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Table 3. Comparison of Non-MetS and MetS Patients With Symptomatic CHF

Age (years)
Cigarette smoking, n (%)
Never
Former
Current
Alcohol intake, n (%)
Never
Former
Current
BMI (kg/m?)
Blood pressure (mmHg)
Systolic
Diastolic
Heart rate (beats/min)
NYHA class
|
I
1]
\%
Stage C/D

LVEF (%)

HFREF (EF <50%)

HFPEF (EF 250%)

SAS

HT

DM or fasting glucose 2110 mg/dl

Dyslipidemia

IHD

HHD

CM

VHD

CHD

Medications
ACEI/ARB
f-blocker
Statin

Male Female
’2‘::1%? (nrfﬁn P value N&:gggt)s (,?12‘2%) P value
68.9:+0.3 66.6+0.3 <0.001 70.8+0.4 72.6:0.7 <0.05
441 (48.6%) 370 (49.3%) NS 688 (79.4%) 168 (81.6%) NS
195 (21.4%) 148 (19.7%) NS 128 (14.8%) 25 (12.1%) NS
272 (30.0%) 233 (31.0%) NS 51 (5.8%) 13 (6.3%) NS
402 (37.9%) 320 (35.3%) NS 606 (81.0%) 154 (80.6%) NS
131 (12.3%) 89 (9.8%) NS 31 (4.2%) 4(2.1%) NS
529 (49.8%) 498 (54.9%) NS 111 (14.8%) 33 (17.3%) NS
21.3+£0.2 25.3:0.2 <0.001 21.1£0.2 26.5+0.5 <0.001
122.610.6 129.4+0.5 <0.001 125.1£0.7 131.6+1.4 <0.001
70.2+0.3 74.6+0.4 <0.001 70.4+0.04 72.2+0.9 NS
71.5:0.4 72.2+04 NS 74.7+0.6 74.7+1.0 NS
240 (18.0%) 250 (22.6%) <0.01 114 (12.3%) 19 (8.6%) NS
929 (69.5%) 754 (68.2%) NS 647 (69.7%) 167 (75.9%) NS
149 (11.1%) 97 (8.8%) NS 154 (16.6%) 33 (15.0%) NS
19 (1.4%) 5 (0.4%) <0.001 13 (1.4%) 1 (0.5%) NS
1,296 (96.7%)/ 1,085 (98.3%)/  <0.05 897 (96.7%)/ 216 (98.2%)/ NS
44 (3.7%) 19 (1.7%) 31 (3.3%) 4 (1.8%)
53.3+0.5 55,8+0.5 <0.001 59x0.5 61.4+1.0 NS
468 (38.7%) 329 (33.2%) <0.01 232 (27.3%) 37 (18.8%) <0.05
740 (61.3%) 662 (66.8%) <0.01 617 (72.7%) 160 (81.2%) <0.05
5.6+£0.06 5.8+0.06 <0.05 4.6+0.07 4.5+0.1 <0.001
870 (64.8%) 1,006 (90.5%) <0.001 655 (70.5%) 209 (95.0%) <0.001
506 (37.7%) 747 (67.2%) <0.001 384 (41.3%) 142 (64.5%) <0.001
787 (58.6%) 967 (87.0%) <0.001 615 (66.2%) 201 (87.3%) <0.001
632 (47.1%) 632 (56.9%) <0.001 250 (27.0%) 102 (46.4%) <0.001
104 (7.7%) 126 (11.3%) <0.01 88 (9.5%) 38 (17.3%) 0.001
294 (21.9%) 214 (19.3%) NS 183 (19.8%) 33 (15.0%) NS
332 (24.7%) 162 (14.6%) <0.001 382 (41.3%) 46 (20.9%) <0.001
19 (1.4%) 10 (0.9%) NS 30 (3.2%) 2 (1%) NS
936 (69.6%) 858 (77.2%) <0.001 599 (64.5%) 166 (75.5%) <0.01
666 (49.6%) 571 (51.4%) NS 392 (42.2%) 115 (52.3%) <0.01
364 (27.1%) 512 (46.1%) <0.001 274 (29.5%) 107 (48.6%) <0.001

Values are mean+SEM.
Abbreviations see in Tables 1,2.

were characterized by higher prevalence of larger body mass
index, glucose intolerance/diabetes mellitus, and IHD,
whereas the female patients were in a higher NYHA class,
had lower exercise tolerance, and higher prevalence of both
preserved LVEF and valvular heart disease.

MetS in CHF

In both male and female patients with CHF, those with MetS
were characterized by younger age, higher prevalence of
current smoking and drinking, IHD, and hypertensive heart
disease, lower NYHA class, better exercise tolerance, and
more likelihood of taking medications such as ACEI/ARB,

[-blockers or statins (Tables 2,3, Figure 2). The prevalence
of HFPEF was significantly higher in the MetS group com-
pared with the non-MetS group (Table 3, Figure 3).

When compared with the patients with HFREF, those with
HFPEF were characterized by higher prevalence of elderly
and female patients, obesity, hypertensive and valvular heart
disease, and less likelihood of taking medications such as
ACEI/ARB, f-blockers or statins (Table 4).

Metabolic Components in CHF
In the present study, the contribution of single or combined
metabolic components was observed in both the ischemic
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Figure 2. Effect of metabolic syndrome (MetS) on ischemic heart disease (IHD) and hypertensive heart disease (HHD), IHD
was significantly more prevalent in CHF patients with MetS than in those without it for all patients (A), and in male (B) or female
patients (C). Similarly, for HHD for all patients (D), and male (E) and female patients (F).

and non-ischemic CHF patients (Figure 4A). Although the
prevalence of ischemic CHF was significantly higher in most
of the subgroups with more than 3 metabolic components,
the contribution of other single or combined metabolic com-
ponents was either comparable between the 2 groups or
stronger in the non-ischemic CHF group (Figure4A).
Although the prevalence of combined metabolic components
varied, these components were comparably associated with
both HFPEF and HFREF (Figure 4B).

Discussion

The novel findings of the present study are that (a) the preva-
lence of MetS in CHF was more than double that of the
general Japanese population, (b) MetS was associated with
ischemic or hypertensive heart disease-related heart failure,
(c) HFPEF was characterized by a higher prevalence of
elderly and female patients with MetS, and (d) the preva-
lence of the metabolic components was comparable between

the ischemic and non-ischemic CHF patients. To the best of
our knowledge, this is the first study to provide evidence for
a relationship between MetS and CHF.

Prevalence of MetS in CHF

It has been reported that the prevalence of MetS in the gen-
eral Japanese population is 10-20% in men and 2-8% in
women, as defined by the current Japanese criteria.”'1? In
contrast, the present study demonstrated a prevalence of
MetS (45% in men and 19% in women) that is more than 2-
fold that of the general population, suggesting that the pres-
ence of MetS is an important therapeutic target of CHF treat-
ment. It is conceivable that the increased prevalence of MetS
in CHF patients is both the cause and the result of CHF, as
activation of both the sympathetic nervous system and
renin-angiotensin system causes the metabolic components.?!
In order to address this important issue, we are now perform-
ing a cohort study in which we follow-up MetS patients
without CHF to examine the development of CHF in them.
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Figure 3. Effect of metabolic syndrome (MetS) on left ventricular ejection fraction. The prevalence of heart failure with pre-
served ejection fraction (HFPEF) was significantly greater for males (B) and females (C) with MetS than in those without MetS
and tended to be so for all patients with chronic heart failure (A), HFREF, heart failure with reduced ejection fraction

Role of MetS in Ischemic and Hypertensive Heart Disease
MetS has been identified as a risk and prognostic factor for
THD and stroke.®?2% In the present study, MetS was highly
associated with THD in both male and female patients with
CHF. Thus, the prevention of IHD is extremely important
for preventing the development of CHF, both by life-style
modification and the use of anti-atherosclerotic drugs in
order to achieve stabilization and regression of systemic ath-
erosclerosis. Furthermore, because hypertension is associ-
ated with obesity,* it is also important to treat obesity for
blood pressure control in order to prevent the development
of hypertensive heart disease.

Comparison of HFPEF and HFREF

It has been demonstrated that heart failure can also occur in
patients with preserved LVEF, which is often observed in
hypertensive heart disease mainly caused by LV diastolic
dysfunction.* It is now widely accepted that HFPEF is a
major cardiovascular disorder with poor prognosis, account-
ing for approximately 50% of patients with heart failure
symptoms,'>!¢ and our study demonstrated that 67% of CHF
patients had HFPEF (Table 4). The present results also indi-
cate the different clinical characteristics of HFPEF and
HFREF patients, and the former were characterized by a
higher prevalence of elderly and female patients, obesity,
and hypertensive and valvular heart disease. Although it has
been previously demonstrated that the major determinants of
diastolic dysfunction are enhanced myocardial stiffness and
impaired relaxation capacity,? further studies are needed to
clarify the association between these clinical factors and LV
dysfunction.

Metabolic Components in Ischemic and Non-Ischemic CHF
In the present study, among the metabolic components in the
CHF patients, the prevalence of both hypertension and dys-

lipidemia was higher, followed by glucose intolerance/dia-
betes mellitus, probably because of environmental and
genetic factors. In order to prevent the development of CHF,
all components of MetS should be controlled (ie, blood pres-
sure by anti-hypertensive drugs, lipid-lowering by HMG-
CoA reductase inhibitors, and glucose control by diet ther-
apy, exercise and antidiabetic drugs), which is known to
ameliorate vascular function and stabilize atheroma.?* In
contrast, smoking and alcohol intake may not be highly
related to the development of CHF compared with hyperten-
sion or dyslipidemia, so smoking cessation and moderate
alcohol intake are recommended in the early stage of CHF.?

In the present study, MetS was related to the development
of HFPEF (LVEF250%) in both male and female patients
with CHF. Although the precise mechanisms are unknown,
coronary microvascular dysfunction with preserved systolic
function might be linked to this phenomenon. 3

The present study also demonstrated that there are single
or combined metabolic components in both non-ischemic
CHF and ischemic CHF patients, a consistent finding with a
previous report regarding the lipid levels and heart failure
incidence in Caucasians.’® Therefore, these metabolic com-
ponents should be regarded as important therapeutic targets
for CHF caused by both ischemic and non-IHD.

Study Limitations

First, although we were able to collect the data for a rela-
tively large number of CHF patients, their prognoses need to
be elucidated. As we are currently performing a follow-up
study for them, we will report the results separately in the
future. Second, we used the 2005 definition of the Japanese
Committee for the Diagnostic Criteria of MetS, so we were
unable to compare the present data with that of non-Japanese
studies. We plan to use other diagnostic criteria, such as the
National Cholesterol Education Program-Adult Treatment
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Table 4. Comparison of HFPEF and HFREF Patients With Symptomatic CHF
Total
HFPEF (n=2,179) HFREF (n=1,066) P value

Sex, n (%)

Male 1,402 (64.3%) 797 (74.8%) <0.001

Female 777 (35.7%) 269 (25.2%) <0.001
Age (years) 69.6+0.3 67.7+0.4 <0.001
Non-MetS 1,357 (62.3%) 700 (65.7%) 0.06
MetS 822 (37.7%) 366 (34.3%) 0.06
Cigarette smoking, n (%)

Never 453 (41.2%) 470 (60.4%) <0.01

Former 307 (27.9%) 133 (17.1%) <0.01

Current 339 (30.8%) 175 (22.5%) <0.01
Alcohol Intake, n (%)

Never 925 (52.2%) 435 (49.7%) <0.001

Former 149 (8.4%) 85 (9.7%) <0.001

Current 699 (39.4%) 356 (40.6%) <0.001
BMI (kg/m?2) 23.1+0.1 22.4+0.2 <0.01
Waist circumference (cm)

Male 86.9+0.3 85.9+0.3 <0.001

Female 82.110.4 80.9+0.8 <0.001
Blood pressure (mmHg)

Systolic 128.1+0.4 120.7+£0.6 <0.001

Diastolic 72,2+0,3 70.5+0.4 <0.001
Heart rate (beats/min) 72.3x0.3 73.8+0.5 <0.05
NYHA class

| 429 (19.7%) 134 (12.6%) <0.001

il 1,510 (69.5%) 743 (69.9%) NS

1] 215 (9.9%) 173 (16.3%) <0.001

v 19 (0.9%) 13 (1.2%) NS
Stage C/D 2,125 (97.7%)/49 (2.3%) 1,027 (96.5%)/37 (3.5%) <0.05
LVEF (%) 65.3+0.2 37.2+0.3 <0.001
SAS 5.410.05 5,0+0.06 <0.001
HT 1,725 (53.2%) 729 (68.4%) <0.001
DM or fasting glucose=110mg/dl 1,042 (47.8%) 554 (52.0%) <0.05
Dyslipidemia 1,499 (68.8%) 802 (75.2%) <0.001
IHD 894 (41.0%) 501 (47.0%) <0.001
HHD 258 (11.8%) 73 (6.8%) <0.001
CM 319 (14.6%) 365 (34.2%) <0.001
VHD 695 (31.9%) 169 (15.9%) <0.001
CHD 48 (2.2%) 6 (0.6%) <0.01
Medications

ACEI/ARB 1,483 (68.1%) 835 (78.3%) <0.001

f3-blocker 880 (40.9%) 711 (66.7%) <0.001

Statin 702 (32.2%) 403 (37.8%) <0.01

Values are mean + SEM.
Abbreviations see in Tables 1,2,

Panel I (NCEP/ATPIN),*” American Heart Association/
National Heart, Lung, and Blood Institute (AHA/NHLBI),?
and International Diabetes Federation (IDF),*® in future
analyses. Third, although MetS is the association and clus-
tering of metabolic components, we were unable to exclude
CHF patients complicated by severe hypertension, severe
dyslipidemia, or severe diabetes mellitus. This issue also

Circulation Journal

remains to be examined in future studies. Last, the present
study lacks an appropriate control group in the same popula-
tion, which why we used the data from the Kanazawa Study
of the Japanese general population in 2007 that demonstrated
a prevalence of MetS of 16-21% in 50- to 80-year-old males
and in females, prevalence of 3% in the 50s, 5% in the 60s,
8% in the 70s, and 10% in the 80s.2
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Figure 4. Accumulation of metabolic components in patients with chronic heart failure (CHF). (A) When the number of meta-
bolic components was greater than 3, their contribution to ischemic heart failure was greater, whereas the contribution of other
single or combined metabolic components was comparable between the 2 groups or stronger in the non-ischemic heart failure
group. (B) Although the prevalence of combined metabolic components varied, the components were equally associated with
both heart failure with preserved ejection fraction (HFPEF) and heart failure with reduced ejection fraction (HFREF). DM, diabe-

Conclusion

We found that the prevalence of MetS in CHF patients was
more than double compared with the general population in
Japan, with a greater involvement of ischemic or hyperten-
sive heart disease and a higher prevalence in elderly and
female patients. Because the metabolic components might
have a substantial effect on the development of both isch-
emic and non-ischemic CHF, MetS should be regarded as a

new therapeutic target for this disorder.
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Identification of New Prognostic Factors
of Pulmonary Hypertension
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Background: Pulmonary hypertension (PH) still remains a serious disease, for which the plasma level of brain
natriuretic peptide (BNP) and hemodynamic variables (eg, cardiac index: Cl) are established prognostic factors.
The aim of the present study was to identify new additional prognostic factors of the disorder to improve the man-
agement of PH.

Methods and Results: The study cohort comprised 136 consecutive PH patients admitted to hospital from
1974 to 2008, all of whom were closely followed every 6-12 months. During the follow-up period of 53.5+4.5
[SEM] months, 47 patients died of cardiopulmonary causes. The patients who were initially treated with mono-
therapy showed improved pulmonary hemodynamics when subsequently treated with combination therapy. Multi-
variate analysis showed that BNP and CI were significant and independent prognostic factors in all PH patients.
However, in PH patients with low CI at diagnosis, only Cl improvement by PH therapy was a significant and inde-
pendent prognostic factor. Indeed, the patients with low CI at diagnosis (Cl <2.5) followed by subsequent nor-
malization in response to therapy (Cl >2.5) showed a significantly better survival compared with those without
such normalization.

Conclusions: Cl normalization in response to treatment is an independent new prognostic factor of PH in pa-
tients with low Cl at diagnosis, suggesting the importance of intensive therapy to achieve Cl normalization. (Circ J

2010; 74: 1965-1971)

Key Words: Cardiac index; Prognosis; Pulmonary hypertension; Thyroid dysfunction

monary arterial pressure (PAP) greater than 25 mmHg
at rest,’? is a fatal disease caused by small pulmo-
nary artery obstruction related to vascular proliferation and
remodeling.’ PH is characterized by markedly elevated PAP
and increased pulmonary vascular resistance (PVR), frequent-
ly leading to right-sided heart failure and death.? The patho-
logical changes of the pulmonary arteries in PH include
endothelial injury, proliferation and hypercontraction of
vascular smooth muscle cells and migration of inflammatory
cells.*S Although several vasodilators, anticoagulant agents
and Jung transplantation are currently used for the treatment
of PH, more effective treatment needs to be developed.®
Identification of prognostic factors is useful for better
management of PH. Possibilities include functional class,
exercise capacity (eg, 6-min walking distance, cardiopulmo-
nary exercise testing), pulmonary hemodynamics (eg, mean
right atrial pressure (RAP), PVR, right ventricular end-

P ulmonary hypertension (PH), defined as a mean pul-

diastolic pressure (RVEDP)), right ventricular function (eg,
cardiac output (CO), clinical evidence of right ventricular
failure), and plasma levels of brain natriuretic peptide (BNP),
endothelin-1, uric acid, and troponin.'>’-1 Among these
prognostic factors, plasma BNP levels and CO are consid-
ered to be the most influential."! We closely follow our PH
patients every 6—12 months, which includes cardiac catheter-
ization, with the aim of identify new prognostic factors of
PH. Here we report that we were able to identify that nor-
malization of CO in response to the therapy is a significant
prognostic factor of PH and probably has more significance
than BNP.

Methods

The Ethical Committees of Tohoku University Hospital ap-
proved the study protocol and all patients provided written
informed consent. Our study cohort consisted of 136 con-
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Table 1. Clinical Characteristics of Patients With PH
Total, n 136
Age (years) 45.6+1.6
Sex
Male, n (%) 33 (24%)
Female, n (%) 103 (76%)
Survivor, n (%) 89 (65%)
Follow-up period (months) 53.5+4.5
Type of PH
Idiopathic PAH, n (%) 43 (32%)
Heritable PAH, n (%) 3 (2%)
El:obz)associated with connective tissue diseases, 21 (15%)
Z/(\;)associated with congenital heart disease, 22 (16%)
il(\;:)assocdated with portal hypertension, 10 (7%)
PVOD 4 (3%)
CTEPH 33 (24%)
Treatment
Oral prostacyclin, n (%) 71 (52%)
Intravenous prostacyclin, n (%) 51 (38%)
Bosentan, n (%) 45 (33%)
Sildenafil, n (%) 8 (6%)

Values are meanx SEM.

PH, pulmonary hypertension; PAH, pulmonary arterial hyperten-
sion; PVOD, pulmonary veno-occlusive disease; CTEPH, chronic
thromboembolic pulmonary hypertension.

secutive PH patients admitted to hospital between 1974 and
2008.

Study Population

The 136 patients had PH of various etiologies, including
idiopathic pulmonary arterial hypertension (IPAH, n=43),
heritable PAH (n=3), PAH associated with connective tissue
diseases (n=21), congenital heart diseases (n=22), or portal
hypertension (n=10), pulmonary veno-occlusive disease (n=
4), and PH because of chronic thromboembolism (CTEPH,
n=33) (Table 1). Besides their regular follow-up, we hospi-
talize patients if their symptoms or right-heart failure worsen.

Diagnosis of PH

We performed right-heart catheterization in all 136 patients,
among whom we were able to perform follow-up catheter-
ization in 88. PH was defined as a mean PAP greater than
25mmHg at rest.!? Connective tissue disease and liver dis-
ease were diagnosed clinically and by blood tests. Congenital
heart disease was diagnosed by echocardiography, and
CTEPH was diagnosed by ventilation—perfusion RI scans
and computed tomography (CT). Pulmonary function tests,
arterial blood gases, chest X-ray and CT scan were used to
diagnose lung disease and hypoxia. If the aforementioned
abnormalities were ruled out, the patients were diagnosed as
having IPAH.2S Heritable PAH was diagnosed as IPAH with
a family history of PAH.2512

Data Collection

Baseline demographic information (including age, sex, height
and body weight), clinical diagnosis, comorbidities (connec-
tive tissue diseases, liver diseases, congenital heart diseases,
and thyroid dysfunction) and hemodynamic data obtained

during catheterization were recorded for each patient. Hy-
perthyroidism was defined as either an elevated level of
free triiodothyronine (T3 24.12 pg/ml) and/or thyroxin (T4
>1.5ng/dl) or reduced level of thyroid-stimulating hormone
(TSH <0.46 xIU/ml). Hypothyroidism was defined as either
elevated TSH (>3.73 /IU/ml) or a reduced level of free T3
(<2.51 pg/ml) and/or T4 (<0.88ng/dl). Hemodynamic param-
eters examined included pulmonary capillary wedge pres-
sure, pulmonary artery pressure (PAP), RVEDP, RAP, CO,
cardiac index (CI), systolic and diastolic blood pressures,
mean blood pressure, PVR, systolic vascular resistance, and
mixed venous oxygen saturation (SVO2). Lung transplanta-
tion and death were defined as cardiopulmonary death. The
CI response was evaluated at diagnosis and 1 year after treat-
ment.

Current Medical Treatment of PH

We usually begin oral prostacyclin at a starting dose of
60mg/day and increase it in a stepwise manner up to
240mg/day, if tolerable. In daily practice, we usually start
intravenous prostacyclin (epoprostenol) therapy during hospi-
talization at 0.5-1ng-kg--min-!, which is carefully increased
in a step-wise manner on the basis of symptoms and side-
effects of the drug (Figure S1). Similarly, we usually start
bosentan at 31.25 mg/day combined with dobutamine and/or
milrinone in PH patients with heart failure, and at 62.5 mg/day
in those without heart failure, and then carefully increase the
dose in a stepwise manner every week (Figure S2). Regard-
ing sildenafil, we usually start at 30 mg/day and increase the
dose up to 60 mg/day if patients can tolerate it. Currently, we
treat patients with PH using prostacyclin, bosentan, sildenafil
as monotherapies or in combination.

Statistical Analysis

Results are expressed as mean+SEM. Unpaired t-test was
used for comparison of continuous variables and chi-test for
categorical variables. Survival from all-cause death and from
lung transplantation was estimated by Kaplan-Meier method
and differences between the curves were examined for sig-
nificance using the log-rank test. Univariate and multivariate
Cox proportional hazard models were used to estimate the
hazard ratios and 95% confidence intervals. Statistical analy-
ses were performed using GraphPad Prism 5.0E (GraphPad
Software Inc, La Jolla, CA, USA) or SPSS (SPSS Inc, Chicago,
IL, USA). P values less than 0.05 were considered to be
statistically significant.

Resuits

Clinical Characteristics of Patients With PH

Clinical characteristics of the 136 patients are shown in
Table 1. During the follow-up period of 53.5+4.5 months,
47 patients died of cardiovascular causes.

Current Therapies for PH

In the 136 patients with PH, 122 (90%) were treated with oral
(n=71) or intravenous prostacyclin (n=51), 45 (33%) with
bosentan, and 8 (6%) with sildenafil (Table 1). Although it
has already been reported that monotherapy with intrave-
nous epoprostenol or oral bosentan or sildenafil improves
symptoms, 6-min walk distance, pulmonary hemodynamics,
and survival in patients with PAH,"*-1% some of the present
patients needed additional treatment. In particular, among the
patients with PAH who did not respond to any monotherapy,
combination therapy with oral or intravenous prostacyclin,
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Table 2. Prevalence of Thyroid Dysfunction in Patients With
PH

Table 3. Comparison of Thyroid Dysfunction Between PAH
and CTEPH

N 127 PAH CTEPH P value
No thyroid dysfunction, n (%) 69 (54%) N 98 29
Thyroid dysfunction, n (%) 58 (46%) No thyroid dysfunction, n (%) 47 (48%) 22 (76%) 0.05
Hyperthyroidism, & Thyroid dysfunction, n (% 51 (52%) 7 (24% e
% of thyroid dysfunct H el
n (% of thyroid dysfunction) Hyperthyroidism, 9 (18%) 2 (29%)
Hypothyroidism, 47 (81%) n (% of thyroid dysfunction) i K
n (% of thyroid dysfunction) © Hypothyroidism, . . NS
Treatment n (% of thyroid dysfunction) 42 (82%)  5(71%)
Antithyroid drugs, o 5 (45%) Treatment
n (% of hyperthyroidism) Antithyroid drugs, 3@T%) 2 (18%)
Thyroid hormone replacement, 3 (6%) n (% of hyperthyroidism) ° (18% NS
n (% of hypothyroidism) Thyroid hormone replacement, 6%)  0(0%)
Abbreviation see in Table 1. n (% of hypothyroidism)
Abbreviations see in Table 1.
pa ol P<0.01 n=8 (%)
600 - 100
80 4
=
400 + e No thyroid dysfunction, (n=69)
o = 601
= S
1] s
5 40 4
200 4 7 Thyroid dysfunction, (n=58)
20 4
. Log-rank test, n.s,
0- 0 ¥ T -
During thyroid During Notoililil 606 1020 2:“ 300  Months
o lhyroid dysfunction 1 2
dysfunction euthyrold Thyto{d z;ysh).llnclion 57 12 6 2

(%)
100 -

©
>

Normal or increased T3 (n=27)

No thyroid
dysfunction,
(n=69)

Survival (%)

40 4
Low T3 (n=31) -
20 +
Log-rank test, P<0.01
L] T T
No at risk (n) 100 200
No thyroid dysfunction 62 13 7
Normal orincreased T3 27 10 7 3
Low T3 29 5 0 0

group (n=27) and the no thyroid dysfunction group (n=69).

300 Months
3

Figure 1. Prognostic significance of thyroid dysfunction in patients with pulmonary hypertension. (A)In the 8 patients who
were treated for thyroid dysfunction, the plasma level of brain natriuretic peptide (BNP) was significantly higher during the
period of thyroid dysfunction than during the euthyroid period. (B) There was no significant difference in the prognosis between
the patients with thyroid dysfunction (n=58) and those without it (n=69), (C) When the patients were divided into 3 groups by
plasma level of T3, the prognosis of the low T3 group (n=31) was significantly worse compared with the normal or increased T3

bosentan, and sildenafil significantly improved pulmonary
hemodynamics (Figure S3A-D).

Biochemical Prognostic Factors
Of the complications in this group of PH patients, thyroid

dysfunction was most the common (n=58, 46%), compris-
ing hyperthyroidism in 11 (19%) and hypothyroidism in 47
(81%); 5 of the 11 patients with hyperthyroidism were
treated with antithyroid drugs, and 3 of the 47 patients with
hypothyroidism were treated with thyroid hormone replace-
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Table 4. Univariate and Multivariate Analyses of Prognostic Factors of PH
P value
Survivors Deaths Univariate  Multivariate
analysis analysis
All PH patients
N 89 47 - -
Follow-up (months) 61.945.3 37.5+7.7 - -
Age (years) 47.3+1.9 42.31£2.7 NS NS
Sex
Male, n (%) 67 (75%) 36 (77%)
NS NS
Female, n (%) 22 (25%) 11 (23%)
mPAP (mmHg) 51.6+1.8 58,9+2.5 NS NS
RAP (mmHg) 6.140.4 8.7+0.9 <0.05 NS
SVO2 (%) 67.8+1.1 62.7+1.8 <0.05 NS
Free T3 (pg/ml) 3.31+0.25 3.17+0.37 <0.05 NS
BNP (pg/mi) 260.4+36.4 517.5+65.5 <0.001 <0.05
Cl at diagnosis 2.68+0.08 2.29+0.11 <0.01 <0.056
Low ClI patients
N 27 18 = =
Follow-up (months) 60.648.0 30.1x4.4 - -
Age (years) 44,032 43.5+3.9 NS NS
Sex
Male, n (%) 22 (82%) 13 (72%) NS NS
Female, n (%) 5 (19%) 5 (28%)
mPAP (mmHg) 56.6+2.6 63+4.1 NS NS
RAP (mmHg) 9.0£1.1 6.4+0.9 NS NS
SVO:2 (%) 61.2+2.8 62.0+1.3 NS NS
Free T3 (pg/ml) 3.53x0.78 3.9810.86 NS NS
BNP response at low Cl improvement (pg/ml) 368.5+82.6 to 188.5+60.7 538.1+106.5 to 305.3+85.0 0.058 NS
Cl response in low Cl at diagnosis (L- min-'. m=2) 1.98+0.06 to 2.80+0.11 2.00+0.08 to 2.55+0.13 <0.0001 <0.05

NS, not significant; mPAP, mean pulmonary artery pressure; RAP, right atrial pressure; SVO:, mixed venous oxygen saturation; T3, triiodothy-
ronine; BNP, plasma level of brain natriuretic peptide; Ci, cardiac index. Other abbreviation see in Table 1.

ment therapy (Table 2). In the present study, 90% of the
patients were treated with oral or intravenous prostacyclin
(Table 1), and there was no significant difference in the
prevalence of thyroid dysfunction between those treated with
prostacyclin (55 of 116 patients, 47%) and those without it
(3 of 11 patients, 27%).

Interestingly, the prevalence of thyroid dysfunction was
significantly higher in the patients with PAH than in those
with CTEPH (Table 3). Although the patients with thyroid
dysfunction had higher plasma levels of BNP than those
without it (450£120 vs 177439 pg/ml, P<0.05) (Figure 1A),
thyroid dysfunction itself did not have a significant prog-
nostic impact (Figure 1B). However, the patients with low
T3 levels had a significantly poor prognosis by univariate
analysis (P<0.01, hazard ratio: 2.368, 95% confidence interval:
1.221-4.593) (Figure 1C).

An elevated plasma level of BNP, which indicates right-
heart failure, was also a significant prognostic factor in the
univariate analysis (P<0.001, hazard ratio: 3.609, 95% confi-
dence interval: 1.856-7.016), whereas multivariate analysis
demonstrated that BNP was a significant independent prog-
nostic predictor in all PH patients (Table 4).

Hemodynamic Prognostic Factors

Hemodynamic parameters, such as CI at diagnosis, RAP and
SVOz, which are established prognostic factors, were also sig-
nificant prognostic factors in our univariate analysis, whereas
mean PAP was not (Table 4).

Low CO at diagnosis was a poor prognostic factor for
death within 1 year (Figure 2A, Table 4). Importantly, in
the univariate analysis patients with low CO at diagnosis (CI
<2.5, n=45) followed by subsequent CI normalization in
response to treatment (CI 22.5, n=34) survived significantly
longer than those who did not respond to the treatment (CI
<2.5, n=11) (Figure 2B, Table 4). However, among 43 pa-
tients with normal CI at diagnosis (CI 22.5), there were 37
with a subsequent normal CI (CI 22.5), of whom 29 survived
and 8died. Of the remaining 6 patients whose CI was
reduced during the follow-up (CI <2.5), 5 survived and 1 died,
indicating the insignificant difference in the CI response
among patients with normal CI at the diagnosis.

Importantly, multivariate analysis demonstrated that among
the significant prognostic factors in the univariate analysis,
only CI improvement in response to treatment was an inde-
pendent prognostic factor of PH in patients with low CI at
diagnosis (Table 4).

Furthermore, there were no significant differences in PH
treatment between survivors and those who died, except for
monotherapy with intravenous prostacyclin in all PH patients
(Table 5).

Discussion

In the present study, we aimed to identify new prognostic
factors of PH in a relatively large cohort of patients with
a long-term close follow-up. The results suggest that CI
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Limin/m? P<0.01 (%)
31 N | 100 4
801 CI<2.5 —» CI22.5, (n=34)
9
?— 60 P
E Cl<2.5 — CI<2.5, (n=11)
T 40
5
(7]
20
Log-rank test, P<0.001
0 v T T T —
Survivors for more Deaths within a No at risk (n) 0 20 40 60 80 100 Months
= - Cl<25 — Cl225 34 32 23 22 16 10
C than a year (n=112)  year (n=12) s 4 P - . ! h
(%)
100
80 4 th_‘ Combination therapy, (n=13)
2
s 60 4
&
E 40 4 Mono therapy, (n=21)
w
20 4
Log-rank test, n.s.
0 T T T T—
No at risk (n) o 20 40 60 80 100 Months
Mono therapy 21 18 1 10 6 3
Combination therapy 13 12 8 8 6 4
Figure 2, Prognostic significance of the cardiac index (Cl) in patients with pulmonary hypertension. (A) Patients who survived
more than 1 year had a significantly higher Cl (n=112) than those who died within the year (n=12), (B) Patients with low cardiac
output at diagnosis (Cl <2.5L-min-'-m-2), but with subsequent normalization in response to treatment (from Cl <2.5 to Cl
22.5L-min-"-m-2) showed better survival than those who did not respond to the treatment (CI <2,5L-min-!-m-2 unchanged)
(C) Among 34 patients with low cardiac output at diagnosis (Cl <2.5L-min-'- m-2) and subsequent normalization in response to
treatment (from Cl <2.5 to Cl >2.5L-min-"-m-2), there was no significant difference in prognosis between the monotherapy
(n=21) and combination therapy (n=13) groups.
Table 5. Use of PH Drugs in Mono and Combination Therapies
All patients Patients with Cl normalization
Survivors Deaths P value Survivors Deaths P value
Monotherapy
N 60 35 14 i
PGlz oral, n (%) 36 (60.0%) 12 (34.3%) NS 4 (28.6%) 2 (28.6%) NS
PGz intravenous, n (%) 14 (23.3%) 19 (54.3%) <0.05 9 (64.3%) 4(57.1%) NS
Bosentan, n (%) 3 (5.0%) 3 (8.6%) NS 1(7.1%) 1 (14.3%) NS
Sildenafil, n (%) 2 (3.3%) 0 (0%) NS 0 (0%) 0 (0%) -
CCB, n (%) 2 (3.3%) 1(2.9%) NS 0 (0%, 0 (0%) -
No anti-PH drugs, n (%) 3 (5.0%) 0 (0%) NS 0 (0%) 0 (0%) -
Combination therapy
N 33 8 11 2
PGlz oral+bosentan, n (%) 16 (48.5%) 5 (62.5%) NS 3 (27.3%) 0 (0%) NS
PGl intravenous +bosentan, n (%) 13 (39.4%) 1(12.5%) NS 8 (72.7%) 1 (50.0%) NS
PGl2 oral+sildenafil, n (%) 1 (3.0%) 0 (0%) NS 0 (0%) 0 (0%) 2
PGl intravenous + sildenafil, n (%) 0 (0%) 1 (12.5%) NS 0 (0%) 1 (50.0%) NS
PGl2 oral+bosentan + sildenafil, n (%) 1(3.0%) 0 (0%) NS 0 (0%) 0 (0%) -
PGlz intravenous + bosentan + sildenafil, n (%) 2 (6.1%) 1(12.5%) NS 0 (0%) 0 (0%) -

CCB, calcium-channel blocker; PGlz, prostaglandin l=. Other abbreviation see in Table 1.
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normalization in response (o treatment is a new prognostic
factor of PH and probably has more prognostic significance
than BNP and other previously established prognostic factors.

Cohort of PH Patients

Our cohort of PH had more female patients with a more prev-
alence of PH, and most of the patients were treated with
prostacyclin alone or in combination with other vasodilators,
a finding consistent with previous reports."!7-!* Our cohort is
unique because all patients were closely followed by right-
heart catheterization performed every 6-12 months in order
to monitor their clinical course and to adjust the doses of
drugs, including epoprostenol, bosentan and/or sildenafil. All
of the drugs, especially the combination with intravenous
prostacyclin and other vasodilators, have already been re-
ported to improve symptoms, 6-min walk distance, pul-
monary hemodynamics, and survival.”?-> Indeed, in the
present study, combination therapy with intravenous prosta-
cyclin and other vasodilators significantly improved pul-
monary hemodynamics in patients with PH who were not
improved by any monotherapy. However, if combination
therapy is unavailable, monotherapy with intravenous pros-
tacyclin might not be enough in patients with severe PH, as
shown in Table 5.

Our current strategy for advanced PH is to improve qual-
ity of life and pulmonary hemodynamics (especially CI and
RAP) and to prevent the development of right-heart failure,
although more therapeutic progress needs to be made.-

BNP Levels in PH

Elevated BNP level is a significant prognostic factor,'? but in
the present study this was the case in the univariate analysis
only, not in the multivariate analysis when we included the
ClI response to treatment. This result suggests that BNP and CI
closely influence each other through right ventricular dysfunc-
tion and that the CI response has more prognostic significance
than BNP. However, BNP should remain in use as a prognos-
tic factor because it is easily and non-invasively measured.

Thyroid Dysfunction in PH

The present study demonstrated that 46% of the PH pa-
tients had thyroid dysfunction (hyperthyroidism in 19%;
hypothyroidism in 81%). Indeed, 5 of 11 patients with hyper-
thyroidism were treated with antithyroid drugs, and 3 of
47 patients with hypothyroidism were treated with thyroid
hormone replacement therapy, which is consistent with pre-
vious studies in which 22-49% of patients with PAH were
complicated with thyroid dysfunction. 0!

The precise mechanisms of thyroid dysfunction in PH
remain unclear; however, involvement of autoimmune mech-
anisms and the side-effects of prostacyclin therapy may be
involved.® Indeed, it was reported that the treatment of
thyroid dysfunction ameliorated PAP in PH patients com-
plicated with thyroid diseases.’** It also was reported that
prostacyclin plays an important role in the modulation of
thyroid function in patients with Graves disease, because
prostacyclin therapy may cause thyrotoxicosis as a result of
downregulation of prostaglandin Iz receptors, with sub-
sequent reduced production of cAMP.3>33 However, in the
present study, no significant influence of prostacyclin ther-
apy was noted on the occurrence of thyroid dysfunction.
Furthermore, a low plasma T3 level was a significant prog-
nostic factor by univariate analysis but not by multivariate
analysis. In contrast, a low plasma T3 level has been reported
as associated with poor prognosis in patients with chronic

heart failure.’5-%

Hemodynamic Variables in PH

Although echocardiography is a non-invasive and useful tool
for the follow-up of PH patients, because it can estimate
systolic PAP, it alone is not enough to evaluate pulmonary
hemodynamics, because RAP, SVO: and CI are more impor-
tant prognostic factors that cannot be obtained by echocar-
diography.*#4" Therefore, right-heart catheterization is essen-
tial for both accurately evaluating pulmonary hemodynamics
and decision making in each PH patient.¥-¢ Indeed, low
CO at diagnosis is a prognostic factor of PAH*! and further,
the present study demonstrated that CO normalization in
response to treatment is a new prognostic factor.

During the course of the development of PAH, pulmonary
arteriopathies first occur, followed by RV pressure-overload.
Thus, the final goal of PH should be regression of pulmo-
nary arteriopathies.® At present, because none of the available
therapies is able to normalize pulmonary hemodynamics
(especially during exercise), RV function (eg, CO) may deter-
mine the prognosis of PH patients.*!

Study Limitations

Several limitations should be mentioned. First, this was an
observational cohort study from a single center, so the pres-
ent finding regarding the prognostic impact of CI normaliza-
tion remain to be confirmed in a large, multicenter clinical
study. Second, the PH patients were treated individually, but
not in a randomized manner, based on their pulmonary hemo-
dynamics and comorbidities, so some bias could be involved.
However, considering the severity of the disease, such a
randomized clinical study would not be appropriate from the
ethical point of view,

Gonclusions

In the present study, we were able to identify that CI nor-
malization in response to treatment is a new independent
prognostic factor of PH in patients with low CI at diagnosis,
suggesting the importance of intensive therapy to normalize
CO in PH patients.
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