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Introduction

Thyroid hormone regulates multiple cardiovascular functions

Directly affecting the:

myocardium

 conduction system

 peripheral vasculature

Insufficient thyroid hormone causes hyperlipidemia & ventricular

arrhythmias

Excess thyroid hormone causes atrial arrhythmias and both cause

hypertension and heart failure.

Note: These cardiac abnormalities are generally reversible with treatment of

the underlying thyroid condition.



Multiple cohort studies have examined the relationship between thyroid

function:

Within and outside the reference range

 Incident atrial fibrillation

Heart failure

 Coronary heart disease

Subclinical hypothyroidism with TSH levels >10 mIU/L has been

associated with increased risk of ischemic heart disease

Subclinical hypothyroidism with TSH levels >7 mIU/L has been

associated with increased cardiovascular mortality



Subclinical thyroid dysfunction with TSH values >10

mIU/L or below 0.1 mIU/L has also been associated

with a higher risk of incident heart failure.

Low levels of the thyroid hormone triiodothyronine

(T3) with normal levels of TSH and FT4, the low T3

syndrome, have been associated with increased

mortality risk.



Methods             

The Penn Heart Failure Study:

A prospective cohort study

Ambulatory patients with chronic heart failure

Recruited between October 2003 and November 2011

From referral centers at the University of Pennsylvania & Case Western Reserve University

& the University of Wisconsin



Patients with a clinical diagnosis of heart failure as determined by a heart

failure specialist were enrolled.

At the time of study entry, standardized questionnaires were administered to

participants and their physicians to obtain detailed clinical data as described

previously.

NYHA class and cardiomyopathy cause (ischemic versus nonischemic) were

determined by the physician based on all available clinical data.



Because of the large number of participants treated with:

Amiodarone

Levothyroxine

β-adrenergic

blocking agents at study entry

participants taking these medications were included in the present analyses.

Small numbers of participants were taking other medications that could interfere with thyroid function tests were excluded:

liothyronine (n=6)

thyroid hormone extract (n=1)

methimazole or propylthiouracil (n=14)

lithium (n=4)

chronic  intravenous dobutamine (n=7)

.



Covariate and comorbidity assessment



Ascertainment of outcomes
Prevalence of atrial fibrillation was assessed from electrocardiograms at the baseline study visit.

NYHA classification 

VAD placement

cardiac transplantation

all-cause mortality

were prospectively ascertained every 6 months via direct patient contact and verified through

death certificates, medical records, and contact with patients’ family members.



Statistical Analyses

Patient demographics were summarized using standard descriptive statistics. 

Prevalence of thyroid dysfunction was stratifed by amiodarone and levothyroxine use. 

Unadjusted means of each thyroid function test result were computed for each NYHA class and category of atrial 

fibrillation. 

One way ANOVA

examine cross-sectional associations between:

each thyroid function test

NYHA class

atrial fibrillation using log-transformed levels of TSH ,FT4, and TT3



Statistical Analyses

Cox proportional hazards models were used to examine the association between

thyroid function at study entry and a composite outcome of time to first of VAD

implantation, cardiac transplantation, and all-cause death.

An analysis additionally adjusting for:

anti-TPO status was performed to adjust for effects of thyroid autoimmunity

estimated glomerular filtration rate calculated from the Modification of Diet in Renal

Disease Study equation

was performed.



Table 1. Baseline characteristics of study population



Mean TSH level was 1.99 (SD 3.54) mIU/L

FT4 level was 1.13 (SD 0.20) ng/dL

TT3 level was 99 (SD 22) ng/dL

Overall

74% were euthyroid

5% had subclinical hypothyroidism

5% had subclinical hyperthyroidism

1% had overt hyperthyroidism

<1% had overt hypothyroidism

14%had low T3 syndrome



Table 2. Prevalence of Thyroid Dysfunction, 
Stratifed by Amiodarone and Levothyroxine Use



Table 3. Cross-Sectional Association Between Thyroid 
Function Tests and NYHA Class



Table 4. Cross-Sectional Association Between Thyroid 
Function Tests and Atrial Fibrillation



Table 5. Risk of Time to First of VAD Placement, Cardiac Transplantation
or All-Cause Mortality by Thyroid Dysfunction Category (n=1294)

 Median 4.2 years of follow-up

 462 composite end points with 31 VAD placements

 104 cardiac transplants

 327 deaths

After adjusting for age, sex, race, body mass index, amiodarone use, levothyroxine use, and

heart failure cause, subclinical hypothyroidism and low T3 syndrome were each associated with

increased risk of the composite end point compared with euthyroidism.



Table 6. Risk of time to first of VAD placement, cardiac transplantation
or all-cause mortality by continuous measures thyroid function test individually



Discussion 
In a large prospective cohort of ambulatory patients with a broad spectrum of heart

failure, thyroid function was significantly associated with clinically relevant outcomes,

both at baseline and longitudinally.

Higher TSH, higher FT4, and lower TT3 were each associated with more severe

symptoms of heart failure at baseline.

also with increased risk of a composite outcome of VAD placement, cardiac transplant,

or all-cause mortality more severe subclinical hypothyroidism was associated with a

>3-fold risk and low T3 syndrome with a >2-fold risk of incident VAD placement,

cardiac transplantation, or all-cause mortality.



There are multiple mechanisms through which thyroid hormones

affect cardiovascular function.

Thyroid hormones bind to thyroid hormone receptor-α in cardiac

myocytes to regulate gene expression.

Specific effects include:

 upregulation of myosin heavy chain-α downregulation of myosin

heavy chain-β to affect the contractile apparatus

 regulation of calcium cycling through induction of SERCA2a

 downregulation of phospholamban

 enhancement of adrenergic responsiveness through upregulation of the

β1-adrenergic receptor



Thyroid hormones stimulate vasodilation through increasing nitric oxide production in vascular

smooth muscle and calcium reuptake in arterioles, leading to decreased coronary vascular tone

and decreased systemic vascular resistance.

In total:

Thyroid hormone deficiency causes decreased contractility, increased systemic vascular

resistance, and bradycardia

Whereas

Thyroid hormone excess causes increased contractility, increased blood volume from activation

of the renin-angiotensin-aldosterone axis, pulmonary hypertension, and tachycardia.



These analysis of:

1365 ambulatory patients

With chronic heart failure

Largest and best-characterized cohort to examine thyroid function

Our study clearly shows an association between:

Subclinical hypothyroidism in outpatients

&

Progression of heart failure as indicated by the need for vad, a heart transplant, or mortality

This study had sufficient power to perform stratified analyses by degree of subclinical

hypothyroidism

Showing that highest risk of adverse events was in participants with TSH levels of 7 mIU/L or

higher



A meta-analysis of individual data from:

25390 participants

in 6 observational studies

Demonstrated an association between subclinical thyroid dysfunction with:

TSH values above 10.0 mIU/L or below 0.1 mIU/L

An increased risk of incident heart failure

However, the impact of thyroid dysfunction may depend on the underlying cardiac

status.

Specifically, patients who already have heart failure may not have adequate cardiac

capacity to tolerate minor changes in thyroid hormone.



Two studies have been conducted in outpatients with preexisting heart failure

But they have been unable to effectively examine the relationship between

subclinical thyroid dysfunction and mortality because of lack of measurement of

t4 or t3 levels.

Their did not detect an association between subclinical hyperthyroidism and the

composite outcome.

A possible explanation is the high rate of β-adrenergic blocking agent use in our

study, which mitigates the effects of thyroid hormone on the adrenergic system

and has been shown to reverse adverse cardiac sequelae of subclinical

hyperthyroidism.



Concordant With This Study, Prior Population-based Cohort Studies Have Demonstrated

Associations Between:

Higher FT4 Levels In The Euthyroid Range

Incident Atrial Fibrillation

Incident Heart Failure

Sudden Cardiac Death

Higher Ft4 Levels May Reflect Lower Peripheral Deiodination Of T4 To T3 Because Of

Increases In:

Cytokines

Free Fatty Acids

Cortisol

Leading To Inadequate T3 Because Of Unavailability Of T4 Precursor



In patients with heart failure, low T3 levels have been associated with myocardial

fibrosis and abnormalities in myocardial perfusion and metabolism.

The low T3 syndrome, defined as a low T3 level with levels of TSH and FT4 in the

reference range, is present in 20% to 30% of patients with heart failure.

The prevalence of low T3 syndrome in this study was 14%.

In studies of hospitalized patients with heart failure, low T3 syndrome was

independently associated with higher all cause mortality.

Our study validates this association in outpatients with chronic heart failure.



Subclinical hypothyroidism with TSH ≥7 mIU/L was associated with poor outcomes, whereas

TSH <7 mIU/L was not.

Studies to date evaluating levothyroxine supplementation in heart failure have reported

discrepant results;

findings suggest that:

levothyroxine trials in heart failure could be limited to patients with subclinical hypothyroidism

with TSH ≥7.0 mIU/L.

The association of FT4, even in the euthyroid range, with poor outcomes in this study raises the

potential utility of monitoring FT4 levels during levothyroxine supplementation.

This study also supports the role of low T3 syndrome in heart failure prognostication.



A potential implication of this observation is the therapeutic utility of T3 in

heart failure, which has been underexplored despite reports of improved

contractility with intravenous infusion of T3 in a rat model of heart failure and

acceptable safety of short-term infusions of T3 in hospitalized patients with

heart failure and long-term safety in patients with mild reductions in ejection

fraction (mean left ventricular ejection fraction 43%).



Kaplan-meier plots of survival without ventricular assist device (VAD) placement 
or cardiac transplantation by thyroid status.

A, euthyroid and subclinical hypothyroid subcategories
B, euthyroid and low T3 syndrome

TSH indicates thyroid-stimulating hormone.



Limitation

First, we did not have a second confirmatory blood test for thyroid function after baseline. Hence

we were unable to exclude the possibility of transient changes in thyroid function.

Second, participants in our study were recruited from academic centers. The prospective,

standardized data collection maximizes the internal validity of our analyses, but it is possible that

they may not be generalizable to patients with less severe heart failure or patients in a nonreferral

based heart failure practice.

Third, our study is an observational study, and we cannot draw definitive conclusions about

whether thyroid function testing abnormalities are a marker or mediator of adverse events.

Interventional studies are required to

determine whether normalizing thyroid function improves health in patients with heart failure.



Conclusions

Subclinical hypothyroidism with TSH ≥7 mIU/L and low T3 syndrome

are poor prognostic indicators in ambulatory patients with heart failure.

findings indicate the need for future studies to explore therapeutic

effects of T4 and T3 administration in heart failure.




