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ABSTRACT
Introduction  Pulmonary arterial hypertension (PAH) 
remains a serious and life-threatening illness. Thyroid 
dysfunction is relatively understudied in individuals with 
PAH but is known to affect cardiac function and vascular 
tone in other diseases. The aim of this observational 
study was to evaluate the association between thyroid-
stimulating hormone (TSH), mortal and non-mortal 
outcomes in individuals with PAH.
Methods  The Seattle Right Ventricle Translational Science 
(Servetus) Study is an observational cohort that enrolled 
participants with PAH between 2014 and 2016 and then 
followed them for 3 years. TSH was measured irrespective 
of a clinical suspicion of thyroid disease for all participants 
in the cohort. Linear regression was used to estimate the 
relationships between TSH and right ventricular basal 
diameter, tricuspid annular plane systolic excursion and 
6-minute walk distance. Logistic regression was used to 
estimate the relationship with New York Heart Association 
Functional Class, and Cox proportional hazards were used 
to estimate the relationship with mortality. Staged models 
included unadjusted models and models accounting for 
age, sex at birth and aetiology of pulmonary hypertension 
with or without further adjustment for N-terminal-pro 
hormone brain natriuretic peptide.
Results  Among 112 participants with PAH, TSH was 
strongly associated with mortality irrespective of 
adjustment. There was no clear consistent association 
between TSH and other markers of severity in a cohort 
with PAH.
Discussion  This report reinforces the important 
observation that TSH is associated with survival in patients 
with PAH, and future study of thyroid dysfunction as a 
potential remediable contributor to mortality in PAH is 
warranted.

INTRODUCTION
Pulmonary arterial hypertension (PAH) is a 
rare but serious disease leading to progres-
sive right heart failure and death. Thyroid 
hormone impacts cardiac contractility, cardiac 
output, pulmonary and systemic vascular 
resistance,1 2 and up to 20%–25% of patients 
with PAH have comorbid thyroid disease.3–7 
This raises the question of whether thyroid 
dysfunction may impact the clinical course 

of PAH. Despite evidence linking thyroid 
dysfunction with the diagnosis of pulmo-
nary hypertension, there is limited evidence 
exploring the relationship between thyroid 
dysfunction and PAH outcomes.7 We hypoth-
esised that elevated thyroid-stimulating 
hormone (TSH), a screening marker for 
thyroid dysfunction, would be associated with 
worse clinical outcomes in PAH.

METHODS
The Seattle Right Ventricle Translational 
Science (Servetus) Study is a prospective 
observational cohort of participants with 
PAH followed at the University of Washington 
Medical Center. Participants were enrolled 
from 2014 to 2016 and followed for at least 
3 years. All participants contributed to an 
imaging and blood-based biorepository. For 
this study, TSH was measured using banked 
blood on all participants independent of 
clinical suspicion for thyroid dysfunction. 
Patients were stratified into three subgroups: 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Previous work has suggested thyroid-stimulating 
hormone (TSH) is associated with mortality in pa-
tients with pulmonary arterial hypertension (PAH); 
however, this evidence is limited to a single institu-
tion cohort and has not been replicated.

WHAT THIS STUDY ADDS
	⇒ The current study validates a strong association be-
tween TSH and mortality in individuals with PAH in 
a second cohort and is the first to consider whether 
TSH is associated with other metrics of severity in 
PAH.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The findings of this study are hypothesis generating 
and continue to support ongoing investigation into 
thyroid dysfunction as a potential remediable factor 
for patients with PAH.
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normal TSH (0.6–4.5 mIU/L), low TSH (≤0.5 mIU/L) 
and high TSH (>4.5 mIU/L).

Demographic data including age, sex at birth, height 
and weight were recorded. Aetiology of PAH (ie, connec-
tive tissue disease, familial, idiopathic, etc) was adju-
dicated by investigators. New York Heart Association 
(NYHA) Functional Class, N-terminal-pro hormone brain 
natriuretic peptide (NT-proBNP), 6-minute walk distance 
(6MWD), demographics and aetiology were recorded at 
the time of enrolment. Transthoracic echocardiogram 
(TTE) results (including right ventricular (RV) basal 
diameter and tricuspid annular plane systolic excursion 
(TAPSE)) were collected within 3 months of enrolment.

Cox proportional hazards estimated the association 
between TSH and mortality; linear regression estimated 
associations with TTE parameters and 6MWD; and 
logistic regression estimated the association with a poor 
NYHA Functional Class (III/IV). Staged models were 
used to understand impacts from potential confounders. 
Adjusted models included age, sex and PAH aetiology. 
NT-proBNP was included in an additional model to 
understand whether relationships were dependent on a 
known marker of right heart failure severity. All analyses 
were performed using Stata V.15.0 (StataCorp., College 
Station, Texas, USA). Two-sided statistical tests with a p 
value of <0.05 were defined as significant.

Patient and public involvement
The prospective Servetus cohort was developed with 
input from leading patient advocacy organisations.

RESULTS
A total of 112 patients were included (table  1). High 
TSH was associated with significantly higher mortality 
(tables 2 and 3). Accounting for differences in age, sex, 
PAH aetiology and NT-proBNP did not meaningfully 
change this relationship. Low TSH was not associated 
with mortality. TSH levels were not associated with signif-
icant differences in other markers of severity including 
RV basal diameter, TAPSE, 6MWD or NYHA Functional 
Class (table  2). There was concern that the stratified 
approach might overweight the impact of six participants 
with high TSH. A separate approach modelled TSH as a 
continuous variable (instead of clinical strata) or as log-
transformed using linear regression to better account for 
the relationship in the full cohort and had a similar rela-
tionship such that high TSH continued to be associated 
with increased mortality (table 3).

DISCUSSION
Despite several reports detailing connections between 
thyroid disease and the initial diagnosis of pulmonary 
hypertension,2 4–7 associations between thyroid dysfunc-
tion and the clinical course in patients with PAH are less 
well studied. Only one previous study addressed the asso-
ciation of TSH and outcomes in PAH.7 Like this previous 

report from Giessen, we found an association between 
elevated TSH and a substantially higher risk of mortality.

In addition to reinforcing the limited previous results 
regarding mortality, we are the first to explore the rela-
tionship of TSH with non-mortal markers of severity. We 
did not find a clear association with these metrics. The 
strict interpretation of these results, which lacked consis-
tent statistically significant associations between TSH 
and non-mortal markers of PAH severity, might suggest 
that the excess mortality is not explained by progressive 
right heart failure. This hypothesis may be supported by 
the observation that the association between high TSH 
and mortality was independent of NT-proBNP, a marker 
of right heart failure in PAH. In this line of thinking, 
elevated TSH could be a marker or mediator of systemic 
stress or a systemic vulnerability that is not specific to the 
cardiopulmonary axis.8 Less than half of patients with 
PAH die from progressive right heart failure9 and TSH 
may reflect systemic vulnerabilities or a composite marker 
of systemic stress that is not otherwise well captured by 

Table 1  Baseline characteristics

n 112

Demographics

 � Age (years) 52±14

 � Height (cm) 164±18

 � Weight (kg) 80±22

 � Body mass index (kg/m2) 29.1±7.3

 � Female 93 (83%)

 � White 100 (89%)

Aetiology

 � Idiopathic or familial 45 (40%)

 � Methamphetamine associated 20 (18%)

 � Connective tissue disease associated 27 (24%)

 � Congenital heart disease associated 20 (18%)

Haemodynamics

 � Right atrial pressure (mm Hg) 9±6

 � Mean pulmonary artery pressure (mm Hg) 47±13

 � Cardiac index (L/min/m2) 2.6±0.8

 � Pulmonary vascular resistance (Wood units) 8.6±4.8

Markers of severity

 � 6MWD (m) 366±107

 � RV basal diameter (cm) 4.5±0.8

 � TAPSE (mm) 20±5

 � NYHA Functional Class III/IV 38 (34%)

Treatment

 � PAH monotherapy 39 (35%)

 � PAH dual-agent therapy 54 (48%)

 � PAH triple-agent therapy 19 (17%)

 � Thyroid replacement therapy 16 (14%)

 � Treatment for hyperthyroidism 0 (0%)

6MWD, 6-minute walk distance; NYHA, New York Heart Association; PAH, pulmonary 
arterial hypertension; RV, right ventricle; TAPSE, tricuspid annular plane systolic 
excursion.
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cardiac-specific metrics, such as that seen with sick euthy-
roid syndrome.

Alternatively, the lack of associations between TSH and 
non-mortal markers of PAH severity may reflect insuffi-
cient power. Notably, point estimates between non-mortal 
markers of severity consistently suggest the possibility of 
worse disease with high TSH. If the trends are correct 
(and the lack of significance merely reflects insufficient 
power), then TSH may remain a marker or mediator 
specific to the cardiopulmonary axis in patients with 
PAH. This explanation is tempting to suspect as thyroid 
hormone is known to affect the cardiovascular system 
both directly and indirectly.1 10

There are clear limitations in this study. First, there 
was no differentiation between overt thyroid disease and 
subclinical thyroid dysfunction in this analysis. Our study 
focused on TSH as a broad screening tool for thyroid 
dysregulation rather than characterising specific aspects 
of thyroid dysfunction. Additionally, observational studies 
always have the potential for residual and unmeasured 
confounding. While we discuss potential mechanistic 
explanations for our findings, these are speculative.

Despite limitations, our data join a previous cohort7 to 
suggest that high TSH levels are associated with worse all-
cause mortality in patients with PAH. Thyroid disease is 
relatively common, remediable and easily studied. The 

Table 2  Association between TSH and markers of disease 
severity

 �

Relative to normal TSH (n=96)

Low TSH (n=10) High TSH (n=6)

95% CI P value 95% CI P value

Hazard of mortality

 � Unadjusted 0.7 (0.1 to 5.0) 0.69 4.5 (1.3 to 
15.7)

0.02

 � Full 0.8 (0.1 to 6.5) 0.84 7.1 (1.8 to 
28.5)

0.006

 � Full+NT-proBNP 1.7 (0.2 to 14.2) 0.64 5.2 (1.2 to 
22.4)

0.03

RV basal diameter (cm)

 � Unadjusted −0.3 (−1.0 to 
0.3)

0.32 0.3 (−0.5 to 
1.1)

0.47

 � Full −0.3 (−0.9 to 
0.3)

0.29 0.3 (−0.4 to 
1.1)

0.40

 � Full+NT-proBNP −0.2 (−0.7 to 
0.4)

0.58 −0.1 (−0.7 to 
0.4)

0.80

TAPSE (mm)

 � Unadjusted 3 (−1 to 7) 0.14 −4 (−9 to 1) 0.15

 � Full 3 (0 to 7) 0.08 −4 (−9 to 1) 0.14

 � Full+NT-proBNP 3 (−1 to 7) 0.14 −2 (−7 to 3) 0.41

Walk distance (meters)

 � Unadjusted 64 (−9 to 137) 0.09 −84 (−171 
to 4)

0.06

 � Full 62 (−13 to 136) 0.10 −75 (−163 
to 14)

0.10

 � Full+NT-proBNP 56 (−11 to 122) 0.10 −16 (−99 to 
66)

0.70

NYHA Functional Class

 � Unadjusted 0.9 (0.2 to 4.7) 0.85 4.3 (0.7 to 
24.8)

0.11

 � Full 0.8 (0.1 to 4.7) 0.78 4.5 (0.6 to 
31.5)

0.13

 � Full+NT-proBNP 0.9 (0.1 to 7.7) 0.92 3.3 (0.4 to 
30.3)

0.30

Full model accounted for differences in age, sex at birth and aetiology of pulmonary 
hypertension.
Hazard of mortality was estimated using Cox proportional hazards, RV basal 
diameter/TAPSE/walk distance were estimated using linear regression, the odds of 
NYHA Functional Class of III/IV relative to I/II were estimated using logistic regression.
Coefficients represent relationships between participants with high or low TSH relative 
to normal TSH (0.5–4.0).
Value in bold indicates statistically significant results.
NT-proBNP, N-terminal-pro hormone brain natriuretic peptide; NYHA, New York Heart 
Association; RV, right ventricle; TAPSE, tricuspid annular plane systolic excursion; 
TSH, thyroid-stimulating hormone.

Table 3  Association between TSH and markers of disease 
severity

Per SD
Per log change in 
TSH

95% CI
P 
value 95% CI

P 
value

Hazard of mortality  �   �

 � Unadjusted 1.3 (1.0 to 
1.8)

0.05 1.9 (1.0 to 
3.6)

0.05

 � Full 1.4 (1.1 to 
2.0)

0.02 2.1 (1.0 to 
4.2)

0.05

 � Full+NT-proBNP 1.4 (1.0 to 
2.0)

0.08 1.7 (0.8 to 
3.6)

0.18

RV basal diameter (cm)  �   �

 � Unadjusted 0.1 (−0.1 to 
0.3)

0.18 0.2 (0.0 to 
0.4)

0.02

 � Full 0.1 (−0.1 to 
0.3)

0.23 0.2 (0.0 to 
0.4)

0.02

 � Full+NT-proBNP 0.0 (−0.1 to 
0.2)

0.82 0.1 (0.0 to 
0.3)

0.14

TAPSE (mm)  �   �

 � Unadjusted −1 (−2 to 0) 0.17 −1 (−2 to 0) 0.07

 � Full −1 (−2 to 0) 0.13 −1 (−2 to 0) 0.02

 � Full+NT-proBNP −1 (−2 to 1) 0.34 −1 (−2 to 0) 0.09

Walk distance (m)  �   �

 � Unadjusted −14 (−35 
to 6)

0.17 −19 (−43 
to 5)

0.11

 � Full −12 (−33 
to 9)

0.25 −17 (−41 
to 7)

0.16

 � Full+NT-proBNP −1 (−20 to 
18)

0.92 −7 (−29 to 
15)

0.55

NYHA Functional Class  �   �

 � Unadjusted 1.3 (0.9 to 
2.0)

0.21 1.3 (0.8 to 
2.2)

0.27

 � Full 1.4 (0.9 to 
2.2)

0.19 1.4 (0.8 to 
2.5)

0.19

 � Full+NT-proBNP 1.2 (0.7 to 
2.0)

0.44 1.2 (0.7 to 
2.3)

0.51

Full model accounted for differences in age, sex at birth and aetiology of pulmonary 
hypertension.
Hazard of mortality was estimated using Cox proportional hazards, RV basal 
diameter/TAPSE/walk distance were estimated using linear regression, the odds of 
NYHA Functional Class of III/IV relative to I/II were estimated using logistic regression.
Coefficients represent relationships for an SD difference in TSH.
Value in bold indicates statistically significant results.
NT-proBNP, N-terminal-pro hormone brain natriuretic peptide; NYHA, New York Heart 
Association; RV, right ventricle; TAPSE, tricuspid annular plane systolic excursion; 
TSH, thyroid-stimulating hormone.
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lack of a larger definitive study in individuals with PAH 
is notable. Additional study is warranted to determine 
whether overt thyroid disease drives the association with 
mortality in individuals with PAH, whether the associa-
tion is mediated by PAH severity, and/or whether TSH is 
a marker of other systemic vulnerabilities.

Twitter Lia M Barros @LiaBarrosNP

Contributors  HP and PL performed the primary analyses and drafted the 
manuscript. All authors contributed to cohort development, made revisions to the 
final manuscript and approved the manuscript for publication. PL is responsible for 
the overall content of the work.

Funding  This publication was supported by the National Center for Advancing 
Translational Sciences of the National Institutes of Health under award 
KL2TR000421.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were involved in the 
design, or conduct, or reporting, or dissemination plans of this research. Refer to 
the Methods section for further details.

Patient consent for publication  Not required.

Ethics approval  This study involves human participants and was approved by the 
University of Washington (IRB approval #3387). Participants gave informed consent 
to participate in the study before taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request. Data are 
available upon reasonable request to the corresponding author.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 

permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Peter J Leary http://orcid.org/0000-0001-5716-248X

REFERENCES
	 1	 Klein I, Ojamaa K. Thyroid hormone and the cardiovascular system. 

N Engl J Med 2001;344:501–9.
	 2	 Marvisi M, Balzarini L, Mancini C, et al. Thyroid gland and pulmonary 

hypertension. What’s the link? Panminerva Med 2013;55:93–7.
	 3	 Li JH, Safford RE, Aduen JF, et al. Pulmonary hypertension and 

thyroid disease. Chest 2007;132:793–7.
	 4	 Silva DR, Gazzana MB, John AB, et al. Pulmonary arterial 

hypertension and thyroid disease. J Bras Pneumol 2009;35:179–85.
	 5	 Curnock AL, Dweik RA, Higgins BH, et al. High prevalence of 

hypothyroidism in patients with primary pulmonary hypertension. Am 
J Med Sci 1999;318:289–92.

	 6	 Chu JW, Kao PN, Faul JL, et al. High prevalence of autoimmune 
thyroid disease in pulmonary arterial hypertension. Chest 
2002;122:1668–73.

	 7	 Richter MJ, Sommer N, Schermuly R, et al. The prognostic impact of 
thyroid function in pulmonary hypertension. J Heart Lung Transplant 
2016;35:1427–34.

	 8	 Warner MH, Beckett GJ. Mechanisms behind the non-thyroidal 
illness syndrome: an update. J Endocrinol 2010;205:1–13.

	 9	 Tonelli AR, Arelli V, Minai OA, et al. Causes and circumstances of 
death in pulmonary arterial hypertension. Am J Respir Crit Care Med 
2013;188:365–9.

	10	 Grais IM, Sowers JR. Thyroid and the heart. Am J Med 
2014;127:691–8.

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopenrespres.bm
j.com

/
B

M
J O

pen R
esp R

es: first published as 10.1136/bm
jresp-2022-001348 on 25 July 2022. D

ow
nloaded from

 

https://twitter.com/LiaBarrosNP
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-5716-248X
http://dx.doi.org/10.1056/NEJM200102153440707
http://www.ncbi.nlm.nih.gov/pubmed/23474667
http://dx.doi.org/10.1378/chest.07-0366
http://dx.doi.org/10.1590/s1806-37132009000200012
http://dx.doi.org/10.1016/S0002-9629(15)40640-8
http://dx.doi.org/10.1016/S0002-9629(15)40640-8
http://dx.doi.org/10.1378/chest.122.5.1668
http://dx.doi.org/10.1016/j.healun.2016.05.022
http://dx.doi.org/10.1677/JOE-09-0412
http://dx.doi.org/10.1164/rccm.201209-1640OC
http://dx.doi.org/10.1016/j.amjmed.2014.03.009
http://bmjopenrespres.bmj.com/

	Thyroid-­stimulating hormone and mortality in pulmonary arterial hypertension
	Abstract
	Introduction﻿﻿
	Methods
	Patient and public involvement

	Results
	Discussion
	References


