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Do single or sequential measurements of leptin and
adiponectin in plasma have prognostic value in
pulmonary arterial hypertension?
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Abstract

Leptin (a neuroendocrine peptide that enhances metabolism and acts on the hypothalamus to suppress appetite) and adiponectin

(a protein that has insulin-sensitizing, anti-inflammatory, and antiproliferative properties) are involved in the pathobiology of

pulmonary arterial hypertension (PAH). We hypothesized that plasma leptin and adiponectin as well as the leptin/adiponectin

ratio are abnormal in PAH patients and their levels track with disease severity and functional changes during follow-up. We tested

this hypothesis in a cohort of patients included in the 16-week, international, multicenter, double-blind, placebo-controlled

FREEDOM-C2 study. Blood was collected at baseline and week 16 in 178 out of 310 randomized patients with PAH. Baseline

plasma leptin and adiponectin concentrations were 25� 31 ng/mL and 7.8� 6.1 ug/mL, respectively. Leptin, adiponectin, and leptin/

adiponectin (mean� SD) changes at 16 week were of small magnitude. Leptin at baseline was significantly associated with older

age, higher BMI, higher Borg dyspnea index, and lower NT-pro BNP. Women had higher levels of leptin than men (30.5� 33.2

versus 7.2� 6.4 ng/mL), even when adjusting for background therapy and etiology (linear regression: �¼ 21.8, P< 0.001).

Adiponectin was negatively associated with BMI and positively associated with NT-pro BNP. Changes in leptin, adiponectin, and

leptin/adiponectin ratio adjusted for weight at 16 weeks did not predict functional class, distance walk in 6 min or survival at one,

two, three, or four years. Plasma leptin and adiponectin at baseline and their change at 16-week do not appear to significantly

impact prognosis in PAH.
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To the editor

Although great advances have been made in understanding
the complex pathophysiology of pulmonary arterial hyper-
tension (PAH), many questions still remain. Our group1,2

and others3–5 showed that leptin (a neuroendocrine peptide
that enhances metabolism and acts on the hypothalamus to
suppress appetite) and adiponectin (a protein that has insu-
lin-sensitizing, anti-inflammatory, and antiproliferative
properties) are involved in the pathobiology of PAH.

We showed that plasma leptin levels are elevated in PAH
patients and that lower levels were associated with worse

survival.1 A recent study demonstrated that leptin plays a
role in pulmonary vascular remodeling and increases the
susceptibility to develop pulmonary hypertension (PH) in
animal models.3 In addition, adiponectin levels are increased
in PAH patients compared to controls6 and this adipose-
derived hormone attenuates PH in animal models.5,7,8

We hypothesized that plasma leptin and adiponectin as
well as the leptin/adiponectin ratio are abnormal in PAH
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patients and their levels track with disease severity and func-
tional changes during follow-up. We tested this hypothesis
in a cohort of patients included in the 16-week, inter-
national, multicenter, double-blind, placebo-controlled
FREEDOM-C2 study.9 The primary endpoint of this
study was the placebo-corrected change in 6-minute walk
distance (6MWD) between baseline and week 16.
Secondary endpoints included clinical worsening, Borg dys-
pnea score, World Health Organization (WHO) functional
class, and N-terminal pro-brain natriuretic peptide (NT-pro
BNP). Survival status was captured for four years.

Blood was collected at baseline and week 16 in 178 out of
310 randomized patients of the FREEDOM-C2 study.
Leptin and adiponectin were determined in plasma (multi-
plexed immunoassay, Myriad-RBM, Austin, TX, USA). We
calculated leptin/body mass index (BMI), adiponectin/BMI,
and leptin/adiponectin ratios. Baseline characteristics of the
cohort are shown in Table 1. Patients in this cohort were
randomized either to oral treprostinil (n¼ 83) or placebo
(n¼ 95).

Baseline plasma leptin and adiponectin concentrations
were 25� 31 ng/mL and 7.8� 6.1 ug/mL, respectively.
Leptin and adiponectin were above the laboratory reference
range (middle 95%) for apparently healthy individuals

(high range cutoffs¼ 38 ng/mL and 15 ng/mL) in 38 (21%)
and 16 (9%) patients, respectively. Meanwhile, leptin and
adiponectin were below the reference range (lower cutoffs¼
0.85 ng/mL and 1.8 ng/mL) in four (2%) and six (3%)
patients, respectively.

Leptin at baseline was significantly associated with older
age, higher BMI, higher Borg dyspnea index, and lower NT-
pro BNP (Table 2). Women had higher levels of leptin than
men (30.5� 33.2 versus 7.2� 6.4 ng/mL), even when adjust-
ing for background therapy and etiology (linear regression:
�¼ 21.8, P< 0.001). Adiponectin was negatively associated
with BMI and positively associated with NT-pro BNP
(Table 2). We did not find an association between plasma
leptin or adiponectin levels and PAH etiology (idiopathic,
connective tissue disease-associated or others), PAH treat-
ment (endothelin receptor antagonist [ERA], phospho-
diesterase type 5 inhibitor [PDE-5I], or both), 6MWD, or
WHO functional class despite controlling for gender, age,
and BMI.

Leptin, adiponectin, and leptin/adiponectin (mean� SD)
changes at 16 weeks were of small magnitude at
þ0.1� 12 ng/mL, �0.2� 3 ug/mL, and �0.2� 5 ng/ug,
respectively. Only four of 178 (2.2%) patients met the cri-
teria for clinical worsening at 16 weeks. Patients randomized
to oral treprostinil had a significant larger decrease in leptin
(�¼�5.97, P¼ 0.0007) than patients receiving placebo,
even when adjusted for BMI (�¼�0.18, P¼ 0.0019). We
did not find an association between change in leptin, adipo-
nectin, or leptin/adiponectin and variations in 6MWD,
WHO functional class, or NT-pro BNP, even after adjusting
for age, gender, BMI, creatinine, and/or treatment alloca-
tion. Change in leptin at 16 weeks was positively associated
with change in Borg dyspnea index (�¼ 0.07, P¼ 0.001).
Changes in leptin, adiponectin, and leptin/adiponectin
ratio adjusted for weight at 16 weeks did not predict survival
at one, two, three, or four years; however, the event rate for
each time period was low at ten, 16, 29, and 29 deaths,
respectively.

In the present study, we confirmed that plasma leptin
levels are elevated in patients with PAH, particularly
women and patients with older age and higher BMI. The
lack of correlation between 6MWD and leptin or adiponec-
tin was similarly noted by others in patients with systemic
sclerosis.10 Interestingly, higher leptin was weakly associated
with more pronounced dyspnea during 6MW test but lower
levels of NT-pro BNP. Potential explanations include the
observations that leptin is involved in the dysregulation of
ventilation in chronic heart failure11 and its release is inhib-
ited by atrial natriuretic peptide.12 Adiponectin was not sig-
nificantly associated with 6MW test results, but a higher
plasma level corresponded to a higher NT-pro BNP.
Cardiac natriuretic peptides activate lipolysis through
cyclic GMP production, significantly stimulating adiponec-
tin13 and inhibiting leptin release;12 findings that help
explain why in our study, leptin was directly and inversely
associated with adiponectin and leptin, respectively.

Table 1. Baseline characteristics.

Mean� standard

deviation, n (%)

n 178

Age (years) 51� 15

Female gender 136 (76)

BMI (kg/m2) 27.3� 6.1

PAH etiology

-Idiopathic or heritable 110 (62)

-Connective tissue disease 62 (35)

-Others* 6 (3)

WHO functional classy

-II 41 (23)

-III 135 (76)

-IV 1 (1)

PAH-specific treatments at inclusion

-PDE-5I 79 (44)

-ERA 27 (15)

-PDE-5I and ERA 72 (40)

Six-minute walk test

-Distance walked (m) 333� 70

-Borg dyspnea index 3.8� 2.4

NT-pro BNP (pg/mL) 1429� 2091

*Others include congenital heart disease and HIV.

yIn one patient, the WHO functional class was not available.

BMI, body mass index; ERA, endothelin receptor antagonist; NT-pro BNP, N-

terminal pro brain natriuretic peptide; PAH, pulmonary arterial hypertension;

PDE-5I, phosphodiesterase type 5 inhibitor; WHO, World Health Organization.
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Limitations of our study include: (1) echocardiographic
and hemodynamic data were not available; (2) PAH patients
were receiving ERA and/or PDE-5I at the time of enroll-
ment and throughout the duration of the study; and (3) few
patients met the criteria for clinical deterioration. Therefore,
this outcome could not be considered in the study. However,
we use one-, two-, three-, and four-year survival as an end-
point. Strengths of the study include the rigorous and
prospective collection of data in the context of a well-
designed study.

In conclusion, in this large cohort of PAH patients,
plasma leptin and adiponectin at baseline and their change
at 16 weeks do not appear to significantly impact prognosis
in PAH. No significant associations between leptin, adipo-
nectin, or leptin/adiponectin ratio and WHO functional
class or 6MWD were noted, both at baseline and follow-up.
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Table 2. Baseline plasma levels of leptin and adiponectin and their association with selected surrogate markers of PAH severity.

Leptin Adiponectin Leptin/BMI Adiponectin/BMI Leptin/adiponectin

Age R¼ 0.20, P¼ 0.006 R¼�0.01, P¼ 0.94 R¼ 0.17, P¼ 0.02 R¼�0.09, P¼ 0.23 R¼ 0.18, P¼ 0.02

BMI R¼ 0.73, P< 0.0001 R¼�0.19, P¼ 0.01 – – R¼ 0.67, P< 0.0001

WHO functional class R¼ 0.10, P¼ 0.18 R¼ 0.08, P¼ 0.29 R¼ 0.09, P¼ 0.22 R¼ 0.05, P¼ 0.54 R¼ 0.03, P¼ 0.66

6MWD R¼�0.14, P¼ 0.06 R¼�0.01, P¼ 0.94 R¼�0.12, P¼ 0.10 R¼ 0.05, P¼ 0.54 R¼�0.13, P¼ 0.07

Borg dyspnea index R¼ 0.33, P< 0.0001 R¼ 0.06, P¼ 0.40 R¼ 0.29, P< 0.0001 R¼�0.05, P¼ 0.53 R¼ 0.22, P¼ 0.003

NT-pro BNP R¼�0.22, P¼ 0.004 R¼ 0.39, P< 0.0001 R¼�0.21, P¼ 0.004 R¼ 0.38, P< 0.001 R¼�0.34, P< 0.0001

6MWD, six-minute walk distance; BMI, body mass index; NT-pro BNP, N-terminal pro brain natriuretic peptide; R, Spearman correlation coefficient; WHO, World

Health Organization.
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