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Abstract
Serotonin (5-HT) has been implicated in the pathogenesis of pulmonary arterial hypertension (PAH).
We hypothesized that plasma 5-HT would be elevated in PAH related to associated conditions.

We performed a prospective cohort study of 21 patients with PAH undergoing initial right heart
catheterization and 6 healthy controls.

Platelet-free plasma 5-HT levels were similar in patients with idiopathic PAH, PAH related to
associated conditions, and healthy controls. Higher 5-HT levels correlated with increased six-minute
walk distance (r = 0.55, p = 0.04).

These data suggest that plasma 5-HT levels are normal in PAH. Plasma 5-HT may therfore not be a
useful biomarker in this condition.
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Introduction
Serotonin (5-HT) is a potent pulmonary vasoconstrictor and platelet aggregator that has been
implicated in the pathophysiology of pulmonary arterial hypertension (PAH). Most human
circulating 5-HT is stored in platelets, while only platelet-free plasma 5-HT has potent vascular
activity. Two previous studies (N=16 each) have shown increased plasma 5-HT levels in
patients with idiopathic PAH (IPAH) [1,2]. In addition, a 5-HT promoter polymorphism has
been associated with the risk of PAH in one population, although this association was not seen
in another population [3-5]. We therefore hypothesized that plasma 5-HT levels would be
significantly elevated in PAH related to associated conditions (APAH).
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Methods
We performed a prospective cohort study of patients with PAH undergoing initial right heart
catheterization at our center beginning in November 2001. We excluded patients already
receiving targeted PAH treatment. We also included age- and gender-matched healthy controls.
The Columbia University Institutional Review Board approved the study.

A bionutritionist counseled subjects to avoid 5-HT-rich foods, alcohol and coffee for 48 hours
before phlebotomy; subjects recorded foods eaten during this period. No subjects received anti-
platelet agents. After an overnight fast, blood was withdrawn using minimal tourniquet
technique and suction. Blood was immediately centrifuged for 10 minutes at 200 × g at room
temperature to obtain platelet-rich plasma, and then at 4500 × g for 10 minutes at 4°C to obtain
platelet-free plasma. Plasma was stored at −80°C until analysis by ELISA (IBL, Hamburg,
Germany). Cross-reactivity with related substances (e.g., 5-HIAA, DL-tryptophan, and
melatonin) has been reported to be ≤ 0.12%. Results were read from a standard curve. The
threshold of detection was 0.01 nmol/L.

Data were summarized by mean ± standard deviation, median and interquartile range, or
frequency (percentage). Kruskal-Wallis tests, Wilcoxon rank sum and signed rank tests, and
Spearman's correlation coefficients were used. Sixteen APAH patients and 6 controls provided
more than 95% power to detect the differences in plasma 5-HT observed in previous studies
[1,2].

Results
We enrolled 28 PAH patients and 8 controls; 21 patients and 6 controls were compliant with
dietary restrictions and comprised the final study sample (Table). Two PAH patients had
collagen vascular disease, 3 had HIV, 5 had congenital cardiac shunts (2 repaired), 6 had
portopulmonary hypertension, and 5 had IPAH.

Patients with APAH did not have elevated plasma 5-HT levels compared to controls (Figure
1; p = 0.51). Patients with IPAH also had 5-HT levels similar to those of controls. In fact, only
1 PAH patient had an elevated platelet-free plasma serotonin level (kit manufacturer's upper
limit of normal [97.5th percentile] = 1.3 nmol/L). There were no differences in plasma 5-HT
levels between individual APAH diagnoses and controls (p > 0.15). When we analyzed all
PAH patients regardless of diet restrictions (therefore potentially increasing plasma 5-HT
levels), we still found no difference between PAH patients and controls (mean 5-HT level =
0.81, 0.65, and 0.63 nmol/L for APAH (n=19), IPAH (n=9), and controls, respectively, p =
0.63).

There was an inverse association between the 5-HT level and right atrial pressure of borderline
significance (r = −0.44, p = 0.09) and a direct association between 5-HT and the six-minute
walk distance (r = 0.55, p = 0.04), but no associations with other indicators of disease severity.

Discussion
We found that patients with APAH and IPAH had plasma 5-HT levels that were similar to
those of healthy controls. These results differ from those of previous studies in which PAH
was associated with dramatically higher 5-HT levels (>30 nmol/L) [1,2]. There are a number
of possible explanations for these discrepant findings.

First, we specifically focused on patients with APAH, whereas prior studies predominantly
included patients with IPAH. Of note, however, 5-HT levels were also normal in patients with
IPAH in our study.
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Second, the patients in the current study may have differed from those of prior studies.
Hemodynamics in our study were similar to those in previous studies, making substantial
differences in the stage of disease unlikely [1,2]. Also, higher levels of 5-HT, if anything, were
associated with milder PAH and better exercise capacity in our study. Our patients were
ethnically heterogeneous compared to those in prior studies, which could explain the disparate
findings.

Third, our sample size for APAH was equal to those of the prior studies that showed elevated
5-HT levels, and we had more than adequate power to detect the dramatic elevations in 5-HT
previously seen. Therefore, the small sample size does not account for our findings.

Finally, it is possible that differences in laboratory assays or technique explain our findings in
comparison to previous work. The highly sensitive nature of assessing platelet-free plasma
serotonin has led to studies showing great variation in plasma 5-HT levels [6-10]. We tried to
take extensive precautions to prevent such variability. In addition, although we used an ELISA
assay rather than the radioenzymatic assay used in prior studies, it is unlikely that this explains
the log difference in 5-HT levels for PAH patients between studies.

Our results and the previous studies of plasma 5-HT levels in PAH should be interpreted
cautiously. Our finding of normal plasma 5-HT levels in PAH does not necessarily discount
an important role for 5-HT in PAH. 5-HT production in the small pulmonary arteries may still
have significant paracrine effects, inviting potential medical interventions such as selective
serotonin reuptake inhibitors [11-13]. However, in contrast to previously published studies,
our data suggest that the platelet-free plasma level of 5-HT may be normal in patients with
PAH and hence may not be an adequate disease biomarker. Future investigation of the
serotonergic pathway in PAH should continue to focus on the local pulmonary vascular action
of 5-HT.
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Figure 1.
Platelet-free plasma serotonin levels for IPAH, APAH, and controls: median (line) and
interquartile range (box). Whiskers are 1.5x the interquartile range. Filled circles are outliers.
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Table
Demographic and clinical characteristics

Variable IPAH
(n=5)

APAH
(n=16)

Controls
(n=6)

p value

Age, years 45 ± 19 41 ± 12 34 ± 5 0.20
Female, n (%) 4 (80%) 15 (94%) 4 (67%) 0.24
Race/Ethnicity, n (%) 0.56
  White/Non-Hispanic 4 (80%) 8 (50%) 6 (100%)
  White/Hispanic 0 (0%) 3 (19%) 0 (0%)
  Black/Non-Hispanic 0 (0%) 3 (19%) 0 (0%)
  Black/Hispanic 0 (0%) 1 (6%) 0 (0%)
  Asian/Non-Hispanic 1 (20%) 1 (6%) 0 (0%)
Body mass index, kg/m2 30 ± 8 26 ± 6 25 ± 5 0.47
NYHA class, n (%) 0.15
  II 0 (0%) 4 (25%)
  III 4 (80%) 12 (75%)
  IV 1 (20%) 0
Mean right atrial pressure, mm Hg 8 ± 3 9 ± 6 0.53
Mean pulmonary artery pressure, mm Hg 63 ± 12 58 ± 14 0.48
Pulmonary vascular resistance,
dynes·sec·cm−5

1467 ± 832 1425 ± 753 0.90

Cardiac index, liters/min/m2 1.7 ± 0.3 2.0 ± 0.7 0.39
Oxygen consumption at peak exercise,
ml/min/kg

9.6 ± 0.6 11.0 ± 4.5 1.0

Six-minute walk distance, meters 364 ± 146 341 ± 122 0.80

Data are presented as mean ± sd and frequency (percentage). NYHA: New York Heart Association.
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