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ABSTRACT 99/100
Dietary nitrate supplementation, which improves skeletal muscle oxygen utilisation, vascular endothelial function and exercise capacity in people with COPD, may benefit other lung conditions. In a double-blind, placebo-controlled, cross-over study, in 19 adults with Group 3 pulmonary hypertension who desaturated during exercise,140mL of nitrate-rich beetroot juice improved endurance shuttle walk time compared to nitrate-depleted beetroot juice placebo; median(IQR) ESWT NR-BRJ 197(140 to 273)s vs. PL-BRJ 174(107 to 229)s, median difference(MD)(95% CI) 30(6.19 to 91.07)s p=0.0281, endothelial function; Flow-mediated dilatation +3.40±5.47% vs. -1.33±4.78, Mean difference (95%CI) 4.73(1.44 to 8.02); (p=0.007, and lowered mean arterial blood pressure, -3.9(-7.4 to -0.4)mmHg; (p=0.028). 

Key Messages
What is the key question?
· Can dietary nitrate supplementation enhance exercise performance in individuals with pulmonary hypertension due to chronic respiratory disease or hypoxia (WHO Group III pulmonary hypertension)?
What is the bottom line?
· In a double-blind, placebo-controlled, randomised crossover study, an acute dose of dietary nitrate improved endurance shuttle walk time and endothelial function in people with pulmonary hypertension, as well as lowering blood pressure.
Why read on?
· As pulmonary hypertension becomes more severe, hypoxaemia impacts on the ability to perform day to day activities. Interventions which improve endothelial function as demonstrated here and increase the efficiency of oxygen use may help to address this.  
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INTRODUCTION
Exercise limitation in people with pulmonary hypertension (PH) is caused by complex interactions between the pulmonary, cardiovascular, and musculoskeletal systems. Dietary NO3- supplementation has been shown to reduce the oxygen cost of exercise in healthy individuals in normoxic conditions and in conditions of hypoxaemia. Existing studies on dietary nitrate supplementation in people with lung disease have mostly focused on chronic obstructive pulmonary disease (COPD)[1-4] suggesting that dietary nitrate supplementation in the form of beetroot juice (BRJ) has the potential to improve exercise performance as well as reducing indicators of cardiovascular risk in people with COPD by reducing the oxygen cost of exercise, improving endothelial function and lowering blood pressure[4, 5]. We hypothesised that it might have similar benefits in people with Group 3 pulmonary hypertension who are using ambulatory oxygen or desaturating on exercise.
METHODS
The effect of dietary nitrate supplementation on exercise performance in hypoxia (EDEN-OX) project is a series of double-blind, placebo controlled, randomised cross-over trials comparing the effects of dietary nitrate supplementation to a matched placebo in individuals with long term respiratory conditions causing hypoxia. Results from the first cohort, people with COPD who require supplemental oxygen, have been published previously[2]. Participants in EDEN-OX2 had a diagnosis of WHO Group 3 pulmonary hypertension, defined as pulmonary hypertension caused by lung disease and/or hypoxia, diagnosed in a National Referral Centre, and who were using ambulatory oxygen or desaturated on exercise to <90%. They provided informed consent, and the study was approved by the London Chelsea Research and Ethics Committee (Ref: 15/LO/0975) and registered prospectively on a publicly accessible database (ISRCTN14888729). 


Study conduct
The study involved three visits (Figure E1). Detailed methods are available in the online supplement. At an initial baseline visit symptoms and quality of life were assessed using the COPD Assessment Test (CAT) and the Medical Research Council (MRC) dyspnoea score. Participants performed two incremental shuttle walk tests (ISWT), with the best performance used to calculate the appropriate speed to be used for the primary outcome measure, the endurance shuttle walk test duration(ESWT)[6]. They then performed a practice ESWT. 
For the two subsequent intervention visits participants were randomised 1:1 to the order in which they would be receiving either 140 ml nitrate-rich beetroot juice mixed with 2% organic lemon juice (140 mL BEET-IT® SPORT Shot, James White Drinks, Ipswich, UK) (NR-BRJ) (NO3-; 12.9mmol) or a placebo nitrate depleted beetroot juice (PL-BRJ) (NO3; 0.002mmol) identical in taste and appearance. 
Following a 10-minute rest period and assessment of vital signs participants consumed either the active or placebo juice according to trial allocation. After three hours resting vital signs were again recorded and endothelial function was assessed by flow mediated dilatation (FMD) of the brachial artery[7]. Finally, they performed an ESWT. Plasma samples were obtained on arrival and three hours after consumption of NR-BRJ or PL-BRJ prior to the endothelial function assessment for measurement of plasm NOx.
There was a minimum of seven days and a maximum of one month between intervention visits. Visits were conducted at the same time of day (+/-2h). 
RESULTS
Of twenty participants recruited(Table 1), nineteen completing both dosing visits (Figure E2); seven women, 11 white, 7 south Asian and 1 black. There were nine ex- and no current smokers. Diagnoses were pulmonary hypertension due to; hypersensitivity pneumonitis or other interstitial lung disease 8, connective tissue disease 4, sarcoidosis 2, one each of COPD, congenital emphysema, lymphatic disease, allergic bronchopulmonary aspergillosis and post tuberculous lung disease. 16/19 patients completing the study were also prescribed pulmonary vasodilators (Phosphodiesterase V inhibitors) which included 3 in combination with an endothelin receptor antagonist and 2 with prostanoid. 
ESWT was longer following NR-BRJ compared to placebo; median(IQR) 197s (140, 273) vs. 174s (107, 229) median difference (95% CI) +30 sec (6.19, 91.07); p=0.0281 independent of  participant characteristics, including demographics, disease severity and baseline exercise capacity (Figure 1, Table E1, E2).  There was no evidence of intervention order effect on the median (IQR) change in ESWT time; if PL-BRJ was consumed first the ESWT time was 174.0 sec (99, 234.5) compared to 202.5 sec (134.8, 366.8) when NR-BRJ was consumed first; p=0.3154.
Due to the withdrawal of one participant from the study and failure of data recording during exercise for two participants, paired data for 17 individuals were available for analysis. There was no statistically significant change in O2 saturation or heart rate between the two treatment conditions during rest, warm-up, each 10th percentile of isotime, isotime, peak exercise, and recovery (Figure E3). 
At 180 min, FMD following dosing with NR-BRJ increased compared to placebo 3.40 ± 5.47% vs. -1.33 ± 4.78, mean of differences (95% CI) 4.73 (1.44 to 8.02); p=0.007 (Figure E4). There were significant differences in the reduction in systolic blood pressure (12±8 mmHg NR-BRJ vs. 5±8 mmHg placebo, mean of differences (95% CI) -6.5 (-11.7 to -1.2); p=0.017) and mean arterial pressure (9±7mmHg NR-BRJ vs. 5±7 mmHg PL-BRJ, mean of differences (95% CI) -3.9mmHg (-7.4 to -0.4); p=0.028) following dosing of NR-BRJ compared to PL-BRJ dosing (Table 2, Figure E5). 
Following NR-BRJ, plasma NOx concentrations significantly increased 670.0±120.2 µM compared to PL-BRJ 1.4±10.4µM, mean of differences (95% CI) 668.5µM (608.9 to 728.2); p<0.0001 (Figure E6). Similarly, plasma arginine levels significantly increased after administration of NR-BRJ 22.6±23.7µM compared with PL-BRJ 8.6±17.8µM, mean of differences (95% CI) 14.1 (2.7 to 25.4); p=0.017. There were no significant changes in ADMA levels following dosing with NR-BRJ 0.10±0.22 µM and PL-BRJ 0.05±0.18 µM, mean of differences (95% CI) 0.05 (-0.11 to 0.22); p=0.506. Aside from beeturia as expected, participants reported no adverse effects.

DISCUSSION
The main findings of this study were that, in individuals with WHO Group III pulmonary hypertension requiring ambulatory oxygen or desaturating on exercise to <90%, acute dietary nitrate supplementation in the form of 140ml NR-BRJ resulted in an increase in exercise performance assessed using the ESWT, an improvement in endothelial function measured using FMD, and a reduction in resting systolic and mean arterial pressure, accompanied by a significant rise in plasma NOx.  
These data are in keeping with and extend our previous findings in people with COPD requiring supplemental oxygen therapy using the same protocol[2] and suggest that further longer term studies in this patient population would be appropriate to see if the effect is sustained, whether it impacts on symptoms in daily life and/or prognosis and whether there are important interactions with medications used to treat pulmonary hypertension. 
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Table 1 Baseline participant characteristics 
	
	Whole group (n=20)
	NR-BRJ first
 (n=10)
	PL-BRJ first (n=10)
	P 

	Age (years)
	61.0 (14.9)
	61.5 (13.8)
	60.6 (16.7)
	0.8

	Gender, (% female: male)
	40:60
	20:80
	60:40
	0.06

	BMI (kg/m2)
	25.2 (5.0)
	26.8 (4.5)
	23.7 (5.1)
	0.1

	FFMI (kg/m2)
	16.8 (3.4)
	18.2 (2.7)
	15.3 (3.4)
	0.05

	Smoking (pack years)
	1.0 (1.0-2.0)
	3.5 (0-30)
	0 (0-31.7)
	0.6

	WHO Functional Class, n (%)
	
	
	
	

	II 
	4 (20)
	3 (30)
	 1 (10)
	0.2

	III 
	16 (80)
	7 (70)
	9 (90)
	0.2

	Using of O2, n (%)
	16 (80)
	 8 (80)
	8 (80)
	1.0

	O2 flow rate (L/min)
	2.90 (1.9)
	3.1 (2.1)
	2.7 (1.8)
	0.6

	PR completed, n (%)
	6 (30)
	3 (30)
	3 (30)
	1.0

	MRC dyspnoea score
	4 (2.2-4)
	3.5 (2-4)
	4 (2.7-4)
	0.6

	CAT score
	20.8 (5.9)
	22.1 (5.1)
	19.6 (6.6)
	0.3

	Systolic BP (mm Hg)
	121.4 (11.4)
	123.3 (11.7)
	119.5 (11.5)
	0.4

	Diastolic BP (mm Hg)
	71.8 (10.1)
	70 (10)
	73.7 (10.4)
	0.4

	FEV1 (L)
	1.8 (0.7)
	1.9 (0.6)
	1.7 (0.8)
	0.5

	FEV1 (%predicted)
	66.2 (26.1)
	64.5 (19.4)
	67.86 (32.4)
	0.8

	FVC (L)
	2.6 (1.0)
	2.6 (0.7)
	2.5 (1.2)
	0.8

	FVC (%predicted)
	77.6 (30.3)
	74.6 (27.0)
	80.7 (34.5)
	0.6

	FEV1: FVC (%)
	74.9 (18.4)
	77.4 (19.9)
	72.5 (17.8)
	0.5

	RV (% predicted)
	77.5 (33.4)
	67.4 (24.3)
	87.6 (39.3)
	0.1

	TLC (% predicted)
	73.0 (28.3)
	66 (21.3)
	80.1 (33.6)
	0.2

	TLco (% predicted)
	28.9 (14.0)
	32.1 (15.0)
	27.8 (13.3)
	0.5

	Kco (% predicted)
	50.4 (21.2)
	54.4 (17.1)
	46.4 (24.8)
	0.4

	ISWT distance (m)
	205.5 (133)
	257 (158.1)
	154 (80.7)
	0.08

	ESWT Time (Sec)
	190 
(117.2-306.5)
	194.5 
(125.7-469.5)
	173 
(87.2-263.5)
	0.4


Data are presented as mean (SD), median (IQR) or percentage (%). P value is for independent t-test or Mann-Whitney test between groups. BMI, body mass index; FFMI, fat free mass index; WHO, World Health Organisation; PR, pulmonary rehabilitation; MRC, Medical Research Council; CAT, COPD Assessment Test; BP, blood pressure; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; RV, residual volume; TLC, total lung capacity; TLco; carbon monoxide diffusing capacity; Kco, carbon monoxide transfer coefficient; ISWT, incremental shuttle walk test; ESWT, endurance shuttle walk test; NR-BRJ, nitrate-rich beetroot juice; PL-BRJ, placebo beetroot juice.


Table 2 Effect of dietary nitrate supplementation on blood pressure, endothelial function
	
	
NR-BRJ
	
PL-BRJ
	Between groups
(95%CI)
	p value

	
	Pre
	Post
	Change
	Pre
	Post
	Change
	
	

	SBP mmHg
	122.1 ±10.8
	110.6
±10.9
	-11.5
±8.0
	117.8
±10.6
	112.8 
±10.4
	-5.0
±7.5
	-6.5 (-11.7 to -1.2)
	0.017

	DBP mmHg
	71.7
±10.3
	64.5
±6.7
	-7.2
±8.1
	69.0
±8.3
	64.4
±7.1
	-4.6
±8.9
	-2.5 (-6.0 to 0.8)
	0.135

	MAP mmHg
	88.5
±9.2
	79.8
±6.6
	-8.6
±7.0
	85.3
±7.2
	80.5
±6.3
	-4.7
±7.3
	-3.9 (-7.4 to
 -0.4)
	0.028

	FMD %
	6.8
±4.3
	10.2
±5.2
	3.4
±5.4
	9.3
±4.3
	8.0
±4.8
	-1.3
±4.7
	4.7 (1.4 to 8.0)
	0.007

	NOx
μM
	52.8
±32.7
	723.7
±128.7
	670.0
±120.2
	48.7 
±21.7
	50.06 
±18.7
	1.4 
±10.4
	668.5 (608.9 to 728.2)
	<0.0001


	Arg.
μM
	98.6
[bookmark: OLE_LINK3]±28.0
	121.3
±25.7
	22.6
±23.7
	100 
±23.9
	108.5 
±26.9
	8.6
±17.8
	14.1 (2.7 to 25.4)
	0.017


	ADMA
μM
	0.54 
±0.16
	0.64
±0.18
	0.10 
±0.22
	0.57
±0.14
	0.62 
±0.17
	0.05
±0.18
	0.05 (-0.11 to 0.22)
	0.506

	Arg/
ADMA ratio
	215.1  ±128
	223.3  ±161.6
	8.2
±174.9
	193.8
±97.8
	194.6
±100.7
	0.84
±91.2
	7.3 (-101.8 to 116.6)
	0.888



Data are presented as mean ± SD. Paired t-test was used to compare blood pressure parameters and endothelial function between the different dosing conditions. Between treatment conditions effect treatment estimates are presented as a mean of differences (95% CI). p-value <0.05 is considered significant. NR-BRJ, nitrate-rich beetroot juice; PL-BRJ, placebo beetroot juice.




FIGURE LEGENDS
FIGURE 1: Effect of dietary nitrate supplementation on exercise capacity
ESWT, endurance shuttle walk test; NR-BRJ, nitrate rich beetroot juice; PL-BRJ, placebo beetroot juice; *Wilcoxon sign-rank test p=0.0281.
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