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Abstract. Background: Theassociation of autoimmunethyroid disease (AITD) in patientswith pulmonary
arterial hypertension (PAH) has been well-recognized, yet the best method to screen for thyroid diseaseis
unclear. Sincethere may be an underlying common immunopathol ogic link, we sought to determine whether
testing for thyroperoxidase antibody (TPOADb) would beauseful screeningtool for AITD in PAH. Methods:
This retrospective study comprised 101 consecutive PAH patients seen at Mayo Clinic Jacksonville' s Pul-
monary Hypertension Center from 2001 to 2008 who fulfilled two requirements: they met the WHO criteria
for PAH, and they had measurements of TPOAD levels and thyroid stimulating hormone (TSH). Results:
Of the 101 patients in the cohort, 37 met criteriafor AITD. Two patients had an elevated level of TPOAD
in the setting of a normal TSH and not taking thyroid hormone medication. TPOAb sensitivity was 46%
(95% confidence interval [CI], 29 to 63%), specificity 97% (95% CI 89 to 99%), positive predictive value
(PPV) was 89% (95% CI 67 to 98%), and negative predictive value (NPV) was 76% (95% CI 65 to 84%).
Conclusions: Many patientswith PAH have aconcomitant thyroid disorder. Screeningfor TPOAb revealed
elevated levelsin approximately half of those with AITD and PAH. However, TPOAb was elevated in only
2 patients with both anormal TSH and no prior diagnosis of thyroid disease. The low sensitivity of TPOAb
demonstrates limited value as a screening test for thyroid disease compared to a medical history and a

measurement of TSH.
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Introduction

Thyroid thyroperoxidase antibodies (TPOAD)
are circulating immunoglobulins directed against a
component of the smooth endoplasmic reticulum of
thyroid cells!¥! Detectable levels of TPOAbs are
mainly associated with thyroid autoimmune
disorders and thyroid cancers. However, a greater
frequency of elevated levelshasbeen foundinahost
of other systemic diseases. The diseases include
rheumatoid arthritis, myasthenia gravis, diabetes
mellitus, systemic lupus erythematosus, biliary
cirrhosis, mixed connectivetissuedisease, Sjogren’s
syndrome, Addison’ sdi sease, and perniciousanemi-
al3458 To date, no direct pathol ogical role hasbeen
definitively determined for this antibody; however,
TPOAD has been used as a marker for autoimmune
thyroid disease."®

Pulmonary hypertensionisaprogressivedisease
characterized by dyspnea, exercise limitation, and
chest discomfort, often leading to right heart failure

and death.”*® In an attempt to organize pulmonary
hypertension, the World Health Organization
(WHO) has classified pulmonary hypertension into
five general groups.!* An adaptation of the current
WHO classification is shown in Table 1. Pulmo-
nary arterial hypertension (WHO Group 1) contains
a number of subsets into which thyroid disorders
have been included.* Indeed, thyroid disease has
been associated with pulmonary hypertension for
tWO decadeS.[12'13'14'15'16'17'18]

Current recommendations acknowledging an
association between thyroid disease and pulmonary
hypertension describe the need for further research,
asit remains unclear whether or not thyroid disease
is causally related to pulmonary arterial hyperten-
sion.™ One prior publication advocated a system-
atic, comprehensive evaluationfor thyroid diseasein
all patientswith pulmonary arterial hypertension uti-
lizingclinical, biochemical, and serol ogic parameters
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Table 1. The Revised World Health Organization Classification of Pulmonary Hypertension*

Group 1. Pulmonary arterial hypertension
Idiopathic
Familial

disease

Group Il. Pulmonary venous hypertension
Left-sided atrial or ventricular heart disease
Left-sided valvular heart disease

Chronic obstructive pulmonary disease
Interstitial lung disease
Sleep-disordered breathing

Alveolar hypoventilation disorders
Chronic exposure to high altitude
Developmental abnormalities

Pulmonary embolism
Group V. Miscellaneous

pulmonary vessels

Related conditions: collagen vascular disease, congenital systemic-to-pulmonary
shunts, portal hypertension, HIV infection, drugs and toxins, thyroid disorders,
myeloproliferative disorders, splenectomy, hemoglobinopathies, glycogen storage

Associated with significant venous or capillary involvement
Persistent pulmonary hypertension of the newborn

Group lll. Pulmonary hypertension associated with hypoxemia

Group IV. Pulmonary hypertension due to chronic thrombotic disease, embolic disease, or both
Thromboembolic obstruction of proximal pulmonary arteries
Thromboembolic obstruction of distal pulmonary arteries

Sarcoidosis, pulmonary Langerhan’s-cell histiocytosis, lymphangiomatosis, compression of

*The table has been adapted from Simonneau et al.""!

of autoimmune thyroid disease.*” Recognizing the
correlation between autoimmunethyroid diseaseand
pulmonary arterial hypertension, we postul ated that
screening for TPOADb would help to determine whe-
ther pulmonary arterial hypertension is associated
with thyroid disease.

Materials and Methods

Patients. This study was approved by the Mayo
Clinic Institutional Review Board. Consecutive pa-
tients with pulmonary arterial hypertension seen at
Mayo Clinic Jacksonville Pulmonary Hypertension
Center from 2001 to 2008 were studied retrospec-
tively.

Data Collection. The following information was
collected for the patientsin this observational study:
age, sex, pulmonary hypertension characteristics,
and thyroid function test results. Pulmonary hyper-
tension was defined as sustained mean pulmonary
artery pressure >25 mm Hg at rest or systolic pul-
monary arterial pressure>35 mmHg. The diagnosis

was confirmed by history, physical examination,
echocardiography, right heart catheterization, and
comorbid conditions.

Pulmonary venous hypertension was excluded by
apulmonary artery occlusion pressure <15 mm Hg.
Information about the etiology of the patient’s pul-
monary arterial hypertension is shown in Figure 1.
The mean pulmonary artery pressure in this cohort
was 44 + 14 mm Hg. Four patients were diagnosed
with pulmonary arterial hypertension based on echo-
cardiographicright ventricular systolic pressure >35
mmHg and had no reported mean pulmonary artery
pressure.

Thyroid disease was determined by an abnormal
thyroid function test result, or by a previous diagno-
sis of thyroid disease and the current use of thyroid
replacement therapy. Hypothyroidism was defined
by TSH levels>5.5 mIU/L (Hypersensitive Enzyme
Immunoassay on Beckman Coulter DXI; reference
range, 0.1 to 5.5 mlIU/L); free thyroxine levels <0.8
ng/dL (immunoradiometric assay on Beckman Coul-
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IPAH (Idiopathic Pulmonary Arterial Hypertension); CVD (Collagen vascular disease);
Portal (Portal hypertension); Shunt (Congenital systemic-to-pulmonary shunts).

Coulter DXI; reference range, 0.8 to 1.4 ng/dL); or
a history of thyroid disease treated with thyroid
hormonereplacement. Hyperthyroidismwasdefined
by aTSH level <0.1 mlU/L or afreethyroxinelevel
> 1.4 ng/dL and no current use of thyroid hormone
replacement. Autoimmune thyroid disease was de-
fined as any of the aforementioned including an ab-
normal TPOADb level >20 IU/mL (reference value <
20 1U/ml).

Statistical Analysis. Sensitivity, specificity, posi-
tive predictive value, and negative predictive value
were determined for TPOAb measurements in the
setting of thyroid disease as defined above utilizing
the standard formul as.

Results

Of the 101 patientsincluded in the study, 74 were
female. Ages of the cohort ranged from 21 to 88
years, and the mean age was 62 years. Two patients
were on continuous IV epoprostenol prior to evalu-
ation. Thirty-seven of the study patients (37%) were
found to have autoimmune thyroid disease.

Overall, 17 patients were positive for TPOAD, 15
patientswerefound to havean abnormal TSH levels,
and 17 patients had a previous history of thyroid

disease and were on thyroid hormone replacement.
Of those with autoimmune thyroid disease, 32 were
diagnosed with hypothyroidism, and 2 werediagnos-
ed with hyperthyroidism. Two had abnormal TPO-
Ab levels with normal TSH values and were not on
thyroid hormone replacement.

The sensitivity of TPOAD testing in the setting of
thyroid disease associated pulmonary arterial hyper-
tension was 46% (Cl 29 to 63%). The specificity
was 97% (CI 89 to 99%), positive predictive value
89% (67 to 98%), and negative predictive value 76%
(Cl 65 to 84%). Of those with autoimmune thyroid
disease, only 2 had elevated levels of TPOAbwith a
reference range TSH and an absence of thyroid hor-
mone replacement.

Discussion/Conclusion

Our dataindicate aincidence of thyroid diseasein
pulmonary hypertension (37%) similar tothat report-
edin previous studies.**?2 Other researchers have
reported an incidence as high as 49%.%” Due to the
strong association of the two conditions, it may be
reasonable to screen patients with pulmonary hy-
pertension for the possibility of underlying auto-
immune thyroid disease. It is not clear, however,
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which test is most effective for screening.

The issue of how the screening should take place
has been | eft open ended. This hasresulted from the
lack of aclear understanding of the association be-
tween pulmonary hypertensi on and autoimmunethy-
roid disease and the need for further evaluation of
that association.

In recent studies, researchers have speculated on
a common, underlying etiological link between the
two conditions.'**?*24 Pgssible associations include
an asyet undiscovered immunogenetic overlap/ sus-
ceptibility, prostacyclin therapy, or an inflammatory
pI’OCGSS.[ZO'ZS‘ZG]

TPOAD levels were abnormal in 17% of our pop-
ulation with autoimmune thyroid disease and pul-
monary arterial hypertension. However, the elevated
TPOADb levels added little-to-no value as compared
toaTSH, ahistory of thyroid disease, and the cur-
rent use of thyroid hormone replacement.

Thislow sensitivity of TPOAbdemonstrateslimit-
ed usefulness as a screening test for thyroid disease
in pulmonary hypertension. In only two clinical
cases were the TPOAD levels felt to be additive in
this cohort of 101 patients. Neither of these cases
involved underlying immunological disease or on-
going prostacyclin therapy; instead, they involved
portal hypertension and end-stage liver disease due
to Hepatitis C. In addition, both had failed treatment
with apha-interferon in the past prior to their eval-
uation. Incidences of autoi mmunity devel oping after
alpha-interferon as well as thyroid abnormalitiesin
chronic viral hepatitis are well described in the lit-
erature and may account for this finding.2426:2"

Summary

This study reinforces the association between
autoimmune thyroid disease and pulmonary arterial
hypertension. However, wefoundtestingfor TPOAb
to have low sensitivity. This makes it a poor screen-
ing test and an unlikely player in the future search
for a common immunogenetic susceptibility.

While the mgjority of abnormal TPOAD levels
were found in patients with thyroid disease, two
cases represented patients having portal hyperten-
sion with end-stage liver disease secondary to hepa-
titis C; both patients had undergone al pha-interferon
in the past. A TSH and history were adequate in e-
valuating the possibility of thyroid dysfunction in

patients with pulmonary arterial hypertension.

References

1. Legrys, V.A., Hartman, K, and Walsh, J.F.: The clin-
ical consequences and diagnosis of hypothyroidism.
Clin. Lab. Sci., 4:203-208, 2004.

2. Surks, M.l1., Ortiz, E., and Daniels, GH., et al.: Sub-
clinical thyroid disease. JAMA, 291:228- 238, 2004.

3. Monzani, F,, Caraccio, N., Del Guerra, P, et al.: Neu-
romuscular symptoms and dysfunction in subclinical
hypothyroid patients: beneficial effect of L-T, re-
placement therapy. Clin. Endo., 51:237-242, 1999.

4. Col, N.F,, Surks, M.l., and Daniels, G.H.: Subclinical
thyroid disease. JAMA, 291:239-243, 2005.

5. Wilson, G.R., and Whit Curry, R.: Subclinical thyroid
disease. Amer. Fam. Phys., 72:1517-1524, 2005.

6. Cooper, D.S.: Thyroid disease in the oldest old.
JAMA, 292:2651-2654, 2004.

7. Hennessey, J.V., Chromiak, J.A., DellaVentura, S., et
al.: Increase in percutaneous muscle biopsy yield with
a suction-enhancement technique. J. Appl. Physiol.,
82:1739-1742, 1997.

8. Cosmas, A.C., Monteiro, M., Levesque, S., et al.: Ul-
trastructural changesin skeletal muscle of postmeno-
pausal women following twelve months of aerobic
exercise and progressive resistance training. Proceed-
ings of the 31st. annual American Aging Associa-
tion/16th. Annual meeting of American College of
Clinical Gerontology, 18, 2002.

9. Weibel, E.R.: Sterological principlesfor morphometry
in electron microscopic cytology. Int. Rev. Cytol.,
26:235-302, 1969.

10. Jiskra, J.: Myopathy syndrome in undiagnosed hypo-
thyroidism. Vnitr. Lek., 47:642-646, 2001.

11. Lochmuller, H., Reimers, C.D., Fischer, P, et al.: Ex
ercise-induced myalgia in hypothyroidism. Clin. In-
vestig., 12:999-1001, 1993.

12. Rodolico, R.A.,Toscano, S., Benvenga, A., etal.: My-
opathy as the persistently isolated symptomology of
primary autoimmune hypothyroidism. Thyroid, 8:-
1033-1038, 1998.

13. Norris, F.H., and Panner, J.: Hypothyroid Myopathy.
Arch. Neurol., 11:574-589, 1961.

14. Jerusalem, F., Engel, A.G., and Peterson, H.A.: Hu
man musclefiber fine structure: M orphometric dataon
controls. Neurol., 25:127-134,1975.

15. Jerusalem, F., Engel, A.G., and Peterson, H.A.: Hu-
man musclefiber fine structure: M orphometric dataon
controls. Neurol., 25:127-134, 1975.

16. Santoro, C., Cosmas, A., Forman, D., et al.: Exercise
training alters skeletal muscle mitochondrial morpho-
metry in heart failure patients. J. Cardiovas. Risk, 9:-
377-381, 2002.

17. Kelley, D.E., Jing, H., Menshikova, E.V., et a.: Dys-



Gisel, J.J., et al.: Thyroperoxidase Antibody Testing . Pulmonary Hypertension Thyroid Science 4(8):CLS1-5, 2009 5

18.

19.

20.

21.

22.

23.

function of mitochondriain human skeletal muscle in
type 2 diabetes. Diabetes, 51:2944-2950, 2002.

Lin, R.T., Liu, C., Tai, C., et a.: Hypothyroid myopa-
thypathological and ultrastructural study. Kaohsiung
J. Med. Sci., 16:68-75, 2000.

Modi, G.: Coresin hypothyroid myopathy: a clinical,
histological and immunofluorescence study. J. Neuro.
Sci., 175:28-32, 2000.

Ono, S, Inouye, K., and Mannen, T.: Myopathology
of hypothyroid myopathy: Some new observations. J.
Neurol. Sci., 77:237-248, 1987.

Rodolico, C., Toscano, A., Benvenga, S., et al.: Myo-
pathy as the persistently isolated symptomatology of
primary autoimmune hypothyroidism. Thyroid, 8:-
1033-1038, 1998.

Agostinucci, K., Manfredi, T.G., Cosmas, A., et al.:
Vitamin E and liver mitochondrial morphometry. Age,
36:2393, 1999.

Caraccio, N., Natali, A., Sironi, A., et al.: Muscle
metabolism and exercisetolerancein subclinical hypo-
thyroidism: A controlled trial of L-thyroxine. J. Clin.
Endocrinol. Metab., 90:4057-4062, 2005.

24.

25.

26.

27.

28.

20.

Bertoni-Freddari, C., Fattoretti, P., Casoli, T., et al.:
Morphological plasticity of synaptic mitochondria
during aging. Brain Research, 628:193- 200, 1993.
Evans, R.M., Watanabe, |., and Singer, P.A.: Central
changesin hypothyroid myopathy: A casereport. Mus-
cle & Nerve, 13:952-956, 1999.

Harper, M ., and Seifert, E.L.: Thyroid hormone effects
on mitochondrial energentics. Thyroid, 18:145-156,
2008.

Khaleeli, A.A., Gohil, K., McPhail, G, et al.: Muscle
morphology and metabolism in hypothyroid myo-
pathy: effect of treatment. J. Clin. Pathol., 36:519-
526, 1983.

Staubb, J.J., Althaus, B.U., Engler, H., et al.: Spectrum
of subclinical and overt hypothyroidism: effect on
thyrotropin, prolactin and thyroid reserve, and meta-
bolic impact on peripheral target tissues. Am. J. Med.,
92:631-642, 1992.

Khaleeli, A.A., Griffith, D.G., and Edwards, R.H.T.:
Theclinical presentation of hypothyroid myopathy and
its relationship to abnormalitiesin structure and func-
tion of skeletal muscle. Clin. Endocrin., 19:365376,
1983.



