The effect of acute quercetin supplementation on vascular function in adolescents with familial hypercholesterolaemia
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Abstract

Introduction

Familial hypercholesterolaemia (FH) is the most common and serious monogenic disorder of lipid metabolism.
 ADDIN EN.CITE 

(1, 2)
 The worldwide prevalence of FH is thought to be approximately 1 in 500 
 ADDIN EN.CITE 

(3)
 although there are suggestions it could be even lower. Individuals with FH have markedly elevated levels of low-density lipoprotein (LDL) from birth, which strongly predisposes them to progressive atherosclerosis throughout childhood and premature cardiovascular disease (CVD) in adulthood.
 ADDIN EN.CITE 

(2, 4)
 Untreated, accumulated vascular damage during childhood and adolescence leads to an almost 100-fold increase in the risk of coronary artery disease in individuals with FH aged 20-40 years.
 ADDIN EN.CITE 

(3)
 Untreated, 50% of male FH patients and 20% of female FH patients will develop fatal coronary heart disease by 60 years of age. Treatment with statins more than halves the relative risk of adverse coronary events in adults.
 ADDIN EN.CITE 

(5)
 While statins are highly effective medications in lowering LDL cholesterol, the lack of long-term studies in children/adolescents means there is still a reluctance to start using these medications in younger patients. Furthermore, even in individuals treated with statin therapy, significant CVD risk remains, primarily due to endothelial dysfunction.
Endothelial dysfunction is an early risk factor for CVD and thought to be one of the initial steps in the development of atherosclerosis. It is often seen before structural changes to the vessel wall are detectable (6) and preceding the formation of atherosclerotic plaques.(7) Many of the risk factors that predispose to atherosclerosis can also cause endothelial dysfunction.(6) Previous studies have shown that endothelial dysfunction is present in both children and adults at risk of developing atherosclerosis, including children with FH.(7)
There is increasing evidence to suggest that acute and chronic consumption of plant-based flavonoids can have beneficial effects on CVD.
 ADDIN EN.CITE 

(8)
 Quercetin is a common dietary flavonoid found in many fruits and vegetables. We have previously shown that pure quercetin is able to reduce endothelin-1 and augment nitric oxide status (biomarkers of endothelial function) in healthy men.
 ADDIN EN.CITE 

(9)
 In addition, increasing quercetin intake through consumption of apple and apple skins enriched in quercetin was found to acutely augment nitric oxide status, enhance endothelial function and lower blood pressure in healthy men and women.
 ADDIN EN.CITE 

(10)
 Animal studies have demonstrated that long-term quercetin consumption can prevent the development of atherosclerosis and improve endothelial function in the ApoE-/- mouse.
 ADDIN EN.CITE 

(11, 12)

Current evidence supports a beneficial effect of quercetin on endothelial function in healthy men and women. Extending these findings to patients with FH, who have increased risk of CVD and pre-existing endothelial dysfunction, will provide an additional treatment option. This is particularly important in adolescents where statin use may not be commonplace and where endothelial dysfunction is at an early and potentially reversible stage. Therefore, the aim of this study was to investigate whether an acute dose of pure quercetin could improve endothelial function in adolescents with FH.

Methods

Participants and study design
Ten male and female adolescents (13-18 yrs) with genetically defined FH were recruited from the Princess Margaret Hospital for Children FH Clinic. The study was a randomised, double-blind, placebo controlled cross-over trial. Following an overnight fast, participants were randomised to receive (i) quercetin (200mg dissolved in water) or (ii) placebo (200mg maltodexterin carrier dissolved in water). At baseline (pre-treatment) and two hours after treatment, participants underwent endothelial function assessments and blood pressure measurement. After a 1 week washout, participants received the second study treatment. All prescribed medications were taken as normal on the morning of the study visits. Informed consent was provided by the parent or legal guardian of the participant. The study was carried out in accordance with the Declaration of Helsinki and was approved by the Princess Margaret Hospital for Children Human Research Ethics Committee, with reciprocal approval from the Royal Perth Hospital Human Research Ethics Committee.
Endothelial function assessment

Endothelial function was assessed via flow-mediated dilatation of the brachial artery ultrasound, as previously described.(13) The measurement and analysis was carried out by an experienced observer, blinded to the study treatments, using semi-automated, edge-detection software. This automatically calculates the brachial artery diameter, corresponding to the internal diameter, which is gated to the R wave of the ECG, with measurements taken at end diastole. Responses are calculated as the percentage change in the brachial artery diameter from baseline. The flow-mediated dilatation (FMD) is measured at 30 sec intervals to 4 mins post cuff deflation.
Large and small artery compliance were also assessed using pulse contour analysis of the radial artery pulse wave via the HDI/Pulse wave CR2000 instrument. Following 5 mins rest in the supine position, a cuff is placed on the left arm. The right arm is supported by a foam mat to minimise unconscious movement during the procedure. A holding and positioning device is strapped to the participant’s right wrist while a tonometer housed inside is placed on the point of strongest pulsation. The location and pressure of the sensor on the radial artery is adjusted until a strong signal and a clear and consistent waveform is obtained. The obtained waveform recordings (30 secs) are then calibrated to the systolic and diastolic cuff pressures. A computer-based third order, four element Windkessel model of the circulation is used to match a diastolic pressure decay of the waveforms and to quantify changes in the large and small artery elasticity.

Blood pressure measurement

Blood pressure was obtained using a Dinamap 1846SX/P oscillometric recorder. Following a 5 min rest in the supine position, participants underwent three consecutive BP measurements at 2 min intervals. The first reading was then discarded and an average of the second and third readings was used to determine BP.

Statistical analysis

The study was powered on detecting a change in percentage change FMD. Given we have previously observed a 2% change in FMD response following flavonoid rich foods or beverages, we powered the present study accordingly. Based on this, 10 participants per group gave us 80% power (α=0.05) to detect a 2% difference with a standard deviation of 2.
Results

Ten participants (5 male and 5 females) completed both treatment arms of the study. Six of these participants were already taking regular statin therapy. The baseline characteristics are presented in Table 1.
Analysis of maximum brachial artery diameter revealed there was no significant difference between treatments following adjustment for baseline (Table 2). Further adjustment for age, gender and statin use did not alter this (Table 2). Maximum percentage change FMD response was not significantly different between treatment groups following adjustment for baseline (Table 2) and further adjustment for age, gender or statin use did not alter this (Table 2). Analysis of the effects of quercetin treatment in statin users only showed no significant effects on either maximum diameter or percentage FMD response (data not shown).

There was no significant effect of quercetin treatment on either large or small artery compliance, both before and after adjustment for age, gender or statin use (Table 2). There was no significant effect of quercetin use on BP (Table 2).
Discussion

Despite previous studies highlighting a beneficial effect of quercetin on measures of endothelial function, the present study has shown that acute ingestion of pure quercetin had no significant effect on either FMD response or large and small artery compliance in adolescents with FH. 
FH is a serious monogenic disorder that has significant long-term cardiovascular implications. Typical therapy involves daily statin use, however as the disorder is often evident in childhood, there is some reluctance to both prescribe and use statins in children. Much of this comes from a lack of long-term trials evaluating the safety of statins in younger populations. An alternative dietary approach to reducing CVD risk, particularly in people with FH, is an attractive option for those clinicians and parents not wishing their children to use statins. It is worth considering the additive or synergistic effects of quercetin in those already taking statin therapy.
Quercetin is a naturally occurring dietary flavonoid. It is found in a range of fruits and vegetables, including apples, onions, tea and grapes. Previous studies have demonstrated that supplementation with quercetin or quercetin enriched foods can have beneficial effects on biomarkers of endothelial function in healthy individuals 
 ADDIN EN.CITE 

(9, 14)
 and on the formation of atherosclerosis in the ApoE-/- mouse.
 ADDIN EN.CITE 

(11)
 

Although previous studies have observed beneficial effects of quercetin, both in pure and dietary form, in the present study however we saw no beneficial effects following acute treatment with pure quercetin. This lack of effect is not thought to be due to the dose of quercetin used or the timing of endothelial function measurements. We have previously used a 200 mg dose of pure quercetin and observed beneficial effects on biomarkers of endothelial function.
 ADDIN EN.CITE 

(9)
 Although FMD response was not measured in that study, the timing of the measurements was also at 2 hr post consumption of quercetin. This timing was chosen to reflect peak plasma concentration of quercetin metabolites. While it’s unlikely that adolescents would have a significantly altered metabolism when compared to the healthy adults studied previously, it is not implausible to consider that the timing of the measurements in this younger population might need to be reconsidered. 
It is also worth noting that there was some heterogeneity in the population investigated in the present study. While most of the participants were between 13-15 years of age, there was wide variation in their BMI. In addition, just over half of the group were regular statin users. While this type of heterogeneity is probably reflective of the general population as a whole, it may have contributed to the lack of significant effect we observed. 
A final consideration is the length of treatment time. While our previous studies have seen beneficial effects following an acute dose of quercetin (both in the pure and dietary form), those studies were conducted in healthy adults. Chronic, long-term ingestion of quercetin may have more significant beneficial effects, particularly in a group of people who are already at increased risk of CVD where endothelial dysfunction is likely to already be present.
In conclusion, while the present study has demonstrated no beneficial effect of acute quercetin treatment on vascular function in adolescents, the potential beneficial effects of longer-term treatment, involving either the pure compound or a dietary source, cannot be ruled out. 
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Table 1: Baseline characteristics

	
	Mean (SD)

	N
	10

	Age (yrs)
	14.8 (1.5)

	Gender (M/F)
	5/5

	Statin Use (No/Yes)
	4/6

	BMI 
	23.4 (5.6)

	BP (mmHg)
	106/56 (7.7/4.0)


Table 2: Assessment of endothelial function via FMD and large and small artery compliance

	
	Quercetin
	Placebo
	P value

	Maximum brachial artery diameter (mm)a
	3.58
(0.38)
	3.54
(0.34)
	0.906

	Maximum brachial artery diameter (mm)b
	3.58

(0.35)
	3.54

(0.32)
	0.519

	Maximum % change FMDa
	9.44

(2.71)
	10.16

(2.08)
	0.458

	Maximum % change FMDb
	9.42

(2.56)
	10.57

(2.34)
	0.146

	Large Artery Compliancea
	18.21
(3.83)
	17.67
(4.95)
	0.640

	Large Artery Complianceb
	18.21

(3.83)
	17.67

(4.95)
	0.582

	Small Artery Compliancea
	9.35
(1.73)
	8.25
(2.31)
	0.285

	Small Artery Complianceb
	9.35

(1.73)
	8.25

(2.31)
	0.288

	BPb
	105/55
	108/57
	0.270


Univariate analysis of variance following adjustment for (a) baseline value or (b) baseline value, age, gender and statin use.
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