
Vitamin D deficiency, a potential cause for insufficient response
to sildenafil in pulmonary arterial hypertension

To the Editor:

Phosphodiesterase 5 inhibitors (PDE5i), such as sildenafil and tadalafil, are frequently used to treat
pulmonary arterial hypertension (PAH) [1]. Combined therapy of PDE5i with drugs acting via other
signalling mechanisms, i.e. the endothelin pathway, is currently recommended as it provides better clinical
outcomes than monotherapy with PDE5i [1, 2]. The soluble guanylyl cyclase (sGC) stimulator riociguat is
an interesting alternative to PDE5i, with a different mode of action but on the same signalling pathway.
Recently, the results of the REPLACE study show that, in patients remaining at intermediate risk of 1-year
mortality after PDE5i treatment, switching to riociguat is beneficial in terms of clinical improvement and
risk status as compared with PDE5i maintenance therapy [3].

There are theoretical reasons and empirical evidence to suggest that some patients with PAH may have a
treatment response suboptimal to PDE5i but preserved to riociguat. Phosphodiesterase 5 degrades cyclic
guanosine monophosphate (cGMP), which mediates the vasodilator and antiproliferative effects of nitric
oxide (NO). Thus, PDE5i inhibits cGMP degradation and hence potentiates the effects of endogenous NO.
Failure of PDE5i is presumed to be the consequence of low basal NO–sGC–cGMP activity, which is
known to occur in PAH [4]. In contrast, riociguat increases intracellular cGMP levels by directly
stimulating sGC, independent of available NO, but also sensitises sGC to NO. We have recently reported
in an animal model that severe deficiency of vitamin D (vitD) further impaired endothelial-derived NO
activity in PAH, and that calcitriol, the active form of vitD, can restore endothelial function [5]. Likewise,
several reports have shown that vitD regulates NO activity in systemic arteries in both human and animal
models [6].

Herein, we compared the responses to sildenafil and riociguat in isolated pulmonary arteries from rats with
PAH that had been exposed to a vitD-free diet for 8 weeks with those after restoring vitD status for the last
3 weeks.

VitD deficiency led to a poor vasodilator response to sildenafil ex vivo, which can be reverted by restoring
vitD levels (figure 1a). Remarkably, the response to riociguat is unaffected by the vitD status (figure 1b).
Thus, these data indicate that vitD deficiency reduces the apparent basal NO-dependent cGMP production,
decreasing the response to sildenafil in rats with PAH.

In Spanish and Japanese cohorts of PAH patients, 95% and 92% of them, respectively, showed vitD
deficiency (serum 25(OH)vitD <20 ng·mL−1) and 70% and 42%, respectively, had severely decreased
levels (<10 ng·mL−1) [7, 8]. 70% of the patients in the Spanish cohort also showed subsequent secondary
hyperparathyroidism. Moreover, reduced bone mineral density and secondary hyperparathyroidism was
also found in 80% and 55% of patients, respectively, in a Swiss PAH cohort [9]. We speculate that
reduced vitD levels in PAH might partially account for the limited efficacy of sildenafil in some patients.
Thus, we retrospectively compared the 25(OH)vitD levels in serum samples of PAH patients that
responded versus those who did not respond to PDEi. Serum samples were obtained from the Spanish
National PH Biobank and clinical data from the REHAP registry. Among the 113 PAH patients with
available 25(OH)vitD levels, 67 had idiopathic, hereditary or drug-induced PAH [7], and 46 had associated
PAH. 30 of them were on PDE5i as monotherapy and could be classified into responders or
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non-responders. Responders (n=17) were those meeting the three following criteria 12 months after PDE5i
treatment initiation: 1) alive and free of lung transplant, 2) without clinical worsening (i.e. without
treatment modification) and 3) improved risk score or remaining in low-risk profile. All others (n=13) were
considered non-responders. Interestingly, responders to sildenafil had significantly higher 25(OH)vitD
levels than non-responders (figure 1c). We also analysed the distribution of responders across tertiles of
25(OH)vitD levels. Similarly, there was a significant increase in the percentage of responders with
increasing 25(OH)vitD (inset in figure 1c).

In conclusion, vitD deficiency causes a poor vasodilator response to PDE5i but preserved response to
riociguat in rats with PAH. The high prevalence of vitD deficiency worldwide, which seems to be even
higher in at least some patients with PAH, and the lower levels of 25(OH)vitD in non-responders to PDE5i
compared to responders, suggest that this deficiency may cause insufficient response to PDE5i in some
patients with PAH, a possibility that remains to be tested. Therefore, in addition to recovery of optimal
vitD status being indicated to restore calcium homeostasis and prevent bone fractures in those PAH
patients with severe deficiency, it might help to improve responsiveness to PDE5i.
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FIGURE 1 a, b) Wistar rats on vitamin D (vitD)-free diet for 5 weeks and further exposed to Su5416 (20 mg·kg−1) and hypoxia (10% O2) for an
additional 3 weeks were returned to normoxia and randomised to either maintenance on vitD-free diet (vitD deficiency; n=8) or a single oral dose
of 100000 UI·kg−1 vitD3 plus standard diet (vitD restored; n=9) for 3 weeks (final 25(OH)vitD serum levels were mean±SEM 4.3±0.3 and 70.2±
7.3 ng·mL−1, respectively) [10]. Pulmonary arteries from these animals were isolated, contracted with 5-HT (30 µmol·L−1), and cumulative
concentration–response curves to sildenafil (a) and riociguat (b) were performed in a wire myograph [5]. Results (presented as mean±SEM) indicate
percent reversal of 5-HT-induced contraction. *: p<0.05; **: p<0.01 (t-test). c) Pulmonary arterial hypertension (PAH) patients treated with
phosphodiesterase 5 inhibitor as monotherapy were classified into responders (n=17) and non-responders (n=13). 25(OH)vitD serum levels (scatter
plot and median) were compared between the two groups with a Mann–Whitney test. PAH subtype is identified by colours: idiopathic (black),
familial (red), portal hypertension (green), connective tissue disease (blue) and congenital heart disease (orange). The inset shows the number of
non-responders and responders in the first, second and third tertile of 25(OH)vitD levels.
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