3

Cardiovascular evaluation

Studies were conducted while the animal was resting quietly in a sling, lying down in dorsal decubitus, being conscious and without anesthetic agents administration1. A companion sheep was present during all the experiments to avoid isolation, an important stressor in sheep.2,3

Evaluation started once the animal was quiet and hemodynamic variables (BP and heart rate) had stabilized. The cardiovascular evaluation was blinded, as while data were collected, researchers did not know the corresponding group (D-HPA or D-LPA) of the analyzed sheep.

Cardiovascular recordings and measurements included: (1) peripheral BP (pBP; oscillometry), (2) central (aortic) BP (cBP) and aortic wave-derived parameters and LV afterload (applanation tonometry), (3) common carotid (CCA) and femoral (CFA) arteries instantaneous (beat-to-beat) diameter waveforms, intima-media thickness (IMT) and local stiffness (B-Mode ultrasound), (4) CCA and CFA blood flow velocity levels, flow patterns and velocity-derived indices (Doppler ultrasound), and (5) CCA and CFA local (characteristic) impedance and carotid and femoral pathways (regional) peripheral resistances [Figure 1, A-D].

(1) Peripheral arterial blood pressure
Non-invasive oscillometric pBP measurements (HEM-4030; Omron Healthcare Inc., USA) were obtained using a cuff placed around the metatarsus of the upper pelvic limb or above the carpus on the upper thoracic limb4. Wool was clipped before positioning the cuff. The bladder inside the cuff extended for its entire length and completely encircled the limb. Thus, it was not necessary to align part of the cuff with the artery. Values for systolic and diastolic pBP (pSBP and pDBP, respectively) were digitally displayed. Peripheral pulse pressure (pPP) and mean BP (MBP) were calculated as: pPP=pSBP-pDBP; MBP=pDBP+(pPP/3).

(2) Central (aortic) blood pressure and wave-derived parameters; left ventricle afterload
Aortic cBP and wave-derived parameters were evaluated using two different methods: carotid or central (gold standard) and peripheral (femoral) applanation tonometry (CAT and PAT, respectively) [Figure 1, A]. First, to obtain cBP levels and wave-derived parameters, right CCA BP waveforms were recorded using applanation tonometry (SphygmoCor-CvMS v.9, AtCor-Medical, NSW, Australia). Only high quality recordings (operator index˃75) and satisfactory waveforms (visual inspection) were considered. CCA pressure waves were calibrated using pDBP and MBP, and aortic (central) systolic, diastolic, end-systolic and pulse pressure (cSBP, cDBP, cESP, and cPP, respectively) were quantified. Data corresponded to averaged recordings5,6. Pulse rate (heart rate) was obtained from BP waves’ frequency. By means of pulse wave analysis (PWA) the first (P1) and second (P2) peaks in the BP wave were identified and their height determined [Figure 1, B]5,6. The difference between P2 and P1 was computed (augmented pressure, cAP) and used to quantify central aortic augmentation index (cAIx=AP/cPP) [Figure 1, B]. The cAIx is a measure of the relative contribution of wave reflections to aortic BP wave amplitude. It depends on the timing and magnitude of the reflected wave and is influenced by the stiffness and structure of vessels distal to the site of measurement, as well as by the distance to the wave reflection sites5. Greater cAIx values indicate increased reflections and/or earlier return of reflected waves (i.e. due to increased arterial stiffness and/or closer reflection sites).

LV afterload complementary indexes were calculated: ejection duration (ED, ms), diastolic duration (ms), relative ED (RED=ED/pulse period), ED*cSBP product (ms*mmHg), RED*cSBP product (mmHg) and subendocardial viability ratio or index (SEVR) [Figure 1, C]. SEVR, an indicator of myocardial perfusion/workload relationship (associated with "O2 supply/O2 demand" ratio) was quantified as the ratio between aortic systolic and diastolic tension-time indexes (STTI and DTTI, respectively) [Figure 1, C] [43]. DTTI is the area below diastolic aortic BP curve and STTI the area beneath the systolic aortic BP curve. Myocardial ischemia (chronic or acute) occurs when there is an imbalance between the myocardial oxygen supply and its demand. It usually involves the subendocardial layer (reduced SEVR).

Additionally, to assess cBP and wave-derived parameters, right CFA BP waveforms were recorded using PAT (SphygmoCor-CvMS v.9, AtCor-Medical, NSW, Australia). Signals were calibrated using pDBP and MBP, and a generalized transfer function was used to obtain the corresponding aortic BP wave5,6. Only high quality recordings (operator index˃75) and satisfactory waves (visual inspection) were considered. Parameters obtained from PAT-derived aortic waves were the same as those obtained from CAT recordings.

(3) Carotid and femoral instantaneous (beat-to-beat) diameters, intima-media thickness and local arterial stiffnes
Left CCA and CFA were analyzed to verify permeability and normal monophasic and bi-phasic/tri-phasic blood flow patterns, respectively [Figure 1, A and C]. B-mode ultrasound (7–13MHz linear transducer, M-Turbo, SonoSite Inc., 21919 30th Drive SE, Bothell, WA 98021, USA) was used to obtain sequences of images (videos) from longitudinal CCA and CFA views, which were stored for offline analysis. Beat-to-beat diameter waveforms were obtained using border detection algorithm6. Systolic (SystD; or maximal), mean and end-diastolic (DD) diameters and arterial intima-media thickness (IMT, computed on the posterior wall at end-diastole) were quantified (semi-automatic software; Hemodyn-4M, Dinap, Buenos Aires, Argentina) as the average of at least three recordings, of at least 20 seconds each one. Pulsate diameter (PD) was quantified as SystD minus DD.

CCA and CFA local stiffness was evaluated using complimentary parameters: (a) Pressure-strain or Peterson elastic modulus (EM), (b) stiffness index (β), (c) incremental elastic modulus (Einc) and (d) local pulse wave velocity (PWV). The EM, quantified as EM=PP/((PD)/DD), measures the capability of an artery to change its dimensions in response to pulse pressure (PP). It can be interpreted as the pressure change theoretically required for a 100% increase in diameter. Considering that nutritional-related alterations are frequently associated with increased BP levels, which in turn could determine a transient BP-dependent increase in arterial stiffness due to passive distension of the arterial wall5,7, three complimentary parameters were also recorded. First, arterial stiffness was normalized for BP calculating the 𝛽 Index: β=ln(SBP/DBP)/(PD/DD). This parameter considers the theoretical exponential relationship between BP and arterial diameter. Second, the intrinsic (with independence of BP and geometry) arterial wall stiffness was evaluated by means of Einc. The Einc conceives the vessel as a hollow structure and provides information about the arterial wall material regardless of its geometry and/or size. To obtain Einc, CCA and CFA IMT, strain (𝜀) and circumferential stress (𝜎) were calculated7. Systolic and diastolic 𝜎 (Lame’s equation) were calculated as 0.1334 (BP⋅𝑅mw)/IMT, where BP and 𝑅mw are the BP values (systolic or diastolic) and midwall radius (systolic or diastolic), respectively. 𝑅mw was calculated as (𝑅𝑒−𝑅i)/2, 𝑅𝑒 and 𝑅𝑖 being the external and internal radii, respectively. Systolic and diastolic 𝜀 were calculated as 𝑅mw/𝑅0, where 𝑅0 is a reference value of midwall radius for an unstressed situation. The Einc was assessed assuming the linear elastic theory and the arterial wall as an isotropic homogeneous elastic material7: Einc=0.75(Δ𝜎/Δ𝜀), where Δ𝜎/Δ𝜀 represents the ratio between the systolic-diastolic stress and systolic-diastolic strain. Finally, CCA and CFA PWV were quantified (Moens–Korteweg equation): PWV=√((Einc*IMT)/(2ρDD)), where ρ is the blood density (1.055 gr/cm3). cPP and pPP were considered to quantify, respectively, CCA and CFA stiffness. Both BP ratios (pSBP/pDBP and cSBP/cDBP) were considered to quantify CCA βindex.

(4) Carotid and femoral blood velocity, flow patterns and blood velocity-derived indices
Left CCA and CFA were interrogated in transversal and longitudinal planes using B-Mode ultrasound. Once a straight arterial section (longitudinal view, B-Mode) was identified, Doppler was selected to record center-line blood flow sonogram (7–13 MHz, M-Turbo, SonoSite Inc.,USA). From beat-to-beat CCA and CFA blood flood velocity waveforms, peak systolic (PSV), mean (MV), end-diastolic (EDV) and minimal diastolic (MinDV) velocities were computed [Figure 1, D]. In addition, the amplitude and time to the early diastolic reversal peak (PRV) and to the secondary forward diastolic peak (SFP) were computed in the CFA [Figure 1, D]. The blood velocity and cross-sectional area product enabled determining peak systolic, mean and end-diastolic blood flows.

To analyze the shape of flow velocity waves widely used Doppler-derived indexes were quantified: (a) Resistive or Pourcelot Index (RI): RI=(PSV-EDV)/PSV, (b) Pulsatility or Gosling Index (PI): PI=(PSV-MinDV)/MV, and (c) Systolic-Diastolic Velocity Ratio or Index (SDR): SDR=EDV/PSV. Higher RI and SDR values are associated with higher "stable" peripheral vascular resistances and/or with a combination of increased resistance and reduced vascular compliance6,8. Higher PI values are associated with higher local oscillation of blood flow (and shear-stress), which may be associated with higher reflections due to increased resistance. The different indexes generally, but not always (i.e. absence of CFA EDV, presence of reverse flow in the CCA), show proportional changes. Then, the information given by them should be considered complementary.

(5) Local characteristic impedance and regional peripheral vascular resistances
As was stated, RI allows evaluating the resistance to blood flow that exists distally to the measurement site. In the present work two other (complementary) indexes of local and regional blood flow resistance were assessed. CCA and CFA characteristic impedance (Zc) was computed to evaluate the local resistance, associated with the intrinsic resistive properties of the arteries. From pressure and flow signal and applying a widely used time-domain method,9,10 Zc was quantified as the ratio between BP (dP/dt; mmHg/s) and blood flow (dF/dt; ml/s) changes observed in the early ascending portion of the systolic phase (early ejection). Zc represents CCA and CFA impedance to flow if there were no reflections in the arterial system; the greater the Zc the greater the "local" resistance to blood flow. Additionally, carotid and femoral pathways (regional) resistances were quantified as the ratio between mean BP and mean blood flow.

Sample size
Taking into account available data (mean values and standard deviations) a total of 32 ewes was the minimum required to detect a statistically significant effect of the different pasture allowances with at least 80% of power (see example in the following Table S4).27 Hence, the study sample size (n=33) was large enough to detect differences maintaining the criteria of reducing the number of experimental units. In any case, comparisons were statistically significant, indicating that the comparisons had adequate statistical power.
[image: ]
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Figure and Figure Legend
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[bookmark: _GoBack]Figure 1 A: arterial non-invasive ultrasound evaluation (B-Mode and Doppler-Mode) and tonometric (applanation tonometry) recordings. B, C and D: arterial parameters derived from tonometric or Doppler recordings. SBP, DBP and PP: systolic, diastolic and pulse pressure, respectively. cAP: central augmented pressure. cAIx: central augmentation index. cESP: central end systolic pressure. ED: ejection duration. STTI and DTTI: systolic and diastolic tension time index, respectively. SEVR: subendocardial viability ratio. PSV: peak systolic velocity. EDV: end diastolic velocity. MV: mean velocity. PRV: peak reversal velocity. SPV: secondary forward velocity. MinDV: minimal diastolic velocity (i.e. PRV for CFA). RI: Resistive or Pourcelot Index. PI: Pulsatility or Gosling Index. SDR: Systolic-Diastolic Velocity Ratio or Index.
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Examples of m

‘sample size (for each sample separately):

My D «  Power
Two sided: One sided:
Peripheral SBP [mmHg] 140 005 80% 9;16 713
Periphral DBP [mmHg] 100 005 80% 9:16 713
CCAResistive or Pourcelot Index 07 005 80% 8;16 7;13
CCA Diastolic diameter [mm] 600 040;050 005 80% 1;16 813
CCA Intima-media thickness [mm] 040 0.075;0.10 0.05 80% 9;16 7;13
Carotid pathway PVR [mmHg/mi/s] 900 150,200 005 80% 9:16 713
Central (Aortic) S8P [mmHg] 185 15;20 005 80% 9:16 713
Ejection duration/pulse period ratio [%]  40.0  4.0;5.0 0.05 80% 1;16 813
CFA Beta-Index (peripheral pressure) 50 0810 005 80% 1;16 813
‘CFA Local Pulse Wave Velocity [cm/s] 550 80;100 005 80% 1;16 813

MV: mean value. SD: standard deviation. $8P and D8P: systolic and diastolic blood pressure. CCA nd CFA: common carotid and femoral
artery, respectively. PVR: peripheral vascular resistance. The values were quantified considering differences between groups of ~10-20%.
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