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a b s t r a c t

Heart failure (HF) may be a presenting manifestation of a few endocrine disorders and should be
considered in evaluation of heart failure causes. This clinically oriented review is an attempt to highlight
the protean manifestations of heart failure in endocrine diseases which could present either as acute or
chronic heart failure. Acute heart failure manifests as hypertensive crisis, Takotsubo syndrome, or as
tachy/brady cardiomyopathies. Chronic heart failure could masquerade with features of hyperdynamic
heart failure, or hypertrophic, restrictive or dilated cardiomyopathy. Rarely constrictive features or
resistant heart failure could be the presenting feature. Isolated presentation as pulmonary hypertension
and right heart failure are also documented. Good history-taking and physical examination with targeted
investigations will help in the timely management for reversing the pathophysiology to a significant
extent by appropriated management.
© 2020 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Heart Failure (HF) is a clinical syndrome characterized by the
following features: typical symptoms (breathlessness at rest or on
exercise, fatigue, tiredness, ankle swelling) and signs (tachycardia,
tachypnea, pulmonary rales, pleural effusion, raised jugular venous
pressure, peripheral edema, hepatomegaly) and objective evidence
of a structural or functional abnormality of the heart at rest (car-
diomegaly, third heart sound, cardiac murmurs, abnormality on the
echocardiogram, raised natriuretic peptide concentration).1 Mech-
anistically, it is characterized by either impaired ventricular filling
or ejection of blood as a consequence of structural or functional
heart disorders. Various endocrine disorders affect the structure
and/or the function of the cardiac muscles and/or electric system of
the heart. They can not only worsen pre-existing HF, but can also
present with HF as the initial manifestation. Awareness of these
disorders is useful since treatment of the underlying endocrine
disorders may lead to a significant reversal in the symptomatology
and pathophysiology of HF. Identification of the specific endocrine
disease in such cases helps individualize management of HF and
provides an opportunity to manage the non-cardiac aspects of
disease. Prior reviews have dealt with pathophysiology and cardiac
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manifestations of various endocrine disorders.2,3 Here, we shall
discuss endocrine disorders with potential of index presentation
with HF. Except for thyroid disorders, pheochromocytoma/para-
ganglioma (PPGL) and primary hyperaldosteronism, other disor-
ders dealt in this review have rare presentations. Table 1 includes a
brief summary of these diseases along with common signs/symp-
toms, screening and confirmatory investigations. Diabetic cardio-
myopathy, disorders of mineral metabolism (other than calcium
metabolism), storage disorders, mitochondrial disorders, connec-
tive tissue disorders, certain syndromic causes including RASo-
pathies leading to HF have been excluded in this review.

2. Pheochromocytoma and paraganglioma (PPGL)

Pheochromocytomas and PPGL account for 0.5% of cases with
hypertension in general practice, while 10e20% of them present
with HF.4 The classic presentation of PPGL with hyper-adrenergic
spells (spells of hypertension, tremors, sweating and headache) is
present in only minority of the total cases.5 Sustained systemic
hypertension is the commonest presentation while HFrEF and
HFpEF are not uncommon.5,6 A review of case reports and series
classifies heart failure in PPGL into these categories: dilated
cardiomyopathy-38.7%, Takotsubo cardiomyopathy-23.3%, inverted
Takotsubo cardiomyopathy-19.6%, Hypertrophic obstructive car-
diomyopathy (HOCM)-6.1%, myocarditis-4.9%, and unspecified
cardiomyopathy-8.6%.7 PPGL has also been found in 7.5%e25% of
cases with Takotsubo cardiomyopathy (TC), albeit with an earlier
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Table 1
Summary of endocrine disorders leading to heart failure along with their key clinical findings and investigations.

Disease causing heart
failure
(Type of heart failure)

Key signs and symptoms Investigations: screening(S) and Confirmation (C)

Pheochromocytoma/
paraganglioma
(HFrEF >> HFpEF)

Episodic sweating, palpitation, headache, sustained or
episodic severe hypertension

fractionated plasma metanephrines or 24-h urinary
metanephrines (S); CT/MRI abdomen þ pelvis
(C),±MIBG scan or68Ga-DOTANOC/DOTATATE PET/CT
(C)

Severe primary
hypothyroidism
(HFpEF >> HFrEF)

Hoarse voice, slow mentation and movement, pedal
edema, coarse, dry, pale skin, delayed knee jerk

Serum T4 level, Serum TSH level (S and C)

Thyrotoxicosis
(HFrEF > HFpEF)

Staring look, low BMI, goitre, tachycardia, fine tremors
in outstretched hands

Serum T4 level, Serum TSH level, serum total T3 levels (S
and C)

Acromegaly
(HFpEF >> HFrEF)

Enlarged face, hand and feet; coarse facial features with
broad nose and macroglossia, low frequency voice

Serum IGF-1 level(S);
Growth hormone suppression test (C biochemically);
Pituitary MRI (C anatomically)

HypocalcemiaHFrEF) Tetany, Trosseau sign and chovstek sign positive,
known hypoparathyroidism, Long QTc

Serum calcium level (total or ionized)

Hypercalcemia (HFpEF) Known Hyperparathyroidism or other hypercalcemic
etiology, polyuria and dehydration, AKI, short QTc

Serum calcium level (total or ionized)

Carcinoid syndrome
(HFpEF)

flushing, secretory diarrhea, bronchospasm, labile
hypertension or hypotension (due to secreted
vasoactive amines), significant weight loss, pellagra

24-h urinary 5-HIAA (hydroxy indole acetic acid) (S),
Serum 5-HIAA (S);
CT/MRI, invasive observation (-scopy) of involved organ
(anatomical confirmation); somatostatin schintigraphy/
DOTANOC-PET/CT (functional scan)

Carney Complex
associated cardiac
myxoma

pigmented lesions of the skin and mucosa, cutaneous
and cardiac myxomas, multiple endocrine and non-
endocrine tumors (Cushing's syndrome, testicular,
pituitary, breast, thyroid tumors)

Clinical diagnostic criteria70 involving major and
supplemental criterias.

Lipodystrophy
syndromes (HFpEF
(mostly) or HFrEF
(esp LMNA
mutation))

Regional or generalized loss of subcutaneous fats; Clinical diagnosis;
Confirmation by genetic tests for suspected genetic
syndromes and autoimmune work-up, HIV serology for
acquired (secondary) causes

Primary
hyperaldosteronsim
(HFpEF/HFrEF)

Severe sustained hypertension, hypokalemia Aldosterone: renin ratio (S), salt loading test (C);
Lateralization of adrenal lesion: adrenal venous
sampling

Liddle syndrome
(HFpEF/HFrEF)

Severe sustained hypertension, hypokalemia, metabolic
alkalosis, low urinary chloride excretion

aldosterone and renin level: both low (S), Diagnosis
mostly by therapeutic trials with triamterene, after
ruling out other causes of low renin hypertension;
genetic tests confirmatory

Syndrome of
inappropriate
mineralocorticoid
excess (congential
and acquired)
(HFpEF/HFrEF)

Severe sustained hypertension, hypokalemia, family
history positive or use of licorice

aldosterone and renin level: both low (S), Urinary
cortisol to cortisone ratio >10 (S), genetic tests for
congenital SAME (C), therapeutic trial of spironolactone
reasonably diagnostic in low renin state after ruling out
other causes

Congenital adrenal
hyperplasia (11-beta
hydroxylase
deficiency and 17
alpha hydroxylase
deficiency)
(HFpEF/HFrEF)

Common: Severe sustained hypertension, hypokalemia
and low renin hypertension in girls and boys

Genital ambiguity, virilization in females
peudoprecocity in males with 11-beta hydroxylase
deficiency; primary amenorrhoea in females and
primary amenorrhoea in females and undervirilization
in males with 17- hydroxylase deficiency

First level screening: renin and aldosterone level (both
low)

Second level screening:
Raised DOC, 11-deoxycortisol, androstenedione,
testosterone, and dehydroepiandrostenedione-sulfate
(DHEA-S) levels for 11-beta hydroxylase deficiency(S);

Low/low normal androstenedione, testosterone, DHEA-
S, 17-hydroxyprogesterone, aldosterone, and cortisol
but raised DOC and corticosterone for 17 alpha
hydroxylase deficiency (S)
Genetic and other dynamic stimulation tests (hCG
stimulated) for confirmation

*HFrEF-Heart Failure with reduced ejection fraction, HFpEF-Heart Failure with preserved ejection fraction, T4-thyroxine, TSH-Thyroid stimulating hormone, IGF1-Insulin like
growth factor 1, SAME-Syndrome of apparent mineralocorticoid excess, DOC-Deoxycorticosterone, DHEAS-Dehydroepiandrosterone sulphate, hCG-human chorionic
gonadotrophin.
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age at presentation than in classic TC.8,9 A retrospective analysis of
patients with PPGL presenting with acute Takotsubo cardiomyop-
athy or chronic catecholamine induced cardiomyopathy revealed
better pre-operative medical improvement (69.4% vs 40.8% cases)
and post-surgical recovery (97.7% vs 73.3% cases) in LVEF in the two
groups respectively.10

The pathophysiology of Takotsubo cardiomyopathy in various
endocrine disorders including pheochromocytoma/PPGL has been
15
discussed in details in section 6. Overall, catecholamine overload
may cause vasospasm of small arterioles and may be directly toxic
to the myocardium.11 History for hyper-adrenergic spells, family
history of severe hypertension or premature cardiac death, and
clinical features of associated genetic syndromes may be useful to
screen for PPGL. In a few cases, adrenal incidentalomas may lead to
diagnosis of pheochromocytomas in patients with heart failure.
Table 2 lists some of the genetic syndromes and their associated



Table 2
Clinical features of common syndromic PPGL.

Multiple endocrine neoplasia type 2A
(MEN2A)

Medullary thyroid cancer, primary hyperparathyroidism,
and cutaneous lichen amyloidosis

Multiple endocrine neoplasia type 2B
(MEN2B)

Medullary thyroid cancer, mucocutaneous neuromas, skeletal deformities (eg,
kyphoscoliosis or lordosis), joint laxity, myelinated corneal nerves, and intestinal
ganglioneuromas (Hirschsprung's disease)

von Hippel-Lindau syndrome (VHL) Hemangioblastoma (involving the cerebellum, spinal cord, or brainstem), retinal
angioma, clear cell renal cell carcinoma, pancreatic neuroendocrine tumors and serous
cystadenomas, endolymphatic sac tumors of the middle ear, papillary cystadenomas of
the epididymis and broad ligament

Neurofibromatosis type 1 (NF1) Neurofibromas, multiple caf�e-au-lait spots, axillary and inguinal freckling, iris
hamartomas (Lisch nodules), bony abnormalities, central nervous system gliomas,
macrocephaly, and cognitive deficits

SDHx mutation Paraganglioma and/or Pheochromocytoma, pituitary tumor, gastrointestinal stromal
tumor, uterine tumor

*SDHx-Succinate Dehydrogenase.
(Adapted with modification from Lenders et al, Endocrinol Metab (Seoul). 2014).
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conditions.12 In case of clinical suspicion, plasma fractionated
metanephrines or 24-h urinary fractionated metanephrines should
be ordered. These are good rule out tests in the setting of heart
failure. Mild elevation (up to two to three times the upper limit of
normal) of these biochemical parameters may occur in HF due to
heightened sympathetic response of the body and certain medi-
cations used for the management of HF. In doubtful cases, a
computed tomography (CT) scan of pelvis and abdomen (including
adrenal sections) can be useful to establish the diagnosis as these
modalities are sensitive for pheochromocytomas and most secre-
tory paragangliomas.12 The latter may present as mediastinal, ca-
rotid, jugular or bladder tumors. Magnetic resonance imaging
(MRI) of abdomen and pelvis provides similar diagnostic yield and
can replace CT in cases where radiation or CT contrast are to be
avoided. Occasionally, functional imaging is required to look for
multiplicity of lesions in PPGL, syndromic pheochromocytomas,
large or suspectedmalignant PPGL. Sometimes, it is also required to
confirm the diagnosis of PPGL if structural imaging is equivocal in
mild to moderate elevation of catecholamine/metanephrine levels.
In these circumstances, newer modalities like 68Ga-DOTATATE or
68Ga-DOTANOC PET/CT have performed better with higher sensi-
tivity than the traditional MIBG scan.12 MIBG is a more specific test
(100% specificity) to diagnose pheochromocytomas/PPGL.13
2.1. Severe hypothyroidism

Severe hypothyroidism can be diagnosed based on history of
fatigue, lethargy, slowing of mentation, weight gain, menstrual ir-
regularities, constipation, anasarca and tell-tale clinical signs of
puffy and dry facies, hoarse and slow voice with pedal edema and
hung up reflexes. However, such history may not be easy to elicit in
sick comatose patients, especially in an emergency room setting.
Bradycardia may be absent because of sepsis while anasarca is often
a non-specific finding in patients presenting with HF. A high index
of suspicion and a quick thyroid profile [Thyroid stimulating hor-
mone (TSH) level and total/free Thyroxine (T4) level)] helps clinch a
timely diagnosis. Very high values of TSH (>100mIU/L) are rare due
to the simultaneous presence of sick euthyroid syndrome or in
central hypothyroidism but T4 levels are invariably low.14

In the Penn heart Failure study (n ¼ 1365), with a mean age of
56.6 years, the mean ejection fraction of 34 (17)% and NYHA III/IV in
38%, baseline thyroid dysfunction noted were: subclinical hypo-
thyroidism (serum TSH 4.51e19.99 mIU/ml with normal free T4)-
5%, subclinical hyperthyroidism (serum TSH<0.45 mIU/ml with
normal free T4)-5%, overt hyperthyroidism-1%, and overt hypo-
thyroidism <1%.15 The same study also showed significant corre-
lation of high TSH (subclinical hypothyroidism), high free T4 and
low total T3 levels with increasedmortality over 4 years. Benefits of
16
any intervention on these subtle thyroid function perturbation are
still under investigation.

Pericardial effusion (PE) is often present in severe primary hy-
pothyroidism although cardiac tamponade and shock are
rare.14,16,17 The incidence of PE varies from 3% to 37%, with most
cases seen in severe primary hypothyroidism.18,19 On the other
hand, hypothyroidism as an etiology of pericardial effusion has
been found in 14% of cases.20e22 The primary pathophysiology of PE
in hypothyroidism involves increased albumin permeability of the
pericardial capillaries along with decreased albumin drainage to
the lymphatic vessels.23,24 This increases the colloidal oncotic
pressure gradient between the pericardium and pericardial space,
leading to fluid accumulation. Although mucopolysaccharide
accumulation causing water retention is the hallmark of severe
primary hypothyroidism, such accumulation is not seen in the
heart or pericardium.25 The role of autoimmunity in the genesis of
pericardial diseases of hypothyroidism remains to be explained.
Pericardial effusion is found to occur in both autoimmune and non
autoimmune forms of hypothyroidism (post surgical, iodine defi-
ciency).26,27 Moreover, no specific antibodies have identified that
mediate the pathophysiology of pericardial disease.28 In addition,
immune complexes in autoimmune hypothyroidism may not be
able to bind to complement,29 thus failing to exert a hypersensi-
tivity reaction in the pericardium.

Patients with secondary hypothyroidism due to pituitary dis-
ease or Sheehan syndrome usually have a small cardiac silhouette
and pericardial effusion is rare. However, there have been cases of
pericardial effusion and cardiac tamponade reported in secondary
hypothyroidism due to Sheehan syndrome.30,31 This may be
attributed to the fact that patients may have a delayed diagnosis as
they may not seek medical attention due to relatively milder hy-
pothyroidism in the initial stages.

Constrictive pericarditis (CP) leading to heart failure can occur in
long standing hypothyroidism.32 Echocardiography may not be al-
ways diagnostic in volume overload tests. In such circumstances,
invasive hemodynamic testing may be required to establish the
diagnosis of CP. Simultaneously, a quick screening test for TSH may
provide an etiological clue towards hypothyroidism.32

An association of subclinical hypothyroidism with heart failure
has been demonstrated in a few studies.33,34 However, whether
subclinical hypothyroidism causes or worsens preexisting heart
failure has not been conclusively demonstrated.
2.2. Thyrotoxicosis (endogenous and amiodarone-induced)

The cardiac manifestations in thyrotoxicosis may range from
sinus tachycardia to diastolic dysfunction and tachycardia induced
cardiomyopathy.35,36 Endogenous hyperthyroidism may present
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with goiter (either multinodular as in toxic multinodular goiter or
soft and diffuse as in Graves' disease), associated eye signs which
may help one suspect the diagnosis. The reversibility of tachycardia
induced cardiomyopathy associated with hyperthyroidism is well
documented with around one third, each having total, partial or no
recovery in dilated cardiomyopathy.37,38 The predictors of recovery
at six months were male sex, shorter duration of thyrotoxicosis
(less than 10.4 months), beta-blocker use and higher T3 levels at
presentation.37 Historically, thyroid ablation has been one of the
first endocrine manipulations tried successfully in cases of ‘re-
fractory angina’ and heart failure in the first half of 20th century.39

Severe primary hyperthyroidism has also been reported to cause
high output cardiac failure leading to liver congestion and cirrhotic
transformation of liver.40 Previous studies have demonstrated that
approximately 6% of patients with hyperthyroidism developed
heart failure, and nearly half of those with heart failure had LV
systolic dysfunction.41,42 Recent studies have shown association of
Graves’ disease with pulmonary artery hypertension (PAH).43

Although the mechanistic explanation is not evident, tachycardia
and high cardiac output have been hypothesized to contribute to
PAH.43 Animal studies have shown that thyroid hormones stimu-
late endothelial cell proliferation in the pulmonary vasculature.43

In apathetic thyrotoxicosis, cardiac involvement may be the sole
manifestation. Atrioventricular block, including complete heart
block leading to heart failure have been reported in apathetic
thyrotoxicosis.44

Amiodarone-induced thyrotoxicosis (AIT) may present with
worsening of heart failure symptoms, often acutely, in patients
being treated with amiodarone for a variable period of time.45 AIT
has been dealt with elsewhere in excellent detail.46 Thoughmedical
management with anti-thyroidal agents and steroids remains the
mainstay of treatment, thyroidectomy has recently gained popu-
larity in severe cases of AIT in presence of expert cardiac anesthesia
support.45

3. Primary hyperaldosteronism (PH)

A four-fold increased risk and 4.1% prevalence of HF have been
documented in a cross-sectional study of primary hyper-
aldosteronism.47 PH accounts for more than 10% cases of hyper-
tension.48 Hypokalemia is present in only 9e37% of the cases.48 The
vast majority of sporadic PH cases are adult-onset due to bilateral
idiopathic adrenal hyperplasia and unilateral or bilateral aldoste-
rone producing adenomas, while rarely, they may manifest in
children [Familial Hyperaldosteronism (FH) type III- KCNJ5 gene
mutation] and young adults (FH types I and II) due to germline
mutations.48 Hypertension with left ventricular hypertrophy, hy-
pertensive retinopathy and/or renal dysfunction, with/without
family history of hypertension and complications can be the initial
presentation in these disorders. Aldosterone excess has been found
to have direct pathological effects on cardiomyocytes, myofibro-
blasts and the vascular smooth muscle, promoting cardiac hyper-
trophy and fibrosis.49 Screening with plasma aldosterone level and
aldosterone to renin ratio (ARR), followed by one of the confirma-
tory tests (saline/oral salt loading, captopril challenge or flu-
drocortisone loading tests) in ‘screening positive’ individuals can
help diagnose PH.48 Management consists of unilateral adrenalec-
tomy in unilateral adrenal adenoma andmedical management with
mineralocorticoid antagonists (spironolactone or eplerenone) with
or without ACE-i/ARBs, potassium sparing diuretics and calcium
channel blockers in bilateral disease, usually after adrenal venous
sampling for lateralization of the disease.48 For FH type I, low dose
dexamethasone monotherapy usually suffices. However bilateral/
unilateral adrenalectomy is needed in type II (unilateral adenoma
or bilateral hyperplasia) and type III (marked bilateral adrenal
17
hyperplasia), especially for early-onset severe hyperaldosteronism
unresponsive to dexamethasone or spironolactone therapy.50

4. Acromegaly

Cardiac manifestations of Acromegaly include hypertension,
biventricular hypertrophy, diastolic followed by systolic dysfunc-
tion, atrial and ventricular arrhythmias, cardiac conduction defects,
and valvular incompetence.51 In the short term, an excess of growth
hormone (GH) and insulin like growth factor 1 (IGF1) leads to
favorable cardiac modeling driven by cardiomyocyte hypertro-
phy.52 GH has been explored as possible therapy for the treatment
of heart failure.53 However, persistent elevation of GH and IGF1
results in a maladaptive response resulting in heart failure. Excess
growth hormone (GH) and insulin like growth factor 1 (IGF1)
promote increase in the size of cardiomyocytes, increased tran-
scription of cardiac muscle specific genes, increase cardiac
contractility, and collagen deposition and interstitial fibrosis lead-
ing to impaired ventricular relaxation.51

In the early stages of Acromegaly, only subtle acro-facial changes
like tightening of rings in fingers, enlarged hands and feet, broad
fleshy nose may be noticeable. Later, coarse facies, hoarse voice,
macroglossia, dental malocclusion and other classical features get
apparent. Often, patients or their caretakers may not be aware of
the subtle changes due to indolent course of disease. On active
probing, history of visual complaints and headache may be
apparent. Measurement of serum IGF1 is a screening test that
should be followed by confirmatory test, that is, growth hormone
suppression test with 75 g glucose. In active Acromegaly, elevated
IGF1 levels are accompanied by non-suppressed GH levels after
glucose load. Subsequently, MRI of the sella turcica should be done
to look for the pituitary tumor and its extent.

Reversibility of cardiomyopathy with pituitary surgery followed
by octreotide therapy has been well documented.54 T2-
hyperintensity in Cardiac Magnetic Resonance (CMR) may repre-
sent edema associated with acromegaly which predicts revers-
ibility with treatment.55

5. Disorders of calcium and vitamin D metabolism

5.1. Hypocalcemia

Dilated cardiomyopathy with a clinical presentation of carpo-
pedal spasm, tetany, stridor and seizures should arouse the suspi-
cion of hypocalcemia (hypoparathyroidism or
pseudohypoparathyroidism). Dramatic improvement in symptoms
and cardiomyopathy may be noted following calcium and vitamin
D supplementation.56e58 Hypocalcemia can be checked bedside by
eliciting Trousseau and/or Chvostek signs and confirmed bio-
chemically with total or ionized calcium levels. ECG features
include prolonged QTc interval and non-specific T-wave abnor-
malities. Infants may develop dilated cardiomyopathy due to severe
vitamin D deficiency induced hypocalcemia.58 The exact mecha-
nism of cardiomyopathy in hypocalcemia is not known, although
hypocalcemia is known to reduce cardiac contractility. Vitamin D
and PTH may have independent roles in the development of
cardiomyopathy.58

5.2. Hypercalcemia

Increased parathyroid hormone (PTH) has been documented in
large observational cohorts to be an independent predictor of
chronic heart failure.59 A prospective study in cases of hyperpara-
thyroidism undergoing parathyroidectomy documented left ven-
tricular hypertrophy in 82% of cases.60 In addition, hypertension,
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calcification of valves and myocardium, arrhythmias due to hy-
percalcemia, hypercalcemia-induced myocardial band-necrosis
have been implicated in acute decompensation of preexisting
heart failure.61 Hypertension may not be reversible after
parathyroidectomy.60

5.3. Vitamin D metabolism

A recent trial of vitamin D supplementation (VINDICATE trial)
has highlighted the importance of managing hypovitaminosis D in
heart failure to improve the functional status of patients.62 At the
other extreme, vitamin D toxicity (25-OH vitamin D level >150 ng/
ml or elevated 1,25-hydroxy vitamin D levels with hypercalcemia
and suppressed parathyroid hormone levels) induced hypercalce-
mia can lead to acute kidney injury and exacerbation of heart
failure. Vitamin D toxicity has been shown to cause hypertension,
ST segment abnormalities, shortened QT interval, and bradycardia
with first-degree heart block on the ECG.63

6. Carcinoid syndrome

Typical symptoms of flushing, secretory diarrhea, broncho-
spasm, labile hypertension or hypotension (due to secreted vaso-
active amines), significant weight loss, and pellagra (dark skin
pigmentation in sun exposed areas) are present in most cases of
carcinoid heart.64 Yet, some cases may present with isolated right
heart failure as initial presentation of the disease.65 Restrictive
cardiomyopathy may also be the sole manifestation of carcinoid
syndrome.66 The pathology is usually involvement of tricuspid and
pulmonary valves with regurgitant lesions with/without stenotic
lesions.65 At one time, there was speculation about association of
carcinoid syndrome with endomyocardial fibrosis.66 However, over
the years, such claims have been refuted with poverty and eosin-
ophilia, rather than serotonin, emerging as risk factors for endo-
myocardial fibrosis.67,68 In rare cases of carcinoid syndrome,
pericardial involvement due to metastatic deposits with subse-
quent development of constrictive pericarditis may occur.69

7. Myxomas in carney complex (CNC)

Carney complex is an autosomal dominant disorder due to
mutation in protein regulatory kinase subunit (PRKR 1 alpha). It
may present with pigmented lesions of the skin and mucosa,
cutaneous and cardiac myxomas along with multiple endocrine
and non-endocrine tumors (adrenal nodular hyperplasia, testicular,
pituitary, breast, thyroid tumors).70 Cardiac myxomas may occur in
atria (right/left) or ventricles in contrast to the sporadic myxomas
located mostly in the left atrium.70 Therefore, it may present with
either left or right sided heart failure. The median age of presen-
tation is 20 years but it can range from infancy to late adulthood.71

Approximately 40% cases of Carney complex develop cardiac
myxomas.72

8. Lipodystrophy syndromes

Lipodystrophy syndromes may be generalized or partial.
Generalized lipodystrophy syndromes, especially the congenital
variety (CGLD type 2 or BSCL2/Seipin genemutation) are associated
with predominantly hypertrophic, and rarely dilated cardiomyop-
athy.73 Diagnosis of CGLD is suspected on the basis of clinical fea-
tures like generalized loss of body fat with extreme muscularity,
prominent veins, acanthosis nigricans, protuberant abdomen and
lumbar lordosis. Investigations may reveal metabolic disorders like
diabetes mellitus, dyslipidemia (hypertriglyceridemia) and steato-
hepatitis. Related progeroid syndromes like Werner syndrome
18
(with features like hair loss, dermal fibrosis) may present along
with features of CGLD when LMNA gene mutations are present.74

Among the partial lipodystrophy syndromes, Dunnigan type lip-
odystrophy (FPLD 2) is also known to be associated with severe
insulin resistance, hypertension and moderate LV dysfunction and
cardiomyopathy.73 FPLD 2 is clinically characterized by loss of fat in
limbs (and sometimes trunk) while sparing the face and neck,
giving an appearance of Cushingoid habitus.75 It can often be
confused with polycystic ovarian disease (PCOD) and metabolic
syndrome, both of which are associated with the lipodystrophy
syndrome.75 Association of lipodystrophy syndromes with various
metabolic, renal and auto-immune disorders and the availability of
metreleptin as specific drug for the condition (approved only for
generalized lipodystrophy) make the need of establishing an early
diagnosis crucial. Coronary artery disease is also very common in
lipodystrophy syndromes, making ischemic cardiomyopathy likely
in addition to the proposed ‘dyslipidemia and diabetes induced
lipotoxic cardiomyopathy’.73 Insulin resistance may also play a key
role in the development of non ischaemic heart failure in these
conditions.76 Insulin resistance prevents normal myocardial adap-
tive response to injury and promotes further damage by upregu-
lating lipotoxicity, sympathetic activation, inflammation, oxidative
stress and fibrosis.76

9. Endocrinopathies associated with takotsubo
cardiomyopathy

Takotsubo cardiomyopathy presents with acute onset heart
failure with reversible regional wall motion abnormality and a
normal angiogram. Catecholamine mediated cardiac dysfunction
remains the most accepted mechanism of TC. Emotional stress re-
sults in hypothalamic-pituitaryeadrenal axis mediated sudden
surge in catecholamines.77e79 The cardiac response to this excess of
catecholamines results in transient stunning of the heart. An in-
crease in afterload in response to the excessive sympathetic stim-
ulation is also thought to contribute to myocardial stunning. In
addition, an increased sensitivity to catecholamines has also been
suggested as a possible mechanism of TC.8 This is suggested by the
association of TCwith PPGL in 7.5e25% cases, screening for which is
important for a cardiologist especially in absence of history of
precipitating event and in presence of hyperadrenergic symp-
toms.8,9 In addition, multiple case reports suggest association of
estrogen deficiency in postmenopausal state, hypothyroidism or
hyperthyroidism and primary or secondary adrenal insufficiency
with TC.80 These endocrine disorders putatively potentiate the
catecholamine sensitivity of the myocardium. This has also been
exemplified by the fact that management of adrenal insufficiency
with replacement dose steroids can also precipitate systolic heart
failure in some cases.81 Unlike ischemia related cardiac dysfunc-
tion, TC is characterized by a neutrophilic predominant inflam-
mation, contraction band necrosis and fibrosis on histopathologic
examination.82

10. Prolactin hypothesis of peripartum cardiomyopathy

Prolactin degradation products have been implicated in a similar
acute systolic heart failure syndrome, namely peri-partum cardio-
myopathy.83 It has been hypothesized that cathepsin D is expressed
by cardiomyocytes in response to oxidative stress. Cathepsin D
cleaves prolactin into a 16 kDa fragment, which in turn promoted
endothelial cell apoptosis.84,85 However, results of a preliminary
intervention study still do not clearly prove the therapeutic benefits
of inhibiting prolactin production to expedite the recovery.86

Further RCTs are necessary to clarify the exact position of the
hypothesis.
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11. Monogenic causes of hypertension (other than familial
hyperaldosteronism)

Monogenic disorders of hypertension are single gene mutations
that affect electrolyte and water resorption in kidneys, leading to
severe hypertension and in many cases, cerebrovascular accidents,
chronic kidney disease and cardiomyopathy. Unlike in essential
hypertension, these diseases require specific drugs for blood pres-
sure control. There are often no pathognomonic clinical pheno-
types except in congenital adrenal hyperplasia (CAH), syndrome of
apparent mineralocorticoid excess (SAME) and primary cortisol
resistance. Although biochemical investigations can lead us to a
probable diagnosis and its specific management, confirmation re-
quires genetic studies.87 Familial hyperaldosteronism has been
described earlier. Some of the other monogenic causes of hyper-
tension, with a potential for hypertensive cardiomyopathy are lis-
ted below.

11.1. Diseases already known to cause heart failure

11.1.1. Liddle syndrome (LS)
LS classically presents with clinical and biochemical features

such as early onset hypertension, suppressed plasma renin activity,
along with low plasma aldosterone, hypokalemia and metabolic
alkalosis.88 There is often a family history of hypertension with/
without hypertensive complications, as it is an autosomal domi-
nant disorder. It can also present with a milder clinical phenotype
where only hypertension is evident. It is usually considered a
diagnosis of exclusion after other causes of low renin hypertension
like PH, primary cortisol resistance syndrome, SAME and CAH (11b-
hydroxylase deficiency and 17-a hydroxylase deficiency) have been
ruled out. Diagnosis is usually confirmed by genetic analysis. A case
report of a geriatric patient with Liddle syndrome presenting with
heart failure and hypokalemia, who responded to triamterene as
anti-hypertensive therapy is available in literature.89

11.1.2. Syndrome apparent mineralocorticoid excess (SAME)
syndrome

Classical congenital SAME syndrome, an autosomal recessive
disorder, is characterized by low birth weight, severe hypertension
at young age, polyuria and polydipsia, hypokalemia, low PRA and
low aldosterone.90 A number of cardiovascular deaths in children
and young adults have been linked to cardiovascular complications
of SAME (cardiomyopathy/heart failure).91 It is caused by loss of
function mutation of HSD11B2 gene. However, mutations in the
HSD11B2 gene (at different alleles) can result in milder phenotypes
that are difficult to distinguish from essential hypertension. Specific
treatment with spironolactone blocks the mineralocorticoid re-
ceptor which is overwhelmed by cortisol in this disease. Similar
phenotype can occur in older people abusing licorice (a confec-
tionary agent) or grape juice, termed acquired SAME. Hypertension
rapidly abates on discontinuing these agents.

11.1.3. Congenital adrenal hyperplasia(CAH) (11- beta-hydroxylase
deficiency and 17-alpha-hydroxylase deficiency)

A vast majority of cases with CAH are due to 21-hydroxylase
deficiency in the steroidogenic pathway presenting with hyper-
androgenism with/without salt-wasting crisis. However, some
forms of CAH are associated with hypertension, namely 11-beta-
hydroxylase deficiency and 17-alpha-hydroxylase deficiency. These
causes account for around 8e10% of all cases of CAH.92 CAH is
autosomal recessive in inheritance. In 11-beta-hydroxylase defi-
ciency there is virilization of female genitalia or precocious puberty
in both sexes.92 In 17-alpha-hydroxylase deficiency, genotypic fe-
males present with lack of pubertal development while genotypic
19
males have ambiguous genitalia or complete female external
genitalia.92 Hypertension usually develops in early to late child-
hood in these forms of CAH.93 Presentation in pre-pubertal children
is occasionally due to complications related to hypertensive car-
diomyopathy.94 Reversibility of hypertension, and left ventricular
hypertrophy has also been reported with steroid treatment in 11
beta hydroxylase deficiency.94
11.2. Diseases not already known to cause heart failure

11.2.1. Primary cortisol resistance syndrome
Primary cortisol resistance syndrome presents with hirsutism,

hypertension, hyperpigmentation and/or hypokalemia in young
adults and children.95 Cushingoid features are conspicuously ab-
sent in presence of biochemically raised ACTH and cortisol levels.
Management is administration of long acting steroid dexametha-
sone with the intention of lowering ACTH levels.
11.2.2. Mineralocorticoid receptor activating mutation
This condition has been recently described as a cause of young-

onset low renin hypertension with hypokalemia and low aldoste-
rone levels. The symptoms are exacerbated during pregnancy to
cause an eclampsia-like presentation. Only one family with this
disease has been reported as yet.96 The action of excess proges-
terone on the mutant mineralocorticoid receptor has been impli-
cated as the cause of exacerbation of this condition during
pregnancy. Interestingly, hypertension was worsened by the use of
spironolactone, a mineralocorticoid receptor antagonist.
11.2.3. Gordon syndrome
Gordon syndrome or Pseudohypoaldosteronism type 2 is a

disorder of renal electrolyte balance where hyperkalemia, hyper-
tension and hyperchloremic metabolic acidosis are observed due to
excessive sodium, chloride and potassium resorption from renal
tubules. Unlike the causes of low renin hypertension mentioned
above, Gordon syndrome presents with hyperkalemia. Hyperten-
sion may develop after the first decade of life. Hypertension is
usually not severe and no case report of cardiomyopathy was found
at the time of writing this review. Isolated hyperkalemia (asymp-
tomatic) without hypertension and older age at presentation are
also not infrequent.97 Hypertension and hyperkalemia respond
well to a low potassium, low salt diet with thiazide diuretics.
12. Conclusion

Many endocrine disorders cause or exacerbate heart failure as
detailed above. In addition, certain endocrine manipulations like
mineralocorticoid antagonist therapy have shown significant
benefit in most forms of HFrEF (which have secondary hyper-
aldosteronism) and clearly also in heart failure due to primary
mineralocorticoid excess (PH, SAME). A bidirectional relationship
exists between endocrine disorders and heart failure. A careful
search for these causative or consequential endocrine problems
may go a long way to ensure timely and precise diagnosis followed
by proper management in cases with heart failure.
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