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characteristics as well as response to treatment. 
The World Health Organization has periodically 
offered classifications of PAH, the current classi-
fication being the result of a consensus meeting 
held in 2003 in Venice, Italy (Chart 1).(1-3) A new 
classification is expected in 2008.

Mean pulmonary artery pressure (MPAP), 
under physiological conditions and at sea level, 
is ≤ 20 mmHg, and pulmonary artery systolic 
pressure (PASP) is ≤ 30 mmHg. The definition 

Pulmonary arterial hypertension

Pulmonary arterial hypertension (PAH) is 
characterized by a sustained increase in pulmo-
nary artery pressure and a progressive increase in 
pulmonary vascular resistance, leading to right 
ventricular insufficiency and premature death.(1) 
Classically, pulmonary hypertension was divided 
into primary (idiopathic) and secondary forms. 
However, within the secondary PAH category, 
there are conditions that are similar to those 
of primary PAH, in terms of histopathological 
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Resumo
Estudos recentes têm sugerido uma associação entre hipertensão arterial pulmonar (HAP) e tireoidopatias (hipoti-
reoidismo e hipertireoidismo). Esta associação tem um bom prognóstico, porque o aumento na pressão da artéria 
pulmonar geralmente é leve e reversível com o tratamento da tireoidopatia. O mecanismo exato envolvido na pato-
gênese desta associação não está estabelecido, e a influência direta dos hormônios da tireoide e a autoimunidade 
são consideradas como hipóteses. Devido à alta prevalência de doenças da tireoide em pacientes com HAP, testes 
de função tireoidiana devem ser considerados na investigação de todo paciente com HAP. Neste artigo de revisão, 
descrevemos a prevalência de HAP em pacientes com doenças da tireoide e a prevalência de tireoidopatias em 
pacientes com HAP, assim como destacamos os principais efeitos das doenças da tireoide no sistema respiratório. 
A seguir, relatamos os efeitos do tratamento destas patologias.

Descritores: Hipertensão pulmonar; Doença de Graves; Hipertireoidismo; Hipotireoidismo; Hormônios tireóideos; 
Ecocardiografia.

* Study carried out at the Porto Alegre Hospital de Clínicas, Porto Alegre, Brazil.
Correspondence to: Sérgio Saldanha Menna Barreto. Serviço de Pneumologia, Hospital de Clínicas de Porto Alegre, Rua Ramiro 
Barcelos, 2350, 2º andar, CEP 90035-903, Porto Alegre, RS, Brasil.
Tel (51) 2101-8241. E-mail: smenna@terra.com.br 
Financial support: None.
Submitted: 3 June 2008. Accepted, after review: 29 September 2008.

Review Article



180	 Silva DR, Gazzana MB, John AB, Siqueira DR, Maia ALS, Barreto SSM

J Bras Pneumol. 2009;35(2):179-185

common symptoms include fatigue, chest pain, 
syncope, peripheral edema and palpitations.(4)

Various diseases, such as portal hyperten-
sion, hemoglobinopathies, collagen diseases and 
HIV infection, are associated with PAH. Recent 
studies have suggested an association between 
PAH and thyroid diseases (hypothyroidism and 
hyperthyroidism).(6-23) Since the Third World 
Conference on Pulmonary Hypertension, held 
in 2003, thyroid diseases have been classified 
as diseases associated with PAH.(2) However, 
although some pathogenic mechanisms have 
been proposed, the nature of this association 
has not yet been established (Chart 2).

In this review, we describe the prevalence of 
PAH in patients with thyroid diseases and the 
prevalence of thyroid disease in patients with 
PAH, as well as addressing the principal effects 
that thyroid diseases have on the respiratory 
system. In addition, we report the treatment 
effects in patients with these diseases.

of PAH (group 1 of the Venice Classification; 
Chart  1) is based on hemodynamic criteria: 
MPAP > 25 mmHg at rest or > 30 mmHg during 
exercise, with pulmonary capillary pressure or 
left atrial pressure < 15 mmHg and pulmonary 
vascular resistance > 3 mmHg • L−1 • s−1 or 
240 dynes • s−1 • cm−5.(2,3)

The principal alterations seen in PAH are 
vasoconstriction, remodeling and in situ throm-
bosis. There is endothelial dysfunction, which 
leads to impaired production of vasodilators, 
such as NO and prostacyclin, and increased 
expression of vasoconstrictors and mitogens, 
such as endothelin-1.(1)

Idiopathic PAH is more common in women 
than in men (ratio, 1.7:1), and the mean age 
at diagnosis is 36 years. In many cases, the 
diagnosis of PAH is delayed, since the symp-
toms are nonspecific and can be confused with 
those of other, more common diseases. Dyspnea 
is the initial symptom in 90% of patients. Less 

Chart 1 - Clinical classification of pulmonary hypertension established at the consensus meeting held in 2003 
in Venice, Italy.(1,2)

Group 1. Pulmonary arterial hypertension
Idiopathic (primary)

Familial
Associated with: collagen vascular disease, congenital systemic-pulmonary shunts, portal hypertension, 
HIV infection, drugs and toxins (anorectic drugs, L-tryptophan, methamphetamine, cocaine); others: 
thyroid disease, glycogen storage disease, Gaucher’s disease, hereditary hemorrhagic telangiectasia, 
hemoglobinopathies, myeloproliferative disorders, splenectomy.
Associated with significant capillary or venous involvement

Pulmonary veno-occlusive disease
Pulmonary capillary hemangiomatosis

Persistent pulmonary hypertension of the newborn
Group 2. Pulmonary venous hypertension 

Left ventricular or left atrial heart disease
Left valvular heart disease

Group 3. Pulmonary hypertension accompanied by hypoxemia
COPD
Interstitial lung disease
Sleep-disordered breathing
Alveolar hypoventilation
Chronic exposure to high altitudes
Growth-related abnormalities

Group 4. Pulmonary hypertension due to chronic thrombotic disease, embolic disease, or both
Thromboembolic obstruction of proximal pulmonary arteries
Thromboembolic obstruction of distal pulmonary arteries
Pulmonary embolism (tumor, parasites, foreign body)

Group 5. Miscellaneous
Sarcoidosis, Langerhans cell histiocytosis, lymphangioleiomyomatosis, compression of pulmonary vessels 
(adenopathy, tumor, fibrosing mediastinitis)
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as estimated by right heart catheterization) were 
evaluated regarding the presence of autoimmune 
thyroid disease (AITD): Hashimoto’s thyroiditis; 
Graves’ disease; and euthyroidism in the pres-
ence of antithyroid antibodies.(15) The authors 
found the prevalence of AITD in the patients 
with PAH to be 49%.

In a retrospective study, the prevalence of 
hypothyroidism in 41 patients with PAH (MPAP 
> 25 mmHg at rest, as estimated by right heart 
catheterization) was found to be 22.5%.(7) In 
another study, a sample of 356 patients with PAH 
and 698 gender-matched controls without PAH 
were retrospectively evaluated. Of the patients 
with PAH, 85 (24%) had thyroid disease, as did 
107 (15%) of the controls. Most patients had 
mild thyroid disease, predominantly hypothy-
roidism.(16) The principal characteristics of those 
studies are described in Table 1.

Effects that hyperthyroidism 
and hypothyroidism have on the 
respiratory system

The cardiac disorders caused by thyrotoxicosis 
can affect the lungs in two ways: high-deficit 
heart failure or dilatation of the pulmonary artery, 
possibly accompanied by PAH. Slight increases in 
pulmonary artery pressure at rest are common 
in patients with thyrotoxicosis, and the pressure 
usually increases significantly during exercise. 
However, the potential for severe PAH attribut-
able to thyrotoxicosis alone remains unclear.(5) The 
cases described are mainly related to hyperthy-
roidism of autoimmune origin (Graves’ disease).

The possible pathogenetic mechanisms 
suggested for the combination of PAH and Graves’ 
disease are the following: autoimmune phenom-

Prevalence of PAH in patients with 
thyroid diseases

In a study that evaluated patients recently 
diagnosed with hyperthyroidism, the prevalence 
of PAH was found to be 35%.(9) In another study, 
involving 114 patients with hyperthyroidism 
(47  with Graves’ disease and 67 with multin-
odular goiter), the prevalence of PAH was found 
to be 43%.(10) In those two studies, a diagnosis 
of PAH was made when PASP, as estimated by 
echocardiography, was > 30 mmHg.

In other studies, a diagnosis of PAH was 
made when PASP, as estimated by echocardi-
ography, was > 35 mmHg. In a study involving 
39 consecutive patients recently diagnosed with 
hyperthyroidism, the prevalence of PAH was 
found to be 41%.(11) In another study, involving 
23 patients with hyperthyroidism (Graves’ disease 
or multinodular goiter), the authors found a 
prevalence of PAH of 65%.(12) The prevalence 
of PAH in a cross-sectional study that investi-
gated 20 patients with hyperthyroidism (under 
treatment with antithyroid drugs or not) was 
50%.(13) In a prospective study that described the 
echocardiographic findings in 75 consecutive 
patients with hyperthyroidism, the prevalence of 
PAH was 47%.(14) The principal characteristics of 
those studies are described in Table 1.

In a review of the literature, we found no 
studies evaluating the prevalence of PAH in 
patients with hypothyroidism, this combination 
being described only in case reports.

Prevalence of thyroid disease in 
patients with PAH

In a prospective study, 63 consecutive 
patients with PAH (MPAP > 25 mmHg at rest, 

Chart 2 - Possible pathogenetic mechanisms involved in the combination of pulmonary arterial hypertension 
and thyroid disease.

Hyperthyroidism
Autoimmune phenomenon associated with endothelial damage or dysfunction
Increase in cardiac output resulting in endothelial damage
Increased metabolism of intrinsic pulmonary vasodilators (prostacyclin and NO)
Decreased metabolism of vasoconstrictors (serotonin, endothelin-1 and thromboxane)
Stimulation of the sympathetic nervous system, causing pulmonary vasoconstriction

Hypothyroidism
Autoimmune phenomenon associated with endothelial damage or dysfunction
Vascular reactivity caused by a decrease in the levels of thyroid hormone (vascular stabilizing effect of the 
thyroid hormone)
Inflammation 
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described. Of those, 3 had Graves’ disease, and 
1 presented toxic multinodular goiter. The mean 
pretreatment PASP was 40 ± 11 mmHg. The 
patients were treated with radioactive iodine 
or ethionamides. After the treatment, a second 
echocardiogram was performed (at intervals 
that ranged from 1 to 6 months), and PASP 
decreased to a mean of 25 ± 6 mmHg in all 
patients. Although it has been suggested that 
there is an autoimmune pathogenetic relation-
ship between PAH and thyroid diseases, in one of 
the cases reported, the patient had no increased 
levels of antithyroid antibodies. Therefore, 
another possible mechanism proposed was the 
direct influence that thyroid hormones have on 
the pulmonary vasculature. Various other case 
reports have suggested an association between 
PAH and Graves’ disease, always with a decrease 
in and often with the normalization of PASP 
levels (as estimated by echocardiography or right 
heart catheterization) after the treatment of the 
thyroid disease.(6,18-22)

An observational study(9) evaluated 34 patients 
with hyperthyroidism. Of those, 20 had received a 
diagnosis of Graves’ disease, and 14 had nodular 
goiter. The patients were divided into two groups: 
those recently diagnosed with hyperthyroidism, 
without treatment (17 patients) and those who 
were euthyroid, under treatment with methi-
mazole (17  patients). In addition, there was a 
control group (17 patients) consisting of healthy 
individuals. Mild PAH was present in 35% of the 
patients in the untreated hyperthyroidism group 
(mean PASP of 28.88 ± 6.41 mmHg) and in none 

enon associated with endothelial damage or 
dysfunction; increased cardiac output, resulting 
in endothelial damage; and increased metabo-
lism of intrinsic pulmonary vasodilators.(6)

Nevertheless, hypothyroidism is associated 
with respiratory disorders such as hypoventila-
tion and hypoxia, and these disorders can worsen 
the concomitant PAH. Thyroid dysfunction has 
been linked to vascular reactivity, a phenomenon 
that can precede PAH. Raynaud’s phenomenon, 
which is seen in patients with idiopathic PAH, 
also occurs in patients with hypothyroidism and 
can improve with supplementation of thyroid 
hormone.(7) It is known that PAH and hypothy-
roidism are associated with various autoimmune 
diseases, which raises the hypothesis of a common 
autoimmune pathophysiological mechanism.(8)

Mutations in the bone morphogenetic 
protein receptor, type 2 (BMPR2) have been 
reported in patients with idiopathic PAH. 
Curiously, in a study carried out in order to 
determine the frequency of those mutations, 
all 5 patients who presented BMPR2 mutations 
had thyroid disease. Of those, 4 had thyroiditis, 
and 1 presented follicular hyperplasia.(23) Further 
studies are necessary in order to confirm the 
association between thyroid disease and BMPR2 
mutations, as well as to determine the possible 
associated mechanisms.

Effects that the treatment of the 
thyroid disease has on PAH

In a study conducted in 1997,(17) 4 cases of 
hyperthyroidism and concomitant PAH were 

Table 1 - Principal characteristics of studies that evaluated the prevalence of pulmonary arterial hypertension 
in patients with thyroid diseases and the prevalence of thyroid disease in patients with pulmonary arterial 
hypertension.

Study Year n of patients Definition of PAH (echocardiography) Prevalence of PAH
Marvisi et al.(9) 2002 17 PASP > 30 mmHg 35%
Mercé et al.(11) 2005 39 PASP > 35 mmHg 41%
Marvisi et al.(10) 2006 114 PASP > 30 mmHg 43%
Armigliato et al.(12) 2006 23 PASP > 35 mmHg 65%
Pires et al.(13) 2006 20 PASP > 35 mmHg 50%
Siu et al.(14) 2007 75 PASP > 35 mmHg 47%

Study Year n of patients Definition of PAH (catheterization) Prevalence of thyroid disease
Curnock et al.(7) 1999 41 MPAP > 25 mmHg 22.5% hypothyroidism
Chu et al.(15) 2002 63 MPAP > 25 mmHg 49% AITD
Li et al.(16) 2007 356 MPAP > 25 mmHga 24% hypothyroidism
PAH: pulmonary arterial hypertension; PASP: pulmonary artery systolic pressure; MPAP: mean pulmonary artery pressure; 
and AITD: autoimmune thyroid disease. aIn the Li et al. study, 65% of the patients underwent right heart catheterization; 
in the remaining patients, MPAP was estimated by echocardiography.
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and 134 adults with PAH.(26) Of the 134 adults, 
26 had thyroid disease (hyperthyroidism or 
hypothyroidism), and 20 of the 26 were under 
treatment with PGI2. Of those 20  patients, 
11  developed thyroid dysfunction after PGI2 
treatment was started. Thyrotoxicosis developed 
in 36% of the cases, raising the possibility that 
PGI2 treatment can trigger its development. 
Earlier studies demonstrated decreased levels 
of PGI2 receptors and a decreased production 
of cAMP in the thyroid of patients with Graves’ 
disease, indicating that PGI2 plays an important 
role in the modulation of thyroid function.(27,28) 
Levels of 6-keto-PGF1, a metabolite of PGI2, are 
increased in patients with Graves’ disease, corre-
lating with triiodothyronine and thyroxine levels 
and decreasing after treatment with antithy-
roid drugs.(29) In addition, one group of authors 
demonstrated that PGI2 stimulates TSH secre-
tion.(30)

The enzyme responsible for NO formation, 
NO synthase, is a potent endothelium-derived 
vasodilator. There is an association between 
PAH and decreased levels of this enzyme.(31) The 
administration of L-arginine, an NO synthase 
substrate, increases the production of NO and 
has been used in the treatment of PAH. In 
addition, NO might play a role in the vascular 
alterations  observed in patients with thyroid 
dysfunction.(32) It is known that NO synthase 
is present in the follicular and endothelial cells 
of the human thyroid. The production of NO is 
decreased in patients with hyperthyroidism.(33)

Sildenafil, a 5-phosphodiesterase inhibitor, 
initially developed for the treatment of erectile 
dysfunction, has been used in the treatment of 
PAH due to its vasodilator properties.(2) A recent 
study in rats has shown that hypothyroidism or 
thyroidectomy caused depletion of the endothe-
lium-derived relaxing factor and that the effects 
of sildenafil on erectile function are only possible 
in the presence of adequate levels of thyroid 
hormones.(34)

Endothelin-1 is a potent endothelium-de-
rived vasoconstrictor peptide with important 
mitogenic properties. There is an association 
between PAH and increased endothelin-1 expres-
sion in vascular endothelial cells.(35) Bosentan, 
an endothelin-1 receptor antagonist, is used in 
the treatment of PAH.(2) A study in rats showed 
that the euthyroid state is necessary in order 
to maintain the physiological concentrations 

of the patients of the two other groups. There 
was also a strong negative correlation between 
the levels of thyroid-stimulating hormone (TSH) 
and PASP (r = −0.82), as well as a positive 
correlation between thyroxine levels and PASP 
(r = 0.85), in the patients with hyperthyroidism 
without treatment.

The same authors, in another study,(10) evalu-
ated the role of methimazole in the regulation 
of pulmonary vascular resistance in patients with 
hyperthyroidism and PAH. A total of 114 patients 
were studied. Those patients were divided into 
two groups: those treated with methimazole; 
and those treated with partial thyroidectomy. 
Patients in both groups were monitored for 
120 days. After 15 days of treatment, PASP 
decreased from 34.3 ± 3.2 mmHg to 29.2 ± 
3.3 mmHg in the methimazole group, compared 
with a decrease from 34.3 ± 3.0 mmHg to 34.1 ± 
2.9 mmHg in the partial thyroidectomy group 
(p < 0.001). Previous studies have demonstrated 
that methimazole can regulate the produc-
tion of N(G)-nitro-L-arginine methyl ester 
(L-NAME), an arginine analog, producing acute 
NO synthesis inhibition, as well as presenting 
vasoactive properties related to the pulmonary 
and systemic vasculature.

Increased serum levels of uric acid have 
been demonstrated in patients with hyperthy-
roidism, as well as in those with PAH.(24) In the 
latter, these increased levels are believed to be 
due to lung tissue ischemia or right ventricular 
ischemia, whereas, in the former, they are due 
to the increased production of uric acid, which 
surpasses its clearance. One study(24) demon-
strated that the levels of PASP and uric acid 
are significantly higher in patients with hyper-
thyroidism (PASP > 30 mmHg in 44%) than in 
controls, also decreasing significantly after the 
treatment. However, there was no correlation 
between the levels of PASP and uric acid.

Possible effects that the treatment  
of PAH has on the thyroid

In patients with PAH, there is increased 
release of the vasoconstrictor thromboxane A2 
and decreased release of prostacyclin (pros-
taglandin I2—PGI2).

(25) Continuous intravenous 
infusion of prostacyclin (epoprostenol) as well as 
inhaled prostacyclin analog (iloprost) are used in 
the treatment of PAH.(2) Thyroid function tests 
were requested in a study involving 78 children 



184	 Silva DR, Gazzana MB, John AB, Siqueira DR, Maia ALS, Barreto SSM

J Bras Pneumol. 2009;35(2):179-185

a prospective Doppler echocardiographic study. Am J 
Med. 2005;118(2):126-31.

	12.	Armigliato M, Paolini R, Aggio S, Zamboni S, Galasso 
MP, Zonzin P, et al. Hyperthyroidism as a cause of 
pulmonary arterial hypertension: a prospective study. 
Angiology. 2006;57(5):600-6.

	13.	Pires ML, Rangel VM, Crasto MC, Neves DD, Young EC, 
Dias RM, et al. Elevação da pressão média na artéria 
pulmonar avaliada pelo ecocardiograma com Doppler 
no hipertireoidismo: estudo preliminar. Pulmão RJ. 
2006;15(1):24-28.

	14.	Siu CW, Zhang XH, Yung C, Kung AW, Lau CP, Tse 
HF. Hemodynamic changes in hyperthyroidism-related 
pulmonary hypertension: a prospective echocardiographic 
study. J Clin Endocrinol Metab. 2007;92(5):1736-42.

	15.	Chu JW, Kao PN, Faul JL, Doyle RL. High prevalence 
of autoimmune thyroid disease in pulmonary arterial 
hypertension. Chest. 2002;122(5):1668-73.

	16.	Li JH, Safford RE, Aduen JF, Heckman MG, Crook JE, 
Burger CD. Pulmonary hypertension and thyroid disease. 
Chest. 2007;132(3):793-7.

	17.	Thurnheer R, Jenni R, Russi EW, Greminger P, Speich R. 
Hyperthyroidism and pulmonary hypertension. J Intern 
Med. 1997;242(2):185-8.

	18.	Virani SS, Mendoza CE, Ferreira AC, de Marchena E. 
Graves’ disease and pulmonary hypertension: report of 
2 cases. Tex Heart Inst J. 2003;30(4):314-5.

	19.	Moraza J, Esteban C, Aburto M, Altube L, Gorordo 
I, Capelastegui A. Reference figures for pulmonary 
artery pressures after effective treatment of Graves’ 
disease [Article in Spanish]. Arch Bronconeumol. 
2003;39(1):45-7.

	20.	Ma RC, Cheng AY, So WY, Hui DS, Tong PC, Chow CC. 
Thyrotoxicosis and pulmonary hypertension. Am J Med. 
2005;118(8):927-8.

	21.	Soroush-Yari A, Burstein S, Hoo GW, Santiago SM. 
Pulmonary hypertension in men with thyrotoxicosis. 
Respiration. 2005;72(1):90-4.

	22.	Lozano HF, Sharma CN. Reversible pulmonary 
hypertension, tricuspid regurgitation and right-
sided heart failure associated with hyperthyroidism: 
case report and review of the literature. Cardiol Rev. 
2004;12(6):299-305.

	23.	Roberts KE, Barst RJ, McElroy JJ, Widlitz A, Chada K, 
Knowles JA, et al. Bone morphogenetic protein receptor 
2 mutations in adults and children with idiopathic 
pulmonary arterial hypertension: association with 
thyroid disease. Chest. 2005;128(6 Suppl):S618.

	24.	Yazar A, Döven O, Atis S, Gen R, Pata C, Yazar EE, et al. 
Systolic pulmonary artery pressure and serum uric acid 
levels in patients with hyperthyroidism. Arch Med Res. 
2003;34(1):35-40.

	25.	Christman BW, McPherson CD, Newman JH, King GA, 
Bernard GR, Groves BM, et al. An imbalance between the 
excretion of thromboxane and prostacyclin metabolites 
in pulmonary hypertension [abstract]. N Engl J Med. 
1992;327(2):70-5.

	26.	Ferris AM, Morse JH, Jacobs T, Rosenzweig EB, Aranoff 
GS, Barst RJ. Thyroid disease and pulmonary arterial 
hypertension (PAH) in patients treated with prostacyclin 
[abstract]. Circulation. 2000;102(18 Suppl II):426. 

	27.	Virgolini I, Hermann M, Sinzinger H. Decrease of the 
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of endothelin-1 in the lungs. However, in that 
study, hypothyroidism and hyperthyroidism 
were associated with decreased plasma levels of 
endothelin-1.(36)

Conclusion

The data currently available in the medical 
literature indicate that PAH and thyroid 
diseases often occur in conjunction. A signifi-
cant percentage of patients with PAH (between 
35% and 65%, according to the studies avail-
able) have concomitant thyroid dysfunction. The 
increase in PASP usually reverses after the treat-
ment of the thyroid disease The exact mechanism 
involved in the pathogenesis of this combination 
has not yet been established, and further studies 
are necessary. Thyroid function tests should be 
considered in the investigation of every patient 
with PAH.
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