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Abstract

Background and Aims: Sustained neurohormonal activation plays a central role in
the progression of heart failure (HF). Other endocrine axes may also be affected. It
was the aim of this study to examine the endocrine profile (thyroid, parathyroid,
glucocorticoid, and sex hormones) in a contemporary sample of patients with HF and
reduced ejection fraction (EF) on established disease-modifying therapy.

Methods: This study prospectively measured morning fasting hormones in
52 ambulatory and stable HF patients with EF < 50% on disease-modifying therapy
(mean age 63 + 11 years, 29% female, mean LVEF 32 + 9.6%) and compared them to
54 patients at elevated risk for HF (61 +12 years, 28% female) and 62 healthy
controls (HC; 61 + 13 years, 27% female). Main comparisons were performed using
one-way analysis of variance. Associations with biomarkers were studied with linear
regression.

Results: HF patients showed a reduced free triiodothyronine (fT3)/free thyroxine
(fT4) ratio compared to HC (0.30+0.06 vs. 0.33+0.05, p =0.046). Parathyroid
hormone (PTH) and cortisol were increased in HF compared to both HC (median
[IQR] 59 [50-84] vs. 46 [37-52] ng/L, p<0.001 and 497 + 150 vs. 436 + 108 nmol/L,
p =0.03, respectively) and patients at risk (both p < 0.001). Total testosterone was
reduced in male HF compared to HC (14.4 + 6.6 vs. 18.6 = 5.3 nmol/L; p = 0.01). No
differences in TSH, estradiol, progesterone, and prolactin were found. Lower fT3
levels were found in HF with EF <40% versus EF 40%-49% (4.6+0.3 vs.
5.2+0.7 pmol/L, p=0.009). In HF patients, fT3 was an independent predictor of
NT-proBNP and high-sensitivity troponin T in multiple regression analysis. PTH was
positively associated with NT-proBNP.

Conclusion: There is evidence of endocrine hormonal imbalance in HF with reduced
EF beyond principal neurohormones and despite the use of disease-modifying

therapy.
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1 | INTRODUCTION

Heart failure (HF) with reduced ejection fraction (HFrEF) is
characterized by neurohormonal activation—activation of the sympa-
thetic nervous system and the renin-angiotensin-aldosterone system
(RAAS) in particular.! Beyond these principal neurohormones,
patients with HFrEF show substantial alterations in several other
endocrine axes.? Thyroid hormone is a key regulator of energy
metabolism and interest in the concept of metabolic failure as a
driver of HF has been renewed recently.3 In HFrEF, reduced levels of
free triiodothyronine (fT3), the active form of thyroid hormone, are
common and predict a worse prognosis.* Parathyroid hormone (PTH)
which has a central role in calcium and phosphate homeostasis,
correlates with disease severity and predicts outcomes in HF.®
Imbalance of anabolic and catabolic hormones has also been
described in HFrEF, including elevated cortisol® and reduced
testosterone.” Female sex hormones may also be involved in HF
pathogenesis. For example, both low and high estradiol levels were
associated with mortality in male HFrEF patients.® The pituitary
hormone prolactin, which is closely related to estrogen metabolism
and increases in response to stress, has also been found to predict
mortality and rehospitalizations in HF.?

Most of the studies on endocrine hormones in HF were
performed in the 1990s to early 2000s measuring only selected
hormones in patients with varying degrees of disease-modifying
therapy and clinical stability. Our aim was to measure the endocrine
hormonal profile in a more contemporary cohort of stable and
ambulatory patients with HF and reduced left-ventricular ejection
fraction (LVEF < 50%) on established disease-modifying therapy.

2 | MATERIAL AND METHODS

2.1 | Study design and protocol

This was an observational single-center study prospectively
investigating the role of endocrine hormones in HF patients with
a left ventricular ejection fraction <50% compared to controls. The
study protocol was approved by the local ethics committee
(BASEC No. PB_2016-01517) and conducted according to Good
Clinical Practice guidelines and the Declaration of Helsinki. All
participants provided written informed consent. Participants were
included in the study if they fulfilled one of the following criteria:
(1) Patients with a diagnosis of chronic HF according to the 2012
European Society of Cardiology guidelines in compensated clinical
status, ambulatory and on established disease-modifying therapies
with an LVEF of <50% (HF group), (2) Controls at elevated risk for
heart failure, defined by either the presence of coronary artery
disease or at least one major cardiovascular risk factor (hyper-
tension, dyslipidemia, diabetes) but without any known diagnosis,
symptoms, or signs of heart failure and no LVEF of <50% (risk
group), (3) Healthy controls as defined by nonsmoking volunteers,
aged 35 years and older, without any known cardiovascular risk

factor or any symptomatic or known cardiovascular disease (HC
group). The exclusion criteria of the study were primary manifest
hypothyroidism or hyperthyroidism, other primary endocrinopa-
thies,
(including thyroid replacement therapy, corticosteroid therapy,

amiodarone therapy, any hormonal supplementation
testosterone replacement therapy, oral contraceptives, or meno-
pausal hormone therapy), and nonmenopausal women.

After signing informed consent, participants were invited to the
main study visit for obtaining clinical parameters and phlebotomy. All
participants were instructed to remain fasted for at least 8 h (except
water), refrain from coffee, alcohol, or cigarette consumption for at
least 12 h, avoid unusual exercise the day before the examination,
and only present in a stable medical state (especially free of infections

or acute illnesses).

2.2 | Laboratory assessments

Blood samples were obtained in the fasted state using heparin plasma
and serum vials in the morning at the beginning of the study visit. The
samples were analyzed on the same day at the Institute of Clinical
Chemistry, University Hospital Zurich using standard clinical routine
methods. Thyroid-stimulating hormone (TSH), fT3, free thyroxine
(fT4), prolactin, estradiol, progesterone, total testosterone, PTH, basal
serum cortisol, high-sensitivity cardiac troponinT (hs-troponin T), and
N-terminal pro-brain natriuretic peptide (NT-proBNP) were analyzed
with electrochemiluminescence immunoassays (ECLIA) using the
COBAS 8000 autoanalyzer (e 801 module) by Roche diagnostics
(Mannheim). Undetectable values were replaced by half the lower

limit of detection.®

2.3 | Statistical analysis

Statistical analysis was performed with JMP 14.3 (SAS Institute).
Figures were prepared with GraphPad Prism 9.0 (GraphPad Soft-
ware). The main outcome parameters and baseline parameters were
tested with one-way analysis of variance for parametric and
Wilcoxon or Kruskal-Wallis test for nonparametric variables.
Comparisons of more than two groups were adjusted for multiple
comparisons using the Tukey-Kramer post hoc test for parametric
data and the Dunn's test for nonparametric data with comparison
between all groups. Categorical variables were tested with the x? test
or Fisher's exact test as appropriate. Correlations were assessed with
simple linear regression with Pearson correlation coefficients for
parametric data, and Spearman correlation for nonparametric data.
Multiple linear regression analysis was performed to study the
relationship of endocrine hormones with cardiac biomarkers NT-
proBNP and hs-troponin T and potential confounding variables.
Based on known associations,'! age, body mass index (BMI),
estimated glomerular filtration fraction (eGFR), and LVEF were
included in the model. All tests were two-sided and a p <0.05 was
considered significant.
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3 | RESULTS

3.1 | Baseline characteristics

After screening, 7 participants were excluded due to amiodarone
intake, 13 participants due to thyroid hormone intake, 4 participants
due to manifest primary hypothyroidism, 1 participant due to
manifest hyperthyroidism, and 11 participants due to intake of other
hormones. The final study sample included 62 eligible healthy
controls (HC group), 54 patients at elevated risk of heart failure (risk
group), and 52 patients with HF and LVEF <50% (HF group). The
baseline characteristics of the final study population are shown in
Table 1. Age and sex were comparable between HF patients (mean
age 63.2+10.9 years, 29% female), patients at risk (mean age
60.9 +12.4 years, 28% female), and HC (61.1+13.4 years, 27%
female). HF patients had higher BMI (28.4 + 5.6 kg/m?) than HC
(24.7 £ 3.3 kg/m?, p < 0.001).

HF patients had a mean LVEF of 32 + 9.6%, significantly elevated
levels of NT-proBNP and hs-troponin T, and reduced renal function
compared to both control groups (p<0.001 respectively). The
etiology of HF was ischemic cardiomyopathy (n=27), idiopathic
dilated cardiomyopathy (DCM, n=18), valvular cardiomyopathy
(n=6) and noncompaction cardiomyopathy (n=1). The majority of
patients were in New York Heart Association (NYHA) symptom class Il
(class | n=8, class Il n=34; class lll n=10).

Most comorbidities (hypertension, dyslipidemia, smoking, and
CAD) were not significantly different between HF and risk group
patients with the exception of diabetes mellitus (HF 38% vs. risk
group 19%, p = 0.02). Differences in laboratory parameters and drug
therapy are shown in Table 1. The majority of patients with HF were
on disease-modifying therapy with ACE inhibitors or angiotensin
receptor blockers (92% of patients) and beta-blockers (92% of
patients). MRAs were taken by 63% of HF patients and 75% of
patients were under loop diuretics.

Baseline parameters of patients with HFrEF (LVEF < 40%, n = 38)
compared with HFmrEF (LVEF 40%-49%, n = 14) and HC are shown
in Supporting Information: Table S1. No significant differences in age,
sex, vital parameters, comorbidities, and most laboratory parameters
were observed between HFrEF and HFmrEF patients. Notable
differences were higher NT-proBNP and hs-troponin T in HFrEF
compared to HFmrEF. More patients in the HFrEF group were on
MRA (76%) compared to HFmrEF patients (29%; p = 0.003).

3.2 | Thyroid hormones axis
Hormone measurements are shown in Table 2. There were no significant
differences in TSH, fT3, and fT4 between HF patients and controls
(Figure 1A-C). The fT3/fT4 ratio was significantly lower in HF patients
(0.30+0.06) than in HC (0.33 +£0.05, p = 0.03, Figure 1D).

Thyroid hormones according to the EF subgroup (LVEF <40% vs
LVEF 40%-49%) are shown in Supporting Information: Figure S1. HFrEF
patients had significantly lower fT3 (4.6+0.3 pmol/L) than HFmrEF
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patients (5.2 +0.7 pmol/L, p=0.009) and HC (4.8+0.4, p=0.04). Like-
wise, the fT3/fT4 ratio was significantly lower in HFrEF patients
compared to HFmrEF and HC (p =0.049 and p = 0.004, respectively). A
lower fT3/fT4 ratio was found in HF patients with NYHA class Il
compared to class Il (Supporting Information: Figure S2D).

Health Science Reports

Open Access

In HF patients, fT3 correlated inversely with the cardiac biomarkers
log(NT-proBNP) (2 =0.35, p < 0.001, Figure 2A) and log(hs-troponin T)
(P=0.37, p<0.001 and Figure 2B; nonlogarithmic results, Supporting
Information: Figure S3A and B). LVEF correlated positively with fT3 levels
in HF patients (*=0.22, p<0.001, Figure 2C). fT3 remained an
independent predictor of log(NT-proBNP) and log(hs-troponin T) in
multiple linear regression including age, renal function, BMI, and LVEF in
HF patients (Supporting Information: Table S2). fT3 was also indepen-
dently associated with LVEF in multiple regression analysis including age,
renal function, BMI, and log(NT-proBNP) (Supporting Information:
Table S3). When looking at potential confounders, only log(NT-proBNP)
and BMI significantly predicted levels of fT3 in multiple regression
analysis, but not age, sex, smoking status, LDL cholesterol, diabetes
mellitus, estimated GFR, treatment with ACE-inhibitors or ARBs, beta-
blockers or mineralocorticoid antagonists (Supporting Information:
Table S4).

33 | PTH

Logarithmized PTH was higher in HF patients compared to patients at
risk and HC (both p <0.001; Table 2 and Figure 3A; nonlogarithmic
results are shown in Supporting Information: Figure S3C). There were
no significant differences in log(PTH) between HFrEF and HFmrEF
(Supporting Information: Figure S1E), No significant differences in log
(PTH) were found between HF patients with versus without MRA
therapy, diabetes mellitus or CAD (data not shown). HF patients on
loop diuretics had significantly higher PTH than patients without
(p=0.049 for logarithmized PTH, Figure 3B, nonlogarithmic results
shown in Supporting Information: Figure S3D). Higher PTH was
found in HF patients with NYHA class Il compared to Il and |
(Supporting Information: Figure S2E).

Log(PTH) correlated weakly with log(NT-proBNP) (r?=0.16,
p=0.003, Supporting Information: Figure S4A). No significant
correlations with log(hs-troponin T) or LVEF were found (Support-
ing Information: Figures S4B-C). In multiple regression analysis
including age, BMI, LVEF, and renal function, log(PTH) remained an
independent predictor of log(NT-proBNP) (Supporting Informa-
tion: Table S5). Age, estimated GFR, and log(NT-proBNP) predicted
levels of log(PTH), but not sex, BMI, smoking, LDL cholesterol,
diabetes mellitus, treatment with ACE inhibitors or ARB, beta-
blockers, or MRA (Supporting Information: Table S4).

3.4 | Cortisol

Fasting morning plasma cortisol was significantly higher in HF
patients compared to both risk patients and HC (p < 0.001 and
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TABLE 1 Baseline characteristics

Parameter

Clinical characteristics

Age (years)

Female sex (%)

BMI (kg/m?)

Systolic BP (mmHg)

Diastolic BP (mmHg)

Heart rate (beats/min)

Body temperature (°C)

LVEF (%)?

Comorbidities

Hypertension (%)

Dyslipidemia (%)

Diabetes mellitus (%)

Current smoking (%)

Coronary artery disease (%)
Laboratory parameters
Hemoglobin (g/L)

Leukocytes (G/L)

Sodium (mmol/L)

Potassium (mmol/L)

Calcium, total (mmol/L)
Phosphate (mmol/L)

Total cholesterol (mmol/L)

LDL cholesterol (mmol/L)®

HDL cholesterol (mmol/L)
Triglycerides (mmol/L)

Fasting plasma glucose (mmol/L)
Fasting plasma lactate (mmol/L)
hs-CRP (mg/L) [Median (IQR)]
eGFR CKD-EPI (ml/min/1.73 m?)
NT-proBNP (ng/L) (Median [IQR])
hs-Troponin T (ng/L) [Median (IQR)]
Concomitant therapies

ACE inhibitor/ARB (%)

Beta blocker (%)
Mineralocorticoid antagonist (%)
Loop diuretic (%)

Thiazide diuretic (%)

Calcium channel blocker (%)

Healthy controls
(n=62)

61.1+£134
17 (27%)
24.7+33
12611
78%9
65+11
36.6+£0.3
ND

0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

147.6 £10.6
5109
141.2+15
4.0+0.3
2301
0.9+0.1
52+0.6
3.1+£0.5
1.7+04
1.0+04
5304
1.2+0.3

0.9 (0.5-1.8)
86.1+17.9
58 (43-108)
5(3-8)

0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
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Elevated risk for
HF (n=54)

60.9+124
15 (28%)
27.3+4.1
135+18
82+11
66+10
36.5+£0.3
58+8

25 (46%)
32 (59%)
10 (19%)
19 (35%)
26 (48%)

146.4+12.8
62+18
140.3+2.3
4.0+0.3
2401
0.9+0.2
53+14
3.2+13
1.4+0.5
1.6+£1.0
58+1.2
1.2+04

1.1 (0.6-2.0)
83.5+19.5
86 (33-150)
6 (3-9)

26 (48%)
20 (37%)
2 (4%)

2 (4%)

9 (17%)
5 (9%)

Heart failure
(n=52)

63.2+£10.9
15 (29%)
28.4+5.6
12022
71+12
66+11
36.5£0.3
32+£9.6

30 (58%)
31 (60%)
20 (38%)
12 (23%)
32 (62%)

137.6+144
6916
139.1+2.6
42+04
2401
1.1+£0.2
48+1.5
2611
1.2+04
21+19
6924
1.5+04

2.2 (1.2-49)
64.1+18.9
805 (371-1640)
14 (8-28)

48 (92%)
48 (92%)
33 (63%)
39 (75%)
7 (13%)
6 (12%)

p Value HC
versus HF

0.64
0.87
<0.001
0.16
0.003

0.80
0.43

<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
0.006
0.003
<0.001
0.10
0.03
<0.001
<0.001
<0.001
<0.001
<0.001¢
<0.001
<0.001¢
<0.001¢

<0.001
<0.001
<0.001
<0.001
0.003
0.008

p Value Risk
versus HF

0.62
0.91
0.36
<0.001
<0.001
1.0
0.99
<0.001

0.24
0.97
0.02
0.17
0.17

0.002
0.07
0.02
0.04
0.98

<0.001
0.05
0.01
0.08
0.16
0.002
0.005
0.002¢

<0.001
<0.001¢
<0.001¢

<0.001
<0.001
<0.001
<0.001
0.64
0.70
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TABLE 1 (Continued)
Healthy controls
Parameter (n=62)
Aspirin (%) 3 (5%)
Anticoagulant (%) 0 (0%)
Statin (%) 0 (0%)
Amiodarone (%) 0 (0%)
Vitamin/mineral supplement (%) 17 (27%)
Non-insulin antidiabetic drugs (%) 0 (0%)
SGLT2-inhibitor (%) 0 (0%)
Insulin therapy (%) 0 (0%)
ICD (%) 0 (0%)
CRT (%) 0 (0%)

Open Access

Elevated risk for Heart failure p Value HC p Value Risk
HF (n=54) (n=52) versus HF versus HF
31 (57%) 31 (60%) <0.001 0.81

4 (7%) 16 (31%) <0.001 0.002
25 (46%) 35 (67%) <0.001 0.03

0 (0%) 0 (0%) = =

8 (15%) 9 (17%) 0.20 0.72

7 (13%) 13 (25%) <0.001 0.11

0 (0%) 2 (4%) 0.24 0.21

2 (4%) 8 (15%) 0.001 0.05

0 (0%) 26 (50%) <0.001 <0.001

0 (0%) 14 (27%) <0.001 <0.001

Note: Mean values * standard deviation are shown unless otherwise specified. Bold values denote significant results. P-values after adjustment for

multiple comparisons are shown for all continuous variables.

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood pressure; CRP, C-reactive
protein; CRT, cardiac resynchronization therapy; eGFR CKD-EPI, estimated glomerular filtration rate as calculated by chronic kidney disease epidemiology
collaboration formula; HC, healthy controls; HDL, high-density lipoprotein; HF, heart failure; hs, high sensitivity; ICD, implantable cardioverter-
defibrillator; IQR, interquartile range (25%-75%); LDL, low-density protein; NT-proBNP, N-terminal pro-brain natriuretic peptide; SGLT, sodium-glucose

linked transporter.

2LVEF was measured in all HF patients, but was only available in 23 patients at elevated risk for HF. No echocardiograms were performed in HC.

bl actate was not measured in one HC, four risk for HF, and six HF participants due to technical reasons.

CStatistical analysis performed using logarithmic data.

9LDL cholesterol was not measured in four HF patients due to elevated triglycerides.

p =0.03, respectively, Table 2 and Figure 3C). No significant
differences in cortisol were found between HFmrEF and HFrEF
(Supporting Information: Figure S1F). Higher cortisol levels were
found in HF patients with NYHA class IIl compared to Il
(Supporting Information: Figure S2F). No differences in cortisol
between HF patients with BMI below or at and above the median
were observed (Figure 3D). Also, no significant difference in
cortisol was found between HF patients on spironolactone as
compared to those without (p = 0.38).

No correlation between cortisol and log(NT-proBNP) or
LVEF was found
Figure S4D and F). There was a weak positive association of
cortisol with hs-troponin T (r=0.36, r> = 0.13, p = 0.008, Support-
ing Information: Figure S4E). Higher cortisol levels were inde-

in HF patients (Supporting Information:

pendently associated with lower BMI and lower estimated eGFR
after multiple regression including age, sex, smoking, LDL
cholesterol, diabetes mellitus, log(NT-proBNP), treatment with
ACE-inhibitors or ARBs, beta-blockers, or MRA (Supporting
Information: Table S4).

3.5 | Sex hormones and prolactin

Serum gonadocorticoids and prolactin were analyzed separately

between men and women. In postmenopausal women, there were

no significant differences in total testosterone, estradiol, proges-
terone, and prolactin between HF patients and both control
groups (Table 2 and Figure 4A-D). Hormone levels were under
the lower assay detection limit in several women (n=5<0.09
nmol/L for testosterone, n=35<18 pmol/L for estradiol and
n=5<0.1 nmol/L for progesterone). No differences in these
hormones were found between HFrEF and HFmrEF (data not
shown).

In men, total testosterone was significantly reduced in HF
patients compared to HC (p =0.01; Table 2 and Figure 4A). No
significant differences were found for estradiol, progesterone,
and prolactin in men with HF versus controls (Table 2 and
Figure 4F-H). Male HF patients on MRA had significantly higher
progesterone levels compared to patients without (1.5+0.8 vs.
0.9+ 0.4 nmol/L, p=0.03). No significant differences by MRA
intake were found in female HF patients (data not shown). There
were no significant differences in sex hormones between HFrEF
and HFmrEF (data not shown). No association of testosterone
with log(NT-proBNP), log(hs-troponin T), or LVEF was found in
HF patients (Supporting Information: Figure S4G-I). In the total
study cohort, testosterone was independently associated with
sex, BMI, log(NT-proBNP), and treatment with ACE inhibitors or
ARBs, but not age, smoking, LDL cholesterol, diabetes mellitus,
eGFR, or treatment with beta-blockers or MRA (Supporting
Information: Table S4).
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TABLE 2 Hormone measurements in patients with HF and controls
Healthy controls Elevated risk Heart failure p Value HC p Value Risk
Parameter (n=62) for HF (n=54) (n=52) versus HF versus HF
Thyroid hormones
TSH (mU/L) 22+0.8 20+1.0 23+1.6 0.97 0.37
fT3 (pmol/L) 48+04 4.9+0.5 4.7+0.7 0.57 0.17
fT4 (pmol/L) 15.1+2.1 155+2.2 16.1+2.3 0.05 0.34
fT3/fT4 ratio 0.33+0.05 0.32+0.05 0.30+0.06 0.03 0.06
Catabolic hormones
PTH (ng/L) (median 46 (37-52) 47 (35-53) 59 (50-84) <0.001° <0.001°
[IQR 25%-75%])
Cortisol (nmol/L) 436 +108 404 +128 497 £ 150 0.03 <0.001
Sex hormones in females
Testosterone (nmol/L) 0.5+0.5 0.7+0.7 0.6+04 1.0 1.0
Estradiol (pmol/L) 27.7+48.8 20.0 +£20.5 12.1+8.1 0.55 1.0
Progesterone (nmol/L) 0.6+0.3 0.7+0.5 0.7+0.5 1.0 1.0
Prolactin (ug/L) 11.1+£54 10.8+6.1 124+ 6.6 1.0 1.0
Sex hormones in males
Testosterone (nmol/L) 18.6+5.3 16.7+9.1 144+ 6.6 0.01 0.49
Estradiol (pmol/L) 89.9+28.5 102.1+66.3 914+41.1 1.0 1.0
Progesterone (nmol/L) 1.3+0.7 09+0.7 1.4+0.8 0.99 0.07
Prolactin (pg/L) 9.5+34 9.6+5.6 10.1+4.1 1.0 0.89

Note: Mean values + standard deviation are shown unless otherwise specified. p-Values after adjustment for multiple comparisons are shown and
significant values are only denoted with ANOVA or Kruskal-Wallis test was significant. Bold values denote significant results.

Abbreviations: ANOVA, analysis of variance; fT3, free triiodothyronine; fT4, free thyroxine; HC, healthy controls; HF, heart failure; IQR, interquartile range

(25%-75%); PTH, parathyroid hormone; TSH, thyroid-stimulating hormone.

Statistical analysis performed with logarithmic data.

4 | DISCUSSION

This study provides evidence for distinct abnormalities in the
endocrine hormone profile of stable HF patients with reduced LVEF
despite optimal disease-modifying treatment. HF patients exhibited a
lower fT3/fT4 ratio, elevated PTH and cortisol levels as well as lower
total testosterone compared to HC. Patients with EF <40% (HFrEF)
had significantly lower levels of fT3 compared to patients with LVEF
40%-49% (HFmrEF). Lower fT3 and higher PTH levels were
independently associated with NT-proBNP, an important prognostic
cardiac biomarker. In addition, fT3 was independently associated
with troponin T, an indicator of chronic subclinical cardiac injury in HF

patients.

41 | Thyroid hormones

Our findings of a reduced fT3/fT4 ratio, and reduced fT3 (HFrEF
patients) but normal TSH levels are in line with previously published
studies.*?~1* This profile is known as low T3 syndrome, euthyroid sick

syndrome, or nonthyroidal illness syndrome and is often found in
severe or acute illnesses but also in 20%-30% of HF patients.’® In
HF, low T3 levels and a reduced fT3/fT4 ratio correlate with the
severity of the disease such as NYHA class,** adverse cardiac
remodeling in echocardiography,® or the extent of fibrosis in cardiac
MRI.Y” Several studies could also establish low fT3 as an independent
predictor of mortality in HF.***® Accordingly, we have found inverse
associations of fT3 with the prognostic biomarkers NT-proBNP and
hs-troponin T and positive associations with LVEF in multiple
regression analysis in line with previously published evidence.!??°
In contrast to disease severity, we had no indication that fT3 levels
differed by HF etiology. Interestingly, higher body weight was
associated with elevated fT3 in our cohort, a finding also described in
previous studies.? Further studies should elucidate whether this
endocrine phenomenon contributes to the “obesity paradox” in HF
(improved prognosis of slightly obese patients).??

Whether low T3 syndrome represents a compensatory mecha-
nism (i.e., physiologic reduction of metabolism in response to
impaired cardiac output and systemic inflammation) or is an
inherently maladaptive myocardial

process that aggravates
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15 While preliminary evidence

dysfunction remains still elusive.
indicates that pharmacologic restoration of a euthyroid state with
the active thyroid hormone liothyronine may be beneficial,23~2¢ this

awaits confirmation from definitive outcome trials.

42 | PTH

PTH plays a central role in calcium and phosphate homeostasis and
bone metabolism. Chronically elevated levels on the other hand are
associated with cardiovascular disease and mortality, possibly by
increasing ectopic calcification, inflammation, and adverse cardiac
remodeling.?” We observed significantly increased levels of PTH in
HF patients with reduced LVEF, in line with previous reports.®
Calcium and phosphate levels in our cohort suggest that the increase
in PTH is mostly secondary and not primary (glandular) in origin.

An important trigger of PTH release is increased phosphate retention
due to chronic kidney disease, which is a common and important
comorbidity in HF patients. Interestingly, PTH was independently
associated with NT-proBNP after accounting for renal function,
pointing towards additional triggers of PTH release in HF beyond
renal insufficiency.

Our finding of higher PTH in HF patients on loop diuretics
may be an explanation, as RAAS activation is increased by loop
diuretics and aldosterone is known to stimulate PTH release and
vice versa.??%% Increased dietary phosphorous may also be an
important trigger of elevated PTH, especially in the context of
low dietary calcium intake. Future studies correlating PTH levels
with dietary phosphorous intake in HF patients could provide
useful evidence. Vitamin D deficiency is also known to increase
PTH and low vitamin D levels are associated with HF in previous

studies.®!
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43 | Cortisol

HF is also associated with an imbalance in anabolic and catabolic
hormones, which may contribute to exercise intolerance, cardiac
cachexia, and disease progression.?2 Our observation of elevated
cortisol levels in HF patients mirrors data on patients with untreated
HF.® Part of the increase in cortisol may be explained by
comorbidities known to be associated with increased cortisol such
as insulin resistance,®? cardiac cachexia,®® or ischemic heart
disease.>* We did not find differences in cortisol levels in patients
with diabetes, CAD, or below median BMI. Cortisol can also be
increased by spironolactone,> however there were no such differ-
ences in our study. Interestingly, a small study showed that cortisol
and not aldosterone is displaced from the myocardium after infusion
of MRA, suggesting that cortisol is involved in the adverse effects of

3¢ Accordingly,

mineralocorticoid receptor activation in the hear
cortisol was found to be an independent predictor of death in MRA-

naive patients but not patients on MRAs.%’

4.4 | Sex hormones and prolactin

With regard to sex hormones, lower levels of total testosterone and
higher levels of cortisol fit into the concept of anabolic and catabolic
imbalance in HF patients.>® Lower levels of free testosterone have been
described in HF patients’” and low total testosterone is independently
associated with mortality in HF patients.>” Reduced testosterone has also
been associated with the presence of CAD,*® however, we found no
differences in HF patients with versus without CAD that could explain
the lower levels in our cohort. In our study, higher body weight (BMI) was
associated with lower testosterone which is in line with the published

literature on endocrine dysfunction in obesity.* The phenomenon of
lower testosterone levels in patients on ACE inhibitors or ARBs as
suggested by the regression analysis has also been previously described in
the literature and may also contribute to the differences.*> While small
clinical trials demonstrated beneficial effects of testosterone replacement

F,* studies in broader non-HF populations

on exercise capacity in H
indicated potential cardiovascular risks, and increased atherothrombotic
events in particular.** This shows that the complex hormonal abnormali-
ties in HF and cardiovascular disease are still incompletely understood.

We also investigated estradiol and prolactin, as both low and
high estradiol levels (in men) and elevated prolactin were associated
with adverse outcomes in HF.% No differences in estradiol and
prolactin levels were found in the sex-stratified analysis and estradiol
levels were below the assay detection limit in most postmenopausal
women. Higher sample size and more sensitive assays are needed to
draw more conclusions.

To our knowledge, our study is the first to report on serum
progesterone in patients with HF. While we found no differences in
progesterone levels in patients with HF overall, male patients on
MRA had higher progesterone levels. This may be explained by the
blockade of mineralocorticoid and progesterone receptors by MRAs
as progesterone is known to bind to both receptors. Interestingly,
progesterone has substantial antimineralocorticoid activity*® leading

7

to increased natriuresis*® and potassium retention,*” as well as

possibly cardioprotective effects in preclinical studies.*®

4.5 | Limitations

There are several limitations of our study: (1) The study was
observational in nature. Therefore, residual confounding cannot
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(E), estradiol (F), progesterone (G) and prolactin (H). Same groups and abbreviations as in Figure 1. ns, not significant. **p < 0.01. HF, heart failure.

be excluded. We have included two different control groups with
similar age, sex, and comorbidities to mitigate this. We also
excluded patients with primary endocrinopathies, hormone
replacement therapy, and amiodarone, as all these are known to
affect hormone levels. (2) Due to missed sample size calculation,
the power of the study, including all analyses may be affected.
(3) Due to the cross-sectional design, we have no information on
the temporal change in hormone levels, especially concerning
untreated HF. (4) We have not analyzed associations with
mortality outcomes as the sample size of our cohort was too
small and follow-up time was limited. However, several previous
studies have already reported that thyroid hormones, PTH,
cortisol, and testosterone are important predictors in HF patients
as described above. (5) Due to the sample size, this study has
limited power for subgroup analyses such as LVEF subgroup,
NYHA class,

analysis of sex hormones. Likewise, the power for multiple

concurrent drug treatment or gender-stratified

regression analyses was limited. Therefore, we cannot fully

exclude residual confounding by comorbidities or other potential
differences between the study groups. A larger study sample is
needed to more closely understand the complex interaction of

endocrine hormones with comorbidities in HF patients.

5 | CONCLUSIONS

In this cohort of stable patients with HF and reduced EF, substantial
differences in the endocrine hormone profile were found despite
Patients with HF and
reduced EF were characterized by a lower fT3/fT4 ratio, elevated

established disease-modifying therapies.

PTH and serum cortisol, as well as lower total testosterone levels in
male patients. Levels of fT3 and PTH were independent predictors of
NT-proBNP and thereby link endocrine abnormalities with markers of
disease severity and prognosis in HF. Further studies should explore
the complex relationship of HF with endocrine hormones beyond the

classical neurohormonal axis.



10 of 11 WI LEy_HeaIth Science Reports

NAGELE €T AL

OpenAccess

AUTHOR CONTRIBUTIONS

Matthias P. Négele: Conceptualization; Data curation; Formal
analysis; Funding acquisition; Investigation; Methodology; Project
administration; Resources; Software; Visualization; Writing-original
draft; Writing-review and editing. Jens Barthelmes: Formal analysis;
Investigation; Methodology; Resources; Software; Validation; Writing-
review and editing. Leonie Kreysing: Conceptualization; Data
curation; Investigation; Methodology; Writing-review and editing.
Thomas Haider: Formal analysis; Validation; Writing-review and
editing. Delia Nebunu: Investigation; Resources; Visualization;
Writing-review and editing. Frank Ruschitzka: Funding acquisition;
Project administration; Supervision; Validation; Writing-review
and editing. Isabella Sudano: Funding acquisition; Investigation;
Methodology; Project administration; Resources; Software;
Supervision; Validation; Visualization; Writing-review and editing.
Andreas J. Flammer: Funding acquisition; Investigation; Methodol-
ogy; Project administration; Resources; Supervision; Validation;

Visualization; Writing-review and editing.

ACKNOWLEDGMENTS

We would like to thank Silviya Cantatore for support in study
assessments and phlebotomies. This study was funded by grants
from the University Hospital Zurich, the LHW foundation, the Swiss
Heart Foundation and the Swiss National Science Foundation (Grant-
No: 32003B_179161/1). The funders had no involvement in study
design, collection, analysis, interpretation of data, writing of the

report, and the decision to submit the report for publication.

CONFLICTS OF INTEREST

M. P. N. declares speaker fees by Vifor Pharma and Imedos Systems
and an independent grant award sponsored by Amgen, unrelated to
this article. J. B. declares speaker fees by Imedos Systems and
congress fees by Servier. L. K., T. H., and D. N. declare no conflicts of
interest. F. R. declares no conflicts of interest related to the present
work. Outside the submitted work: The Department of Cardiology of
the University Hospital Zurich reports research-, educational-, and/or
travel grants from Abbott, Amgen, AstraZeneca, Bayer, B. Braun,
Biosense Webster, Biosensors Europe AG, Biotronik, BMS, Boehrin-
ger Ingelheim, Boston Scientific, Bracco, Cardinal Health Switzerland,
Daiichi, Diatools AG, Edwards Lifesciences, Guidant Europe NV (BS),
Hamilton Health Sciences, Kaneka Corporation, Labormedizinisches
Zentrum, Medtronic, MSD, Mundipharma Medical Company, Novar-
tis, Novo Nordisk, Orion, Pfizer, Quintiles Switzerland Sarl, Sanofi,
Sarstedt AG, Servier, SIS Medical, SSS International Clinical Research,
Terumo Deutschland, V-Wave, Vascular Medical, Vifor, Wissens Plus,
and ZOLL. I.S. reports consulting fees, travel grant and honoraria
from Amgen, Medtronic, MSD, Recordati, Sanofi und Servier, all
unrelated to the present article. A. J. F. declares fees from Alnylam,
Amgen, AstraZeneca, Bayer, Boehringer Ingelheim, Bristol Myers
Squibb, Fresenius, Imedos Systems, Medtronic, MSD, Mundipharma,
Novartis, Pierre Fabre, Pfizer, Roche, Schwabe Pharma. Vifor, and
Zoll, all unrelated to this article. Matthias P. Nagele affirms that this
manuscript is an honest, accurate, and transparent account of the

study being reported; that no important aspects of the study have
been omitted; and that any discrepancies from the study as planned

(and, if relevant, registered) have been explained.

DATA AVAILABILITY STATEMENT
The authors confirm that the data supporting the findings of this
study are available within the article and/or its supplementary

materials.

TRANSPARENCY STATEMENT

The lead author Matthias P. Nagele affirms that this manuscript is an
honest, accurate, and transparent account of the study being
reported; that no important aspects of the study have been omitted;
and that any discrepancies from the study as planned (and, if relevant,

registered) have been explained.

ORCID

Matthias P. Ndcgele http://orcid.org/0000-0002-4065-6747

REFERENCES

1. Packer M. The neurohormonal hypothesis: a theory to explain the
mechanism of disease progression in heart failure. J Am Coll Cardiol.
1992;20(1):248-254.

2. Berry C, Clark AL. Catabolism in chronic heart failure. Eur Heart J.
2000;21(7):521-532.

3. Noordali H, Loudon BL, Frenneaux MP, Madhani M. Cardiac
metabolism—a promising therapeutic target for heart failure.
Pharmacol Ther. 2018;182:95-114.

4. Galli E, Pingitore A, lervasi G. The role of thyroid hormone in the
pathophysiology of heart failure: clinical evidence. Heart Fail Rev.
2010;15(2):155-169.

5. Altay H, Zorlu A, Binici S, et al. Relation of serum parathyroid
hormone level to severity of heart failure. Am J Cardiol. 2012;109(2):
252-256.

6. Anand IS, Ferrari R, Kalra GS, Wahi PL, Poole-Wilson PA, Harris PC.
Edema of cardiac origin. Studies of body water and sodium, renal
function, hemodynamic indexes, and plasma hormones in untreated
congestive cardiac failure. Circulation. 1989;80(2):299-305.

7. Kontoleon PE, Anastasiou-Nana MlI, Papapetrou PD, et al. Hormonal
profile in patients with congestive heart failure. Int J Cardiol.
2003;87(2-3):179-183.

8. Jankowska EA, Rozentryt P, Ponikowska B, et al. Circulating
estradiol and mortality in men with systolic chronic heart failure.
JAMA. 2009;301(18):1892-1901.

9. Parissis JT, Farmakis D, Fountoulaki K, et al. Clinical and neuro-
hormonal correlates and prognostic value of serum prolactin levels
in patients with chronic heart failure. Eur J Heart Fail. 2013;15(10):
1122-1130.

10. Hornung RW, Reed LD. Estimation of average concentration in the
presence of nondetectable values. Appl Occup Environ Hyg.
1990;5(1):46-51.

11. Oremus M, Don-Wauchope A, McKelvie R, et al. BNP and NT-
proBNP as prognostic markers in persons with chronic stable heart
failure. Heart Fail Rev. 2014;19(4):471-505.

12. Hamilton MA, Stevenson LW, Luu M, Walden JA. Altered thyroid
hormone metabolism in advanced heart failure. J Am Coll Cardiol.
1990;16(1):91-95.

13. Opasich C, Pacini F, Ambrosino N, et al. Sick euthyroid syndrome in
patients with moderate-to-severe chronic heart failure. Eur Heart J.
1996;17(12):1860-1866.


http://orcid.org/0000-0002-4065-6747

NAGELE €T AL

Health Science Reports

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

lervasi G, Pingitore A, Landi P, et al. Low-T3 syndrome: a strong
prognostic predictor of death in patients with heart disease.
Circulation. 2003;107(5):708-713.

Razvi S, Jabbar A, Pingitore A, et al. Thyroid hormones and
cardiovascular function and diseases. J Am Coll Cardiol. 2018;71(16):
1781-96.

Kozdag G, Ural D, Vural A, et al. Relation between free
triiodothyronine/free thyroxine ratio, echocardiographic parameters
and mortality in dilated cardiomyopathy. Eur J Heart Fail. 2005;7(1):
113-118.

Wang W, Guan H, Fang W, et al. Free triiodothyronine level
correlates with myocardial injury and prognosis in idiopathic dilated
cardiomyopathy: evidence from cardiac MRl and SPECT/PET
imaging. Sci Rep. 2016;6:39811.

Pingitore A, Landi P, Taddei MC, Ripoli A, L'Abbate A, lervasi G.
Triiodothyronine levels for risk stratification of patients with chronic
heart failure. Am J Med. 2005;118(2):132-136.

Pfister R, Strack N, Wielckens K, Malchau G, Erdmann E,
Schneider CA. The relationship and prognostic impact of low-T3
syndrome and NT-pro-BNP in cardiovascular patients. Int J Cardiol.
2010;144(2):187-190.

She J, Feng J, Deng Y, et al. Correlation of triiodothyronine level
with in-hospital cardiac function and long-term prognosis in patients
with acute myocardial infarction. Dis Markers. 2018;2018:5236267.
Biondi B. Thyroid and obesity: an intriguing relationship. J Clin
Endocrinol Metab. 2010;95(8):3614-3617.

Horwich TB, Fonarow GC, Clark AL. Obesity and the obesity
paradox in heart failure. Prog Cardiovasc Dis. 2018;61(2):151-156.
Hamilton MA, Stevenson LW, Fonarow GC, et al. Safety and
hemodynamic effects of intravenous triiodothyronine in advanced
congestive heart failure. Am J Cardiol. 1998;81(4):443-447.
Pingitore A, Galli E, Barison A, et al. Acute effects of triiodothyronine
(T3) replacement therapy in patients with chronic heart failure and
low-T3 syndrome: a randomized, placebo-controlled study. J Clin
Endocrinol Metab. 2008;93(4):1351-1358.

Amin A, Chitsazan M, Taghavi S, Ardeshiri M. Effects of triiodothyronine
replacement therapy in patients with chronic stable heart failure and
low-triiodothyronine syndrome: a randomized, double-blind, placebo-
controlled study. ESC Heart Fail. 2015;2(1):5-11.

Pingitore A, Mastorci F, Piaggi P, et al. Usefulness of tri-
iodothyronine replacement therapy in patients with ST elevation
myocardial infarction and borderline/reduced triiodothyronine levels
(from the THIRST study). Am J Cardiol. 2019;123(6):905-12.

Brown SJ, Ruppe MD, Tabatabai LS. The parathyroid gland and heart
disease. Methodist Debakey Cardiovasc J. 2017;13(2):49-54.

Loncar G, Bozic B, Dimkovic S, et al. Association of increased
parathyroid hormone with neuroendocrine activation and endothe-
lial dysfunction in elderly men with heart failure. J Endocrinol Invest.
2011;34(3):e78-€85.

Tomaschitz A, Ritz E, Pieske B, et al. Aldosterone and parathyroid
hormone: a precarious couple for cardiovascular disease. Cardiovasc
Res. 2012;94(1):10-19.

Corapi KM, McMahon GM, Wenger JB, Seifter JL, Bhan I.
Association of loop diuretic use with higher parathyroid hormone
levels in patients with normal renal function. JAMA Intern Med.
2015;175(1):137-138.

Pilz S, Marz W, Wellnitz B, et al. Association of vitamin D deficiency
with heart failure and sudden cardiac death in a large cross-sectional
study of patients referred for coronary angiography. J Clin Endocrinol
Metab. 2008;93(10):3927-3935.

Ortiz R, Kluwe B, Odei JB, et al. The association of morning serum
cortisol with glucose metabolism and diabetes: the Jackson Heart
Study. Psychoneuroendocrinology. 2019;103:25-32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

—Wl LEY 110f 11

Open Access

Anker SD, Chua TP, Ponikowski P, et al. Hormonal changes and
catabolic/anabolic imbalance in chronic heart failure and their
importance for cardiac cachexia. Circulation. 1997;96(2):526-534.
Reynolds RM, Labad J, Strachan MW, et al. Elevated fasting plasma
cortisol is associated with ischemic heart disease and its risk factors
in people with type 2 diabetes: the Edinburgh type 2 diabetes study.
J Clin Endocrinol Metab. 2010;95(4):1602-1608.

Yamaji M, Tsutamoto T, Kawahara C, et al. Effect of eplerenone
versus spironolactone on cortisol and hemoglobin A(1)(c) levels in
patients with chronic heart failure. Am Heart J. 2010;160(5):
915-921.

Igbal J, Andrew R, Cruden NL, et al. Displacement of cortisol from
human heart by acute administration of a mineralocorticoid receptor
antagonist. J Clin Endocrinol Metab. 2014;99(3):915-922.

Guder G, Hammer F, Deutschbein T, et al. Prognostic value of
aldosterone and cortisol in patients hospitalized for acutely
decompensated chronic heart failure with and without mineralo-
corticoid receptor antagonism. J Card Fail. 2015;21(3):208-216.
Sacca L. Heart failure as a multiple hormonal deficiency syndrome.
Circ Heart Fail. 2009;2(2):151-156.

Yoshihisa A, Suzuki S, Sato Y, et al. Relation of testosterone levels to
mortality in men with heart failure. Am J Cardiol. 2018;121(11):
1321-1327.

Rosano GM, Sheiban |, Massaro R, et al. Low testosterone levels are
associated with coronary artery disease in male patients with angina.
Int J Impot Res. 2007;19(2):176-182.

Kelly DM, Jones TH. Testosterone and obesity. Obes Rev. 2015;16(7):
581-606.

Koshida H, Takeda R, Miyamori |. Lisinopril decreases plasma free
testosterone in male hypertensive patients and increases sex
hormone binding globulin in female hypertensive patients.
Hypertens Res. 1998;21(4):279-282.

Toma M, McAlister FA, Coglianese EE, et al. Testosterone
supplementation in heart failure: a meta-analysis. Circ Heart Fail.
2012;5(3):315-321.

Gagliano-Juca T, Basaria S. Testosterone replacement therapy and
cardiovascular risk. Nat Rev Cardiol. 2019;16(9):555-574.

Sharp GW, Leaf A. Biological action of aldosterone in vitro. Nature.
1964;202:1185-1188.

Landau RL, Bergenstal DM, Lugibihl K, Kascht ME. The metabolic
effects of progesterone in man. J Clin Endocrinol Metab. 1955;15(10):
1194-1215.

Elabida B, Edwards A, Salhi A, et al. Chronic potassium depletion
increases adrenal progesterone production that is necessary for
efficient renal retention of potassium. Kidney Int. 2011;80(3):
256-262.

Morrissy S, Xu B, Aguilar D, Zhang J, Chen QM. Inhibition of
apoptosis by progesterone in cardiomyocytes. Aging Cell. 2010;9(5):
799-809.

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Nagele MP, Barthelmes J, Kreysing L,
et al. Endocrine hormone imbalance in heart failure with
reduced ejection fraction: a cross-sectional study. Health Sci
Rep. 2022:5:880. doi:10.1002/hsr2.880


https://doi.org/10.1002/hsr2.880



