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Abstract

There are well-documented changes in thyroid hormone metabolism that accompany heart failure
(HF). However, the frequency of thyroid hormone abnormalities in HF with preserved ejection
fraction (HFpEF) is unknown, and no studies have investigated the association between
triiodothyronine (T3) and markers of HF severity (B-type natriuretic peptide [BNP] and diastolic
dysfunction [DD]) in HFpEF. We prospectively studied 89consecutive patients with HFpEF,
defined as symptomatic HF with LV ejection fraction >50% and LV end-diastolic volume index <
97 ml/m?2. Patients were dichotomized into two groups based upon median T3 levels, and clinical,
laboratory, and echocardiographic data were compared between groups. Univariable and
multivariable linear regression analyses were performed to determine whether BNP and DD were
independently associated with T3 level. We found that 22% of HFpEF patients had reduced Ts.
Patients with lowerT3 levels were older, more symptomatic, more frequently had hyperlipidemia
and diabetes, and had higher BNP levels. Severe (grade 3) DD, higher mitral E velocity, shorter
deceleration time, and higher pulse pressure/stroke volume ratio were all associated with lower T3
levels. T3 was inversely associated with both log BNP (p=0.004) and severity of DD (p=0.039).
On multivariable analysis, T3 was independently associated with both log BNP (B=—4.7 [95% ClI
-9.0, -0.41]ng/dl, p=0.032) and severe DD (p=-16.3 [95% CI —-30.1, -2.5]ng/dl, p=0.022). In
conclusion, T3 is inversely associated with markers of HFpEF severity (BNP and DD). Whether
reduced T3 contributes to or is a consequence of increased severity of HFpEF remains to be
determined.
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INTRODUCTION

Heart failure with preserved ejection fraction (HFpEF) is common and associated with high
morbidity and mortality.1-2 Finding dedicated treatments for HFpEF has been challenging,
and novel therapeutic pathways are necessary. Given the hormonal alterations that occur in
HF, interest in endocrine dysregulation as a potential avenue for intervention is growing.
Thyroid hormone, specifically triiodothyronine (T3), is known to have beneficial
cardiovascular effects including facilitating myocardial relaxation and lowering peripheral
vascular resistance.® Derangement of the thyroid axis can thus lead to a spectrum of
cardiovascular manifestations. This relationship has been studied in HF with reduced EF,4°
but the frequency of thyroid hormone abnormalities in HFpEF is unknown. Furthermore, no
prior studies have investigated the association between T3 and markers of HF severity (e.g.,
B-type natriuretic peptide [BNP] and left ventricular (LV) diastolic dysfunction [DD]) in
patients with HFpEF. We therefore sought to (1) define the prevalence of thyroid axis
abnormalities in HFpEF and (2) investigate associations between T3 and laboratory and
echocardiographic data in HFpEF. We hypothesized that reduced T3 is common in HFpEF
and may independently contribute to increased BNP and worse DD in these patients, similar
to that observed in classical hypothyroidism.3

Consecutive patients were prospectively enrolled from the outpatient clinic of the
Northwestern University HFpEF Program as part of a systematic observational study of
HFpEF (ClinicalTrials.gov identifier #NCT01030991). Patients were initially identified by
an automated daily query of the inpatient electronic medical record at Northwestern
Memorial Hospital using the following search criteria: (1) diagnosis of HF or the words
“heart failure” anywhere in the hospital notes; or(2) BNP >100 pg/ml; or(3) administration
of 2 or more doses of intravenous diuretics. The list of patients generated was screened
daily, and only those patients who had LV ejection fraction (EF) > 50% and who meet
Framingham criteria for HF® were offered post-discharge follow-up in a specialized HFpEF
outpatient program. Once evaluated as an outpatient in the HFpEF clinic, the diagnosis of
HF was confirmed by a board-certified HF specialist. All study participants gave written,
informed consent, and the institutional review board at Northwestern University approved
the study.

We defined HFpEF as symptomatic HF with both an LVEF > 50% and an LV end-diastolic
volume index < 97 ml/m2. Based on previously published guidelines,” we additionally
required evidence of either significant diastolic dysfunction (grade 2 or 3) on
echocardiography or evidence of elevated LV filling pressures. In patients in whom diastolic
dysfunction was graded as normal or grade 1 (mild), we performed invasive hemodynamic
testing and required evidence of elevated LV end-diastolic pressure (i.e., pulmonary
capillary wedge pressure > 15 mmHg or LV end-diastolic pressure > 15 mmHg). In line
with a large population-based study in HFpEF,8 patients with hemodynamically significant
valvular disease (defined as greater than moderate in severity), prior cardiac transplantation,
prior history of overt LV systolic dysfunction (LVEF < 40%), or a diagnosis of constrictive
pericarditis were excluded. Patients were also excluded if they had known hypothyroidism
or hyperthyroidism.

We collected and analyzed demographics, clinical data, including comorbidities and
medications, and laboratory data including BNP, thyroid stimulating hormone (TSH), free
T4 (fT4), and total T3. Estimated glomerular filtration rate (eGFR) was calculated using the
Modified Diet in Renal Disease equation. Hypertension was defined by systolic blood
pressure >140 mmHg or diastolic blood pressure >90 mmHg, physician-documented history
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of hypertension, or current use of antihypertensive medications. Diabetes mellitus was
defined by the presence of physician-documented history of diabetes or use of oral
hypoglycemic agents or insulin for the treatment of hyperglycemia. Coronary artery disease
(CAD) was defined by the presence of physician-documented history of CAD, known
coronary stenosis > 50%, prior history of myocardial infarction, percutaneous intervention,
coronary artery bypass grafting, or abnormal stress test consistent with myocardial ischemia.
Obesity was defined by a body mass index > 30 kg/mZ2. Chronic kidney disease was defined
as eGFR < 60 ml/min/1.73m2,

All study participants underwent comprehensive 2-dimensional echocardiography with
Doppler and tissue Doppler imaging. All standard echocardiographic views were obtained.
Echocardiography was performed using commercially available ultrasound systems with
harmonic imaging (Philips iE33 or 7500, Philips Medical Systems, Andover, MA,; or Vivid
7, GE Healthcare, General Electric Corp., Waukesha, WI). Cardiac structure and systolic
function were quantified as recommended by the American Society of
Echocardiography.?19 Diastolic function was graded in accordance with criteria published
previously.11 All echocardiographic measurements were made by an experienced research
sonographer blinded to all other clinical data using ProSolv 4.0 echocardiographic analysis
software (ProSolvCardioVascular; Indianapolis, IN) and were verified by a board-certified
echocardiographer.

For descriptive purposes, we dichotomized participants into 2 groups based on the median
T3 level (T3=108 ng/dl [N=46] vs. T3 < 108 ng/dl [N=43]). The reference range for normal
T3 values in the Northwestern Memorial Hospital laboratory is 87-178ng/dl. We chose to
dichotomize study participants by median T3 level (108ng/dl) instead of the clinical cut-
point for reduced T3 (87 ng/dl) in order to preserve statistical power in our 2 comparison
groups.

Demographics, clinical characteristics, laboratory data, and echocardiographic parameters
were compared between groups using t-tests for normally distributed continuous variables
(or non-parametric equivalent when appropriate). Chi-squared tests (or Fisher’s exact test
when appropriate) were used to compare categorical variables between groups. A two-sided
p-value < 0.05 was considered statistically significant. Continuous data with a normal
distribution were displayed as mean + standard deviation. Right-skewed data were log-
transformed and presented as median and 25175t percentile.

To determine associations between thyroid function tests and cardiac data
(echocardiographic variables and BNP), we performed Pearson correlation analyses to
determine the strength of correlation and significance for any bivariate associations
(variables which were right-skewed [i.e., TSH, BNP] were log-transformed prior to
analysis). Next we performed univariable and multivariable linear regression analyses to
determine whether BNP (independent variable) was associated with T3 level (dependent
variable). We performed similar analyses to determine the association between severe (grade
3) DD and T3. Candidate covariates were selected for inclusion into our multivariable linear
regression models if they differed between the T3>108 ng/dl versus T3 < 108 ng/dl groups at
a significance level of p < 0.05. Further, because obesity correlates inversely with BNP and
beta-blocker use has been linked to worsening HFpEF severity,12.13 these variables were
also included in the multivariable analyses. All analyses were performed using Stata v.10.1
(StataCorp, College Station, TX).
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Demographic and clinical characteristics of the 89 study participants were consistent with
previous epidemiologic and large observational studies of HFpEF,214 with an observed
sample mean age of 67+14 years and female predominance (69%). Ethnicities represented a
mixed urban population:49% were white, 42% were African-American, and 9% were other
ethnicities. The majority of patients (52%) had NYHA functional class Il or IV symptoms,
and comorbidities were common. The distribution of medication use reflected standard
medical therapy in those with HFpEF who have multiple cardiovascular comorbidities.
Notably, only 6% of patients were taking amiodarone at the time of thyroid function testing.
Echocardiographic variables were consistent with expected findings in HFpEF: preserved
LVEF, normal LV end-diastolic volume index, increased left atrial volume index, and
increased E/e’ ratio reflective of increased LV filling pressures. In addition, the majority of
patients had either moderate or severe DD.

Based on clinical cut-offs, T3 was low (i.e., T3 < 87 ng/dl) in 20/89 (22%) of patients and
elevated (i.e., T3> 178 ng/dl) in 3/89 (3%) of patients. In addition, 6/89 (7%) had low T,
(<0.7 ng/dl), 2/89 (2%) had elevated T, (> 1.5 ng/dl), 12/89 (13%) had low TSH (< 0.4
plU/ml) and 9/89 (10%) had elevated TSH (> 4 lU/ml). Patients with lower T3 levels were
more likely to be older, were more symptomatic with higher NYHA functional class, more
frequently had hyperlipidemia and diabetes, and had higher BNP levels (Table 1). These
patients also had lower diastolic blood pressure, but this association was no longer
significant after adjusting for age (P=0.26).3:1> No differences in sex, ethnicity, medication
use (including amiodarone), systolic blood pressure, body-mass index, hemoglobin, TSH, or
fT4 values were observed compared to those with T3 =108 ng/dl. Patients with lower T3
levels had a higher prevalence of grade 3DD, higher early mitral inflow velocity, and shorter
early mitral inflow deceleration time (Table 2). A higher pulse pressure/stroke volume ratio,
indicative of increased arterial stiffness, was also noted. There were no observed differences
in LV structure, LVEF, E/A ratio, orseptal " velocity. Patients with lowerT3 had higher
values of E/e’ ratio (i.e., higher LV filling pressures), and longer isovolumic relaxation
times (i.e. lusitropic impairment), though these findings were not statistically significant (p
=0.14 and 0.24, respectively).

Table 3 displays the correlation coefficients and p-values for the bivariate association of
thyroid function tests with BNP and markers of DD. Compared to fTsand TSH, T3
correlated more closely with markers of elevated filling pressures and abnormal diastolic
function. Figure 1 displays a scatter plot of T3 and log-transformed BNP. Log BNP was
independently associated with T3 after adjustment for age, hyperlipidemia, diabetes mellitus,
NYHA class, and diastolic blood pressure on multivariable analysis; per 1-unit increase in
log BNP, there was a corresponding 4.7 ng/dl decrease in T3 (95% CI —9.0 to -0.41,
P=0.032). The independent association between log BNP and T3 persisted after further
adjustment for log TSH (P=0.045) and subsequent additional adjustment for obesity and
beta-blocker use (P=0.049). Figure 2 demonstrates an overall decrease in Tslevels with
worsening DD (P=0.039 for the trend). When individual groups of DD were compared to the
remaining groups, only the presence of grade 3 DD was associated with reduced T3 levels
(P=0.011). Multivariable analysis demonstrated that the association between reduced T3 and
grade 3 DD persisted after adjusting for age, hyperlipidemia, diabetes mellitus, NYHA class,
and diastolic blood pressure; the presence of grade 3 DD was associated with a 16.3 ng/dl
decrease in Tslevels (95% CI —30.1 to 2.5, P=0.022). The independent association between
grade 3 DD and T3 persisted after further adjustment for log TSH (P=0.026) and subsequent
additional adjustment for obesity and beta-blocker use (P=0.034).
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DISCUSSION

In our prospective, detailed analysis of 89 consecutive patients with HFpEF without a prior
diagnosis of thyroid dysfunction, we found that low Tswas relatively common (22%
prevalence), consistent with prior studies in HF with reduced EF.#>16 Increased BNP and
severe (grade 3) DD were both independently associated with lower Tslevels. To our
knowledge, our study is the first to examine thyroid function in HFpEF.

Only a few studies have previously examined the relationship between BNP and thyroid
function. These studies typically excluded patients with HF, and their findings are
mixed.1"~20 Similar to our findings, one study identified an inverse correlation between log
BNP and log T3 (r= —0.37, P<0.0001); however, the study population was characterized by
non-ischemic LV systolic dysfunction in the absence of overt HF.18 Paradoxically, in
patients with both overt and subclinical thyroid dysfunction without known cardiac disease,
NT-pro-BNP (the inactive portion of the BNP precursor molecule, known to correlate highly
with BNP), was positively correlated to both Tsand Tslevels. Thyroid treatment in these
dysthyroid states resulted in increased NT-pro-BNP in the hypothyroid patients and reduced
NT-pro-BNP in the hyperthyroid patients,29 perhaps reflecting the direct effect of T3 on
myocyte BNP gene expression, independent of the changes observed with HF.2! The results
of the present study suggest that the hemodynamic stimulus to BNP release may override
this genomic effect. This difference in positive versus negative correlation of T3 to
natriuretic peptides may also highlight the important molecular and structural derangements
that occur in the pathophysiology of HF, which appears to represent a relative thyroid
hormone deficient state. Thus, our study provides a novel association between BNP and
Tslevels in those with HFpEF.

Our study found several clinical and echocardiographic parameters associated with T3in
HFpEF. The association between advanced NYHA functional class and lower levels of T3
was confirmed in the present study.#°22 Novel associations between echocardiographic
parameters and lower Tslevels included severe (grade 3) DD, mitral E velocity, early mitral
inflow deceleration time, and pulse pressure/stroke volume ratio. An increase in the pulse
pressure /stroke volume ratio is indicative of reduced arterial compliance, consistent with the
known effects of T30n decreasing systemic vascular resistance and increasing arterial
compliance.322 In line with two previous studies, we did not find a correlation between
Tsand LVEF.19.23 Our study provides a more robust echocardiographic analysis, which may
account for the discovery of these novel associations not previously observed.

Although we collected our data prospectively, because of its cross-sectional design we
cannot determine whether the HF syndrome results in low T3levels or vice versa. It is
possible that the HFpEF syndrome may cause lower T3 levels which in turn exacerbate the
HF syndrome, creating a vicious cycle.3# Several prior studies have investigated the
mechanisms of low T3 in HF, including upregulation of type Il deiodinase enzyme, which
convertsTsto its inactive counterpart, in a rat model and increased levels of pro-
inflammatory cytokines in human subjects.16:24 Even when levels of T3 are “normal” in
individuals with HF, the downstream effects of Tsmay be blunted by the upregulation of
certain repressor proteins; for example, increased FOG-2 downregulates expression of
SERCAZ2, a thyroid hormone-dependent calcium pump in the sarcoplasmic reticulum that
facilitates myocardial diastolic relaxation.2>

Conversely, there are plausible mechanisms by which low Tscan lead to the exacerbation of
HF in the absence of overt structural remodeling. For example, low Tgdecreases expression
SERCAZ2 and alpha-sarcomericactinin, leading to phenotypic and structural distortion at the
molecular level with subsequent impaired relaxation.2® These pathophysiologic processes
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may underlie the association between worse DD and lower T3 observed in our study,
although our findings are more consistent with an association between reduced T3 levels and
elevated LV filling pressures (grade 3 DD and BNP) rather than impaired relaxation per se.

Restoring the thyroid axis in HFpEF patients with low T3remains an under explored
territory. In a rat model of myocardial infarction-induced HF, replacement T3 therapy
resulted in a trend toward improvement in diastolic function.2’” Hamilton et al. demonstrated
in hospitalized patients with advanced HF and reduced EF, T3 replacement results in
increases in cardiac output and decreases in systemic vascular resistance without untoward
effects on blood pressure and arrhythmogenesis.28 Pingitore et al. showed that short term
replacement doses of TzimprovedLV stroke volume in patients with dilated cardiomyopathy
and even mild symptoms.1” However, these studies are limited by their small size, lack of
randomization, and short treatment duration, highlighting the need for more robust
investigation. Our study further supports the growing evidence that lower levels of T3 may
contribute to the impaired cardiac performance of HF in general and of HFpEF in particular.

Several limitations should be considered when interpreting our results. First, our sample size
is modest, which may have impaired the detection of more subtle associations between
clinical and echocardiographic variables andT3 levels. However, to our knowledge, our
study is the largest investigation of thyroid function in HFpEF. Second, our findings are
limited to a single center analysis, and should be confirmed by a larger, multicenter study.
Third, since we restricted our sample to HFpEF patients only, our findings showing a
relationship between low T3 and severe DD cannot be extrapolated to HF with reduced EF.
Further studies of patients with HF and reduced EF will be necessary to examine the
association between low T3 and severe DD in these patients. In addition, while we
specifically sought to determine the factors associated with low T3 within a group of
patients with HFpEF, the lack of a non-HF control group for comparison could be viewed as
a potential limitation. Finally, as noted previously, we cannot determine a cause-and-effect
relationship between T3 and HF severity given the cross-sectional nature of our study.
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Figure 1. Scatterplot of T3 versus Log B-type Natriuretic Peptide in Heart Failure with
Preserved Ejection Fraction
Ty is inversely associated with log B-type natriuretic peptide in heart failure with preserved

ejection fraction.
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Figure 2. Inverse Relationship of T3 with Left Ventricular Diastolic Dysfunction Severity in
Heart Failure with Preserved Ejection Fraction
P-value for trend was calculated using linear regression. T3 levels were also compared to

individual diastolic dysfunction groups using linear regression; only severe (grade 3)
diastolic dysfunction was significantly associated with Tslevels (p=0.011).
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Table 1
Clinical Characteristics of the Study Sample
T3 (ng/dl)
Characteristic All patients (N=89) P-value
>108 (N=46) < 108 (N=43)

T (ng/dl) 111431 134+24 86 +14
Age (years) 67+14 63+14 70+13 0.012
Women 61 (69%) 32 (70%) 29 (67%) 0.83
Ethnicity 0.74
« White 44 (49%) 23 (50%) 21 (49%)
« African-American 37 (42%) 20 (44%) 17 (40%)
« Other 8 (9%) 3 (7%) 5 (12%)
NYHA functional class 0.014

lorll 43 (48%) 28 (61%) 15 (35%)

1 or IV 46 (52%) 18 (39%) 28 (65%)
« Coronary artery disease 31 (35%) 15 (33%) 16 (37%) 0.65
« Hypertension 73 (82%) 36 (78%) 37 (86%) 0.34
« Hyperlipidemia 49 (55%) 20 (44%) 29 (67%) 0.023
« Diabetes mellitus 28 (32%) 9 (20%) 19 (44%) 0.012
« Chronic kidney disease 35 (39%) 14 (30%) 21 (49%) 0.08
« Current smoker 35 (39%) 18 (39%) 17 (40%) 0.97
« Atrial fibrillation 23 (26%) 10 (22%) 13 (30%) 0.36
* Obesity 53 (60%) 28 (61%) 25 (58%) 0.79
« Chronic obstructive pulmonary disease or asthma 21 (24%) 10 (22%) 11 (26%) 0.67
« Heart rate (bpm) 74115 75+16 73+14 0.55
« Systolic blood pressure (mm Hg) 128+21 129+20 128+23 0.85
« Diastolic blood pressure (mm Hg) 72+13 74+12 69+13 0.043
* Pulse pressure (mm Hg) 57+17 55+15 59+19 0.20
« Body-mass index (kg/m?) 33.0+8.3 34.0+9.0 32.0+7.5 0.27
 Serum sodium (mEg/L) 138+3 138+3 13943 0.48
« Blood urea nitrogen (mg/dl) 25+17 22+18 27+16 0.19
« Serum creatinine (mg/dl) 1.56+1.34 1.51+1.45 1.63+1.22 0.68
« Estimated glomerular filtration rate (ml/min per 1.73m?) 57+26 61+27 52+25 0.10
« Serum glucose (mg/dl) 119453 117461 121+44 0.71
« Hemoglobin (g/dI) 12.0+1.8 12.3+1.9 11.6+1.6 0.07
« B-type natriuretic peptide (pg/ml) * 214 (66-603) 133 (46-318) 326 (115-874)  0.009
« Thyroid stimulating hormone (1U/ml) * 17(0.9-26) 1.6 (0.9-2.6) 19(1.0-29) 0.48
« Free T, (ng/dl) 0.97+0.27 0.93+0.23 1.02+0.30 0.11
Medications
« Angiotensin-converting enzyme inhibitor or angiotensin receptor 56 (63%) 30 (65%) 26 (61%) 0.64
blocker
* Beta-blocker 60 (67%) 27 (59%) 33 (76%) 0.07
« Calcium channel blocker 30 (34%) 17 (37%) 13 (30%) 0.50
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T3 (ng/dl)
Characteristic All patients (N=89) P-value
=108 (N=46) <108 (N=43)
« Loop diuretic 54 (61%) 25 (54%) 29 (67%) 0.21
« Thiazide diuretic 21 (24%) 11 (24%) 10 (23%) 0.94
« Statin 43 (48%) 19 (41%) 24 (56%) 0.17
* Aspirin 31 (35%) 18 (39%) 13 (30%) 0.38
« Warfarin 18 (20%) 7 (15%) 11 (26%) 0.22
* Amiodarone 5 (6%) 2 (4%) 3 (7T%) 0.59

NYHA = New York Heart Association; hypertension was defined by systolic blood pressure >140 mmHg or diastolic blood pressure >90 mmHg,
physician-documented history of hypertension, or current use of antihypertensive medications; hyperlipidemia was defined by a physician-

documented history of hyperlipidemia or current use of lipid lowering medications

*
Median (25th—75th percentile) shown and Wilcoxon rank-sum test performed because these variables were right-skewed.
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Table 2

Echocardiographic Parameters of the Study Sample

T3 (ng/dl)
Parameter All patients (N=89) P-value
>108 (N=46) <108 (N=43)

LV end-systolic volume index (ml/m?) 156 167 1545 0.46
LV end-diastolic volume index (ml/m?) 40+11 4113 3949 0.44
LV ejection fraction (%) 62+7 62+7 62+7 0.85
LV mass index (g/m?) 105+37 104+45 106+26 0.77
Stroke volume (ml) 93463 91427 96487 0.70
Cardiac index (L/min/m?2) 3.4+2.3 3.3x1.1 3.5%3.2 0.65
Pulse pressure/stroke volume ratio (mm Hg/ml) 0.69+0.25 0.64+0.22 0.75+0.28 0.03
LV diastolic function

« Normal 8 (9%) 5 (11%) 3 (7%) 0.71
* Grade 1 (impaired relaxation) 8 (9%) 5 (11%) 3 (7%) 0.71
« Grade 2 (pseudonormal) 41 (46%) 24 (52%) 17 (40%) 0.19
 Grade 3 (restrictive) 29 (33%) 10 (22%) 19 (44%) 0.027
* Indeterminate 3(3%) 2 (4%) 1 (2%) 0.99
Left atrial volume index (ml/m2) 33+13 31+11 35+15 0.23
Early mitral inflow, E velocity (cm/s) 10133 93+ 27 110+36 0.012
Late mitral inflow, A velocity (cm/s) 86+31 86+30 86+33 0.98
E/A ratio 1.4+0.8 1.2+0.6 1.5+1.0 0.14
E deceleration time (ms) 219+48 231+47 206+47 0.016
Isovolumic relaxation time (ms) 88+24 85+21 91+27 0.24
Septal e” velocity (cm/s) 6.6+2.0 6.5+2.1 6.8+2.1 0.59
Ele’ ratio 16.8+8.6 15.546.2 18.2+10.4 0.14

LV = left ventricular
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