events (HR 0.61, 95% CI 0.39-0.95) and mortality due to circulatory diseases (HR 0.54, 95% CI 0.37-0.92)
[16]. Another cohort study evaluating the effects of levothyroxine treatment in subclinical hypothyroid
patients on CVD outcomes, including myocardial infarction, CVD deaths, and all-cause mortality, showed
no benefits except in patients aged less than 65 [76]. The above studies can be contrasted with a randomized
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controlled clinical trial study done in adults older than 65 years with subclinical hypothyroidism, comparing
the CVD in the levothyroxine vs placebo group [77]. It was found that fatal or nonfatal cardiovascular events
and all-cause mortality were not significantly different between both groups [77]. These effects of
levothyroxine in cardiovascular comorbidities in patients with subclinical hypothyroidism are shown in

Table 3.

References Design Sample population

Caraccio et

Randomized placebo- 49 SHT patients, 33 healthy

al. (2002)
controlled study controls
[70]
Monzani et
Double-blind, placebo- 45 SHT patients, 32 healthy
al. (2004)
controlled study controls
[71]
Razvi et al. Retrospective cohort- 2453 levothyroxine-treated SHT
(2012) [73] Study patients, 2282 untreated SHT
Andersen et
Retrospective cohort 2483 levothyroxine-treated SHT
al. (2015)
study patients, 9729 untreated SHT
[76]
Double-blind,
Stott et al 369 levothyroxine-treated SHT
randomized, placebo-
(2017)[77] patients, 369 untreated SHT

controlled trial

Population

characteristics

Adults in Italy

Adults in Italy

Adults >40

years old in UK

Adults >18
years old in

Denmark

Adults

Variable

Lipid profile

Lipid profile

Ischemic heart disease

MI, cardiovascular death

and all-cause mortality

Fatal or nonfatal

cardiovascular events

Findings

Levothyroxine treatment resulted in a significant decrease of both TC and LDLc concentrations (p=0.003)

Levothyroxine replacement significantly reduced both total and LDL cholesterol (p<0.0001) only when

TSH levels were above 10mUI/L.

Treatment of i idism with was with fewer ischemic heart

events in younger (<70 years) djusted HR, 0.61; 95% Cl, 0.39-0.95).

Beneficial effects were found in treated patients on MI, death, or all-cause

mortality, only in patients under the age of 65 years (IRR 0.63, 95% CI: 0.40 to 0.99)

Fatal or nonfatal cardiovascular events and all-cause mortality were not significantly different between

both groups.

TABLE 3: Summary of studies showing the effect on cardiovascular risk factors and outcomes of

levothyroxine treatment in subclinical hypothyroidism

HT - hypothyroidism; SHT - subclinical hypothyroidism; TC - total cholesterol; LDL-C - low-density lipoprotein cholesterol; MI - myocardial infarction

Limitations

This review focuses primarily on the effect of hypothyroidism in the development of cardiovascular

comorbidities and does not review the multifactorial etiology of this condition. Similarly, this paper does not
discuss other factors that play a role in CVD outcomes when evaluating the efficacy of hormone replacement
therapy in hypothyroidism.

Conclusions

Thyroid hormones play a crucial role in maintaining homeostasis within major organ systems, with the
cardiovascular system particularly affected in cases of thyroid dysfunction. This review delves into the
interconnected pathways through which hypothyroidism and cardiovascular events are linked. As
highlighted by the research covered here, well-established cardiovascular risk factors like hypertension,
atherogenic dyslipidemia, and insulin resistance are prevalent in individuals with both overt and subclinical
hypothyroidism. Additionally, there is an elevated likelihood of cardiovascular incidents such as coronary
heart disease and strokes, with worse outcomes in patients suffering from this condition when compared to
those with normal thyroid function. The use of hormone replacement therapy is nearly always recommended
for individuals with overt hypothyroidism, but the indications for subclinical disease are more limited.
Studies showing benefits in CVD risk and outcomes of levothyroxine treatment in a particular subset of
patients with subclinical disease have been discussed.

In summary, the clinical significance of this article is to expose hypothyroidism as an independent mediator
in initiating and exacerbating cardiovascular disease in both overt and subclinical presentations. In light of
these considerations, it becomes important to screen all hypothyroid patients for CVD risk factors and to
initiate early treatment to prevent cardiovascular complications. In addition, screening for thyroid disease in
patients with CVD should be considered as benefits from hormone replacement therapy have shown
promising results. It might be challenging to know where to start treatment when it comes to subclinical
disease as there is limited data on its benefits. Finally, we recommend more important studies to be
performed comparing CVD comorbidities risk between overt and subclinical hypothyroidism with adjusted
variables and studies evaluating the efficacy of hormone replacement treatment in subclinical disease of
patients with different TSH levels.

2024 Zuaniga et al. Cureus 16(1): €562512. DOI 10.7759/cureus.52512

7 of 11


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Diego Zuniga, Gabriel Zuniga Salazar, Khawar T. Mehmood, Shahad Al-Baldawi,
Sneha Balasubramanian

Acquisition, analysis, or interpretation of data: Diego Zuniga
Drafting of the manuscript: Diego Zuniga

Critical review of the manuscript for important intellectual content: Diego Ztniga, Gabriel Zuihiga
Salazar, Khawar T. Mehmood, Shahad Al-Baldawi, Sneha Balasubramanian

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Almandoz JP, Gharib H: Hypothyroidism: etiology, diagnosis, and management. Med Clin North Am. 2012,
96:203-21. 10.1016/j.mcna.2012.01.005
2. McLeod DS, Caturegli P, Cooper DS, Matos PG, Hutfless S: Variation in rates of autoimmune thyroid disease
by race/ethnicity in US military personnel. JAMA. 2014, 311:1563-5. 10.1001/jama.2013.285606
3. Chaker L, Bianco AC, Jonklaas ], Peeters RP: Hypothyroidism. Lancet. 2017, 390:1550-62. 10.1016/50140-
6736(17)30703-1
4.  Chiovato L, Larizza D, Bendinelli G, et al.: Autoimmune hypothyroidism and hyperthyroidism in patients
with Turner's syndrome. Eur | Endocrinol. 1996, 134:568-75. 10.1530/eje.0.1340568
5. Teng W, Shan Z, Teng X, et al.: Effect of iodine intake on thyroid diseases in China . N Engl ] Med. 2006,
354:2783-93. 10.1056/NEJM0a054022
6. Roberts CGP, Ladenson PW: Hypothyroidism. The Lancet. 2004, 363:793-803. 10.1016/S0140-
6736(04)15696-1
7. Guerri G, Bressan S, Sartori M, et al.: Hypothyroidism and hyperthyroidism. Acta Biomed. 2019, 90:83-6.
10.23750/abm.v90i10-S.8765
8. Paschou SA, Bletsa E, Stampouloglou PK, et al.: Thyroid disorders and cardiovascular manifestations: an
update. Endocrine. 2022, 75:672-83. 10.1007/s12020-022-02982-4
9. Biondi B, Klein I: Hypothyroidism as a risk factor for cardiovascular disease . Endocrine. 2004, 24:1-13.
10.1385/ENDO:24:1:001
10.  Udovcic M, Pena RH, Patham B, Tabatabai L, Kansara A: Hypothyroidism and the Heart. Methodist Debakey
Cardiovasc J. 2017, 13:55-9. 10.14797/mdcj-13-2-55
11. Jabbar A, Pingitore A, Pearce SH, Zaman A, Iervasi G, Razvi S: Thyroid hormones and cardiovascular disease.
Nat Rev Cardiol. 2017, 14:39-55. 10.1038/nrcardio.2016.174
12.  Klein I, Ojamaa K: Thyroid hormone and the cardiovascular system. N Engl ] Med. 2001, 344:501-9.
10.1056/NEJM200102153440707
13. Hak AE, Pols HA, Visser TJ, Drexhage HA, Hofman A, Witteman JC: Subclinical hypothyroidism is an
independent risk factor for atherosclerosis and myocardial infarction in elderly women: the Rotterdam
Study. Ann Intern Med. 2000, 132:270-8. 10.7326/0003-4819-132-4-200002150-00004
14. Walsh JP, Bremner AP, Bulsara MK, O'Leary P, Leedman PJ, Feddema P, Michelangeli V: Subclinical thyroid
dysfunction as a risk factor for cardiovascular disease. Arch Intern Med. 2005, 165:2467-72.
10.1001/archinte.165.21.2467
15. Dardano A, Caraccio N, Monzani F: Evaluation of endothelial function in subclinical thyroid dysfunction .
Thyroid. 2006, 16:200-1. 10.1089/thy.2006.16.200
16. Razvi S, Jabbar A, Pingitore A, et al.: Thyroid hormones and cardiovascular function and diseases. ] Am Coll
Cardiol. 2018, 71:1781-96. 10.1016/j.jacc.2018.02.045
17.  Brent GA: Mechanisms of thyroid hormone action. J Clin Invest. 2012, 122:3035-43. 10.1172/]C160047
18.  Delitala AP, Fanciulli G, Maioli M, Delitala G: Subclinical hypothyroidism, lipid metabolism and
cardiovascular disease. Eur J Intern Med. 2017, 38:17-24. 10.1016/j.¢jim.2016.12.015
19.  Stabouli S, Papakatsika S, Kotsis V: Hypothyroidism and hypertension. Expert Rev Cardiovasc Ther. 2010,
8:1559-65. 10.1586/erc.10.141
20. Guéant JL, Guéant-Rodriguez RM, Oussalah A, Zuily S, Rosenberg I: Hyperhomocysteinemia in
cardiovascular diseases: revisiting observational studies and clinical trials. Thromb Haemost. 2023, 123:270-
82.10.1055/a-1952-1946
21. Maratou E, Hadjidakis DJ, Kollias A, et al.: Studies of insulin resistance in patients with clinical and
subclinical hypothyroidism. Eur ] Endocrinol. 2009, 160:785-90. 10.1530/EJE-08-0797

2024 Zuafiga et al. Cureus 16(1): €52512. DOI 10.7759/cureus.52512 8 of 11


https://dx.doi.org/10.1016/j.mcna.2012.01.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.mcna.2012.01.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2013.285606?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2013.285606?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(17)30703-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(17)30703-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1530/eje.0.1340568?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1530/eje.0.1340568?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa054022?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa054022?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(04)15696-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(04)15696-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.23750/abm.v90i10-S.8765?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.23750/abm.v90i10-S.8765?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12020-022-02982-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12020-022-02982-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1385/ENDO:24:1:001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1385/ENDO:24:1:001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.14797/mdcj-13-2-55?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.14797/mdcj-13-2-55?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nrcardio.2016.174?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nrcardio.2016.174?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJM200102153440707?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJM200102153440707?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7326/0003-4819-132-4-200002150-00004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7326/0003-4819-132-4-200002150-00004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/archinte.165.21.2467?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/archinte.165.21.2467?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/thy.2006.16.200?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/thy.2006.16.200?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2018.02.045?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2018.02.045?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1172/JCI60047?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1172/JCI60047?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ejim.2016.12.015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ejim.2016.12.015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1586/erc.10.141?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1586/erc.10.141?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/a-1952-1946?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/a-1952-1946?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1530/EJE-08-0797?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1530/EJE-08-0797?utm_medium=email&utm_source=transaction

Cureus

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

Elbers LP, Fliers E, Cannegieter SC: The influence of thyroid function on the coagulation system and its
clinical consequences. ] Thromb Haemost. 2018, 16:634-45. 10.1111/jth.13970

Cheng SY, Leonard JL, Davis PJ: Molecular aspects of thyroid hormone actions. Endocr Rev. 2010, 31:139-
70.10.1210/er.2009-0007

He H, Giordano FJ, Hilal-Dandan R, et al.: Overexpression of the rat sarcoplasmic reticulum Ca2+ ATPase
gene in the heart of transgenic mice accelerates calcium transients and cardiac relaxation. J Clin Invest.
1997, 100:380-9. 10.1172/]CI119544

Holt E, Sjaastad I, Lunde PK, Christensen G, Sejersted OM: Thyroid hormone control of contraction and the
Ca(2+)-ATPase/phospholamban complex in adult rat ventricular myocytes. ] Mol Cell Cardiol. 1999, 31:645-
56.10.1006/jmcc.1998.0900

Franchini M, Montagnana M, Manzato F, Vescovi PP: Thyroid dysfunction and hemostasis: an issue still
unresolved. Semin Thromb Hemost. 2009, 35:288-94. 10.1055/s-0029-1222607

Steinberg AD: Myxedema and coronary artery disease - a comparative autopsy study . Ann Intern Med. 1968,
68:338-44. 10.7326/0003-4819-68-2-338

Decandia F: Risk factors for cardiovascular disease in subclinical hypothyroidism . Ir ] Med Sci. 2018, 187:39-
43.10.1007/s11845-017-1617-9

Pearce EN: Hypothyroidism and dyslipidemia: modern concepts and approaches. Curr Cardiol Rep. 2004,
6:451-6. 10.1007/511886-004-0054-3

Tunbridge WM, Evered DC, Hall R, et al.: Lipid profiles and cardiovascular disease in the Whickham area
with particular reference to thyroid failure. Clin Endocrinol (Oxf). 1977, 7:495-508. 10.1111/j.1365-
2265.1977.tb01341.x

Hueston WJ, Pearson WS: Subclinical hypothyroidism and the risk of hypercholesterolemia . Ann Fam Med.
2004, 2:351-5. 10.1370/afm.79

Risal P, Maharjan BR, Koju R, Makaju RK, Gautam M: Variation of total serum cholesterol among the patient
with thyroid dysfunction. Kathmandu Univ Med ] (KUMJ). 2010, 8:265-8. 10.3126/kumj.v8i2.3573

Alamdari S, Amouzegar A, Tohidi M, Gharibzadeh S, Kheirkhah P, Kheirkhah P, Azizi F: Hypothyroidism and
lipid levels in a community based study (TTS). Int ] Endocrinol Metab. 2016, 14:e22827. 10.5812/ijem.22827
Treister-Goltzman Y, Yarza S, Peleg R: Lipid profile in mild subclinical hypothyroidism: systematic review
and meta-analysis. Minerva Endocrinol (Torino). 2021, 46:428-40. 10.23736/52724-6507.20.03197-1

Miura K, Daviglus ML, Dyer AR, Liu K, Garside DB, Stamler |, Greenland P: Relationship of blood pressure to
25-year mortality due to coronary heart disease, cardiovascular diseases, and all causes in young adult men:
the Chicago Heart Association Detection Project in Industry. Arch Intern Med. 2001, 161:1501-8.
10.1001/archinte.161.12.1501

Yusuf S, Hawken S, Ounpuu S, et al.: Effect of potentially modifiable risk factors associated with myocardial
infarction in 52 countries (the INTERHEART study): case-control study. The Lancet. 2004, 364:937-52.
10.1016/S0140-6736(04)17018-9

Fommei E, lervasi G: The role of thyroid hormone in blood pressure homeostasis: evidence from short-term
hypothyroidism in humans. J Clin Endocrinol Metab. 2002, 87:1996-2000. 10.1210/jcem.87.5.8464

Saito I, Ito K, Saruta T: Hypothyroidism as a cause of hypertension . Hypertension. 1983, 5:112-5.
10.1161/01.hyp.5.1.112

Igbal A, Figenschau Y, Jorde R: Blood pressure in relation to serum thyrotropin: the Tromsg study . ] Hum
Hypertens. 2006, 20:932-6. 10.1038/sj.jhh.1002091

Saltiki K, Voidonikola P, Stamatelopoulos K, Mantzou E, Papamichael C, Alevizaki M: Association of thyroid
function with arterial pressure in normotensive and hypertensive euthyroid individuals: a cross-sectional
study. Thyroid Res. 2008, 1:3. 10.1186/1756-6614-1-3

Liu D, Jiang F, Shan Z, et al.: A cross-sectional survey of relationship between serum TSH level and blood
pressure. ] Hum Hypertens. 2010, 24:134-8. 10.1038/jhh.2009.44

Vaccaro O, Eberly LE, Neaton JD, Yang L, Riccardi G, Stamler J: Impact of diabetes and previous myocardial
infarction on long-term survival: 25-year mortality follow-up of primary screenees of the Multiple Risk
Factor Intervention Trial. Arch Intern Med. 2004, 164:1438-43. 10.1001/archinte.164.13.1438

Kannel WB, McGee DL: Diabetes and glucose tolerance as risk factors for cardiovascular disease: the
Framingham study. Diabetes Care. 1979, 2:120-6. 10.2337/diacare.2.2.120

Almdal T, Scharling H, Jensen JS, Vestergaard H: The independent effect of type 2 diabetes mellitus on
ischemic heart disease, stroke, and death: a population-based study of 13,000 men and women with 20 years
of follow-up. Arch Intern Med. 2004, 164:1422-6. 10.1001/archinte.164.13.1422

Al-Delaimy WK, Merchant AT, Rimm EB, Willett WC, Stampfer MJ, Hu FB: Effect of type 2 diabetes and its
duration on the risk of peripheral arterial disease among men. Am ] Med. 2004, 116:236-40.
10.1016/j.amjmed.2003.09.038

Poudel S, Angolkar M, Maldar A: Diabetes among patients with overt primary hypothyroidism visiting the
outpatient department of General Medicine of a tertiary care centre: a descriptive cross-sectional study.
JNMA ] Nepal Med Assoc. 2023, 61:421-3. 10.31729/jnma.8161

Roa Duenas OH, Van der Burgh AC, Ittermann T, Ligthart S, Ikram MA, Peeters R, Chaker L: Thyroid
function and the risk of prediabetes and type 2 diabetes. ] Clin Endocrinol Metab. 2022, 107:1789-98.
10.1210/clinem/dgac006

Haffner SM, Valdez RA, Hazuda HP, Mitchell BD, Morales PA, Stern MP: Prospective analysis of the insulin-
resistance syndrome (syndrome X). Diabetes. 1992, 41:715-22. 10.2337/diab.41.6.715

Eckel RH, Grundy SM, Zimmet PZ: The metabolic syndrome. The Lancet. 2005, 365:1415-28. 10.1016/50140-
6736(05)66378-7

Alberti KG, Eckel RH, Grundy SM, et al.: Harmonizing the metabolic syndrome: a joint interim statement of
the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung,
and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis
Society; and International Association for the Study of Obesity. Circulation. 2009, 120:1640-5.
10.1161/CIRCULATIONAHA.109.192644

Manson JE, Skerrett PJ, Greenland P, Vanltallie TB: The escalating pandemics of obesity and sedentary

2024 Zuafiga et al. Cureus 16(1): €52512. DOI 10.7759/cureus.52512

9 of 11


https://dx.doi.org/10.1111/jth.13970?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/jth.13970?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/er.2009-0007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/er.2009-0007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1172/JCI119544?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1172/JCI119544?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1006/jmcc.1998.0900?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1006/jmcc.1998.0900?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/s-0029-1222607?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/s-0029-1222607?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7326/0003-4819-68-2-338?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7326/0003-4819-68-2-338?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11845-017-1617-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11845-017-1617-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11886-004-0054-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11886-004-0054-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2265.1977.tb01341.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2265.1977.tb01341.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1370/afm.79?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1370/afm.79?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3126/kumj.v8i2.3573?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3126/kumj.v8i2.3573?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5812/ijem.22827?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5812/ijem.22827?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.23736/S2724-6507.20.03197-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.23736/S2724-6507.20.03197-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/archinte.161.12.1501?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/archinte.161.12.1501?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(04)17018-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(04)17018-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jcem.87.5.8464?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jcem.87.5.8464?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/01.hyp.5.1.112?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/01.hyp.5.1.112?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/sj.jhh.1002091?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/sj.jhh.1002091?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1756-6614-1-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1756-6614-1-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/jhh.2009.44?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/jhh.2009.44?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/archinte.164.13.1438?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/archinte.164.13.1438?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/diacare.2.2.120?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/diacare.2.2.120?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/archinte.164.13.1422?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/archinte.164.13.1422?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.amjmed.2003.09.038?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.amjmed.2003.09.038?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.31729/jnma.8161?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.31729/jnma.8161?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/clinem/dgac006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/clinem/dgac006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/diab.41.6.715?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/diab.41.6.715?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(05)66378-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(05)66378-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIRCULATIONAHA.109.192644?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIRCULATIONAHA.109.192644?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/archinte.164.3.249?utm_medium=email&utm_source=transaction

Cureus

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

lifestyle. A call to action for clinicians. Arch Intern Med. 2004, 164:249-58. 10.1001/archinte.164.3.249
Grundy SM, Hansen B, Smith SC Jr, Cleeman JI, Kahn RA: Clinical management of metabolic syndrome:
report of the American Heart Association/National Heart, Lung, and Blood Institute/American Diabetes
Association conference on scientific issues related to management. Arterioscler Thromb Vasc Biol. 2004,
24:€19-24. 10.1161/01.ATV.0000112379.88385.67

Meigs B, Wilson PW, Fox CS, Vasan RS, Nathan DM, Sullivan LM, D'Agostino RB: Body mass index,
metabolic syndrome, and risk of type 2 diabetes or cardiovascular disease. ] Clin Endocrinol Metab. 2006,
91:2906-12. 10.1210/jc.2006-0594

Galassi A, Reynolds K, He J: Metabolic syndrome and risk of cardiovascular disease: a meta-analysis. Am |
Med. 2006, 119:812-9. 10.1016/j.amjmed.2006.02.031

Eftekharzadeh A, Khamseh ME, Farshchi A, Malek M: The association between subclinical hypothyroidism
and metabolic syndrome as defined by the ATP III criteria. Metab Syndr Relat Disord. 2016, 14:137-44.
10.1089/met.2015.0065

Ding X, Zhao Y, Zhu CY, et al.: The association between subclinical hypothyroidism and metabolic
syndrome: an update meta-analysis of observational studies. Endocr J. 2021, 68:1043-56.
10.1507/endocrj.E]20-0796

Goldsborough E 3rd, Osuji N, Blaha MJ: Assessment of cardiovascular disease risk: a 2022 update . Endocrinol
Metab Clin North Am. 2022, 51:483-509. 10.1016/j.ec1.2022.02.005

Arnett DK, Blumenthal RS, Albert MA, et al.: 2019 ACC/AHA guideline on the primary prevention of
cardiovascular disease: a report of the American College of Cardiology/American Heart Association Task
Force on clinical practice guidelines. Circulation. 2019, 140:e596-646. 10.1161/CIR.0000000000000678
Moon S, Kim MJ, Yu JM, Yoo HJ, Park YJ: Subclinical hypothyroidism and the risk of cardiovascular disease
and all-cause mortality: a meta-analysis of prospective cohort studies. Thyroid. 2018, 28:1101-10.
10.1089/thy.2017.0414

Mahzari MM, Alserehi AH, Almutairi SA, Alanazi KH, Alharbi MA, Mohamud M: Hypothyroidism and the
risk of coronary artery disease in Saudi patients. ] Family Community Med. 2022, 29:34-40.

Singh S, Duggal ], Molnar |, Maldonado F, Barsano CP, Arora R: Impact of subclinical thyroid disorders on
coronary heart disease, cardiovascular and all-cause mortality: a meta-analysis. Int | Cardiol. 2008, 125:41-8.
10.1016/j.ijcard.2007.02.027

Mehta A, Vasquez N, Ayers CR, et al.: Independent Association of lipoprotein(a) and coronary artery
calcification with atherosclerotic cardiovascular risk. ] Am Coll Cardiol. 2022, 79:757-68.
10.1016/j.jacc.2021.11.058

Ro K, Yuen AD, Du L, et al.: Impact of hypothyroidism and heart failure on hospitalization risk . Thyroid.
2018, 28:1094-100. 10.1089/thy.2017.0362

Kannan L, Shaw PA, Morley MP, et al.: Thyroid dysfunction in heart failure and cardiovascular outcomes.
Circ Heart Fail. 2018, 11:e005266. 10.1161/CIRCHEARTFAILURE.118.005266

Giri A, Edwards TL, LeGrys VA, et al.: Subclinical hypothyroidism and risk for incident ischemic stroke
among postmenopausal women. Thyroid. 2014, 24:1210-7. 10.1089/thy.2014.0106

Chaker L, Baumgartner C, Ikram MA, et al.: Subclinical thyroid dysfunction and the risk of stroke: a
systematic review and meta-analysis. Eur ] Epidemiol. 2014, 29:791-800. 10.1007/s10654-014-9946-8

Yang MH, Yang FY, Lee DD: Thyroid disease as a risk factor for cerebrovascular disease . ] Stroke Cerebrovasc
Dis. 2015, 24:912-20. 10.1016/j.jstrokecerebrovasdis.2014.11.032

Garber JR, Cobin RH, Gharib H, et al.: Clinical practice guidelines for hypothyroidism in adults: cosponsored
by the American Association of Clinical Endocrinologists and the American Thyroid Association. Endocr
Pract. 2012, 18:988-1028. 10.4158/EP12280.GL

Javed Z, Sathyapalan T: Levothyroxine treatment of mild subclinical hypothyroidism: a review of potential
risks and benefits. Ther Adv Endocrinol Metab. 2016, 7:12-23. 10.1177/2042018815616543

Caraccio N, Ferrannini E, Monzani F: Lipoprotein profile in subclinical hypothyroidism: response to
levothyroxine replacement, a randomized placebo-controlled study. ] Clin Endocrinol Metab. 2002, 87:1533-
8.10.1210/jcem.87.4.8378

Monzani F, Caraccio N, Kozakowa M, et al.: Effect of levothyroxine replacement on lipid profile and intima-
media thickness in subclinical hypothyroidism: a double-blind, placebo- controlled study. ] Clin Endocrinol
Metab. 2004, 89:2099-106. 10.1210/jc.2003-031669

Zhao T, Chen B, Zhou Y, Wang X, Zhang Y, Wang H, Shan Z: Effect of levothyroxine on the progression of
carotid intima-media thickness in subclinical hypothyroidism patients: a meta-analysis. BM] Open. 2017,
7:e016053. 10.1136/bmjopen-2017-016053

Razvi S, Ingoe L, Keeka G, Oates C, McMillan C, Weaver JU: The beneficial effect of L-thyroxine on
cardiovascular risk factors, endothelial function, and quality of life in subclinical hypothyroidism:
randomized, crossover trial. ] Clin Endocrinol Metab. 2007, 92:1715-23. 10.1210/jc.2006-1869

Soto-Garcia A, Elizondo G, Rodriguez-Gutierrez R, Mancillas Adame L, Gonzalez-Gonzalez J: Carotid
intima-media thickness in patients with subclinical hypothyroidism: a prospective controlled study. Clin
Invest Med. 2020, 44:39-45. 10.22541/au.160839340.03168807/v1

Sue LY, Leung AM: Levothyroxine for the treatment of subclinical hypothyroidism and cardiovascular
disease. Front Endocrinol (Lausanne). 2020, 11:591588. 10.3389/fend0.2020.591588

Andersen MN, Olsen AM, Madsen JC, Faber J, Torp-Pedersen C, Gislason GH, Selmer C: Levothyroxine
substitution in patients with subclinical hypothyroidism and the risk of myocardial infarction and mortality.
PLoS One. 2015, 10:e0129793. 10.1371/journal.pone.0129793

Stott DJ, Rodondi N, Kearney PV, et al.: Thyroid hormone therapy for older adults with subclinical
hypothyroidism. N Engl ] Med. 2017, 376:2534-44. 10.1056/NE]Moal603825

2024 Zuafiga et al. Cureus 16(1): €52512. DOI 10.7759/cureus.52512

10 of 11


https://dx.doi.org/10.1001/archinte.164.3.249?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/01.ATV.0000112379.88385.67?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/01.ATV.0000112379.88385.67?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2006-0594?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2006-0594?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.amjmed.2006.02.031?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.amjmed.2006.02.031?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/met.2015.0065?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/met.2015.0065?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1507/endocrj.EJ20-0796?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1507/endocrj.EJ20-0796?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ecl.2022.02.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ecl.2022.02.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIR.0000000000000678?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIR.0000000000000678?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/thy.2017.0414?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/thy.2017.0414?utm_medium=email&utm_source=transaction
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8802723/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijcard.2007.02.027?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijcard.2007.02.027?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2021.11.058?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2021.11.058?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/thy.2017.0362?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/thy.2017.0362?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.118.005266?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.118.005266?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/thy.2014.0106?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/thy.2014.0106?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10654-014-9946-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10654-014-9946-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2014.11.032?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2014.11.032?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4158/EP12280.GL?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4158/EP12280.GL?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/2042018815616543?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/2042018815616543?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jcem.87.4.8378?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jcem.87.4.8378?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2003-031669?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2003-031669?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjopen-2017-016053?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjopen-2017-016053?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2006-1869?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2006-1869?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.22541/au.160839340.03168807/v1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.22541/au.160839340.03168807/v1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fendo.2020.591588?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fendo.2020.591588?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0129793?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0129793?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa1603825?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa1603825?utm_medium=email&utm_source=transaction

	Hypothyroidism and Cardiovascular Disease: A Review
	Abstract
	Introduction And Background
	Review
	Mechanisms linking hypothyroidism with CVD
	FIGURE 1: Summary of the pathogenic mechanisms inducing and accelerating atherosclerotic plaque formation in hypothyroidism

	CVD comorbidities in patients with thyroid dysfunction
	TABLE 1: Summary of studies showing associations between hypothyroidism and cardiovascular risk factors
	TABLE 2: Summary of studies showing associations between hypothyroidism and risk of cardiovascular disease

	Therapy replacement therapy in hypothyroidism: efficacy on CVD comorbidities
	TABLE 3: Summary of studies showing the effect on cardiovascular risk factors and outcomes of levothyroxine treatment in subclinical hypothyroidism

	Limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


