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Assessment in Thyrotoxic and
Euthyroid Patients
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and Denise Engelbrecht Zantut-Wittmann"*

" Endocrinology Division, Department of Internal Medicine, School of Medical Sciences, University of Campinas,
S&o Paulo, Brazil, 2 Cardiology Division, Department of Internal Medicine, School of Medical Sciences, University of
Campinas, S&o Paulo, Brazil, 3 Pneumology Division, Department of Internal Medicine, School of Medical Sciences,
University of Campinas, Sdo Paulo, Brazil

Background: Graves’ disease (GD) is the most common cause of hyperthyroidism and
can cause cardiac changes, such as pulmonary hypertension.

Methods: This is a prospective study in which we obtained demographic, clinical,
laboratory data and characteristics of the GD, in addition to investigating
cardiorespiratory function, focusing on the detection of pulmonary hypertension.
Patients were separated into two groups: thyrotoxicosis and euthyroidism. Ninety
patients with GD of both sexes, over 18 years of age, were included. The
cardiorespiratory assessment included an echocardiographic evaluation, a
questionnaire of specific symptoms, spirometry and a six-minute walk test.

Results: The hyperthyroid group included 42 patients (47.73%) and the euthyroid group
46 patients (52.27%); 78 were women (86.67%). The prevalence of pulmonary
hypertension between the hyperthyroidism (48.57%) and the euthyroidism (29.41%)
groups was not different. Free thyroxine levels (FT4) (OR 1.266), higher left atrium
volume (OR 1.113) and right ventricle diameter were associated with pulmonary
hypertension. A direct correlation between FT4 with forced vital capacity (FVC) and
forced expiratory volume in the first second (FEV1), as also an inverse correlation between
initial oxygen saturation (SpO2) with diagnostic time and drop SpO2 with the ratio
between the diastolic velocity E of the mitral flow and the diastolic velocity of the mitral
ring (E/e’) were observed in the euthyroid group. An inverse correlation between FT4 levels
with walked distance as % of predicted value, and a direct correlation between E/e’ ratio
and walked distance as % of predicted value were observed in the hyperthyroid group.
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Conclusion: We emphasize the importance of a cardiorespiratory reassessment in GD,
even after a long-term control of the thyrotoxic state, as we demonstrate that about 30%
of these patients remain with PH and are subject to specific treatment.

Keywords: Graves’ disease, pulmonary hypertension, hyperthyroidism, autoimmune thyroid disease, thyroid hormone

INTRODUCTION

Graves’ disease (GD) is the most common cause of hyperthyroidism
causing changes in the cardiorespiratory system, such as
tachycardia, increased pulse pressure, dyspnea and, not
uncommonly, pulmonary hypertension (PH) (1-5).

PH is defined as the mean pulmonary arterial pressure higher
than 20 mmHg (6, 7), requiring a high degree of suspicion due to
its low prevalence and unspecific signs and symptoms. Classically,
it includes dyspnea on exertion, lower limb edema, hepatomegaly
due to hepatojugular reflux, and symptoms of low cardiac output
such as lipothymia and syncope (4, 8). PH classification includes
Pulmonary Arterial Hypertension (PAH) idiopathic, heritable,
drug-induced and associated with connective tissue diseases (6).
PH has multiple causes, such as left heart diseases, hypoxic
chronic lung diseases, and chronic thromboembolism. PH
associated with thyroid diseases encompasses systemic
manifestations in which the pathophysiological mechanisms
involved are unclear (6, 9-13).

Right heart catheterization is the gold standard for PH
diagnosis; however, Doppler echocardiography is usually the
method for screening. In most cases, PH is diagnosed by
means of the requested echocardiogram due to other suspected
cardiac changes, and even so adequate follow-up and
management are not always performed (8).

A series of cases (14, 15) and prospective studies with a small
casuistic (16) demonstrating reversal of changes in PAH with
hyperthyroidism treatment, uses echocardiography as a diagnostic
and follow-up tool. However, other authors report persistence of high
levels of pressure in the pulmonary circulation. In such cases, it is
important to exclude other causes and associated conditions, before
attributing PH only to thyroid dysfunction (14, 15, 17).

The main objective of this study was to assess GD patients for
the detection of PH, in relation to thyroid hormonal status, both
in the presence of thyrotoxicosis or in euthyroidism after
controlling the disease. The specific objectives are the thorough
cardiorespiratory assessment of both groups.

MATERIALS AND METHODS

Study Design
This prospective study which assessed GD attended at the
Thyroid Unit of a tertiary Endocrinology Service through a
directed interview, demographic, clinical and laboratory data,
besides the cardiorespiratory function to detect PH. Patients
were separated into 2 groups:

a) In Thyrotoxicosis: GD in overt hyperthyroidism,
but under treatment with antithyroid drugs during routine

medical intervention, aiming at adequate control of
thyroid function;

b) In Euthyroidism: hyperthyroidism due to Graves’ disease
controlled for at least 1 year with the use of thionamides or in
remission of the disease or in replacement treatment with
levothyroxine due to hypothyroidism after radioiodotherapy
or thyroidectomy.

The joint investigation with the Pulmonology and Cardiology
Services, consisted of a questionnaire to assess respiratory symptoms,
spirometry, a pulse oximetry, a six-minute walk test (6MWT) and a
transthoracic echocardiogram. Biochemical data were serum TSH
(reference values RV 0.41-4.5 mUI/L), free thyroxine (FT4) (RV
0.9-1.7 ng/dl), free triiodothyronine (FT3) (RV 0.22-0.44 ng/dl),
anti-thyroglobulin antibodies (TgAb) (RV <115 mUI/L), anti-
thyroidperoxidase antibodies (TPOAb) (RV <35 IU/ml), and
thyroid stimulating hormone receptor antibody (TRAb) (RV <1.58
IU/ml), all measured by electrochemiluminescence immunoassay.
Hyperthyroidism was confirmed by elevated FT4, suppressed TSH
and thyroid autoimmunity by elevated TgAb, TPOAb, and TRAb.

Written consent was obtained from the patients and the
study was approved by the local Ethics Committee
(CAAE 02109412.30000.5404).

Patients

Ninety GD patients, both sexes, over 18 years old, were included,
but 2 of them who did not undergo most assessments, were
excluded. Transthoracic echocardiogram was performed in 70 of
88 patients and the respiratory assessment was completed in
79 of 88 patients. Patients with acute sickness or recent
previous cardiovascular event, malignant neoplasia or active
inflammatory disease, connective tissue diseases, use of
amiodarone or iodinated contrast less than 3 months before the
study, heart failure (NYHA class III or IV), severe liver disease,
advanced kidney disease (stage 4 or 5), under hemodialysis, HIV-
positive and hepatitis C infection and other autoimmune diseases
were excluded.

Cardiorespiratory Assessment

The cardiorespiratory assessment included an echocardiography,
a questionnaire of specific symptoms, spirometry and a six-
minute walk test.

A) Transthoracic echocardiogram: performed on a Toshiba
Xario echocardiograph, with a 3 MHZ sectoral transducer, with
two-dimensional evaluation, M mode, pulsed Doppler,
continuous Doppler, tissue Doppler and color Doppler,
according to the American Society of Echocardiography (18).
Assessment carried out the anatomy of left and right chambers,
whether or not with structural heart disease that can lead to PH,
estimate of left atrial (LA) volume, right ventricle (RV) diameter,
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left ventricular ejection fraction by the Simpson method (LVEEF),
cardiac output (CO) derived by Simpson systolic volume, cardiac
index (CI), evaluation of systolic or diastolic dysfunction of the left
ventricle, mitral regurgitation, systolic pulmonary artery pressure
(SPAP) estimate by velocity of tricuspid regurgitation (if present)
and right atrial pressure (RAP) by inferior vena cava observation,
mean pulmonary artery pressure (mPAP) (19), the ratio between
the diastolic velocity (E) of the mitral flow and the diastolic velocity
of the mitral ring (E/e’), pulmonary capillary Wedge pressure
(PCWP) (20), pulmonary flow velocity, acceleration and ejection
time of pulmonary flow, tricuspid annular plane systolic excursion
(TAPSE), presence of pericardial effusion, or paradoxical motion of
interventricular septum, pulmonary vascular resistance (PVR) (21)
and hyperdynamic state.

The references values were LVEF Simpson >52% in men
and >54% in women, SPAP up to 35 mmHg, mPAP up to 20
mmHg, RV diameter up to 27 mm, PCWP of 8-12 mmHg, LA up
to 34 ml/m?, E/e’ up to 12 and TAPSE >17, CI from 2.8 to 4.2, CO
up to 4,000 ml/s. The echocardiographic assessment was performed
by the same cardiologist expert in echocardiography (DCO).

B) Degree of dyspnea: Medical Research Council scale (MRC):
Dyspnea on exertion, orthopnea, paroxysmal nocturnal dyspnea,
chest pain or oppression, any previous episode of syncope,
cough, expectoration, wheezing. The dyspnea on exertion
followed the modified MRC (Chart 1); MRC 1 and 2:
asymptomatic and MRC 3 to 5: symptomatic patients.

C) Spirometry: All patients performed spirometry (without
and with bronchodilator) and had Oxygen Saturation (SpO2)
measurement in room air. Spirometry was performed with the
EasyOne Wordspirometer® (23), and oximetry, with a Nonin®
pulse oximeter. We evaluated the forced expiratory volume in the
first second (FEV1) in liters (L) and percentage of predicted value
(%), the forced vital capacity (FVC) in liters (L) and percentage
of predicted value (%), and FEV1/FVC ratio. We consider FVC
and FEV1 >80% of the predicted as normal.

D) Six-minute walk test: The distance walked and the drop in
SpO2 were evaluated. We assessed the distance covered in meters
and in percentage of the predicted, initial and final oxygen
saturation, final-initial delta SpO2, and initial and final heart
rate. We consider the drop in SpO2 >4 points as severe.

The test was performed inside a hospital corridor on a hard
and flat surface, according to international recommendation (24).

Statistical Analysis

Statistical analysis was performed by means of frequency tables
of categorical variables with absolute frequency (n) and
percentage (%) values, descriptive statistics of numerical
variables with mean, standard deviation, minimum and
maximum values and median. Chi-square or Fisher’s exact

tests were used to compare categorical variables. Mann-
Whitney test and ANOVA for repeated measures were used
for numerical variables. A logistic regression analysis assessed
factors associated to PH. Spearman’s correlation coefficient was
used for correlate numerical variables and Mann-Whitney and
Kruskal-Wallis tests, to compare categorical and numerical
variables, respectively. The level of significance adopted was 5%.

RESULTS

Clinical, Demographic and Laboratory
Characteristics of GD Patients

Comparative Analysis Regarding Thyroid

Hormone Status

The 88 GD patients were divided in 42 hyperthyroid (47.73%)
and 46 euthyroid patients (52.27%); 78 were women (86.67%),
with a similar frequency of genders between groups. The age and
time of diagnosis were lower in the hyperthyroid group than in
the euthyroid group. TSH was lower, FT4 and FT3 were higher
in the hyperthyroid group compared to the euthyroid
group (Table 1).

Comparative Analysis for the Presence of Pulmonary
Hypertension
Higher FT4 and FT3 were observed in patients with PH (Table 2).

Cardiorespiratory Characteristics
Comparative Analysis Regarding Thyroid

Hormone Status

PH prevalence between the hyperthyroid (48.57%) and the
euthyroid (29.41%) groups was not significantly different, as
well as SPAP (35 vs 28.5 mmHg). The hyperthyroid group
showed lower PCWP than the euthyroid group (10 vs 13
mmHg), similarly to E/e’ ratio (6 vs 8 mmHg) (Table 3). No
difference in respiratory assessment was observed between the
groups with or without PH (data not shown).

Comparative Analysis for the Presence of Pulmonary
Hypertension

LA, PVR, mPAP, and presence of diastolic dysfunction were
higher, and LVEF was lower in PH patients (Table 4). No
difference in respiratory assessment was observed between
euthyroidism and hyperthyroidism groups. (Data not shown).

Logistic Regression Analysis
A univariate analysis for factors associated with PH revealed
association with FT4; for each unit of increase in FT4, a 27%

CHART 1 | Dyspnea scale of the medical research council (22).
1—Not troubled by breathless except on strenuous exercise
2—Short of breath when hurrying on a level or when walking up a slight hill

3—Walks slower than most people on the level, stops after a mile or so, or stops after 15 min walking at own pace

4—Stops for breath after walking 100 yards, or after a few minutes on level ground
5—Too breathless to leave the house, or breathless when dressing/undressing
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TABLE 1 | Comparative analysis between demographic and laboratory characteristics of patients with Graves’ disease according to thyroid hormone status.

Variable Euthyroidism Hyperthyroidism p-value
Sex Male 6 (13.04%) 6 (14.29%) 0.8653
Female 40 (86.96%) 36 (85.71%)
Age (years) 48.18 + 10.18 (47, 29-72) 42.07 + 13.38 (40, 19-72) 0.0091
Ophthalmopathy 14 (31.82%) 17 (40.48%) 0.4032
Bodly surface area (kg/m?) 1.74 £ 0.21 (1.72, 1.41-2.25) 1.7 £ 0,17 (1.7, 1.42-2.07) 0.5321
Betablocker use 9 (20.93%) 15 (36.59%) 0.1124
Smoking Active 5 (10.87%) 7 (17.07%) 0.6349
Previous 9 (19.57%) 9 (21.95%)
TSH (mUI/L) 2.43 £1.29 (2.37, 0.37-5.72) 0.02 + 0.04 (0.01, 0.01-0.23) <0.0001
FT4 (ng/dl) 1.27 £ 0.25 (1.25, 0.45-1.74) 3.62 £ 253 (2.41,0.81-7.77) <0.0001
FT3 (pg/ml) 0.3 £0.06 (0.29, 0.22-0.49) 116 £ 0.96 <0.0001

(067, 0.21-3.25)

TSH, thyroid-stimulating hormone; FT4, free thyroxine; FT3, free tri-iodothyronine.

Categorical variables are represented by the absolute value and frequency in percentage. Continuous variables are represented by values of mean + standard deviation (median, minimum,

and maximum).

greater chance of PH (OR 1.266), with higher left atrium volumes
(OR 1.113) and right ventricle diameters (OR 1.103). The
presence of diastolic dysfunction increased the chances of PH
by 4.8 times (OR 4.875). A multivariate analysis identified
increased LA and RV as risk factors for PH (OR 1.217 and
1.251, respectively) (Table 5).

The regression analysis model included the variables: age,
TSH, FT3, predicted distance, predicted distance (%), FVC (L),
EFVC (%), FEV1 (L), FEV1 (%), drop SpO2, diagnosis time, and
thyroid hormone status. Only the variables that proved to be
significant were included in Table 5.

Spearman Correlation
Euthyroid presented a direct correlation between FT4 with FVC
and FEV1, an inverse correlation between initial SpO2 with
diagnostic time and drop SpO2 with E/e’.

Hyperthyroid presented an inverse correlation between FT4
with walked distance as % of predicted value, and a direct

correlation between E/e’ ratio and walked distance as % of
predicted value in the six-minute walking test. A direct
correlation was found between FT4 and FT3 with the final
heart rate, as also FT4 and initial heart rate (Table 6).

We emphasize that smoking, the use of drugs, body surface
area, and other variables investigated did not determine an
interference in the results.

DISCUSSION

The increase in serum thyroxine and triiodothyronine in GD
leads to typical cardiorespiratory changes and can develop PH
(25, 26).

In the present study, the prevalence of PH was similarly high
both in thyrotoxic (48.57%) and in euthyroid patients (29.41%).
This finding suggests persistent vascular injury in GD (4), even
after the control of hyperthyroidism for at least 1 year. In this

TABLE 2 | Comparative analysis between the parameters used in the evaluation of demographic and laboratory characteristics of patients with Graves’ disease

according to the presence of Pulmonary Hypertension.

Variable Pulmonary Hypertension p-value
Yes No
Sex Male 4 (14.81%) 6 (13.95%) 1.0000
Female 23 (85.19%) 37 (86.05%)
Age (years) 48.3 + 13.75 (49, 25-72) 43.26 + 10.95 (43, 19.95-72) 0.0943
Ophthalmopathy 12 (44.44%) 11 (26.19%) 0.1165
Tabagism Active 1(3.7%) 5(11.9%) 0.4235
Previous 8 (29.63%) 8 (19.05%)
Betablocker use 12 (44.44%) 9 (22.5%) 0.0575
Active GD (methimazole) 18 (69.23%) 20 (47.62%) 0.0811
Aftter ablative therapy (levothyroxine) 5 (18.52%) 12 (28.57%) 0.3443
Diagnosis time (years) 7 +4.98 (5, 1-17) 7.88 + 7.39 (5, 1-31) 0.9598
Body surface area (kg/m?) 1.73 +£0.18 (1.75, 1.41-2.10) 1.71 £0.19 (1.42-2.15) 0.6710
TSH (mUI/L) 0.98 + 1.4 (0.01, 0.01-4.29) 1.45 + 1.66 (0.92, 0.01-5.72) 0.1243
FT4 (ng/dl) 3.3 £2.63 (1.72,0.98-7.77) 2.09 + 1.89 (1.42, 0.45-7.77) 0.0296
FT3 (pg/ml) 1.16 + 1.06 (0.58, 0.28-3.25) 0.6 + 0.7 (0.31, 0.21-3.25) 0.0036

TSH, thyroid-stimulating hormone; FT4, free thyroxine; FT3, free tri-iodothyronine.
Categorical variables are represented by the absolute value and frequency in percentage. Continuous variables are represented by values of mean + standard deviation (median, minimum,

and maximum).
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TABLE 3 | Comparative analysis between the parameters used in the echocardiographic assessment of patients with Graves' disease according to thyroid hormonal status.

Echocardiographic Evaluation Euthyroidism

Pulmonary hypertension 10 (29.41%)
Increased left atrium 4 (12.9%)
Diastolic dysfunction 9 (2.68%)

Mitral insufficiency 11 (28.95%)
Hyperdynamic state 2 (5.26%)

LVEF (%) 63.78 + 8.33 (66, 45-79)

Right ventricle diameter (mm)
SPAP (mmHg)

22.09 + 5.58 (22, 12-36)
29.65 + 6.8 (28.5, 18-43)

mPAP (mmHg) 14.92 + 8.9 (12, 2-34)

PCWP (mmHg) 14.22 £ 5.75 (13, 7-28)
PVR (woods) 1.33 £ 0.42 (1.4, 0.3-2)
Left atrium volume (ml/m?) 24.1 £ 9.05 (24, 11-50)
TAPSE 28.22 + 4.27 (22, 17-30)

E/e’ 8.9 + 4.29 (8, 4-23)
Cardiac output (L)
Cardiac index

4,893.43 + 1,708.39 (4,961, 2,494-9,245)
2.82 +0.90 (2.86, 1.37-4.55)

Hyperthyroidism p-value

17 (48.57%) 0.10380

4 (12.2%) 1.0000

6 (16.22%) 0.4189

16 (43.24%) 0.1972

6 (15.38%) 0.2626

60.89 + 7.62 (60, 42-79) 0.0948
23.08 + 6.97 (22 + 9-47) 0.6472
35.06 + 11.45 (35, 18-58) 0.0600
18.97 + 10.15 (19.5, 2-44) 0.1073
10.85 £ 2.89 (10, 7-20) 0.0139
1.37 + 0.41 (1.32, 0.4-2.3) 0.9777
24.53 + 8.42 (24, 11-45) 0.8269
21.11 £ 3.1 (21, 14-25) 0.4219
6.83+ 1.98 (6, 4-13) 0.0415
5047.74 + 1674.32 (4832, 2870-9398) 0.8243
3.01 + 1.04 (2.99, 1.69-5.46) 0.5107

LVEF, left ventricular ejection fraction by the Simpson method; SPAP, systolic pulmonary artery pressure; mPAP, mean pulmonary artery pressure; PCWP, pulmonary capillary Wedge
pressure; PVR, pulmonary vascular resistance; TAPSE, tricuspid annular plane systolic excursion; E/e’, ratio between the diastolic velocity E of the mitral flow and the diastolic velocity of the

mitral ring.

Categorical variables are represented by the absolute value and frequency in percentage. Continuous variables are represented by values of mean + standard deviation (median, minimum,

and maximum).

sense, we emphasize that FT4 was a factor associated with PH in
GD, however, the time in hyperthyroidism was not evident as
such in these patients.

PH is present in 35 to 65% of GD hyperthyroid patients (7). The
other authors who included patients with Graves’ hyperthyroidism
and toxic multinodular goiter found 43% of PH (10). A prospective
study evaluating 75 hyperthyroid patients found 47% with SPAP
above 35 mmHg on Doppler echocardiography (11). In this study,
the prevalence of PH found in GD was high and similar to the
literature. This finding emphasizes the importance of
cardiorespiratory assessment, since the PH, especially if associated
with clinical symptoms, may have an impact on the prognosis and
may indicate the need for confirming the diagnosis and even establish
a specific treatment. Most authors evaluated the patients during the
thyrotoxic state (27), whereas we demonstrated the relevance of the
cardiorespiratory assessment, not only in the presence of
thyrotoxicosis, but even after the control of hyperthyroidism, in
search of persistent injury.

Itis noteworthy that SPAP values in GD were similar, whether in
thyrotoxicosis or in long-term euthyroidism, corroborating that
these patients may present irreversible lesion, with pulmonary
artery fibrosis, despite the control thyroid hormone.

The PH pathophysiology associated with hyperthyroidism
and GD is not completely understood (12). It is postulated that
the excess of thyroid hormones would cause changes in
cardiovascular dynamics, with increased heart rate, contraction
force, venous return and, consequently, global cardiac output (7).
Mechanisms such as increased degradation of vasodilating
substances in the pulmonary arterial bed are also implicated,
leading to an imbalance between vasoconstriction and
vasodilation (28). Endothelial dysfunction occurs, which leads
to impairment in the production of vasodilators, such as nitric
oxide and prostacyclin, and increased expression of vasoconstrictors
and mitogens, such as endothelin-1 (29). Therefore, the finding that
FT4 was associated with PH suggests that, in addition to the effects

of thyroid hormones on systemic circulation, we can postulate
pulmonary vascular effects of hyper-reactivity, vasoconstriction,
remodeling, and thrombosis in situ (30, 31).

Also, it was reported that patients diagnosed with PH
symptoms have a higher frequency of thyroid changes, either
hypo or hyperthyroidism, when compared to the general
population (12). Autoimmune mechanism is a plausible
possibility, with an association between antithyroid antibodies
and PH patients (30-33), a fact that would justify, in part, the
high prevalence of PH found in patients with GD even after
hyperthyroidism control.

Diastolic dysfunction and also the larger volume of the LA
and the larger diameter of the RV were shown to be predictive
factors of PH in GD. We can suggest that the greater volume of
the left atrium is justified in predicting PH, due to the overload
induced by diastolic dysfunction, which may be a consequence of
PH (34). As for the larger size of RV, it may be related to pressure
overload of the pulmonary arterial bed. Such changes would be
due to the present or previous thyrotoxic state, which would lead
to persistent lesions, or even, could be influenced by the thyroid
autoimmunity process (13, 29).

When comparing patients regarding thyroid hormone status,
we found, in this study, that those with PH were related to LA
and RV increase, but markers of left ventricular diastolic
dysfunction, such as elevated values of PCWP and the E/e’
ratio, were associated with euthyroid patients and not with GD
in a thyrotoxic state. This find would indicate that, in thyrotoxic
state, PH is associated with a precapillary component, and those
euthyroid patients may have higher post capillary component.

Similarly, regarding the presence of PH, we found that higher
concentrations of both thyroid hormones were associated with
PH, which may be justified by the high turnover and overload to
the cardiopulmonary system, which originated from the
hypermetabolism resulting from excess of circulating thyroid
hormones (35).
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TABLE 4 | Comparative analysis between the parameters used in the echocardiographic evaluation of patients with Graves’ disease according to the presence of

Pulmonary Hypertension.

Echocardiographic Evaluation Pulmonary Hypertension p-value
Yes No
Reduced ejection fraction 5 (18.52%) 6 (13.95%) 0.7386
Increased RV 6 (22.22%) 3 (7.32%) 0.1402
Increased LA 7 (30.43%) 1(2.78%) 0.0042
Diastolic dysfunction 9 (33.33%) 4 (9.3%) 0.0118
Mitral insufficiency 11 (40.74%) 16 (37.21%) 0.7676
LVEF (%) 59.88 + 6.31 (59.5, 48-74) 64.14 + 7.76 (65, 45-79) 0.0222
Right ventricle diameter (mm) 24.7 +7.92 (23, 14-47) 21.05 +4.84 (21, 9-30) 0.1105
mPAP (mmHg) 21.65 + 10.81 (28, 4-44) 14.34 £ 7.75 (15.5, 2-30) 0.0087
PCWP (mmHg) 13.68 £ 5.98 (12, 7-28) 11.2 +2.97 (10, 7-21) 0.2968
PVR (mmHg) 1.45 £ 0.5 (1.5, 0.3-2.3) 1.27 £ 0.32 (1.26, 0.4-2) 0.0149
Left atrium volume (ml/m?) 28.68 + 8.86 (29, 13-45) 21.37 +7.88 (21, 11-50) 0.0025
TAPSE 22.75 + 4.59 (23, 14-30) 21.4 +£2.46 (21.5, 17-26) 0.3018
E/e’ 8.86 + 4.63 (8, 4-23) 6.85 + 1.96 (6, 4-13) 0.1515
Cardiac output (L) 4,748.69 + 1,699.99 (4,791.5, 2,924-9,398) 5,050.09 + 1,571.83 (5,050, 2,494-9,245) 0.3249
Cardiac index 2.73 £ 0.99 (2.49, 1.39-5.46) 3.01 £ 0.89 (2.99, 1.37-5.12) 0.1472

RV, right ventricle diameter; LA, left atrium volume; LVEF, left ventricular ejection fraction by the Simpson method; mPAP, mean pulmonary artery pressure; PCWP, pulmonary capillary
Wedge pressure; PVR, pulmonary vascular resistance; TAPSE, tricuspid annular plane systolic excursion; E/e’, ratio between the diastolic velocity E of the mitral flow and the diastolic
velocity of the mitral ring.

Categorical variables are represented by the absolute value and frequency in percentage. Continuous variables are represented by values of mean + standard deviation (median, minimum, and maximum).

The echocardiographic evaluation showed that the ejection
fraction was lower in the PH group compared to patients who
did not have PH, indicating impairment in systemic circulation.
In addition, the prevalence of diastolic dysfunction and increased
LA was higher in GD patients with PH, as well as PVR and
mPAP, causing dysfunction in the systemic circulation, findings
that corroborate the damage caused by thyrotoxicosis on the
cardiopulmonary system. Such findings warn of the negative
impact on cardiac functioning in terms of adequate and effective
systemic blood pumping.

Although cardiac catheterization is considered the gold standard
method for the PH diagnosis (36), on echocardiography, SPAP
can be indirectly estimated by the reflux velocity through the
tricuspid valve, thus estimating the gradient between the
ventricle and the right atrium, to which is added the estimated
pressure of the right atrium. This methodology is widely
recognized, has a good correlation with results obtained by
cardiac catheterization and, although there is some limitation
in the method regarding specificity and sensitivity, it is a non-
invasive method, available, of lower cost and without risk to the

patient (8). Additionally, mPAP assessed by pulmonary
regurgitation, can be considered as a predictive parameter of
pulmonary hypertension, with a strong correlation between
mPAP values 225 mmHg and the increase in SPAP.
The evaluation of pulmonary regurgitation is easy to perform,
thus, it can be inferred that PH exists when evidencing an
increase in mPAP (37). Therefore, we can consider our data as
robust from echocardiographic assessment, highlighting that it
was performed by a cardiologist expert in the area.

The assessment of the respiratory system, both in the walk
test and in spirometry, showed patients in similar performance
in relation to the thyroid hormonal status or the presence of PH.
In fact, we expected the worst performance of GD in
thyrotoxicosis and with HP. In addition, the majority of
patients were oligo- or asymptomatic as to the degree of
dyspnea, with 16% symptomatic among thyrotoxic and 9%
among euthyroid GD patients, with 12% of GD with PH being
symptomatic and 13% without PH, with no difference between
groups. As for the most severe drop in SpO2, it was found in 10%
of GD in both euthyroidism and thyrotoxicosis, in 8% of GD

TABLE 5 | Demographic, laboratory factors of cardiorespiratory assessment associated with pulmonary hypertension in patients with Graves' disease.

Variable OR IC 95% p-value
Univariate Regression Analysis

FT4 (ng/dL) 1.266 1.013-1.583 0.0382
Right ventricle diameter (mm) 1.103 1.008-1.208 0.0328
Left atrium volume (mi/m?) 1.118 1.031-1.200 0.0058
Diastolic dysfunction Yes x No 4.875 1.324-17.949 0.0172
Asymptomatic x Symptomatic MRC 1.146 0.248-5.296 0.8616
Multivariate Regression Analysis

Volume left atrium (mi/m?) 1.217 1.050-1.410 0.0040
Right ventricle (mm) 1.251 1.027-1.523 0.0155

TSH, thyroid-stimulating hormone; FT4, free thyroxine; FT3, free tri-iodothyronin; FVC, forced vital capacity; FEV1, forced expiratory volume in the first second; Drop SpO2, final-initial
SpO2; Asymptomatic MRC, Dyspnea scale of the Medical Research Council between 1 and 2; Symptomatic MRC, Dyspnea scale of the Medical Research Council between 3 and 5.
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TABLE 6 | Comparative analysis between the parameters used in the respiratory assessment of patients with Graves’ disease according to the presence of Puimonary

Hypertension.
Euthyroidism Hyperthyroidism
Predicted Sp02 Drop FEV1 Predicted Predicted Distance Final Heart Initial Heart
Distance initial Sp02 Distance % Rate Rate
SPAP (mmHg) —0.3800 p
0.0461 p-value
E/e’ -0.5755 -0.4019 -0.5637 0.4463 p
0.0011 0.0418 0.0015 0.0196 p-value
Diagnosis time —-0.3996 p
(years) 0.0106 p-value
FT3 (pg/ml) 0.4729 0.4870 p
0.0110 0.0086 p-value
FT4 (ng/dl) -0.3779 0.3581 -0.4166 0.4231 0.4113 p
0.0211 0.0376 0.0177 0.0081 0.0103 p-value

p, Spearman Correlation; SPAP, systolic pulmonary artery pressure; E/e’, ratio between the diastolic velocity E of the mitral flow and the diastolic velocity of the mitral ring; FT3, free
tri-iodothyronine; FT4, free thyroxine; Drop O2, final-initial SpO2; FEV'1, forced expiratory volume in the first second.

with PH, and in 13% of those without PH, also without
differences. One possible explanation is based on the fact that
patients with GD in thyrotoxic activity were younger and,
consequently, had a greater respiratory functional reserve. On
the other hand, 42 vs 48 years doesn’t seem a big difference, and
might not justify the impact on the respiratory reserve. However,
we didn’t find a more adequate hypothesis for this data, being a
limitation of the study.

The inverse correlation between FEV1 and SPAP found in the
euthyroid group, and also between the time of diagnosis and the
initial SpO2 may be justified by the possibility of definitive injury
to the pulmonary bed, even after normalization of thyroid
hormones levels. Additionally, the inverse correlation between
FT4 with FVC and FEV1 can be justified by the impairment of
the hypermetabolism of the respiratory system.

In the hyperthyroid group, the inverse correlation between
FT4 and % of the predicted distance and direct correlation
between final heart rate and FT4 and FT3 can be attributed to
the status of thyrotoxicosis. Probably, no evidence of respiratory
dysfunction was observed due to the short time of diagnosis and
because it was younger patients with greater respiratory reserve.

As for the limitations of our study, we have some missing data,
because we were unable to apply all cardiorespiratory assessments
in all patients included due to technical difficulties and follow-up of
these patients, despite being a prospective study, as well as the lack
of a control group. On the other hand, we have an adequate
number of patients and a vast and thorough cardiorespiratory
assessment of patients with Graves’ disease in a thyrotoxic and
long-term state in euthyroidism, not found in the literature.

CONCLUSION

In conclusion, this study reinforces the importance of screening
for PH, especially with echocardiographic assessment, thus
allowing early, incisive and effective treatment of patients with
GD in thyrotoxicosis, both due to the high prevalence, and also
the possibility of reversion and normalization of pressure
pulmonary artery, avoiding irreversible complications. We also
emphasize the importance of cardiorespiratory reassessment in

GD, even after a long-term control of the thyrotoxic state, as we
demonstrate that about 30% of these patients remain with PH
and are subject to specific treatment.

Regarding the associated factors that may lead to the risk of
irreversible pulmonary hypertension due to definitive changes in
pulmonary circulation and vascular remodeling, we need further
clarifying studies.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the CEP UNICAMP. The patients/participants
provided their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

DZ-W, DO, and MP designed the research. LA collected the data.
LA, DO, MP, and DZ-W analyzed and interpreted the data. LA
and DZ-W wrote the manuscript. AN and MT reviewed the
manuscript and provided comments. All authors contributed to
the article and approved the submitted version.

FUNDING
DZ-W has a research grant from the CNPq (National Council of
Research) proc 302827/2018-8.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fendo0.2021.780397/
full#supplementary-material

Frontiers in Endocrinology | www.frontiersin.org

7 January 2022 | Volume 12 | Article 780397


https://www.frontiersin.org/articles/10.3389/fendo.2021.780397/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2021.780397/full#supplementary-material
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Araruna et al.

Pulmonary Hypertension in Graves’ Disease

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Ross DS, Burch HB, Cooper DS, Greenlee MC, Laurberg P, Maia AL, et al.
American Thyroid Association Guidelines for Diagnosis and Management of
Hyperthyroidism and Other Causes of Thyrotoxicosis. Thyroid (2016)
26:1343-421. doi: 10.1089/thy.2016.0229

. Hollenberg A, Wiersinga WM. Hyperthyroid Disorders. In: Williams

Textbook of Endocrinology, 14. Philadelphia, PA: Elsevier (2019). p. 364-403.

. Bartalena L. Diagnosis and Management of Graves Disease: A Global

Overview. Nat Rev Endocrinol (2013) 9:724-34. doi: 10.1038/nrendo.2013.193

. Biondi B, Kahaly GJ. Cardiovascular Involvement in Patients With Different

Causes of Hyperthyroidism. Nat Rev Endocrinol (2010) 6:431-43. doi: 10.1038/
nrendo.2010.105

. Bahn RS, Burch HB, Cooper DS, Garber JR, Greenlee MC, Klein I, et al.

Hyperthyroidism and Other Causes of Thyrotoxicosis: Management
Guidelines of the American Thyroid Association and American Association
of Clinical Endocrinologists. Endocr Pract (2011) 17:456-520. doi: 10.4158/
EP.17.3.456

. Simonneau G, Montani D, Celermajer DS, Denton CP, Gatzoulis MA,

Krowka M, et al. Haemodynamic Definitions and Updated Clinical
Classification of Pulmonary Hypertension. Eur Respir ] (2018) 53
(1):1801913. doi: 10.1183/13993003.01913-2018

. Silva DR, Gazzana MB, John AB, Siqueira DR, Maia AL, Barreto SS.

Pulmonary Arterial Hypertension and Thyroid Disease. ] Bras Pneumol
(2009) 35(2):179-85. doi: 10.1590/S1806-37132009000200012

. Domenighetti G. Prognosis, Screening, Early Detection and Differentiation of

Arterial Pulmonary Hypertension. Swiss Med Wkly (2007) 137(23-24):331-6.

. Scicchitano P, Dentamaro I, Tunzi F, Ricci G, Carbonara S, Devito F, et al.

Pulmonary Hypertension in Thyroid Diseases. Endocrine (2016) 54(3):578-
87. doi: 10.1007/s12020-016-0923-8

Marvisi M, Zambrelli P, Brianti M, Civardi G, Lampugnani R, Delsignore R.
Pulmonary Hypertension is Frequent in Hyperthyroidism and Normalizes After
Therapy. Eur ] Intern Med (2006) 17(4):267-71. doi: 10.1016/j.¢jim.2005.11.023
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. doi: 10.1210/jc.2006-1877

Li JH, Safford RE, Aduen JF, Heckman JF, Crook JE, Burger CD. Pulmonary
Hypertension and Thyroid Disease. Chest (2007) 132(3):793-7. doi: 10.1378/
chest.07-0366

Smith TJ, Hegedus L. Graves’ Disease. N Engl ] Med (2016) 375:1552-65. doi:
10.1056/NEJMral1510030

Haran M, Lodha A, Groopman J. Pulmonary Hypertension in Graves’ Disease.
Endocrinologist (2008) 18(6):273-4. doi: 10.1097/TEN.0b013e31819114fe
Thurnheer R, Jenni R, Russi EW, Greminger P, Speich R. Hyperthyroidism
and Pulmonary Hypertension. ] Intern Med (1997) 242:185-8. doi: 10.1046/
j.1365-2796.1997.00191.x

Mercé ], Ferras S, Oltra C, Sanz E, Vendrell J, Simon 1, et al. Cardiovascular
Abnormalities in Hyperthyroidism: A Prospective Doppler Echocardiographic
Study. Am J Med (2005) 118:126-31. doi: 10.1016/j.amjmed.2004.08.018
Wasseem R, Mazen E, Walid SR. Hyperthyroidism: A Rare Cause of
Reversible Pulmonary Hypertension. Am ] Med Sci (2006) 332(3):140-1.
doi: 10.1097/00000441-200609000-00009

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al.
Recommendations for Cardiac Chamber Quantification by Echocardiography
in Adults: An Update From the American Society of Echocardiography and
the European Association of Cardiovascular Imaging. ] Am Soc Echocardiogr
(2015) 28(1):1-16. doi: 10.1016/j.ech0.2014.10.003

Dabestani A, Mahan G, Gardin JM, Takenaka K, Burn C, Allfie A, et al. Evaluation of
Pulmonary Artery Pressure and Resistance by Pulsed Doppler Echocardiography.
Am J Cardiol (1987) 59(6):662-8. doi: 10.1016/0002-9149(87)91189-1

Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth OA, et al.
Recommendations for the Evaluation of Left Ventricular Diastolic Function
by Echocardiography. ] Am Soc Echocardiogr (2009) 22:107-33. doi: 10.1016/
j-ech0.2008.11.023

Abbas AE. A Simple Method for Noninvasive Estimation of Pulmonary
Vascular Resistance.] Am Coll Cardiol (2003) 41(6):1021-7. doi: 10.1016/
$0735-1097(02)02973-X

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Kovelis D, Segretti NO, Probst VS, Lareau SC, Brunetto AF, Pitta F. Validation
of the Modified Pulmonary Functional Status and Dyspnea Questionnaire and
the Medical Research Council Scale for Use in Brazilian Patients With
Chronic Obstructive Pulmonary Disease. ] Bras Pneumol (2008) 34
(12):1008-18. doi: 10.1590/51806-37132008001200005

Pereira CAC, N. JA. Diretrizes Para Testes De Fun¢io Pulmonar. | Bras
Preumol (2002) 28(3):5166-206.

American Throracic Society. ATS Statement Guidelines for the Six- Minute
Walk Test. Am ] Resp Crit Care Med (2002) 166:111-7. doi: 10.1164/
ajrccm.166.1.at1102

Danzi S, Klein I. Thyroid Disease and the Cardiovascular System. Endocrinol
Metab Clin N Am (2014) 43:517-28. doi: 10.1016/j.ec1.2014.02.005

De Leo S, Lee SY, Braverman LE. Hyperthyroidism. Lancet (2016) 388
(10047):906-18. doi: 10.1016/S0140-6736(16)00278-6

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) 12:299-305. doi: 10.1097/01.crd.0000137259.83169.e3

Farber HW, Loscalzo J. Pulmonary Arterial Hypertension. N Engl ] Med
(2004) 351(16):1655-65. doi: 10.1056/NEJMra035488

Vallabhajosula S, Radhi S, Cevik C, Alalawi R, Raj R, Nugent K.
Hyperthyroidism and Pulmonary Hypertension: An Important
Association. Am J Med Sci (2011) 342(6):507-12. doi: 10.1097/MA]J.
0b013e31821790f4

Zuhur SS, Baykiz D, Kara SP, Sahin E, Kuzu I, Elbuken G, et al. Relationship
Among Pulmonary Hypertension, Autoimmunity, Thyroid Hormones and
Dyspnea in Patients With Hyperthyroidism. Am ] Med Sci (2017) 353(4):374—
80. doi: 10.1016/j.amjms.2017.01.016

Chu JW, Kao PN, Faul JL, Doyle RL. High Prevalence of Autoimmune
Thyroid Disease in Pulmonary Arterial Hypertension. Chest (2002)
122:1668-73. doi: 10.1378/chest.122.5.1668

Steiner MK, Syrkina OL, Kolliputi N, Mark EJ, Hales CA, Waxman AB.
Interleukin-6 Overexpression Induces Pulmonary Hypertension. Circ Res
(2009) 104:236 — 44. doi: 10.1161/CIRCRESAHA.108.182014

Marvisi M, Balzarini L, Mancini C, Mouzakiti P. Thyroid Gland and
Pulmonary Hypertension. What’s the Link? Panminerva Med (2013)
55:93-7.

Leung CC, Moondra V, Catherwood E, Andrus BW. Prevalence and Risk
Factors of Pulmonary Hypertension in Patients With Elevated Pulmonary
Venous Pressure and Preserved Ejection Fraction. Am ] Cardiol (2010)
106:284-6. doi: 10.1016/j.amjcard.2010.02.039

Davies TF, Andersen S, Latif R, Nagayama Y, Barbesino G, Brito M, et al. Graves’
Disease. Nat Rev Dis Primers (2020) 6:52. doi: 10.1038/s41572-020-0184-y
Lindqvist P, Soderberg S, Gonzalez MC, Tossavainen E, Henein MY.
Echocardiography Based Estimation of Pulmonary Vascular Resistance in
Patients With Pulmonary Hypertension: A Simultaneous Doppler
Echocardiography and Cardiac Catheterization Study. Eur ] Echocardiogr
(2011) 12(12):961-6. doi: 10.1093/ejechocard/jer222

Darlene Kim MD, Patricia George M. Pulmonary Hypertension. Med Clin N
Am (2019) 103(2019):413-23. doi: 10.1016/j.mcna.2018.12.002

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Araruna, Oliveira, Pereira, Moura Neto, Tambascia and Zantut-
Wittmann. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

January 2022 | Volume 12 | Article 780397


https://doi.org/10.1089/thy.2016.0229
https://doi.org/10.1038/nrendo.2013.193
https://doi.org/10.1038/nrendo.2010.105
https://doi.org/10.1038/nrendo.2010.105
https://doi.org/10.4158/EP.17.3.456
https://doi.org/10.4158/EP.17.3.456
https://doi.org/10.1183/13993003.01913-2018
https://doi.org/10.1590/S1806-37132009000200012
https://doi.org/10.1007/s12020-016-0923-8
https://doi.org/10.1016/j.ejim.2005.11.023
https://doi.org/10.1210/jc.2006-1877
https://doi.org/10.1378/chest.07-0366
https://doi.org/10.1378/chest.07-0366
https://doi.org/10.1056/NEJMra1510030
https://doi.org/10.1097/TEN.0b013e31819114fe
https://doi.org/10.1046/j.1365-2796.1997.00191.x
https://doi.org/10.1046/j.1365-2796.1997.00191.x
https://doi.org/10.1016/j.amjmed.2004.08.018
https://doi.org/10.1097/00000441-200609000-00009
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/0002-9149(87)91189-1
https://doi.org/10.1016/j.echo.2008.11.023
https://doi.org/10.1016/j.echo.2008.11.023
https://doi.org/10.1016/S0735-1097(02)02973-X
https://doi.org/10.1016/S0735-1097(02)02973-X
https://doi.org/10.1590/s1806-37132008001200005
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1016/j.ecl.2014.02.005
https://doi.org/10.1016/S0140-6736(16)00278-6
https://doi.org/10.1097/01.crd.0000137259.83169.e3
https://doi.org/10.1056/NEJMra035488
https://doi.org/10.1097/MAJ.0b013e31821790f4
https://doi.org/10.1097/MAJ.0b013e31821790f4
https://doi.org/10.1016/j.amjms.2017.01.016
https://doi.org/10.1378/chest.122.5.1668
https://doi.org/10.1161/CIRCRESAHA.108.182014
https://doi.org/10.1016/j.amjcard.2010.02.039
https://doi.org/10.1038/s41572-020-0184-y
https://doi.org/10.1093/ejechocard/jer222
https://doi.org/10.1016/j.mcna.2018.12.002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Interplay Between Thyroid Hormone Status and Pulmonary Hypertension in Graves’ Disease: Relevance of the Assessment in Thyrotoxic and Euthyroid Patients
	Introduction
	Materials and Methods
	Study Design
	Patients
	Cardiorespiratory Assessment
	Statistical Analysis

	Results
	Clinical, Demographic and Laboratory Characteristics of GD Patients
	Comparative Analysis Regarding Thyroid Hormone Status
	Comparative Analysis for the Presence of Pulmonary Hypertension

	Cardiorespiratory Characteristics
	Comparative Analysis Regarding Thyroid Hormone Status
	Comparative Analysis for the Presence of Pulmonary Hypertension

	Logistic Regression Analysis
	Spearman Correlation

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


