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Background-—Systolic ankle pressures are routinely measured as part of an ankle-brachial index to screen for lower extremity
peripheral arterial disease. Despite widespread use of this measurement, the effect of premeasurement duration of rest on the
magnitude, or reliability of the ankle systolic pressure measurement is unknown. This study assessed the effect of
premeasurement rest duration on systolic ankle pressures.

Methods and Results-—One hundred and forty participants meeting guidelines for peripheral arterial disease screening volunteered
for this study. Following 5 minutes of rest in the supine horizontal position, ankle systolic pressures of the lower extremity were
taken. Measurements were repeated at 10 and 15 minutes. Testing was repeated 7 to 10 days later. A significant drop in ankle
pressure of 5.02 mm Hg occurred between 5 and 10 minutes (P=0.004). No significant change occurred between 10 and
15 minutes (mean change 0.15 mm Hg, P=0.99). Presence of diabetes was associated with a smaller drop between 5 and
15 minutes (mean change 1.85 mm Hg) and predicted 13.4% of the variance in change in ankle pressure (b=�3.61, P=0.0001).
Test-retest reliability after 5 minutes was excellent (intraclass correlation coefficient: 0.84, 95% CI: 0.76 to 0.91) however increased
for measurements taken at 10 and 15 minutes (intraclass correlation coefficient: 0.89 95% CI: 0.83 to 0.94 and 0.89 95% CI: 0.82
to 0.93).

Conclusions-—Results suggest ankle systolic pressures stabilise after 10 minutes of rest. Longer periods of premeasurement rest
did not improve reliability significantly. Though diabetes affects ankle pressure changes after rest, further investigation is required
to identify the cause. ( J Am Heart Assoc. 2013;2:e000203 doi: 10.1161/JAHA.113.000203)
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P eripheral arterial disease (PAD) affecting the lower
extremity involves stenosis of arteries through athero-

sclerotic plaque formation. PAD has been demonstrated to
affect from 8% to 12% of adults ≥50 years1,2 and 21% of
adults ≥65 years.3 PAD commonly coexists with significant
systemic atherosclerosis, increasing the risk of car-
diac-related morbidity and mortality in conjunction with lower
extremity complications including ulceration and amputa-
tion.4,5

Representing the ratio of ankle systolic pressure to
brachial systolic pressure, the ankle brachial index (ABI) is a
simple noninvasive screening tool for detecting the presence
of subclinical PAD and subsequently monitoring disease
progression.6,7 The ABI has generally been found to be
sensitive and highly specific to the presence of PAD8 and is
currently recommended as a screening test for the disease in

people over the age of 50 with a history of diabetes or
smoking, people over the age of 65, and in the presence of
nonhealing wounds or exertional leg pain.9

A number of external factors have been found to influence
the pressures used in the ABI measurement and have led to
the development of a premeasurement protocol including
avoiding exercise, caffeine, and tobacco for 30 minutes prior
to testing and having the patient in a supine position.10

However, the recommended duration of premeasurement rest
prior to undertaking an ABI is highly variable. Current
recommendations for 5 to 10 minutes of rest are not
evidence-based and a range of rest times from 5 to
30 minutes are used in clinical research.6,11–14 Investigation
of the effect of the length of premeasurement rest prior to
taking brachial pressures in a seated position demonstrate
there are significant differences in systolic pressures when
measured at 2-minute intervals up to, but not beyond,
10 minutes.15 Systolic pressure of large arteries in the ankle
used in the calculation of the ABI may also be affected by
these changes, with inadequate rest time potentially resulting
in measurement error. To the authors’ knowledge the effect of
the premeasurement rest time on systolic ankle pressure has
not been evaluated.

Determining the appropriate rest time prior to undertaking
systolic ankle pressure measurement may improve the clinical
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efficiency of calculating the ABI. The aim of this study is to
investigate the effect of 5, 10, and 15 minutes of rest prior to
systolic ankle pressure measurement on the value of the
ankle pressure and subsequent test-retest reliability.

Methods
This study was undertaken at the University of Newcastle
Podiatry Clinic on the New South Wales Central Coast.
Ethical approval was obtained from the University of
Newcastle Human Research Ethics Committee. Informed
written consent was given by all participants prior to their
participation in this study. Participants were recruited on a
volunteer basis from patients attending the clinic and the
local community via flyer advertising. Inclusion criteria were
set in accordance with the current American Heart Associ-
ation (AHA) recommendations for PAD screening using a
resting ABI9 (ie, people aged ≥65 years and ≥50 years, with
a history of diabetes or smoking or with exertional leg pain or
nonhealing wounds). Exclusion criteria were contraindications
to ankle pressure measurement including history of deep
vein thrombosis, lymphoedema, or current leg ulceration.
Participant medical history was obtained following collection
of ankle pressure measurements to confirm diagnosis of
diabetes.

Equipment
Systolic ankle pressures were measured using an 8 Hz Bidop
ES-100V3 hand-held Doppler (Hadeco), an adult standard,
adult large or adult extra-large inflatable cuff (Liberty Health
Care) and an ERKA aneroid sphygmomanometer (Kallmeyer
Medizintechnik GmbH & Co). Size of the cuff used was
determined in accordance with the AHA recommendations for
cuff width and length.6 All blood pressure gauges were newly
calibrated.

Procedures
Data collection was performed at the University of Newcastle
Podiatry Clinic. All testing was performed by the same
clinician, a podiatrist with >10 years clinical experience.
Participants were asked to avoid alcohol, exercise, and
caffeine for 1 hour prior to participating in the study. Testing
was performed in a controlled environment with room
temperature maintained at 24 to 25°C. Measurements were
taken following 5, 10, and 15 minutes of rest with the
participant in a horizontal supine position. Systolic ankle
pressure was measured at either the posterior tibial artery or
the anterior tibial artery (at dorsalis pedis) for the left or
right lower extremity. Extremity and artery selection was

predetermined using a computer generated random allocation
function.

Participant medical history was obtained to determine
diagnosis of diabetes. Several disease-specific complications
associated with diabetes including the presence of medial
arterial calcification (MAC) and autonomic neuropathy have
been suggested to affect the accuracy of the ankle pressure
measurement and to potentially cause altered blood pressure
regulation.16–18 Diabetes may, therefore, impact the effect of
premeasurement rest time on ankle pressures.

A subset of participants from those enrolled in this study
selected using computer-generated random allocation
attended the clinic 7 to 10 days after the initial testing
session at a similar time of day (ie, morning or afternoon). The
pretesting protocol used in the first testing session was
followed prior to the second testing session. The testing
protocol was identical to the first session, with repeated
measurements taken at 5, 10, and 15 minutes for the same
artery. The clinician was blinded to the results from the first
testing session.

Statistical Analysis
Statistical analysis was performed using the Statistical
Package Social Science software version 19.0 (SPSS). A
one-way repeated measures ANOVA with Bonferroni adjust-
ment was used to determine significant differences between
pressure measurements recorded for the ankle pressure
following 5, 10, and 15 minutes of rest. Significance was set
at 0.017. An independent samples t test was used to compare
mean change in ankle pressure in people with and without
diabetes.

Sequential regression analysis was used to examine the
ability of presence of diabetes to predict variance in change in
ankle pressure between 5 and 15 minutes after controlling for
age, gender, history of smoking and body mass index (BMI).
Preliminary analysis was conducted to ensure no violations of
assumptions for normality, linearity, multicollinearity and
homoscedasticity. Age, gender, history of smoking and BMI
were entered at Step 1. Presence or absence of diabetes was
entered at Step 2.

Intraclass correlation coefficients (ICC) with 95% CI were
calculated to determine level of agreement between test and
retest for the measured ankle pressure following 5, 10, and
15 minutes of rest after a 7-day interval. All ICC values for
intra-tester reliability were interpreted according to cut-offs
suggested by Fleiss.19 Paired t tests were performed for the
test and retest pressures to determine whether a statistically
significant difference existed between scores. Standard error
of measurement (SEM) was calculated to estimate the
precision of each measurement, and to give an indication of
test-to-test variability in the blood pressure values.
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Results
One hundred and forty participants were recruited to this
study. Sixty-two participants attended the clinic 7 to 10 days
later for repeat ankle pressure testing. Participant character-
istics are reported in Table 1.

Effect of Premeasurement Rest Time
Mean ankle pressures were significantly affected by duration
of premeasurement rest time (P=0.0009). Post-hoc testing
demonstrated mean ankle pressures were significantly higher
following 5 minutes of rest then after 10 minutes of rest
(P=0.004). Between 5 and 10 minutes of rest the mean
ankle pressure dropped by 5.02 mm Hg from 135.13 to
130.11 mm Hg. Between 10 and 15 minutes of rest results
indicated ankle pressures had stabilized with a nonsignificant
mean reduction of 0.15 mm Hg (Table 2).

Analysis of Change in Pressure by Disease Status
Preliminary analysis demonstrated no violation to assump-
tions of normality, linearity, multicollinearity, and homosce-
dasticity. Age, gender, history of smoking, and BMI were
entered at Step 1 accounted for 4.9% of the variance in
change in ankle pressures. After entry of diabetic status at

Step 2, the model predicted 15.8% of the total variance
(P=0.0001). Therefore, presence of diabetes predicted 15.8%
of the variance in change in ankle pressure between 5 and
15 minutes. The presence of diabetes explained an additional
13.4% of variance in change in ankle pressure after controlling
for age, gender, history of smoking, and BMI. In the final
model diabetes was the only statistically significant measure
(b=�3.61, P=0.0001). Mean change in ankle pressure between
5 and 15 minutes in people with diabetes(�1.85 mm Hg, SD
8.39 mm Hg) was significantly less than the mean change for
all other participants (�5.10 mm Hg, SD 7.72 mm Hg,
P=0.001).

Test-Retest Reliability
All pressure testing demonstrated excellent test-retest reli-
ability, indicated by ICCs over 0.80 (Table 3). ICCs that
demonstrated test-retest reliability of ankle pressure were
slightly higher following 10 minutes of rest compared to
5 minutes of rest (ICC: 0.84, 95% CI: 0.76 to 0.91 and ICC:
0.89, 95% CI: 0.83 to 0.94, respectively). Paired samples t
tests demonstrated no significant differences between test
and retest pressures at each time interval. The SEM
calculated for ankle pressures were low, ranging from 2.22
to 3.05 mm Hg indicating adequate precision of the mea-
surement (Table 3).

Discussion
There is currently no consensus on appropriate rest time prior
to undertaking an ankle pressure measurement to use in
calculating an ABI. The results of this present study suggest
that in a community-based population the systolic ankle blood
pressure falls by �5 mm Hg during the first 10 minutes of
rest, but between 10 and 15 minutes further reductions are
marginal. Only ankle systolic pressures were measured in this
study to ensure that each measurement could be made
exactly at each time point. Had brachial pressures also been
included, the time taken to perform the measurements would
mean that both measurements could not be taken at each
specific time interval. However, our findings are consistent
with literature relating to the effect of premeasurement rest
time on systolic brachial pressures which have been demon-
strated to drop over the first 10 minutes of rest in both
seated and supine positions.15,20 The total drop in systolic
ankle pressure between 5 and 10 minutes of 5 mm Hg is a
relatively small change in pressure and similar drops have
been reported in systolic brachial pressures over the same
time, meaning a ratio measurement such as an ABI may be
less affected by this change if both pressures are taken
following a similar amount of premeasurement rest. However,

Table 1. Participant Characteristics

Characteristic Premeasurement Rest Time Reliability

Total participants 140 62

Age, y 67.42 (SD 4.62 ) 64.56 (SD 4.93 )

Gender 81 males (58%) 35 males (56%)

59 females 27 females

Body mass index 26.85 (SD 1.98)

Smoking history
(current and
past history)

67 (48%) 26 (42%)

Diabetes 64 (46%) 32 (52%)

SD indicates standard deviation.

Table 2. Effect of Premeasurement Rest Time on Systolic
Ankle Pressure (N=140)

Ankle Pressure N Mean and SD P Value

5 to 10 min 140 135.13 (16.59): 130.11 (17.58) 0.004

5 and 15 min 140 135.13 (16.59): 129.98 (17.60) 0.002

10 and 15 min 140 130.11 (17.58): 129.98 (17.60) 0.99

SD indicates standard deviation.
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given that the time implication of taking each measurement
makes this difficult, the results of our study combined with
previous investigations of brachial pressure15,20 suggest the
most accurate method of performing the ABI is following a
10-minute rest time.

Diabetes was demonstrated to have a significant effect on
the amount of change between 5 and 15 minutes. The mean
change in ankle pressure in this subset of the population was
smaller than for the entire cohort. Potential presence of
diabetes-related autonomic neuropathy may account for this
finding as this has been suggested to affect blood pressure
regulation in the lower extremity due to sympathetic dener-
vation.21,22 Christensen21 demonstrated reduced variability of
blood flow to the feet of people with diabetes suggesting this
may cause impairment of thermoregulation and contribute to
the development of orthostatic hypotension. Impaired sym-
pathetic activity has been demonstrated to cause subsequent
lack of vascular resistance during standing, leading to
decreases in blood pressure in the diabetic-versus-nondiabetic
cohort,22 indicating altered sympathetic response to posi-
tional change. In this present study, altered sympathetic
control in people with diabetes may have affected the amount
of change seen in ankle pressures following a positional
change (from standing to supine) when compared to the
entire cohort. These findings suggest further investigation on
the impact of specific diabetes- related comorbidities on ankle
pressure regulation is required to determine their impact on
current clinical testing procedures. It should also be consid-
ered that a number of other variables, including baseline ankle
pressure, presence of hypertension, and significant PAD, may
also affect systolic ankle blood pressure change with rest and
are worthy of further investigation.

Reliability of the ankle pressure testing between test and
retest was found to be excellent at 5, 10, and 15 minutes with
only marginal increases in reliability following stabilization of
systolic ankle pressure at 10 minutes (ICC range: 0.84 to
0.89) and greater precision of the measurement following
10 minutes of rest (SEM 3.05 mm Hg vs 2.22 mm Hg). The
lack of significant change in mean systolic ankle pressure
between test and retest at each time point indicated by the
nonsignificant results of paired samples t tests suggest that
overall the response of systolic ankle pressure to supine
positioning and duration of rest was replicated at the second

testing session. The results of our study are consistent with
previously reported test-retest reliability of ankle systolic
pressures taken with a 8 MHz Doppler probe 7 days apart
following 15 minutes of rest (ICC range 0.85 to 0.99).11 High
reliability may have been due to strict control of external
factors such as caffeine and exercise, which are known to
affect blood pressure measurements, the retest occurring at a
similar time of day to the first test, and the experience level of
the clinician taking the measurements. These findings
indicate that measurement of systolic ankle pressure with a
handheld 8 MHz Doppler and aneroid sphygmomanometer is
a clinically reliable method of assessing peripheral arterial
flow.

Limitations
This study did not utilize a baseline measurement (taken at
0 minutes), therefore the total drop in systolic pressure
between 0 and 15 minutes is unknown. The first measure-
ment was taken at 5 minutes as this was the shortest
duration of premeasurement rest time found to be reported in
the literature.13 The overall change in pressure between 0 and
15 minutes may therefore have been >5 mm Hg or
<5 mm Hg depending on the direction of the change in the
first 5 minutes. Previous research assessing brachial pres-
sures in the supine position suggests that this is likely to have
been an additional reduction. However, this needs to be
determined in relation to ankle pressures.

The results of this study are relevant to an older
community-based population which is likely to have higher
rates of hypertension, diabetes, and PAD than the general
population. This participant group was chosen for clinical
relevance as all participants met the criteria to undergo
routine screening with an ABI according to current guidelines.
However, results from this study may not be reflective of
changes occurring in a younger cohort free from risk factors
for, or signs and symptoms of, PAD.

Conclusion
The results of this study suggest that systolic ankle pressure
falls by �5 mm Hg between 5 and 10 minutes of rest time in
a horizontal supine position. Fifteen minutes of rest does not

Table 3. Test-Retest Reliability of Ankle Pressure Measurements After 5, 10, and 15 Minutes of Premeasurement Rest (N=62)

Test Mean (mm Hg) Retest Mean (mm Hg) ICC 95% CI Paired t Test P Value SEM (mm Hg)

5 min 137.61 136.66 0.84 0.76 to 0.91 0.33 3.05

10 min 131.59 131.98 0.89 0.83 to 0.94 0.65 2.22

15 min 131.89 131.58 0.89 0.82 to 0.93 0.90 2.23

ICC indicates intraclass correlation coefficient; SEM, standard error of measurement.
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appear to produce any further significant change in pressure.
Test-retest reliability of ankle pressure measurement is also
slightly higher following 10 minutes of rest than following
5 minutes of rest. Based on these results the most accurate
measurement of ankle pressures for use in an ABI should be
performed after 10 minutes of premeasurement rest in the
horizontal supine position. Findings of this study also indicate
that diabetes affects ankle pressure changes subsequent to
assuming a horizontal supine position. However, the cause of
the difference in ankle pressure requires further investigation.

Sources of Funding
This study was supported by an Establishment Grant from the
Ramaciotti Foundation.

Disclosures
None.

References
1. Alzamora MT, Fores R, Baena-Diez JM, Pera G, Toran P, Sorribes M, Vicheto M,

Reina MD, Sancho A, Albaladejo C. The peripheral arterial disease study
(PERART/ARTPER): prevalence and risk factors in the general population. BMC
Public Health. 2010;10:38.

2. Criqui MH, Fronek A, Barrett-Connor E, Klauber MR, Gabriel S, Goodman D.
The prevalence of peripheral arterial disease in a defined population.
Circulation. 1985;71:510–515.

3. Diehm C, Allenberg JR, Pittrow D, Mahn M, Tepohl G, Haberl RL, Darius H,
Burghaus I, Trampisch HJ. Mortality and vascular morbidity in older adults with
asymptomatic versus symptomatic peripheral artery disease. Circulation.
2009;120:2053–2061.

4. Beckman J, Creager M, Libby P. Diabetes and atherosclerosis: epidemiology,
pathophysiology, and management. JAMA. 2002;287:2570–2581.

5. De Vriese AS, Verbeuren TJ, Van de Voorde J, Lameire NH, Vanhoutte PM.
Endothelial dysfunction in diabetes. Br J Pharmacol. 2000;130:963–974.

6. Hirsch AT, Haskal ZJ, Hertzer NR, Bakal CW, Creager MA, Halperin JL, Hiratzka
LF, Murphy WRC, Olin JW, Puschett JB, Rosenfield KA, Sacks D, Stanley JC,
Taylor LM Jr, White CJ, White J, White RA, Antman EM, Smith SC Jr, Adams CD,
Anderson JL, Faxon DP, Fuster V, Gibbons RJ, Hunt SA, Jacobs AK, Nishimura R,
Ornato JP, Page RL, Riegel B. ACC/AHA 2005 guidelines for the management
of patients with peripheral arterial disease (lower extremity, renal, mesenteric,
and abdominal aortic): executive summary a collaborative report from the
American Association for Vascular Surgery/Society for Vascular Surgery,
Society for Cardiovascular Angiography and Interventions, Society for Vascular
Medicine and Biology, Society of Interventional Radiology, and the ACC/AHA

Task Force on Practice Guidelines (Writing Committee to Develop Guidelines
for the Management of Patients With Peripheral Arterial Disease) endorsed by
the American Association of Cardiovascular and Pulmonary Rehabilitation;
National Heart, Lung, and Blood Institute; Society for Vascular Nursing;
TransAtlantic Inter-Society Consensus; and Vascular Disease Foundation.
J Am Coll Cardiol. 2006;47:1239–1312.

7. Norgren L, Hiatt W, Dormandy J, Nehler M, Harris K, Fowkes F. Inter-society
consensus for the management of peripheral arterial disease (TASC II). J Vasc
Surg. 2007;45:5.

8. Xu D, Li J, Zou L, Xu Y, Hu D, Pagoto SL, Ma Y. Sensitivity and specificity of the
ankle-brachial index to diagnose peripheral artery disease: a structured review.
Vasc Med. 2010;15:361–369.

9. Rooke TW, Hirsch AT, Misra S, Sidawy AN, Beckman JA, Findeiss LK, Golzarian
J, Gornik HL, Halperin JL, Jaff MR. 2011 ACCF/AHA focused update of the
guideline for the management of patients with peripheral artery disease
(updating the 2005 guideline): a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice Guidelines.
J Am Coll Cardiol. 2011;58:2020–2045.

10. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, Jones
DW, Materson BJ, Oparil S, Wright JT Jr. Seventh report of the joint national
committee on prevention, detection, evaluation, and treatment of high blood
pressure. Hypertension. 2003;42:1206–1252.

11. de Graaff JC, Ubbink DT, Legemate DA, de Haan RJ, Jacobs M. Interobserver
and intraobserver reproducibility of peripheral blood and oxygen-pressure
measurements in the assessment of lower extremity arterial disease. J Vasc
Surg. 2001;33:1033–1040.

12. Espinola-Klein C, Rupprecht HJ, Bickel C, Lackner K, Savvidis S, Messow CM,
Munzel T, Blankenberg S. Different calculations of ankle-brachial index and
their impact on cardiovascular risk prediction. Circulation. 2008;118:961–967.

13. Johns K, Saeedi R, Mancini GBJ, Bondy G. Ankle brachial index screening for
occult vascular disease is not useful in HIV-positive patients. AIDS Res Hum
Retroviruses. 2010;26:955–959.

14. Leng G, Fowkes F, Lee A, Dunbar J, Housley E, Ruckley C. Use of ankle brachial
pressure index to predict cardiovascular events and death: a cohort study.
BMJ. 1996;313:1440–1443.

15. Sala C, Santin E, Rescaldani M, Magrini F. How long shall the patient rest
before clinic blood pressure measurement? Am J Hypertens. 2006;19:713–
717.

16. Aerden D, Massaad D, von Kemp K, van Tussenbroek F, Debing E, Keymeulen
B, Van den Brande P. The ankle-brachial index and the diabetic foot: a
troublesome marriage. Ann Vasc Surg. 2011;25:770–777.

17. Potier L, Abi Khalil C, Mohammedi K, Roussel R. Use and utility of ankle
brachial index in patients with diabetes. Eur J Vasc Endovasc Surg. 2011;
41:110–116.

18. Young M, Adams J, Anderson G, Boulton AJM, Cavanagh P. Medial arterial
calcification in the feet of diabetic patients and matched non-diabetic control
subjects. Diabetologia. 1993;36:615–621.

19. Fleiss J. Reliability of measurement. In: Fleiss J, ed. The Design and Analysis of
Clinical Experiments. New York: John Wiley & Sons; 1986:1–32.

20. Ogden E, Shock NW, Heck K. Rate of stabilisation of systolic blood-pressure
following adoption of the supine posture. Exp Physiol. 1938;28:341–348.

21. Christensen N. Spontaneous variations in resting blood flow, postischaemic
peak flow and vibratory perception in the feet of diabetics. Diabetologia.
1969;5:171–178.

22. Hilsted J, Parving HH, Christensen NJ, Benn J, Galbo H. Hemodynamics in
diabetic orthostatic hypotension. J Clin Invest. 1981;68:1427–1434.

DOI: 10.1161/JAHA.113.000203 Journal of the American Heart Association 5

Premeasurement Rest Time and Ankle Pressure Chuter and Casey
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

 at UNIVERSITY OF NEWCASTLE on August 10, 2015http://jaha.ahajournals.org/Downloaded from 

http://jaha.ahajournals.org/


Vivienne H. Chuter and Sarah L. Casey
Effect of Premeasurement Rest Time on Systolic Ankle Pressure

Online ISSN: 2047-9980 
Dallas, TX 75231

 is published by the American Heart Association, 7272 Greenville Avenue,Journal of the American Heart AssociationThe 
doi: 10.1161/JAHA.113.000203

2013;2:e000203; originally published August 20, 2013;J Am Heart Assoc. 

 http://jaha.ahajournals.org/content/2/4/e000203
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

 
 for more information. http://jaha.ahajournals.orgAccess publication. Visit the Journal at 

 is an online only OpenJournal of the American Heart AssociationSubscriptions, Permissions, and Reprints: The 

 at UNIVERSITY OF NEWCASTLE on August 10, 2015http://jaha.ahajournals.org/Downloaded from 

http://jaha.ahajournals.org/content/2/4/e000203
http://jaha.ahajournals.org
http://jaha.ahajournals.org/

