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Background: Peripheral arterial disease affects 10%–25% of adults aged .55 years, and while 

a multitude of risk factors exist, one key influence is genetics. Rather than awaiting the onset 

of debilitating symptoms, interventions that target high-risk individuals and prevent or delay 

the onset of symptoms would have widespread impact. The aim of this study is to implement a 

12-week fish oil intervention (10 mL/day containing approximately 1.5 g of eicosapentaenoic 

acid and 1 g of docosahexaenoic acid), with the intention of improving endothelial function, 

inflammation, and lipid status in a high-risk population, ie, those with impaired endothelial 

function and a parent with symptomatic peripheral arterial disease.

Methods: This is a parallel-group, double-blind, randomized controlled trial involving 

administration of fish oil containing either about 1.5 g of docosahexaenoic acid and 1 g of 

docosahexaenoic acid (intervention) or about 0.15 g of eicosapentaenoic acid and about 0.1 g 

of docosahexaenoic acid for 12 consecutive weeks (control). The participants are 100 offspring 

of adults with diagnosed peripheral arterial disease who themselves have an ankle-brachial 

pressure index $0.9 but impaired endothelial function according to peripheral arterial 

tonometry. Measures performed at baseline and at 6 and 12 weeks include flow-mediated 

dilatation, C- reactive protein, absolute neutrophil and lymphocyte counts, tumor necrosis 

factor-α, interleukin-1β, and interleukin-6 levels, thromboxane and prostacyclin, lipid status, 

and homocysteine, nitrite, and nitrate levels. Participants will be phoned fortnightly to monitor 

adherence and side effects, while participants will maintain a diary of fish oil consumption on 

a daily basis, and fish oil returned will be measured to confirm adherence. Participants will 

complete validated surveys to determine background diet and physical activity levels.

Discussion: This study will examine the effectiveness of a moderate-dose fish oil intervention in 

reversing endothelial dysfunction in asymptomatic offspring of patients with peripheral arterial 

disease. It provides the opportunity to delay the progression of peripheral arterial disease using 

a cheap and readily available dietary supplement that has minimal side effects compared with 

synthetic vasoactive pharmacological medications.
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Background
Peripheral arterial disease (PAD) is a major public health problem in Australia. The 

incidence increases with age, and an estimated 10%–25% of men and women over 

the age of 55 years are affected.1 The direct health care cost of PAD in Australia was 

$180 million in 1994, of which 78% was associated with hospitalizations.2,3 PAD is 

also a marker for advanced cardiovascular disease involving coronary, cerebral, renal, 

and aortic vessels, with a 2–3-fold increased risk of cardiovascular disease-related 

mortality.4,5 In 2006–2007, 25,813 hospitalizations and 2163 deaths were a result 
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of PAD.6 The aging population will see an increase in the 

prevalence of PAD and consequently the national annual 

health expenditure on cardiovascular disease is likely to 

increase, greatly exceeding the 5.4 billion dollars spent in 

2000–2001 in Australia alone.7

Endothelial dysfunction and its link  
with PAD
The vascular endothelium is the largest endocrine organ in 

the body. Its nonthrombogenic surface and ability to act as a 

selective barrier between the vessel lumen and surrounding 

tissues enable intrinsic control over inflammation, coagulation, 

and vasomotor tone.8–10 Loss of this ability is defined as 

endothelial dysfunction, and is characterized by an impaired 

endothelium-dependent vasodilatory response induced 

by changes in flow or stimuli.11 Endothelial dysfunction 

is associated with a systemic proinflammatory state as 

evidenced by increased levels of inflammatory cytokines, 

including interleukin-6, interleukin-1β, and tumor necrosis 

factor-α. It is also strongly predictive of future cardiovascular 

events,8,12,13 and is contributed to by established vascular 

risk factors, including smoking, hypertension, diabetes, 

hypercholesterolemia, and obesity. For this reason, its onset 

could be considered a sentinel event in the progression of 

vascular disease and onset of atherosclerosis. It is widely 

accepted that PAD is preceded by endothelial dysfunction.10,12 

Significantly, endothelial dysfunction is reversible and has been 

shown to respond well to various treatments, particularly those 

modifying risk factors, such as statins and antihypertensive 

agents, which have vasoactive properties.14,15

Assessment of endothelial function
Flow-mediated dilatation is a surrogate marker of endothelial 

function and is based on the premise that blood flow creates 

shear stress, a physiological stimulus resulting in mechanical 

deformation of the endothelium and triggering release of 

vasodilatory substances, including nitric oxide, prostaglandins, 

and endothelium-derived hyperpolarizing factor.15 These 

diffuse to the smooth muscle cells and subsequently lead to 

increased vessel luminal diameter to an extent dependent on 

the functional ability of the endothelium.16

While assessment of endothelial function using intra-

vascular administration of acetylcholine as a stimulus is 

considered the gold standard,17 this technique is invasive and 

not easily accessible. More commonly, a transient increase 

in blood flow/shear stress elicited by ischemia-induced hype-

remia enables noninvasive quantification of flow-mediated 

dilatation using ultrasound technology. The brachial artery 

is typically used as the conduit vessel to assess this, and 

impaired vasodilatory responses are associated with most 

forms of cardiovascular disease, such as hypertension, coro-

nary artery disease, chronic heart failure, PAD, diabetes, and 

chronic renal failure.18

While flow-mediated dilatation using the brachial artery 

can provide real-time images of the response to ischemia-

induced hyperemia, it requires a trained sonographer and 

is therefore highly user-dependent in both data acquisition 

and analysis. It is widely used to assess pharmacologic and 

physiologic interventions but cannot be used for initial risk 

stratification because there are no agreed values for applica-

tion of this technique.

Recently, a method of screening for endothelial dysfunc-

tion has been developed using peripheral arterial tonometry. 

This is an operator-independent, noninvasive technique that 

measures the arterial pulse wave amplitude using pneumatic 

fingertip probes during ischemia-induced hyperemia, thus 

allowing a reactive hyperemic index to be calculated. It enables 

endothelial health to be categorized as either dysfunctional, 

high risk for progression to dysfunction, or low risk.19 The 

hyperemic index has been shown to correlate closely with 

assessment of coronary endothelial function using invasive 

acetylcholine challenge during angiography.20

Heritable basis of PAD
The possible existence of an inherited genetic predispo-

sition to PAD has been investigated in various types of 

familial aggregation and genetic association studies, with 

inconclusive results.21 This is not surprising, considering 

that PAD is more common in older populations and recruit-

ment for such family-based studies is challenging. Despite 

this, there is evidence linking several genomic variants with 

increased susceptibility to PAD.21 This raises the possibility 

that endothelial dysfunction, a known precipitant of athero-

sclerosis and subsequently PAD, may manifest itself early in 

asymptomatic offspring of patients with PAD. Such a theory 

is supported by an unpublished study in our unit demonstrat-

ing that more than 50% of asymptomatic offspring of patients 

with symptomatic PAD have endothelial dysfunction.

Benefits of fish oil in vascular disease
Patients with PAD show an increase in plasma markers of 

inflammation and also failing of the circulation in affected 

limbs.22 Eicosapentaenoic acid (EPA) and docosahexaenoic 

acid (DHA) are the major polyunsaturated fatty acids in fish 

oil. They have been demonstrated to exert anti-inflammatory 

effects within the vessel wall by competing with arachidonic 
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acid for membrane phospholipid insertion, thus reducing the 

amount of potent inflammatory eicosanoids and cytokines 

being produced.22 One manifestation of this is an increased 

prostacyclin/thromboxane ratio, which can exert antithrom-

botic effects by reducing the aggregation of erythrocytes, 

thus increasing the flow of blood within vessels.22

Dietary supplementation with fish oil rich in n-3 poly-

unsaturated fatty acids has been shown to impact positively 

on vascular function in the setting of atherosclerosis.23 

Despite this, little is known about whether improvements 

in endothelial function can be achieved in asymptomatic 

offspring of those with PAD using n-3 polyunsaturated fatty 

acids. Early detection and intervention using a noninvasive, 

readily available, affordable, and acceptable supplement such 

as fish oil has the potential to improve clinical management 

and prevent or delay disease onset in those at high risk of 

developing symptomatic PAD.

Materials and methods
Selection of participants
The diagnosis of PAD can be made using the ankle-brachial 

pressure index. This is calculated by dividing the systolic 

blood pressure at the ankles by the systolic blood pressure in 

the arms. It is a simple and noninvasive method for detecting 

PAD. Patients with an ankle-brachial pressure index ,0.9 

are diagnosed as having PAD.

All offspring from patients with a confirmed diagnosis 

of PAD (ankle-brachial pressure index ,0.9) who attend the 

department of vascular surgery at Flinders Medical Centre 

(Adelaide, South Australia) will be eligible for screening 

of endothelial function until a total of 100 participants are 

enrolled in the study.

The study protocol has been approved by the Southern 

Adelaide clinical human research ethics committee 

(registration number EC00188). This committee operates in 

accordance with the National Statement on Ethical Conduct 

in Human Research of 2007. An overview of the study 

protocol is provided in Figure 1.

Inclusion and exclusion criteria
To be included in the study, participants must have a parent with 

PAD, be aged 18 years or older, have a reactive hyperemia-

peripheral artery tonometry index ,2.07  (indicating high 

risk of progression to endothelial dysfunction)19 and have 

no evidence of established PAD (ankle-brachial pressure 

index $0.9).24 Patients will be excluded if they ingest 2 g or 

more of total omega-3 daily as per the Fish Food Frequency 

Questionnaire,25 have a seafood allergy, a life expectancy 

less than 12 weeks, are unable to communicate effectively 

to provide informed consent, are receiving treatment doses 

of any antithrombotic agent or dual antiplatelet agents (such 

as aspirin plus clopidogrel, prasugrel, or ticlopidine), or are 

diagnosed with a bleeding disorder such as von Willebrand 

disease or hemophilia. Criteria 5–7 have been included due 

to the antithrombotic properties of fish oil and a potentially 

increased risk of bleeding.

Study design
The study is a double-blind, randomized, controlled trial. 

Participants will be randomly allocated to one of two groups, 

ie, an intervention group receiving 12 weeks of treatment with 

10 mL of fish oil daily (containing about 1.5 g EPA and 1 g 

DHA) or a control group receiving 12 weeks of treatment 

with 10 mL of fish oil daily containing about 0.15 g EPA 

and 0.1 g DHA.

Allocation to these groups will be managed by the Flinders 

University statistician who provides a randomization service 

using computerized software. Allocation will be stratified by 

fish intake (more than two oily fish meals per week or two 

or less oily fish meals per week), presence of type 1 or 2 

diabetes mellitus, and according to whether the participant is 

taking vasoactive medication or not. Research staff assessing 

participant outcomes will be masked to allocation.

Fish oil supplementation
For maximum adherence and minimal cost, administration 

of EPA and DHA will be via nonencapsulated fish oil taken 

with fruit or vegetable juice. Participants will be required 

to float 10 mL of fish oil (Melrose Omega 18/12 fish oil, 

AustL 93186) on 30–40 mL of juice (or any other flavored 

still drink) daily. If this dosage is not tolerated, participants 

can consume 5 mL of fish oil twice per day or otherwise con-

sume fish oil capsules (total of eight per day, AustL 156237). 

The fish oil concentrate (about 1.5 g EPA and 1 g DHA per 

10 mL) selected for the intervention group is flavored with 

lemon and lime oil to mask the fish scent and taste. The fish 

oil selected for the control group (about 0.15 g EPA and 0.1 g 

DHA per 10 mL) has been prepared commercially by Melrose 

to contain 10% of the active dose, and is also flavored with 

lemon and lime. To avoid any side effects associated with 

consumption of fish oil, the participants will consume the 

juice-fish mix with breakfast to avoid consumption on an 

empty stomach. Research staff will provide all participants 

with mentoring and support regarding appropriate admin-

istration to ensure minimal side effects. Nonencapsulated 

fish oil has been chosen because it is in widespread use and 
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the dose considered to give therapeutic effects can be taken 

more simply than the alternative (about eight capsules are 

required to provide similar amounts of EPA as liquid fish 

oil). Intervention for 12 weeks has been selected because 

previous studies suggest that this may be sufficient to observe 

improvement in vascular function.26

The 10% fish oil and flavoring with citrus for the control 

group will assist in maintaining participant blinding to 

allocation. It is extremely unlikely that this low dose of 

fish oil provided to the control group will alter outcomes 

because large doses are required to provide any physiological 

effect.27

To monitor adherence with the fish oil, all participants 

will be provided with a diary to record the daily volume 

consumed. To support participants, fortnightly phone calls 

will be made to troubleshoot any issues with compliance. 

Staff will also administer a series of questions designed to 

determine the frequency and severity of side effects and 

monitor changes in medications. Participants will be asked to 

return any unused fish oil at the 6-week and 12-week outcome 

assessments to confirm compliance.

Endothelial function and ankle-brachial 
pressure index
Endothelium-mediated changes in vascular tone will be 

quantified by reactive hyperemia-peripheral artery tonometry 

index using an EndoPAT device (Itamar Medical Ltd, Caesarea, 

Israel), and confirmed by flow-mediated dilatation using high 

resolution ultrasound. This will be done at baseline, and at six 

and 12 weeks following commencement of treatment.

Subject preparation will be consistent with recently 

 published guidelines for performing flow-mediated 

 dilatation.15 Subjects will be requested to fast for at least 8 

hours beforehand (except for the consumption of water), to 

refrain from caffeine, alcohol, and tobacco consumption for at 

least 8 hours prior and to avoid strenuous exercise for 8 hours 

prior. Patients will wait in a quiet, temperature-controlled 

room for 20 minutes prior to the test.

Obtain information* from participant
and allow rest for 15 minutes

Measure RH-PAT

RH-PAT > 2.07
(Exclude from fish oil study) 

RH-PAT ≤ 2.07

Measure ABPI

ABPI < 0.9
(Exclude from fish oil study,

 inform GP)

ABPI ≥ 0.9
(Recruit into fish oil study)

Measure FMD

Collect blood sample and
send for lab analysis

Provide fish oil, fish oil consumption diary and
instructions on fish oil intake for 12 weeks

Make phone calls fortnightly for 12 weeks
to monitor adherence and side effects

  Repeat RH-PAT, FMD and blood sample 
collection at week 6 and 12

appointments. Collect diet and physical
activity surveys at 12 weeks

Figure 1 Measurements for screening and at baseline, and outcome assessments at weeks 6 and 12. 
Note: *Information obtained includes height, weight, blood pressure, currently taken medications, and known medical conditions of diabetes mellitus, high blood pressure, 
and hyperlipidemia.
Abbreviations:  RH-PAT, reactive hyperemia peripheral arterial tonometry; ABPI, ankle brachial pressure index; FMD,  flow mediated dilatation.
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Reactive hyperemia-peripheral artery 
tonometry technique
Reactive hyperemia-peripheral artery tonometry will be 

performed using the EndoPAT device. The subject’s blood 

pressure will be obtained using the right arm with a standard 

blood pressure cuff and sphygmomanometer; the blood pres-

sure cuff will then be placed, but not inflated, on the left upper 

arm. After an explanation of the test procedure, the patient 

will be seated comfortably at a desk and noninvasive pneu-

matic probes will be attached according to the manufacturer’s 

instructions. This will usually be on bilateral index fingers 

unless the patient’s fingers are too large for the probes, in 

which case a smaller finger will be used. The patient will 

face away from the investigators and the EndoPAT com-

puter display. The investigators will refrain from talking to 

the subject during the test except for the brief instructions 

required during the test. The EndoPAT device will continu-

ously record digital arterial pressures for the duration of the 

test, ie, a total of 15 minutes. A five-minute baseline period 

prior to occlusion will be followed by five minutes of total 

brachial artery occlusion achieved with the cuff inflated to 

250 mmHg, followed by a five-minute post occlusion period 

to measure the degree of reactive hyperemia. The hyperemic 

index will be measured using proprietary software in the 

EndoPAT device. Subjects with a hyperemic index of ,2.07 

will be eligible to continue in the study. According to the 

manufacturer of the EndoPAT, patients with a hyperemic 

index of ,1.67 are deemed to have endothelial dysfunc-

tion, while subjects with a hyperemic index of 1.67–2.07 are 

within a sensitive zone predisposing to future development 

of endothelial dysfunction. It is deemed relevant to include 

those in the sensitive zone, given the target population of 

adult children at high risk of developing vascular disease as 

a result of family history.

Ankle-brachial pressure index technique
Subjects will then have an ankle-brachial pressure index test 

to ascertain whether there is evidence of established PAD. 

This will be obtained with the subject lying supine on a bed 

using the standard Doppler pressure technique.24 A blood 

pressure cuff, sphygmomanometer, and continuous wave 

Doppler (Vista ABI L450VA, Summit Doppler, Golden, CO, 

USA) will be used to measure the systolic blood pressure 

(in mmHg) in both brachial arteries and in the posterior tibial 

and dorsalis pedis arteries in both ankles. The ankle-brachial 

pressure index for each ankle artery will be the systolic 

blood pressure of that artery divided by the higher of the two 

brachial artery pressures. Subjects with an ankle-brachial 

pressure index ,0.9 in any ankle artery will be considered 

to have evidence of established PAD and will be excluded 

from the study.

Flow-mediated dilatation technique
The flow-mediated dilatation is obtained with the participant 

lying supine on a bed. This technique will be performed 

according to recently published consensus guidelines.16 The 

right arm will be placed in a specially designed supporting 

cradle and a blood pressure cuff will be placed around the 

forearm, with the edge of the cuff 5 cm distal to the medial 

epicondyle. A three-point electrocardiogram (both shoulders 

and left hip) connected to the ultrasound machine will allow 

display of the electrocardiographic trace on the ultrasound 

image. An ultrasound system (SonoSite M-Turbo, SonoSite 

Inc, Bothell, WA, USA) with a high resolution linear array 

transducer (SonoSite HLF38x) and a broadband frequency 

range of 6–13 mHz will be used to obtain high resolution 

images of the brachial artery. In particular, the transducer 

position will be adjusted until both the near and far arterial 

walls are well defined, the image is as free as possible of 

artifactual echoes, and the image size and gain are opti-

mized. The transducer will be placed in a specially designed 

stereotactic stand that allows free movement while locating 

the brachial artery and then fixation of the transducer in any 

required position on the upper arm to allow constant imaging 

of the brachial artery over a prolonged period of time. The 

position of the transducer relative to the medial epicondyle 

will be recorded to ensure that the same part of the artery is 

imaged at the follow-up study.

A 30-second cine clip will be obtained prior to cuff 

inflation to allow a preinflation brachial artery diameter to 

be obtained. The cuff will then be inflated to 250 mmHg to 

achieve total brachial artery occlusion. After cuff deflation, 

190 seconds of assessment of the brachial artery will be 

obtained in the form of three × 60-second clips with no more 

than five seconds between clips (five seconds are required for 

saving and starting the next clip), allowing almost continuous 

recording. Maximal dilatory response is expected to occur 

during this time, and the brachial artery diameter will be 

measured at the point of maximal dilatation.28

The cine clips will be transferred to the hospital Picture 

Archiving and Communication System (GE Centricity 

3.0.3, GE Healthcare Integrated IT Solutions, Barrington, 

IL, USA) for permanent storage using the Digital Imaging 

and Communications in Medicine 3.0 standard format. 

These files will then be extracted from the Picture Archiving 

and Communication System and transferred to a computer 
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workstation for analysis. Specific automated software 

(Brachial Artery Analyzer, MIA-LLC, Coralville, IA, USA) 

will be used to measure the brachial artery diameter before 

occlusion and continuously throughout the post-occlusion 

period for a total of 190 seconds. This software utilizes edge 

detection and wall tracking algorithms to measure the luminal 

diameter within a specified region of interest automatically. 

This technology has been shown to improve the validity 

of flow-mediated dilatation measurements compared with 

manual techniques.16 All measurements will be obtained in 

peak systole (using the displayed electrocardiographic trace) 

and will be the average of three measurements obtained from 

different cardiac cycles, all within five seconds of each other. 

A pre-occlusion diameter will be obtained, and a diameter will 

be obtained at the point of maximal dilatation during the post-

occlusion period, as identified by the tracking software.

Flow-mediated dilatation will be calculated by obtaining 

the percentage increase in diameter of the brachial artery and 

the absolute maximum diameter. The maximum percentage 

increase will be calculated from the pre-occlusion diameter 

and the maximum post-occlusion diameter, as per standard 

flow-mediated dilatation technique.16,20 The time from cuff 

deflation to maximum diameter will also be recorded.

Laboratory analysis
Following recruitment into the study, venipuncture will be 

performed at baseline and at 6 and 12 weeks. To assess the 

level of inflammation, fasting blood samples will be obtained 

and analyzed for C-reactive protein, absolute neutrophil, and 

lymphocyte values. Tumor necrosis factor-α, interleukin-

IL-1β, interleukin-6, thromboxane, and prostacyclin levels 

will be obtained using enzyme-linked immunosorbent assays. 

To assess lipid status, fasting blood samples will be obtained 

and analyzed for total cholesterol, high-density lipoprotein, 

low-density lipoprotein, and triglycerides. Analysis of fatty 

acid composition in the erythrocyte membrane will be mea-

sured to evaluate adherence with the fish oil intervention. 

Hyperhomocysteinemia is a commonly overlooked risk factor 

for atherosclerotic disease, and fish oil has been shown to 

lower homocysteine levels.29 For this reason, we will also 

assess fasting homocysteine levels. Nitric oxide levels are 

reduced in patients with endothelial dysfunction, so can 

act as a surrogate biochemical marker for endothelial func-

tion,10,11,16,20 but are rapidly degraded. More stable end prod-

ucts, ie, nitrite and nitrate ions, can be used to quantify nitric 

oxide.30 To achieve this, we will analyze serum samples using 

a microelectrode system with a sophisticated ion analyzer 

selective for nitrite and nitrate ions ( ArrowStraight™ nitric 

oxide measurement system, Lazar Research Laboratories, 

Los Angeles, CA, USA).

Assessment of background diet  
and physical activity
At baseline and 12 weeks, participants will be required to 

complete two surveys, ie, the Australian Cancer Council 

Food Frequency Questionnaire and the International Physical 

Activity Questionnaire. The Australian Cancer Council 

Food Frequency Questionnaire31 is a well validated, 74-item 

semiquantitative questionnaire. The questions cover all 

food groups and beverages and provide participants with an 

opportunity to estimate portion sizes using illustrations. The 

questionnaires will be analyzed by the Australian Cancer 

Council, with estimates of nutrient intakes obtained using the 

NUTTAB95 database. The International Physical Activity 

Questionnaire to be administered is the Long Last 7 Days 

self-administered version, which consists of five activity 

domains, including job-related physical activity, physical 

activity related to transportation, physical activity related to 

housework, house maintenance, and caring for the family, 

physical activity related to recreation, sport, and leisure time, 

and time spent sitting. The maximum number of items is 27 

and the time required to complete the test is approximately 

10 minutes. The International Physical Activity Question-

naire has been tested extensively for validity and reliability in 

many settings and languages, and has been deemed suitable 

for determining participation in physical activity.32

Statistical analysis
All statistical analyses will be performed using Statistical 

Package for Social Sciences for Windows version 18 (SPSS 

Inc, Chicago, IL, USA). The primary analysis of this study 

will be undertaken using intention to treat principles. Cen-

tral tendency and distribution will be determined and the 

data presented as appropriate. Independent samples t-tests, 

Mann–Whitney U tests, and Chi-square tests of association 

will be used to compare the groups at baseline. To determine 

differences between the groups at the primary endpoint 

(12 weeks), analysis of covariance (main effect and interac-

tion effect for baseline hyperemic index ,1.67 versus hype-

remic index 1.67–2.07) or logistic regression will be used, 

with models adjusted for potential confounders, including 

baseline hyperemic index.

Power calculations
Based on clinical expertise and the limited available data, 

we expect endothelial function of asymptomatic offspring 
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of PAD patients to have a mean EndoPAT index of 

approximately 1.55 ± 0.55. With only a 10% improvement 

in EndoPAT index following administration of 1.5 g EPA 

and 1 g DHA for 12 weeks, we estimate that a sample size 

of 44 participants per group will be required (power 80%, 

alpha = 0.05). To allow for attrition, 100 participants will be 

recruited (50 per group).

Discussion
To the best of our knowledge, this study is the first to examine 

the effectiveness of a moderate-dose fish oil intervention in 

reversing endothelial dysfunction in asymptomatic offspring 

of patients with PAD. Endothelial dysfunction can precede 

established PAD by decades. Therefore, an opportunity 

exists to provide high-risk asymptomatic offspring of these 

patients with a method of risk stratification, with the view that 

early detection of endothelial dysfunction using noninvasive 

hyperemia-peripheral artery tonometry index technology has 

the potential to alter clinical outcomes significantly. This is 

particularly relevant when we consider the reversibility of 

endothelial dysfunction even with simple lifestyle modifica-

tions, such as exercise or smoking cessation.

Fish oil is a cheap and readily available dietary supple-

ment that may help complement such lifestyle modifications. 

The polyunsaturated fatty acids in fish oil have been demon-

strated to not only improve vascular function in the setting of 

atherosclerotic disease,23 but also protect against cognitive 

decline33 and reduce the risk of certain cancers, including 

breast, prostate and colon cancer.34–36 When presented to 

patients, these potential benefits may act as a tool to aid 

compliance, considering the offensive taste that is regularly 

reported in association with fish oil.

The status of fish oil as a natural supplement to endogenous 

substrates means it does not have the potential side effects 

associated with synthetic vasoactive pharmacological medi-

cations. While occasional gastrointestinal irritation has been 

attributed to fish oil, this is insignificant when compared with 

the muscle cramps, altered liver function tests, and electro-

lyte disturbances which are common following the onset of 

therapy with statins and antihypertensive medication.

There are no longitudinal studies documenting the rate 

of progression from endothelial dysfunction to PAD, largely 

because techniques to assess endothelial function are rela-

tively new. However, when we consider that 10%–25% of 

the population over the age of 55 years have some degree of 

PAD,1 the likelihood of patients with endothelial dysfunc-

tion progressing to PAD is significant. Together with the 

corresponding 2–3-fold increased risk of ischemic heart 

disease and stroke, the resources and costs to the health 

care system for the ongoing management of these patients is 

extreme and likely to worsen as the population continues to 

age. Therefore, the screening/risk stratification method and 

subsequent intervention that we propose in this trial has the 

potential to impact positively on health economics.

Limitations
Reactive hyperemia-peripheral artery tonometry index test-

ing is a relatively new technique that is being re-evaluated 

on an ongoing basis in an attempt to ensure it has the char-

acteristics to make it an optimal screening test. Currently, 

a value ,1.67 has been proposed to represent established 

coronary endothelial dysfunction with a specificity of 77% 

and a sensitivity of 82%.20 The value of ,2.07 used in our 

study represents those deemed to be at high risk of progres-

sion to endothelial dysfunction. However, there is only weak 

evidence to support this, and work is continuing to improve 

the accuracy of risk stratification. Therefore, it is possible 

that our study may be either over-inclusive or under-inclusive 

rather than truly representative of the population of  interest. 

The dose and duration of fish oil administration in this 

study is also worthy of acknowledgment. In an unpublished 

review undertaken by the authors, it was determined that in 

patients with established PAD, fish oil interventions have 

been administered from 4 weeks up to 2 years and at omega-3 

doses largely within 1–3 g daily, with inconsistent findings 

in terms of the magnitude and direction of the effect on 

clinically meaningful outcomes, such as pain-free walking 

distance. These findings in addition to the suggestion that it 

takes at least 10–12 weeks for EPA and DHA to incorporate 

into cell membranes effectively22 informed the intervention 

to be administered in this study rather than any solid evidence 

from the target population.
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