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Factors Influencing the Evolution of Pulmonary Hypertension in
Patients with Hyperthyroidism
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The aim of this study is to document the impact of thyroid hormones on pulmonary hypertension (PH). In
two groups of hyperthyroid patients, one with Graves’ disease and other with non-autoimmune aetiology,
we have determined, by means of echocardiography, the estimated systolic pulmonary artery pressure
(PAPs). We have documented an increased incidence of PH and statistically significant correlations between
PAPs levels and free thyroxine (FT4), thyroid stimulating hormone (TSH) and TSH receptor antibodies (TRAb)
and with the duration of hyperthyroidism. The severity of PH correlates with the severity and duration of
hyperthyroidism. PAPs levels declined gradually, under specific therapy.
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Pulmonary hypertension (PH) is a common cardio-
vascular complication, diagnosed in patients with
hyperthyroidism [1] with an incidence ranging from 24%
[2] to 65% [3]. According to WHO criteria, PH is defined by
elevated pressures in the pulmonary artery (PAP).
According to the European Society of Cardiology ’s
classification, this type of PH is assigned to group 5.3, with
unclear and/or multifactorial mechanisms [4]. It has been
postulated that PH induced only by hyperthyroidism
improves or even achieves normal values after recovering
the euthyroid state [5, 6].

PH occurs due to the action of thyroid hormones,
thyroxine (T4) and triiodothyronine (T3) on the heart and
vessels. T4 is the principal form, acting as a prohormone.
Most of T4 is converted to biologically active T3 through the
removal of an iodide by type 1 deiodinase [7]. Thyroid
hormones exert their effects on myocytes by genomic and
nongenomic mechanisms. Their excess induces
tachycardia and increased inotropism, leading to high
cardiac output, elevated circulatory volume [8], followed
by left ventricular (LV) hypertrophy, diastolic and systolic
dysfunction. In the venous territory, there is an enhanced
and rapid return to the right ventricle (RV) with pressure
overload and RV dilatation, tricuspid regurgitation (TR) and
augmentation of PAP and of the pulmonary vascular
resistance (PVR). Other data sustain a direct action of
thyroid hormones on the pulmonary vasculature and
indirect effects on the release of various vasodilators
(prostacyclin and nitric oxide) and/or on the metabolism
of vasoconstrictors (serotonin, endothelin 1 and
thromboxane). In some pathologies (Graves’ and
Hashimoto disease) there are autoimmune processes,
involving thyroid stimulating hormone (TSH) receptor
antibodies (TRAb) that could mediate endothelial cells
injury [9] and vascular remodelling, leading to aggravation
of PH [10, 11]. Other factors may also be involved in
initiating autoimmune processes [12, 13, 18].

Evidencing  PH could be difficult and assessing mean
PAP and PVR implies right heart catheterization, but
echocardiography offers the possibility to estimate them
accurately without the risks of invasive procedures [14,
15].

The main objective of this study is to document, by
means of echocardiography, the incidence and severity of
PH in relation with hyperthyroidism’s duration and severity,
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expressed by the levels of thyroid hormones and of TRAb,
in patients with and without Graves’ disease with
prognostic consequences. Another purpose was to
determine the evolution of PAPs at 3, 6 and 12 months
after specific therapy, when patients have reached the
euthyroid status.

Experimental part
Material and methods

We included in our study 163 patients, 145 women and
18 men, (mean age 50.49±10.46 years) with hyper-
thyroidism of various aetiology, severity and duration,
admitted in the Endocrinology Clinic of our hospital
between 2013-2017.

To rule out PH of other aetiology, we have not included
in our study patients diagnosed with PH of group 1 or 1’,
those with significant cardiovascular pathology that could
have produced PH of group 2, the ones with lungs diseases,
causing PH of group 3 and all subjects with history of
pulmonary thromboembolism which could have PH group
4. To limit the influence of other factors on the apparition of
group 5 PH, we excluded all patients with haematological,
systemic, metabolic (except hyperthyroidism) or other
diseases or chronic renal failure that could induce this form
of PH, as well as all subjects treated with vasoactive drugs
(calcium channel blocker, alpha-adrenergic blockers,
prostacyclin analogues or endothelin receptor antagonists,
phospho-diesterase type 5 inhibitors and guanylate cyclase
stimulators).

Study groups: depending on the aetiology, subjects were
assigned to two groups:

- Group I: patients with Graves’ disease - hundred thirty-
two patients with overt hyperthyroidism of various severity
and duration;

- Group II: patients with non-autoimmune hyper-
thyroidism included thirty-one patients with overt
hyperthyroidism of other aetiology than Graves’ disease:
multinodular goitre and toxic adenoma of different severity
and duration.

Endocrinological assessment: the diagnosis of overt
hyperthyroidism was based on the clinical picture and
confirmed by the supressed levels of TSH (less than 0.01
mIU/L) and increased levels of free T4 (FT4) and/or free T3
(FT3). Graves’ disease was confirmed by increased titres
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of TRAb. Serum TSH, FT4 and FT3 were determined using
chemiluminescent microparticle immunoassay (CMIA),
normal range being considered as follows: TSH 0.465-4.560
mIU/L, FT4 0.71-1.85 ng/mL (9.13-23.81 pmol/L), and FT3
1.71-3.71 pg/mL (2.65-5.69 pmol/L). TRAb were
determined by ELISA (Enzyme Linked Immunosorbent
Assay), levels higher than 1.75 IU/mL being considered
positive. Thyroid ultrasonography (2D and colour Doppler)
was performed using Siemens ultrasound system, with a
linear transducer (5.0-14 MHz). In patients with supressed
TSH associated with thyroid nodule(s), the diagnosis of
toxic adenoma, respectively toxic multinodular goitre was
confirmed by 99mTc thyroid scintigraphy.

Cardiological evaluation: after a rigorous clinical exam
and electrocardiography, echocardiographic examinations
with an Acuson Sequoia C 512 echocardiograph have been
made by the same experienced sonographer, to avoid inter-
observer differences. After a regular exam of the cardiac
morphology and function, we monitored echo-
cardiographically, the following parameters by measuring
them at the initial visit and at 3, 6 and 12 months of therapy
when patients achieved euthyroidism.

1.Right atrial (RA), RV diameter and TR velocity (TRV);
2.Estimated systolic PAP (PAPs); in this study we

considered that PAPs values ≥ 35 mmHg, indicates PH (3,
10) with severity ranging from mild (35-49 mmHg), to
moderate (50-69 mmHg) and severe (≤70mmHg) [14, 15].

3.Estimated Pulmonary Vascular Resistance (PVR); we
considered as elevated PVR ≤ 2 WU and significant PH
was defined by PVR >3 WU [14]. 

Data analysis was performed using SPSS v.24.0
(Statistical Package for the Social Sciences, Chicago, IL,
USA). Continuous variables were presented as a mean and
standard deviation (SD) or median and associated quartiles
(Q1-25 percentage quartile, Q3-75 percentage quartile)
and categorical data were presented as counts
(percentages). The bias-corrected and accelerated (BCa)
bootstrap interval (1000 bootstrap samples) was used to
calculate the 95% confidence interval. We performed
descriptive and inferential statistics analysis to summarize
the characteristics of the study population. To evaluate the
proportion of pulmonary hypertension in groups, we applied
the chi-squared test (χ2). The results of the Shapiro-Wilk
normality test showed a non-Gaussian distribution, which
is why we continued to use nonparametric tests. In order
to highlight the factors influencing PH’s evolution, we
analysed the strength of a linear relationship between PAPs,
PVR, FT4 and the duration of hyperthyroidism by using the
Spearman’s rank-order correlation. To compare patients
with/without PH, characteristics in table 1 we applied
Mann–Whitney U test. Friedman test followed by a post-
hoc analysis with Wilcoxon signed-rank tests was
conducted with a Bonferroni correction applied, in order to
evaluate the evolution of PAPs in our groups over a period
of twelve months. A p value of less than 0.05 was
considered to indicate a statistically significance.The study
was approved by the Ethics Committee of our hospital and
all patients signed a written consent.

Results and discussions
Our study included 163 patients, aged between 23 and

70 years with overt hyperthyroidism of various aetiology.
The majority had Graves’ disease 132 (80.98%) and 31
(19.01%) had hyperthyroidism of non-autoimmune
aetiology: multinodular goitre (20 - 64.51%) and toxic
adenoma (11 - 35.48%). This distribution is characteristic
for our geographic region, with a high prevalence of Graves’
disease. This pathology was eleven times more frequent

in women than in men. Regarding associated diseases,
none of our patients had pathological conditions inducing
PH.

In our study, we have determined PAPs by Doppler
echocardiography which offers a reliable estimation of
PAPs [14, 15]. There are conflicting data in the literature
regarding the strength of the correlation between the PAPs
assessed by this method and mean PAP measured via right
heart catheterization. Despite its diagnostic accuracy the
last method is invasive, with potentially serious risks, not
being justified solely for screening purposes.

We documented in our study group a high incidence of
PH (53.37%). Similarly, Armigliato reported a prevalence
of 65%, Marvisi of 43% and Jonathan H. Li one of 24% in
studies of patients with newly diagnosed hyperthyroidism,
by using Doppler echocardiography [3, 5, 10]. The higher
incidence found in our study can be explained by the fact
that we included only hospitalised patients, many of them
with severe forms. In our study, patients with Graves’
disease had a higher incidence of PH than non-
autoimmune hyperthyroidism (54.54%, versus 48.38%),
sustaining the hypothesis that autoimmune processes,
associated with endothelial damages, may play a major
role in the pathogenesis of PH. This aspect was mentioned
in other articles [1, 3]. PH was more frequent in women,
the influence of female hormonal status in various
cardiovascular pathologies being debated also in other
studies [16]. Due to the fact that in our study, were included
only fifteen males, the statistical analysis was not
conclusive in detecting gender related differences regarding
PH.

Referring to the severity of hyperthyroidism, there were
46 patients with severe thyrotoxicosis. The duration of the
disease was another criterion followed in our study. There
were 39 patients with overt hyperthyroidism, diagnosed
for more than 2 years, with several relapses, who have
refused/delayed surgery or therapy with radioactive iodine
and were treated only with oral antithyroid drugs.

The results of clinical, laboratory and echocardiographic
examinations are presented in table 1 and median values
of PAPs and PVR in patients from group I and II, with and
without PH, at the initial visit, are illustrated in figure 1.

Thyroid dysfunction was treated according to aetiology
and severity: either surgery or therapy with radioactive
iodine or oral antithyroid drugs in order to restore
euthyroidism as soon as possible. Most patients received
beta-blocker, in order to treat cardiovascular symptoms:
tachycardia, arrhythmias or elevated blood pressure values.

In group I, with Graves’ disease, there were 121 women
(91.66%) and 11 men (8.33%), aged between 23 and 63
years. 72 patients (54.54%) had PH of various severity,
median of PAPs=61.5 (40.25-74) mmHg and median of
PVR=3.8 (3.8-5.3) WU; 24 patients (33.33%) had severe
PH, 22 (30.55%) moderate and 26 (36.11%) mild forms.
Regarding the gender distribution, from all patients with
PH 68 (94.44%) were women. For patients with PH we
emphasized a strong positive correlation between PAPs
and FT4 levels (r=0.889, p...0.001, 95%CI [0.835; 0.920], a
moderate one with PVR (r=0.697, p......0.001, 95%CI [0.504;
0.837], with the duration of the disease, (r=0.685, p....0.001,
95%CI [0.526; 0.798]), with TRAb level, r=0.595, p......0.001,
95%CI [0.412; 0.741] and a moderate negative one with
TSH, r= -0.498, p..0.001, 95%CI [-0.679; - 0.3], (fig. 2).

Referring to 31 patients with non-autoimmune
hyperthyroidism, 24 women (77.41%) and 7 men (22.58%),
aged between 35 to 70 years. 16 patients had no PH, but in
15 (48.38%), 12 women (80%) and 3 men (20%), we have
documented PH, with a median PAPs of 49 (43-69) mmHg
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Table 1
CHARACTERISTICS AND ECHOCARDIOGRAPHIC RESULTS IN THE STUDY GROUPS

Fig. 1 Distributions of PAPs and PVR
levels in group I and II

Legend: FT4=free thyroxin; FT3=free triiodothyronine; TSH=thyroid stimulating hormone; TRAb=TSH receptor antibodies;
AF=atrial fibrillation; LV=left ventricle; RV=right ventricle; RA=right atria; TR=tricuspid regurgitation; PAPs= estimated systolic pressure
 in the pulmonary artery; PVR=pulmonary vascular resistance; WU=Wood Units. a. median and associated quartiles (Q1 - Q3);
b. The bias-corrected and accelerated (BCa) bootstrap interval (1000 bootstrap samples); c. mean and standard deviation (SD);
d. counts (percentages); e.  Chi-Square test; f. Mann-Whitney U Test
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Fig.  2. Correlations between PAPs and FT4 , respective onset in group I and II

Fig. 3. Evolution of PAPs at 3, 6 and 12 months in patients with and without PH

and a median PVR of 2.8 (2.25-4.37) WU. As severity, 3
(20%) had severe PH, 4 (26.66%) moderate and 8 (53.33%)
mild forms. For these patients with PH, we have
documented a strong positive, correlation between PAPs
and FT4 levels, r=0.905, p.....0.001, 95%CI [0.616; 0.986],
with the duration of the disease, r=0.918, pÂ0.001, 95%CI
[0.783; 0.974] and with PVR, r=0.747, p=0.001, 95%CI
[0.212; 0.986], (fig. 2). With TSH levels we found a strong
negative correlation, r= -0.737, p=0.002, 95%CI [-0.951; -
0.323].

We followed the evolution of PAPs levels at 3, 6 and 12
months.  The Friedman test demonstrated a statistically
significant difference for both groups (p<0.001). Post-hoc
analysis with Wilcoxon signed-rank tests and Bonferroni
correction applied, set significance level at p<0.008, have

shown a significant reduction of PAPs at twelve months
for patients with Graves’ disease and with non-autoimmune
hyperthyroidism  (Z= -2.62, respective,  Z= -2.56,
p<0.001). Reporting to the initial levels of PAPs, we noticed
in all patients a significant reduction every 3 months,
leading to a decrease of 22.9% at 12 months (Z= -2.61,
p<0.001) (fig. 3).

It is possible that the duration of follow-up for the group
with persistent disease was too small to draw any
significant conclusions. Some authors followed the
incidence and evolution of PH by Doppler echo-
cardiography initially and after antithyroid treatment. These
hemodynamic abnormalities were reversible in the majority
of patients with PH after restoration of the euthyroid state
[5, 6].
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As our knowledge on the pathophysiology of PH
progresses, it is obvious that a comprehensive approach
to the pulmonary circulation and RV’s physiology, will be
beneficial for the clinical management of PH patients and
scientific research [17].
Conclusions

In our study we have documented that PH was more
frequent in female patients with Graves’ disease and its
gravity correlates with the severity and duration of
hyperthyroidism. PAPs values declined gradually, under
specific therapy. In severe and recurrent cases, the
reduction of PAPs was not so significant.
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