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Abstract

Purpose
Thyroid dysfunction is common in patients with heart failure (HF). Impaired conversion of T4 into T3 is
thought to decrease the availability of T3 and contribute to HF progression. In HF with preserved ejection
fraction (HFpEF), it is not known whether changes in conversion of thyroid hormones (TH) are associated
with clinical status and outcomes.

Methods
We evaluated 79 HFpEF participants of the NETDiamond cohort without known thyroid disease. We
performed regression modelling to study the associations of TH and FT3/FT4 ratio with clinical and
echocardiographic parameters, and survival analysis to evaluate associations with the composite of
urgent HF visit, HF hospitalization or cardiovascular death, over a median follow-up of 2.8 years.

Results
The mean age was 73.5 years and 47% were men. The mean FT3/FT4 ratio was 2.63 (SD 0.43). Subjects
with lower FT3/FT4 ratio were more likely to be obese and have atrial �brillation. Lower FT3/FT4 ratio
was associated with higher body fat (β=-5.60kg per FT3/FT4 unit, p = 0.034), higher pulmonary arterial
systolic pressure (PASP) (β=-10.26mmHg, p = 0.002) and lower left ventricular ejection fraction (LVEF) (β 
= 3.60%, p = 0.008). Lower FT3/FT4 ratio was associated with higher risk for the composite HF outcome
(HR = 2.50, 95%CI 1.04–5.88, per 1-unit decrease in FT3/FT4, p = 0.041).

Conclusions
In patients with HFpEF, lower FT3/FT4 ratio was associated with higher body fat, higher PASP and lower
LVEF. Lower FT3/FT4 predicted a higher risk of urgent HF visit, HF hospitalization or cardiovascular
death. These �ndings suggest that decreased FT4 to FT3 conversion may be associated with HFpEF
progression.

Introduction
Thyroid hormones (TH) are crucial for the homeostasis of the cardiovascular system [1]. TH comprise
thyroxine (T4) and triiodothyronine (T3), the latter being the most active form [2]. Peripheral conversion of
T4 to T3 by type 1 and type 2 deiodinases are responsible for the majority of circulating T3 [3].

Up to 30% of heart failure (HF) patients have some form of thyroid dysfunction [4], which may contribute
to the onset and progression of HF [4]. One of the mechanisms for thyroid dysfunction is an impaired
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activity of deiodinases, decreasing the availability of T3 and leading to a state of functional
hypothyroidism [5]. Persistent neuroendocrine activation, poor nutritional status, hypoxia, and
in�ammatory responses are thought to be hallmarks of this impairment [6, 7].

The ratio of free T3 (FT3) and free T4 (FT4) has been suggested as an indirect index of peripheral
deiodinase activity and T4 to T3 conversion [8]. Previous studies performed in patients with coronary
artery disease or dilated cardiomyopathy have demonstrated that low FT3/FT4 ratio levels, re�ecting a
lower conversion of T4 into T3, were independently associated with poor long-term prognosis [9, 10].

In patients with HF with preserved ejection fraction (HFpEF), the proin�ammatory milieu may be involved
in TH metabolism impairment [11]. However, the associations between FT3/FT4 ratio with clinical status
and outcomes in HFpEF have not been well characterized.

Our aim was to explore the association of FT3/FT4 ratio and TH with clinical, anthropometric and
echocardiographic parameters, as well as their prognostic impact in a cohort of stable HFpEF individuals.

Methods
The NETDiamond (NEw Targets in DIAstolic heart failure: from coMOrbidities to persoNalizeD medicine)
study is an ongoing single-center, prospective cohort study dedicated to multiomics-driven discovery of
novel pathophysiological mechanisms and therapeutic targets in HFpEF. Participants were recruited from
the HF Outpatient Clinic at Centro Hospitalar Universitário São João (CHUSJ) in Porto, Portugal. Eligibility
criteria for NETDiamond study included: 1) diagnosis of HFpEF made by a group of HF specialists
according to the European Society of Cardiology recommendations [12]; and 2) stable patients de�ned as
those whose symptoms and signs have remained generally unchanged for at least 3 months. The
exclusion criteria included one or more of the following: 1) moderate-to-severe cardiac valvular
dysfunction; 2) end-stage kidney failure; 3) high level of dependency (ECOG ≥ 3). At enrolment, a
comprehensive collection of clinical/imaging data and biological samples was performed. This study
complies with the Declaration of Helsinki. The CHUSJ Ethical Committee approved the protocol and all
subjects gave written, informed consent.

In our analysis, patients with history of thyroid disease or taking medications that could interfere with
thyroid function were excluded. Seventy-nine participants were included.

Thyroid hormones [thyroid-stimulation hormone (TSH), FT3, and FT4] were measured using an Abbott
Architect i2000 analyzer (Abbott Diagnostics, Lisbon, Portugal). The FT3/FT4 ratio was calculated
dividing plasma concentrations of FT3 by FT4 levels. Glomerular �ltration rate (GFR) was estimated
using Chronic Kidney Disease Epidemiology Collaboration formula.

Continuous variables are presented as mean (standard deviation, SD), if normally distributed, or as
median (25th to 75th percentiles), if non-normally distributed. Variables with skewed distribution were
transformed to their natural logarithm. Categorical variables are presented absolute and relative
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frequencies. Baseline characteristics of the population were categorized according to TH and FT3/FT4
ratio tertiles.

A cross-sectional analysis using linear and ordered logistic regression models was performed to analyze
the associations of TH and FT3/FT4 ratio (independent variables) with clinical, anthropometric and
echocardiographic measurements (dependent variables). Regression models were adjusted for age, sex,
body mass index (BMI), estimated GFR and brain natriuretic peptide (BNP) levels.

The prognosis outcome was de�ned as time-to-�rst event in a composite of urgent HF visits with diuretic
intensi�cation, HF hospitalization or cardiovascular death. Cox proportional hazards models were used to
evaluate the association between TH and FT3/FT4 ratio at study entry and the composite outcome,
unadjusted and adjusted for age, sex and BNP. Schoenfeld residuals were assessed to check the
proportional hazard assumption. Survival according to TH and FT3/FT4 tertiles was evaluated by
Kaplan-Meier curves.

The statistical analyses were performed using Stata® software, version 17. Two-sided P values < 0.05
were considered signi�cant.

Results

Study population
The mean age of the 79 subjects included was 73.5 (SD 8.2) years and 47% were men. The mean
FT3/FT4 ratio was 2.63 (SD 0.43). Subjects with lower FT3/FT4 ratio were more likely to be older, and to
have higher BMI, orthopnea, obesity, type 2 diabetes, atrial �brillation and hs-TnI levels (Table S1). Tables
S2-S4 present the baseline characteristics according to TSH, FT4 and FT3 tertiles.

Associations of thyroid function with clinical and
echocardiographic parameters
The results from the cross-sectional analysis are presented in Table 1 for FT3/FT4 ratio and Table S5 for
TH.
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Table 1
Associations of FT3/FT4 ratio with clinical, anthropometric and

echocardiographic parameters

  OR (95% CI)

per FT3/FT4 unit

P value

Clinical parameters

NYHA class1 0.94 (0.28–3.19) 0.924

Peripheral edema 0.44 (0.07–2.88) 0.393

Orthopnea 0.53 (0.11–2.48) 0.417

PND 0.65 (0.11–3.77) 0.635

  β (95% CI)

 per FT3/FT4 unit

P value

Anthropometric parameters2

Body Fat, kg -5.60 (-10.77 to -0.42) 0.034

Soft Lean mass, kg -4.45 (-9.07 to 0.18) 0.059

Skeletal Muscle Mass, kg -2.52 (-5.38 to 0.34) 0.083

Percent Body Fat, % -2.72 (-6.94 to 1.51) 0.204

ECW/TBW ratio, % -0.46 (-1.11 to 0.19) 0.161

Echocardiographic parameters

LAVI, mL/m2 -4.47 (-11.01 to 2.07) 0.177

Septum thickness, mm 0.14 (-0.97 to 1.25) 0.805

Ejection fraction, % 3.60 (0.96 to 6.24) 0.008

PASP, mmHg -10.26 (-16.68 to -3.84) 0.002

Deceleration time, ms -32.44 (-79.53 to 14.64) 0.171

E/E’ ratio 0.35 (-1.91 to 2.61) 0.756

The values shown are odds ratios or linear regression coe�cients and 95% con�dence intervals, with
FT3/FT4 ratio as independent variable, and clinical, anthropometric and echocardiographic parameters
as dependent variables. Results were adjusted for age, sex, BMI, eGFR and BNP levels. TSH and BNP were
log-transformed.

1 The odds ratio for NYHA functional class are estimated per one class increase.
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2 Linear regression models for anthropometric parameters are adjusted for all variables stated, except for
BMI.

Abbreviations: TSH, thyroid-stimulating hormone; FT4, free thyroxine; FT3, free triiodothyronine; CI,
con�dence interval; NYHA, New York Heart Association; ECW/TBW, extracellular water to total body water;
LAVI, left atrial volume index; PASP, pulmonary arterial systolic pressure.
Regarding anthropometric parameters, FT3/FT4 ratio and FT3 were negatively associated with body fat
(β=-5.60kg, 95%CI -10.77 to -0.42 kg, per FT3/FT4 unit, p = 0.034; and β=-6.70kg, 95%CI -13.01 to -0.39 kg,
per 1 pg/mL of FT3, p = 0.038, respectively).

Concerning echocardiographic measurements, FT3/FT4 ratio was positively associated with left
ventricular ejection fraction (LVEF) (β = 3.60%, 95%CI 0.96 to 6.24%, per FT3/FT4 unit, p = 0.008) and
negatively associated with pulmonary arterial systolic pressure (PASP) (β=-10.26mmHg, 95%CI -16.68 to
-3.84 mmHg, per FT3/FT4 unit, p = 0.002). FT3 was positively associated with LVEF (β = 4.17%, 95%CI
0.89 to 7.44%, per 1 pg/mL of FT3, p = 0.013) and negatively associated with deceleration time
(β=-70.31ms, 95%CI -125.08 to -15.53 ms, per 1 pg/mL of FT3, p = 0.013). FT4 was positively associated
with PASP (β = 16.35mmHg, 95%CI 7.44 to 25.26 mmHg, per 0.5 ng/dL of FT4, p = 0.001).

No associations were found between FT3/FT4 or TH and other clinical parameters of HF severity.

Association of thyroid function with the risk for clinical
events
Over a median of 2.8 years of follow-up, there were 32 �rst events of the composite HF endpoint.
Participants in lower FT3/FT4 ratio tertiles had higher risk for the composite endpoint (HR = 1.59, 95%CI
1.01–2.50 per FT3/FT4 tertile decrease; p for trend = 0.047) (Fig. 1). In the fully adjusted model, lower
levels of FT3/FT4 ratio were associated with higher risk for the composite outcome (HR = 2.50, 95%CI
1.04–5.88, per 1-unit decrease in FT3/FT4, p = 0.041; Table S6). No signi�cant associations were found
between TSH, FT4 or FT3 and the risk for the combined outcome (Table S6; Figure S1).

Discussion
In this cohort of patients with chronic HFpEF, we showed that subjects with lower FT3/FT4 ratio were
more likely to have a higher clinical severity of HF and higher prevalence of obesity, diabetes and atrial
�brillation. Furthermore, lower levels FT3/FT4 ratio were associated with higher body fat, lower LVEF and
higher PASP. Lastly, a lower FT3/FT4 ratio was associated with a higher risk of urgent HF visit, HF
hospitalization or cardiovascular mortality.

As previously stated, the ratio of FT3/FT4 has been suggested as an indirect index of peripheral
conversion of T4 into T3 [8]. Deiodinases’ activity appears to be disturbed in several acute and chronic
illnesses, including HF [4]. Although this decrease in T3 levels is seen as an adaptative response to
reduce energy expenditure, questions have been raised regarding the role of this mechanism in HF [6, 11].
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Persistently low T3 levels negatively in�uence myocardial function and structure, impairing cardiac
remodeling in a similar way as in HF progression [6, 13]. In HFpEF, lower T3 levels were previously
associated with increased symptom burden, higher BNP levels and worse diastolic function [14].

Patients with lower FT3/FT4 ratio had a higher prevalence of metabolic and cardiac comorbidities. In
fact, these comorbidities may further impair deiodinase activity. On the other hand, lower levels of active
TH can also worsen or predispose to these comorbidities. Hypothyroidism contributes to weight gain, due
to a decrease in resting energy expenditure [15], and may increase the vulnerability to arrhythmias such
as atrial �brillation [16].

Lower FT3/FT4 ratio and FT3 levels were associated with lower LVEF and higher deceleration time, which
suggests worsening of both systolic and diastolic functions with lower levels of active TH. On the other
hand, PASP was found to be higher with higher FT4 and lower FT3/FT4 ratio levels. Even though
hyperthyroidism is associated with pulmonary hypertension [1], we did not �nd association between FT3
and PASP. Pulmonary hypertension is common and a marker of dismal prognosis in patients with HFpEF
[17]. It is then plausible that patients with higher levels of PASP have further impairment in deiodinase
activity, hence, lower levels of active TH.

Several studies have shown that both lower T3 and higher T4 levels were independent predictors of poor
outcomes in HF [18, 19]. In a recent retrospective study, FT3/FT4 ratio was shown to predict
cardiovascular and all-cause mortality in HF patients, with a greater predictive value in HFpEF [20]. These
studies increase the robustness of our analysis and underline the potential use of FT3/FT4 ratio as a
prognostic metric in this subtype of HF.

Some limitations of our analysis are noteworthy. This is an observational study, which limits our ability to
comment on causality and generalize our results. Our study had limited statistical power to detect
associations of TH and FT3/FT4 ratio with clinical parameters and outcomes; a larger sample size might
have shown more consistent associations. Despite our effort to adjust for relevant confounding factors,
we cannot exclude that residual confounding may have in�uenced our results. We only evaluated thyroid
hormones in a single moment, not taking into account potential variations of these parameters.

In conclusion, in patients with HFpEF, a lower FT3/FT4 ratio was associated with a worse clinical status,
cardiac function and long-term prognosis. A decreased conversion of FT4 to FT3 might be a mechanism
associated with HFpEF progression and decompensation. More studies addressing the thyroid-heart
interaction in HFpEF are needed.
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Figures

Figure 1

Kaplan-Meier curves for the composite outcome of urgent HF visits with diuretic intensi�cation, HF
hospitalization and cardiovascular death, by FT3/FT4 ratio tertiles.
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