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The pulmonary circulation is a low pressure, low resistance and high capacitance system as compared to the systemic circulation. Pulmonary hypertension (PH) is a pathophysiologic disorder defined by a mean pulmonary artery pressure (mPAP) ≥ 25 mmHg. PH complicates a number of heart and respiratory diseases, but other forms may be observed including idiopathic pulmonary arterial hypertension [START_REF] Galiè | ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension: The Joint Task Force for the Diagnosis and Treatment of Pulmonary Hypertension of the European Society of Cardiology (ESC) and the European Respiratory Society (ERS): Endorsed by: Association for European Paediatric and Congenital Cardiology (AEPC), International Society for Heart and Lung Transplantation (ISHLT)[END_REF]. PH is associated with worse prognosis regardless of etiology and there is thus a need to improve our understanding of pathophysiology of the pulmonary circulation. Some striking hemodynamic features of the pulmonary circulation have been observed. The mPAP and systolic pulmonary artery pressure (sPAP) are strongly related through a linear relationship (mPAP = 0.61 sPAP +2 mmHg) documented over a wide range of clinical and hemodynamic conditions [START_REF] Chemla | New formula for predicting mean pulmonary artery pressure using systolic pulmonary artery pressure[END_REF][START_REF] Chemla | Systolic and mean pulmonary artery pressures: are they interchangeable in patients with pulmonary hypertension?[END_REF]. This yet unexplained empirical relationhsip helps improve the noninvasive estimation of mPAP from the echocardiography-derived sPAP [START_REF] Aduen | Accuracy and precision of three echocardiographic methods for estimating mean pulmonary artery pressure[END_REF][START_REF] Amsallem | Addressing the controversy of estimating pulmonary arterial pressure by echocardiography[END_REF]. Another feature of the pulmonary circulation relates to PA pulse pressure (PApp), i.e., sPAP minus diastolic PA pressure (dPAP). Indeed, PApp and mPAP have an almost 1:1 ratio, while aortic pulse pressure is only half the mean aortic pressure [START_REF] Milnor | Cardiovascular physiology[END_REF]. This is attested to the high pulsatility of the pulmonary circulation as compared to the systemic circulation.

A number of studies have reported that the golden ratio (Phi, Φ) [START_REF] Ghyka | The Golden Number: Pythagorean Rites and Rhythms in the Development of Western Civilization[END_REF][START_REF] Livio | The golden ratio: The story of Phi, the world's most astonishing number[END_REF] may play a role in the cardiovascular field [START_REF] Gibson | Association of the Fibonacci cascade with the distribution of coronary artery lesions responsible for ST-segment elevation myocardial infarction[END_REF][START_REF] Ulmer | George Clooney, the cauliflower, the cardiologist, and phi, the golden ratio[END_REF][START_REF] Henein | The human heart: application of the golden ratio and angle[END_REF][START_REF] Ashrafian | Fibonacci series and coronary anatomy[END_REF][START_REF] Yetkin | Golden Ratio is beating in our heart[END_REF][START_REF] Yetkin | Does systolic and diastolic blood pressure follow Golden Ratio?[END_REF][START_REF] Papaioannou | The 'Divine' or 'Golden' Arterial Pulse[END_REF]. Following the geometrical description made by the Greek Euclides more than two thousand years ago, Φ is the ratio of two quantities that fulfill strict criteria [START_REF] Ghyka | The Golden Number: Pythagorean Rites and Rhythms in the Development of Western Civilization[END_REF][START_REF] Livio | The golden ratio: The story of Phi, the world's most astonishing number[END_REF]. Φ is an irrational number approximately equal to 1.618 that allows replicating the same structure at different scales. The potential implication of Φ has been discussed in art, psychology and biology [START_REF] Ghyka | The Golden Number: Pythagorean Rites and Rhythms in the Development of Western Civilization[END_REF][START_REF] Livio | The golden ratio: The story of Phi, the world's most astonishing number[END_REF][START_REF] Gibson | Association of the Fibonacci cascade with the distribution of coronary artery lesions responsible for ST-segment elevation myocardial infarction[END_REF][START_REF] Ulmer | George Clooney, the cauliflower, the cardiologist, and phi, the golden ratio[END_REF][START_REF] Henein | The human heart: application of the golden ratio and angle[END_REF][START_REF] Ashrafian | Fibonacci series and coronary anatomy[END_REF][START_REF] Yetkin | Golden Ratio is beating in our heart[END_REF][START_REF] Yetkin | Does systolic and diastolic blood pressure follow Golden Ratio?[END_REF][START_REF] Papaioannou | The 'Divine' or 'Golden' Arterial Pulse[END_REF][START_REF] Iosa | Phi in physiology, psychology and biomechanics: The golden ratio between myth and science[END_REF][START_REF] Markowsky | Misconceptions about the golden ratio[END_REF]. It has also been suggested that the ratio between brachial systolic and diastolic blood pressure may be close to Φ, at least in some patient subgroups [START_REF] Ulmer | George Clooney, the cauliflower, the cardiologist, and phi, the golden ratio[END_REF][START_REF] Yetkin | Does systolic and diastolic blood pressure follow Golden Ratio?[END_REF][START_REF] Papaioannou | The 'Divine' or 'Golden' Arterial Pulse[END_REF]. However, the potential implication of Φ has not yet been studied at the pulmonary circulation level to our knowledge. In the present article, we tested the hypothesis that both the sPAP/mPAP ratio and the mPAP/dPAP ratio match Φ in a large population of patients with pulmonary arterial hypertension (PAH) of varying severity and in normotensive controls.

METHODS

Theoretical background

The golden ratio. Pythagoreans have described the propotional relationship between three quantities ). Such proportional relationship may involve only two quantities in the special case where the term "a" is in fact the sum of the two others (a = b + c) [START_REF] Ghyka | The Golden Number: Pythagorean Rites and Rhythms in the Development of Western Civilization[END_REF]. This was first geometrically described by Euclides who stated that "a straight line is said to have been cut in extreme and mean ratio when, as a whole line is to the greater segment, so is is the greater to the lesser" (The Elements, Chapt XIII). This property has been subsequently described algebraically as follows: (b+c)/b = b/c = Φ = 1. 618034.... Among the numerous remarkable properties of the golden ratio, it must be recalled that Φ² = Φ + 1 = 2.618 and that 1/ Φ = Φ -1 = 0.618. These properties explain why the golden ratio allows replicating the same structure at different scales (self-similarity) [START_REF] Ghyka | The Golden Number: Pythagorean Rites and Rhythms in the Development of Western Civilization[END_REF][START_REF] Livio | The golden ratio: The story of Phi, the world's most astonishing number[END_REF].

Rationale for testing the golden ratio in the pulmonary circulation. Here we propose that there may be three reasons for testing the Φ hypothesis in the pulmonary circulation (Figure 1). The first one is that the slope of the mPAP vs sPAP linear relationship has been consistently reported to be ~ 0.61 over a wide range of mPAP, heart rate, cardiac output and PA wedge pressure, and irrespective of patient's age, sex and body mass index and of the cause of PH [START_REF] Chemla | New formula for predicting mean pulmonary artery pressure using systolic pulmonary artery pressure[END_REF][START_REF] Chemla | Systolic and mean pulmonary artery pressures: are they interchangeable in patients with pulmonary hypertension?[END_REF]. Because the pressure intercept of this linear relationship is small, the mPAP/sPAP may be also close to 0.61 (~ 1/Φ), supporting the hypothesis that sPAP/mPAP matches Φ. The second reason is that a previous systematic review of pulmonary hemodynamics obtained with high-fidelity pressure catheters has documented that there is a proportional relationship between sPAP, mPAP and dPAP (mPAP= ) [START_REF] Chemla | Evaluation of various empirical formulas for estimating mean pulmonary artery pressure by using systolic pulmonary artery pressure in adults[END_REF]. The components of aortic pressure also follow this geometric rule [START_REF] Chemla | Mean aortic pressure is the geometric mean of systolic and diastolic aortic pressure in resting humans[END_REF]. The third reason is that mPAP and PA pulse pressure have an almost 1:1 ratio (6). Thus, if mPAP = sPAP -dPAP, this may be rewritten as follows: sPAP = mPAP + dPAP. This equation is consistent with the condition governing the Φ hypothesis (see above, a = b + c) in cases where a propotional relationship applies [START_REF] Chemla | Evaluation of various empirical formulas for estimating mean pulmonary artery pressure by using systolic pulmonary artery pressure in adults[END_REF].

Patient Population and calculations

This was an analysis of our fluid-filled pressure data (n=981 1 and2). Because a small measurement error may have a tremendous impact on the two pressure ratios in subjects with low PA pressures, the hypothesis was tested on 44 controls (mPAP ≤ 20 mmHg) studied with high-fidelity pressure catheters (Table 3) extracted from our systematic review [START_REF] Chemla | Evaluation of various empirical formulas for estimating mean pulmonary artery pressure by using systolic pulmonary artery pressure in adults[END_REF] involving five studies [START_REF] Chemla | New formula for predicting mean pulmonary artery pressure using systolic pulmonary artery pressure[END_REF][START_REF] Curtiss | Alterations of right ventricular systolic time intervals by chronic pressure and volume overloading[END_REF][START_REF] Laskey | Pulmonary artery hemodynamics in primary pulmonary hypertension[END_REF][START_REF] Reynolds | Measurement of pulmonary artery diastolic pressure from the right ventricle[END_REF][START_REF] Syyed | The relationship between the components of pulmonary artery pressure remains constant under all conditions in both health and disease[END_REF]. The unavoidable error in the estimation of the numerator and denominator of the ratios (i.e., PA pressures) was accounted for (17) (Table 4). Diagnosis of PAH, the catheterization technique, data analysis and statistics are detailed in ESM.

)

RESULTS

PAH patients (n=981)

The mPAP ranged from 25 to 113 mmHg. The median sPAP/mPAP ratio was 1.591 (98.3%Φ)(Table 2). This was consistent with the Φ hypothesis assuming a <1% error in the estimation of median sPAP and mPAP values (Table 4), corresponding to <0.8 mmHg error for sPAP and <0.5 mmHg for mPAP. The mPAP/dPAP ratio was 1.559 (96.3%Φ). Τhis was consistent with the hypothesis assuming a <2% error in the estimation of mPAP and dPAP, corresponding to <1 mmHg error for mPAP and <0.6 mmHg for dPAP.

The sPAP/mPAP ratio was similar in men (1.604) and women (1.583) (P=0.08). The mPAP/dPAP was 2% lower in men (1.536) than in women (1.571) (P=0.01). Both the sPAP/mPAP and mPAP/dPAP ratios were weakly related to age (Spearman's rho = +0.27 and +0.32, respectively, each P < 0.01). There was a weak, negative relationship between the sPAP/mPAP and mPAP/dPAP ratios with mPAP (rho = -0.23 and -0.21, resepectively, each P < 0.01). The ratios slightly deviated from Φ at the highest mPAP quartile (Table 5), with the corresponding error in the estimation of the PA pressures entering the calculation of the two ratios being less than 4%.

Assuming a ±10% error in the measurement of PAPs, the individual values of sPAP/mPAP and mPAP/dPAP were consistent with the Φ hypothesis in 926 (94%) and 813 (83%) patients, respectively (Figure 2). Both ratios were consistent with the hypothesis in 794 (81%) patients.

Historical controls with normal PAP (n=44)

The mPAP ranged from 9 to 20 mmHg. The mean sPAP/mPAP ratio was 1.572 (97.2%Φ) (Table 3). This was consistent with the Φ hypothesis assuming a <2% error in the estimation of mean sPAP and mPAP values on average, with a corresponding <0.4 mmHg error for sPAP and <0.3 mmHg for mPAP. The mPAP/dPAP ratio was 1.470 (90.9%Φ), also consistent with the hypothesis assuming a <5% error in the estimation of mPAP and dPAP, with a corresponding <0.7 mmHg error for mPAP and <0.5 mmHg for dPAP. Assuming a <2 mmHg error in the measurement of PAPs, the individual values of sPAP/mPAP and mPAP/dPAP were each consistent with the Φ hypothesis in 42/44 subjects (95%), (Figure 3). The ratios were both consistent with the hypothesis in 41/44 subjects (93%).

DISCUSSION

The main result of our study was that sPAP/mPAP and mPAP/dPAP matched the golden ratio in a large population of incident, untreated PAH patients and in a smaller population of normotensive controls. This result is more than a mathematical peculiarity because the golden ratio allows linkage of three empirical observations on pulmonary hemodynamics that were hitherto apparently unrelated: namely the 0.61 slope of the mPAP vs sPAP relationship, the fact that PApp and mPAP have an almost 1:1 ratio, and the proportional relationship between sPAP, mPAP and dPAP.

To our knowledge this is the first study to test if the golden ratio applies in the pulmonary circulation. The golden ratio Φ is a proportion that has been found in many phenomena in nature [START_REF] Ghyka | The Golden Number: Pythagorean Rites and Rhythms in the Development of Western Civilization[END_REF][START_REF] Livio | The golden ratio: The story of Phi, the world's most astonishing number[END_REF] and the potential contribution of Φ to numerous aspects of cardiovascular pathophysiology has been discussed [START_REF] Gibson | Association of the Fibonacci cascade with the distribution of coronary artery lesions responsible for ST-segment elevation myocardial infarction[END_REF][START_REF] Ulmer | George Clooney, the cauliflower, the cardiologist, and phi, the golden ratio[END_REF][START_REF] Henein | The human heart: application of the golden ratio and angle[END_REF][START_REF] Ashrafian | Fibonacci series and coronary anatomy[END_REF][START_REF] Yetkin | Golden Ratio is beating in our heart[END_REF][START_REF] Yetkin | Does systolic and diastolic blood pressure follow Golden Ratio?[END_REF][START_REF] Papaioannou | The 'Divine' or 'Golden' Arterial Pulse[END_REF]. Because some authors have suggested that relevance of the golden ratio in biology may have been overstated in the past [START_REF] Livio | The golden ratio: The story of Phi, the world's most astonishing number[END_REF][START_REF] Iosa | Phi in physiology, psychology and biomechanics: The golden ratio between myth and science[END_REF][START_REF] Markowsky | Misconceptions about the golden ratio[END_REF], we first proposed a strong theoretical background to support the hypothesis that Φ may be a preferred number in the pulmonary circulation. Subsequently, we undertook an analysis of 981 PAH patients [START_REF] Weatherald | The prognostic value of follow-up hemodynamic variables after initial management in pulmonary arterial hypertension[END_REF], and 44 historical controls without PH to verify the relationship of Φ and the components of pulmonary artery pressure [START_REF] Chemla | Evaluation of various empirical formulas for estimating mean pulmonary artery pressure by using systolic pulmonary artery pressure in adults[END_REF]. Potential measurement errors were accounted for, as recommened by Markowsky [START_REF] Markowsky | Misconceptions about the golden ratio[END_REF]. Indeed, human cardiovascular physiology is not mathematics and it is important to take into account both observational errors related to pressure measurements and the natural variability of biological variables [START_REF] Iosa | Phi in physiology, psychology and biomechanics: The golden ratio between myth and science[END_REF][START_REF] Markowsky | Misconceptions about the golden ratio[END_REF][START_REF] Mirams | Uncertainty and variability in computational and mathematical models of cardiac physiology[END_REF][START_REF] Falsetti | Analysis and correction of pressure distorsion in fluid-filled catheter systems[END_REF][START_REF] Rich | Magnitude and implications of spontaneous hemodynamic variability in primary pulmonary hypertension[END_REF].

The sPAP/mPAP and mPAP/dPAP ratios matched Φ on average if one assumed a <1mmHg error in the estimation of sPAP, mPAP and dAP on average. This error was deemed acceptable from a clinical point of view. As far as individual values are concerned, both sPAP/mPAP and mPAP/dPAP ratios demonstrated some dispersion around the golden ratio Φ. This was fully expected in PAH because there is an up to 10% error related with the use of fluid-filled catheters [START_REF] Laskey | Pulmonary artery hemodynamics in primary pulmonary hypertension[END_REF]. Similarly, the spontaneous short-term pressure variability of 8% [START_REF] Reynolds | Measurement of pulmonary artery diastolic pressure from the right ventricle[END_REF] has been observed in controls without PH.

Although the two ratios slightly decreased with mPAP, the individual values of the two ratios were consistent with the Φ hypothesis in the vast majority of PAH and controls. Nevertheless, we wish to emphasize the fact that it may be naïve or unrealistic to state that the Φ hypothesis applies in every one of these subjects. Rather, we conclude that the sPAP/mPAP and mPAP/dPAP ratios were constrained around Φ and that negative/positive individual errors cancel out on average.

Our group initially proposed that there is a linear relationship between mPAP and sPAP, with small pressure interecept of 2 mmHg and 0.61 slope [START_REF] Chemla | New formula for predicting mean pulmonary artery pressure using systolic pulmonary artery pressure[END_REF][START_REF] Chemla | Evaluation of various empirical formulas for estimating mean pulmonary artery pressure by using systolic pulmonary artery pressure in adults[END_REF], and this has been further confirmed by other groups [START_REF] Amsallem | Addressing the controversy of estimating pulmonary arterial pressure by echocardiography[END_REF][START_REF] Syyed | The relationship between the components of pulmonary artery pressure remains constant under all conditions in both health and disease[END_REF][START_REF] Steckelberg | Derivation of mean pulmonary artery pressure from noninvasive parameters[END_REF][START_REF] Miller | Clinical features, hemodynamics, and outcomes of pulmonary hypertension due to chronic heart failure with reduced ejection fraction[END_REF][START_REF] Handoko | A critical appraisal of transpulmonary and diastolic pressure gradients[END_REF][START_REF] Vanden Eynden | The linear relationship between systolic pulmonary artery pressure and mean pulmonary artery pressure is maintained regardless of autonomic or rhythm disturbances[END_REF]. A linear relationship between dPAP and mPAP, with near-zero intercept, was initially documented by Syyed et al. [START_REF] Syyed | The relationship between the components of pulmonary artery pressure remains constant under all conditions in both health and disease[END_REF], with a slope of 0.71. A recent study [START_REF] Handoko | A critical appraisal of transpulmonary and diastolic pressure gradients[END_REF] has documented a slightly smaller proportionality constant (dPAP/mPAP = 0.62), a value supported by the present study (1/Φ = 0.618). Measurement of dPAP, especially when using fluid-filled catheters, may be subject to errors from catheter motion artifacts. This may explain the differences in the mPAP/dPAP ratio between studies, and the fact that mPAP/dPAP was more scattered than sPAP/mPAP in PAH (Figure 2). It is also possible that the mPAP/dPAP ratio may be less strongly constrained around Φ than sPAP/mPAP depending on the population under study, and this was especially noticeable in PAH with markedly elevated mPAP, and also in post-capillary PH patients (unpublished observation).

The pulmonary circulation is much more pulsatile than the systemic circulation. The oscillatory power amounts to about 25-30% of total power in the right ventricle vs 10-15% in the left ventricle [START_REF] Milnor | Cardiovascular physiology[END_REF]. Pulse pressure is a higher proportion of mean pressure in the pulmonary artery than at the aortic level [START_REF] Milnor | Cardiovascular physiology[END_REF]. The aortic systolic/mean pressure ratio and the mean aortic pressure/diastolic pressure ratio are in the 1.2 to 1.5 range [START_REF] Chemla | Mean aortic pressure is the geometric mean of systolic and diastolic aortic pressure in resting humans[END_REF], namely lower than Φ, while sPAP/mPAP and mPAP/dPAP ratios matched Φ. The diastolic pressure relative to systolic pressure is higher in the aorta (approximately 50-60%) [START_REF] Milnor | Cardiovascular physiology[END_REF][START_REF] Chemla | Mean aortic pressure is the geometric mean of systolic and diastolic aortic pressure in resting humans[END_REF] than in the pulmonary artery (approximately 38%=1/Φ²). The higher relative diastolic pressure in the aorta reflects the need of maintaining a high coronary perfusion pressure in diastole. Differences in the characteristics of right vs left ventricular ejection and differences in the resistive and elastic properties of the pulmonary vs systemic arterial trees may also explain the observed differences in arterial pulsatility between the two vascular beds [START_REF] Milnor | Cardiovascular physiology[END_REF].

The mPAP is determined by pulmonary vascular resistance (PVR), cardiac output and PA wedge pressure [START_REF] Galiè | ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension: The Joint Task Force for the Diagnosis and Treatment of Pulmonary Hypertension of the European Society of Cardiology (ESC) and the European Respiratory Society (ERS): Endorsed by: Association for European Paediatric and Congenital Cardiology (AEPC), International Society for Heart and Lung Transplantation (ISHLT)[END_REF][START_REF] Milnor | Cardiovascular physiology[END_REF]. Pulse pressure strongly depends on stroke volume (SV) and on the PA compliance, which is most often estimated currently by the SV/PApp ratio [START_REF] Chemla | Pulmonary vascular resistance and compliance relationship in pulmonary hypertension[END_REF][START_REF] Saouti | The arterial load in pulmonary hypertension[END_REF]. Some authors have suggested that the PVR×SV/PApp product is constant in health and diseases and that such constancy may explain the fixed slope of the mPAP vs sPAP relationship [START_REF] Saouti | The arterial load in pulmonary hypertension[END_REF][START_REF] Kind | Proportional relationship between systolic, diastolic and mean pulmonary artery pressure are explained by vascular properties[END_REF]. One might argue that this explanation also applies to our results. However, we have recently challenged this hypothesis by documenting that the PVR×SV/PApp product is not constant in idiopathic PAH but is, on the contrary, as variable as patient mPAP [START_REF] Chemla | Clinical and hemodynamic correlates of pulmonary arterial stiffness in incident, untreated patients with idiopathic pulmonary arterial hypertension[END_REF].

The strength of our study was the large number of incident, untreated PAH patients included, and also the inclusion of normotensive controls. The main limitation was that patients with other forms of PH were not studied. Interestingly, if one tests our hypothesis in the largest hemodynamic database published on patients with chronic thromboembolic PH (CTEPH) undergoing pulmonary endarterectomy [START_REF] Madani | Pulmonary endarterectomy: recent changes in a single institution's experience of more than 2,700 patients[END_REF], both the mean sPAP/mPAP ratio and the mean mPAP/dPAP ratio are very close to Φ (Table 6). A large-scale study on CTEPH and postcapillary PH patients is in progress in our laboratory.

The implication of our study is that it may offer a new framework to describe the components of PA pressure based on the golden ratio, one of the "most astonishing numbers" [START_REF] Livio | The golden ratio: The story of Phi, the world's most astonishing number[END_REF].

Unlike systemic hypertension, PH offers the unique opportunity to study hemodynamics over a more than tenfold prevailing pressure (mPAP 9-113 mmHg). Over this large pressure range, the fluctuations in sPAP and dPAP around mPAP exhibited constant scaling factor matched to Φ. In selfsimilar natural processes where Φ has been involved, it is believed to represent a way to maintain a state of minimal energy, as observed during growth [START_REF] Livio | The golden ratio: The story of Phi, the world's most astonishing number[END_REF]. It must be noted, however, that a self-similar (fractal-like) process can hardly be involved in our results given the fixed time-scale. Thus, the biological reasons behind the presence of Φ in the pulmonary circulation remain to be determined.

Further studies are needed to clarify whether the golden ratio reflects "only a fascinating prevalent tendency" [START_REF] Coxeter | The golden section, phyllotaxis, and Wythoff's game[END_REF] of the pulmonary circulation or may have clinical implications. It remains to be established whether patients with sPAP/mPAP and mPAP/dPAP ratios markedly deviating from this "golden behavior" may exhibit some specific features in terms of cause of PH or future cardiovascular events including right heart failure.

In conclusion, in incident untreated PAH patients and in controls, the fluctuations in sPAP and dPAP around mPAP exhibited constant scaling factor shown to be the golden ratio. This may provide a new theoretical background to link together various empirical observations on pulmonary hemodynamics that were hitherto apparently unrelated.This remarkable property of pulmonary circulation warrants further confirmation in other types of PH and warrants explanation. The hypothesis that the sPAP/mPAP ratio and the mPAP/dPAP ratio matched the golden ratio (Phi, Φ = 1.618) was tested. The proportionality between pulmonary artery pressure components means that as sPAP is to mPAP (sPAP/mPAP), so is mPAP to dPAP (mPAP/dPAP), with the proportionality constant matched to Φ according to our study hypothesis. had their mPAP/dPAP ratio within the 0.82 to 1.22 Φ range. Overall, the sPAP/mPAP and mPAP/dPAP ratios were both consistent with the Φ hypothesis in 794 (81%) patients. Values are means (SD) except for gender (number (%)). Data extracted from our systematic review (18) involving 5 high-fidelity pressure studies (Refs 2 and 21-24). dPAP: diastolic pulmonary artery pressure. mPAP: mean pulmonary artery pressure. PAP: pulmonary artery pressure. PApp = Pulmonary artery pulse pressure (PApp = sPAP -dPAP). The geometric mean of sPAP and dPAP gave an accurate and precise estimate of mPAP (mean bias 0.5 mmHg, SD 0.9 mmHg). Note that the sum of dPAP+mPAP (24 mmHg) was only 2 mmHg higher than sPAP. The sensitivity analysis was performed using the Markowsky's method [START_REF] Markowsky | Misconceptions about the golden ratio[END_REF]. Φ = golden ratio = 1.618.

Legends of the Figures

The unavoidable sources of error in the estimation of PA pressures due to measurement error were taken into account. This analysis was applied to median/mean values of the sPAP/mPAP and mPAP/dPAP ratios in the whole study population, and to individual values of the ratios in PAH patients. Concerning individual values of the ratios in control subjects whose PAP values were normally low, the Markoswy's method was applied using a fixed < 2 mmHg error, as explained in ESM.

Table 5

Testing the Φ hypothesis throughout the mean pulmonary artery pressure range in incident, untreated pulmonary arterial hypertension patients (n=981). 1. Φ : the golden ratio (1.618). To be consistent with the hypothesis that the ratio under study matches Φ, the corresponding mean error in the estimation of the PA pressures entering the calculation of the two ratios is indicated, according to the Markowsky's method [START_REF] Markowsky | Misconceptions about the golden ratio[END_REF]. From these published values we calculated the mean sPAP/mPAP ratio and the mPAP/dPAP ratio. N/A: not available.
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  ABBREVIATIONS LIST

  a, b and c as follows: a/b = b/c. Accordingly, b²= a × c, and b is the geometric mean of a and c (

Figure 1 .

 1 Figure 1. The golden ratio hypothesis. Pulmonary artery pressure is represented as as a function of

Figure 2 .

 2 Figure 2. Fluid-filled pulmonary pressures in incident untreated patients with pulmonary arterial

Figure 3 .

 3 Figure 3. High-fidelity pulmonary pressures in historical controls (n=44). Upper panel: scatter diagram

Table 1 -Baseline characteristics in PAH patients (n=981) Variable

 1 

	Female Gender	581	(59.2%)
	Age (y)	63	(48-74)
	Body Surface Area (m 2 )	1.79	(1.65-1.95)
	Etiology of PAH		
	Idiopathic	748	(76.2%)
	Drugs and Toxins	152	(15.5%)
	Heritable	81	(8.3%)
	Positive vasoreactivity test (n=807)	101	(12.5%)
	NYHA FC (n=967)		
	I	25	(2.6%)
	II	214	(22.1%)
	III	578	(59.8%)
	IV	150	(15.5%)
	6MWD (m) (n=707)	319	± 135
	Variables are expressed as number (%), median (Interquartile range 25-75%) or mean ± standard
	deviation. PAH -pulmonary arterial hypertension; NYHA FC -New York Heart Association functional
	class; 6MWD -6-minute walk distance.		

Table 2 . Hemodynamic variables in PAH patients (n=981)

 2 

	sPAP, mmHg

Table 3 . Clinical and hemodynamic variables in 44 normotensive controls (mPAP ≤ 20 mmHg).

 3 

	Age, years

Table 4 . Sensitivity analysis % error in the estimation of PAP Range of sPAP/mPAP and mPAP/dPAP values consistent with the Φ hypothesis

 4 

	Correction factor	Correction factor
	(lower limit)	(upper limit)

  Median (IQR) or % are indicated. Same abbreviations as in Table

		-34 mmHg	35-44 mmHg	45-54 mmHg	≥ 55 mmHg
		(n=121)	(n=274)	(n=313)	(n=273)
	sPAP, mmHg	49 (42-54)	65 (59-71)	79 (73-84)	96 (90-105)
	mPAP, mmHg	30 (27-32)	40 (37-42)	49 (47-52)	61 (58-67)
	dPAP, mmHgf	18 (16-20)	25 (22-37)	32 (29-35)	41 (37-47)
	sPAP/mPAP (-)	1.630 (1.518-1.760)	1.626 (1.58-1.737)	1.592 (1.511-1.688)	1.550 (1.464-1.638)
		(100.7% Φ)	(100.5% Φ)	(98.4% Φ)	(95.8% Φ)
	mean error (%)	0.3	0.2	0.8	2.1
	mPAP/dPAP (-)	1.650 (1.495-1.875)	1.620 (1.481-1.773)	1.531 (1.424-1.667)	1.500 (1392-1.652)
		(102.0% Φ)	(100.1% Φ)	(94.6% Φ)	(92.7% Φ)
	mean error (%)	1.0	0.05	2.7	3.6

Table 6

 6 Testing the Φ hypothesis in the largest database published on chronic thromboembolic pulmonary hypertension (CTEPH) patients byMadani et al (Ref 36). Group 1: CTEPH patients included between March 1999 and October 2006. Group 2: CTEPH patients included between October 2006 and December 2010. Pressure data are given as indicated in Table 1 and Table 3 of Ref 36, where mean (SD) is indicated.

	Preoperative	Preoperative	Postoperative	Postoperative
	Group 1	Group 2	Group 1	Group 2
	(n=1,000)	(n=500)	(n=1,000)	(n=500)
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