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Abstract

Objective

Impaired flow-mediated dilatation (FMD) has traditionally been recognized as an indirect marker of NO bioactivity, occurring
in disease states such as diabetes mellitus (DM). Endothelium-dependent FMD is a homeostatic response to short-term increases
in local shear stress. Microvascular dysfunction in diabetes mellitus influences blood flow velocity patterns. We explored the
determinants of the FMD response in relation to evoked diastolic shear stress (DSS) and forearm microcirculation

haemodynamics by quantifying changes in Doppler flow velocity waveforms between groups.

Methods and Results
40 patients with uncomplicated type 1 diabetes and 32 controls underwent B-mode and Doppler ultrasound scanning to
interrogate the brachial artery. Post ischaemic Doppler velocity spectral envelopes were recorded, and a wavelet-based time-

frequency spectral analysis method employed to track change in distal microcirculatory haemodynamics.

No difference in baseline brachial artery diameter was evident between the groups (4.15 vs. 3.94, p=0.23). FMD (%) was
significantly impaired in patients with type 1 diabetes (3.95 vs. 7.75, p<0.001). Endothelium-independent dilatation (%) in
response to glyceryl trinitrate (GTN) was also significantly impaired (12.07 vs. 18.77, p<0.001). DSS (dyne/cm?) was significantly
reduced in the patient group (mean 20.19 vs. 29.5, p=0.001). Wavelet interrogation of post-ischaemic flow velocity waveforms

identified significant differences between groups.

Conclusions
DSS, microcirculatory function and endothelium-independent vasodilatation in response to GTN, are important determinants
that impact on the magnitude of FMD response, and are impaired in patients with type 1 diabetes mellitus. Impaired FMD

response is multifactorial in origin and cannot be attributed solely to a diminished Nitric Oxide (NO) bioavailability.

Clinical trials no: NCT01045005
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Introduction

Cardiovascular complications represent the major cause of morbidity and mortality in diabetes mellitus (DM). Micro and macro
vascular complications lead to target organ damage involving the eye and kidneys, as well as the coronary, lower limb and cerebral
circulations. Unfortunately, by the time symptoms develop or events occur as manifestations of target-organ damage, the disease
process is already at an advanced stage. DM significantly magnifies the risk of coronary heart disease and other major-cardiovascular

events (1;2).

Endothelial Dysfunction (ED) may be defined as a state in which there is reduction in nitric oxide bioactivity that favors an
increase in activity of mediators that promote vasoconstriction and accelerated formation, progression and rupture of
atherosclerotic lesions (3). Dysfunction of the vascular endothelium is a hallmark of conditions that are associated with accelerated
atherosclerosis, and plays a pivotal role in the pathogenesis of atherosclerosis and its complications(4). It has been proposed as a
common link between all major cardiovascular risk factors (5). There is increasing evidence that an altered endothelial phenotype is
critical to the initiation and ongoing propagation of the process of atherosclerosis(6), and abnormal signaling in diabetic vascular
cells causes functional abnormalities long before the development of morphological manifestations of atherosclerosis (7). Thus the

function of the endothelium may represent a useful guide to the impact of risk factors on blood vessel structure and function.

Impaired flow-mediated dilatation (FMD) has traditionally been recognized as an indirect marker of NO bioactivity (8). Whilst
impaired FMD responses are well described in patients with type 2 DM, this has not been show conclusively for those with type 1
DM (9). Further, the exact mechanisms responsible for determining the magnitude of the FMD response are complex and
incompletely understood. FMD may directly reflect brachial artery NO bioavailability (10), but also depends on baseline brachial
artery diameter(11), and may be reflective of microvascular function, that influences the degree of postischaemic vasodilatation(12).
Endothelium-dependent FMD has been shown to be a homeostatic response to short-term increases in local shear-stress, which is
known to be critically dependent on the magnitude of the imposed stimulus (13), and status of the distal forearm microcirculation

(14).

Quantification of Doppler flow velocity waveforms have been employed for the prediction of adverse cardiovascular outcomes, and
in the identification of altered downstream haemodynamics and vascular damage in a number of organ beds including the kidney
(15), eye (16), heart (17) and placenta (18). Previous observations from our own and other groups have demonstrated the utility of
arterial waveform analysis in detecting dynamic alteration in microvascular haemodynamics and in tracking nitric oxide mediated
change in smooth muscle tone (19;20). In this study we explored the determinants of FMD in relation to evoked shear stress and
microvascular function, by employing novel analysis of peripheral Doppler flow velocity waveforms. We speculated that subclinical
forearm microcirculatory dysfunction could potentially impact on evoked shear stress and the magnitude of FMD response in an

otherwise uncomplicated cohort of patients with type 1 DM.
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Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.
© 2011 The Authors Journal compilation © 2011 Portland Press Limited



Clinical Science Immediate Publication. Published on 23 Feb 2011 as manuscript CS20100448

Clinical

Methods

1. Participants

This parallel group case-control study included 40 patients with uncomplicated type 1 diabetes, and 32 age and sex matched
controls. All subjects underwent a full history and examination including an electrocardiogram prior to entering the trial. Patients
were recruited by advertisement through the diabetic clinic at the Belfast City Hospital. Patients were eligible for the study if they
were in stable control of their diabetes with glycated hemoglobin (HBA1C) between 6.5 and 10%. Subjects were excluded with any
history of overt cardiovascular disease, retinopathy, microalbuminuria, or hypertension. Subjects on ACE inhibitors at the time of
study stopped the medication for 5 days prior to and including the day of study. No patients were taking other vasoactive
medications at the time of study including beta-blocking agents, angiotensin receptor blocking agents or calcium channel
antagonists. Written informed consent was obtained from all subjects. The study was performed in accordance with the Declaration

of Helsinki (2000) and was approved by the local office for research ethics committee Northern Ireland.

2. Subject Monitoring

Heart rate was monitored continuously throughout each study via three lead ECG. Blood pressure was measured continuously

via arterial tonometry (model CR-2000, Hypertension Diagnostics Inc. USA.)

3. Procedure

All studies were performed in the early morning in a quiet, temperature controlled room. All subjects fasted overnight and
refrained from consuming alcohol, tobacco or caffeine for 12 hours prior to testing. Diabetic subjects did not take their usual
morning insulin dose until the study was completed. We employed B-mode and Doppler ultrasound to interrogate the brachial
artery using a Philips HDI-3500 ultrasound system, and according to previously published and validated protocol guidelines (21). The
same operator performed color Doppler ultrasound examinations, with a 12.5 MHz linear array probe being used to locate and

interrogate flow velocity profiles in the right brachial artery.

Subject positioning, ultrasound technigue, and arterial vessel location were standardized for all participants. Subjects were
studied supine with their head comfortably supported on a pillow and maintained fixation of the right forearm using a custom built
stereotactic clamp with micrometer adjustment. Ultrasound image quality was optimized and the machine settings were kept
constant for the remainder of the entire examination. Pulsed Doppler recordings of flow velocity were made using a standard gate
size of 1.5mm with the Doppler angle maintained under 70 degrees as previously described. The cuff of a semi-automatic
sphygmomanometer was placed on the subject’s right arm a standardized distance distal to the site of measurement and was
inflated to 50mmHg above systolic pressure for the duration of the ischaemic stimulus (5 minutes). Following cuff deflation and the

recording of 15 pulsed Doppler waveforms; brachial artery dilatation was recorded for 5 minutes.

THIS IS NOT THE VERSION OF RECORD - see doi:10.1042/CS20100448

Sublingual Glyceryl Trinitrate (GTN) at a dose of 300ug was then administered and wall tracking performed for a further 5
minutes. FMD and vasodilatation in response to the administration of GTN was calculated using an automated online vessel edge
detection program, which detects and tracks the anterior and posterior walls within a user defined region of interest. The diameter
is computed by determining the average of a large number of local vessel diameters. The ultrasound system was connected to a pc
equipped with a frame grabber and artificial neural network (Vessel Image Analysis®)(22).

The B mode images were processed at 25 frame/sec, and the vessel diameter, including diameter changes over the cardiac

cycle, was displayed in real time. Crucially this permitted micrometer adjustment of the probe throughout the entire study in order
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to minimize any deviation from the original vessel location, and to optimize vessel tracking. Each subject’s ECG trace was recorded
in parallel to the brachial artery blood flow velocity measurement. FMD (Endothelium-dependent vasodilatation) was expressed as a
percentage increase of the vessel wall from baseline diameter, following reactive hyperemia. Endothelium-independent
vasodilatation was expressed as a percentage increase of the vessel wall from baseline diameter, following the administration of

GTN.

4. Brachial Arterial Compliance and Distensibility

Using the customized Vessel Image Analysis® software, changes in measures of local brachial artery stiffness (i.e. stiffness and
elastic modulus) were recorded. Typically a cardiac cycle recovered with noise level below approximately 25% for baseline data
sections of about 2 minutes will resulted measurement errors of approximately 10% (95% confidence) for B stiffness and elastic
modulus and approximately 20% for compliance and distensibility, with progressively lower errors as noise decreases. Compliance
and elastic modulus (N/cm2) were calculated using formulae as previously described (23). Local brachial artery mechanical indices

are presented in table 4.

5. Intra-Observer Variability of Flow-Mediated Dilatation

Evaluation of the coefficient of variation (CV) of the relevant vascular measures associated with the measurement of Flow-
Mediated Dilatation (FMD) were obtained from members of staff in the department, studied on five separate occasions (table 1).
The CV was calculated for the baseline and post-ischaemic brachial artery diameters; as well as the % FMD. In addition the CV was
calculated for the baseline Peak systolic Velocity (PSV) values, the hyperemic PSV values, the baseline Mean Diastolic Velocity (EDV)
values, the Resistive Index (RI), and also the diastolic shear stress (DSS). Finally the CV was calculated for wavelet interrogation of

the 2™ waveform post cuff-release obtained via waveform analysis (see table 1).

6. Forearm cuff inflation and flow velocity waveform structure

While it is accepted the 5-minute period of forearm ischaemia is the major stimulus that alters downstream microvascular
haemodynamics it was important to ensure that the manouvre of cuff inflation itself did not influence cardiac output, and thus flow
into the forearm vascular bed. In a series of experiments Doppler flow waveforms were acquired from the left brachial artery during
cuff inflation and release on'the right forearm for 10 healthy subjects. No change in flow velocity measures or waveshape structure
was produced by this manouvre between any pair of cycles independent of their separation in time. This indicates that a change in
the flow waveform characteristics recorded from the brachial artery under investigation is due entirely to the altered downstream

haemodynamics produced by forearm ischemia.

THIS IS NOT THE VERSION OF RECORD - see doi:10.1042/CS20100448

7. Caleulation of Postischaemic Diastolic Shear Stress (DSS)

DSS was derived using the formula (mean diastolic velocity x 8 x blood viscosity)/baseline brachial artery diameter (24). Post
ischaemic Doppler velocity spectral envelopes (n=15 for each patient) were recorded and stored. The spectral velocity waveform

envelopes were digitized at 100 Hz, low-passed filtered at 20Hz, and stored onto a networked personal laptop (Dell Latitude D820)
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and analyzed offline using HDI Laboratory (ATL; Advanced Technologies Laboratories; Philips Ultrasound; Bothell, Washington).
Using this customized software the mean end-diastolic velocity was extracted for each pulse and the average of 15 pulse waveforms

was recorded. This was entered into the formulae above in order to derive an estimate of DSS.

8. Spectral Analysis of Flow Velocity Waveforms

Several parameters (resistive, and pulsatility indices) can be calculated during the cardiac cycle on the basis of the shape of the
Doppler waveform recorded at various sites in the circulation. The resistive index is derived from single inflection points describing
the excursions of flow during the cardiac cycle that encompasses less than 2% of data contained in the flow velocity envelope. This
index therefore has limited ability to identify change in the flow waveform structure indicative of functional change in the

vasculature.

Frequency domain analysis has traditionally focused on the use of Fourier techniques (e.g. Short Time Fourier Transform (STFT)),
but this approach is inapplicable in cases where the signal is time-variant, as observed in the FMD response. We therefore employed
the discrete wavelet transform (DWT), a time-frequency signal analysis method, in order to quantify changes in waveform structure
in response to the ischaemic stimulus in the forearm. The time and frequency resolutions of the wavelet transform are not fixed;
time resolution improves at higher frequencies, while frequency resolution improves at lower frequencies. This facilitates accurate
deconstruction of a large-bandwidth, time-variant signal into time and frequency domains. The superiority of the wavelet analysis
technique compared with the traditional Fourier approach in resolving the range of frequencies contained in the flow velocity

waveforms is shown in figure 1.

The DWT is a fast implementation of the wavelet transform that decomposes the signal into discrete, dyadic frequency bands.
The mathematical detail employed in the DWT has been described at length elsewhere and is beyond the scope of this paper (25).
The output comprises a number of signals, one for each frequency band, whose sum is equal to the original signal. From these

banded signals, the spectral distribution of power inthe signal can be determined.

9.  Statistical Analysis

Statistical analysis was performed using the Statistical Package for the Social Sciences software (SPSS version 15). The day-to-
day coefficient of variation for FMD in our laboratory is 3.8%; therefore 30 type | diabetic patients and 30 controls provide 90%
power to detect a statistically significant (p<0.05; two tailed) difference in mean between groups, of size equal to three quarters of a
standard deviation. Descriptive variables are presented as mean + standard deviation and compared using the independent samples
t-test. Non-parametric tests were employed as appropriate, and differences tested with the Mann-Whitney U-test. Statistical
significance was set at p<0.05. Co-variate analysis was applied to each potential confounder outcome measure in turn via univariate

general linear models (analysis of covariance) in SPSS.

THIS IS NOT THE VERSION OF RECORD - see doi:10.1042/CS20100448
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Results

We studied 40 patients with uncomplicated type 1 diabetes mellitus and 32 controls. The study sample characteristics are
presented in table 2. The groups were well matched with respect to age, sex and body mass index. The mean age of the type 1
diabetic subjects was 40 +/- 12 years. The mean duration from diagnosis of diabetes was 19 +/- 11.8 years. All patients had yearly
retinal photography as part of a retinal-screening programme, and no individual has greater than grade 1 retinopathy. All diabetic
patients were receiving insulin therapy in the form of evening dose long-acting preparation, and short-acting preparation with
meals. The average total insulin dose was 51 U +/- 14. There were no significant differences between groups with respect to prior
cardiovascular events or family history of overt CVD. More patients smoked but had a more favorable lipid profile probably
reflecting the fact that more patients were taking statin therapy. 5 type 1 DM patients were taking ACE-inhibitor therapy, indicated
for optimal blood pressure control and 11 were taking aspirin. The ACR was significantly higher in those with diabetes but remained
within the normal range. Mean HbA1C was 8.1% +/- 1.2 in patients compared with 5.2 +/- 0.2 in controls (p<0.01). Patients had a

higher systolic blood pressure (125 +/-14.2 vs. 118 +/- 14.7; p=0.04) although all values were within optimal blood pressure range.

Physiological parameters measured are presented in table 3. There was no difference in baseline brachial artery diameter
between the groups (4.15 vs. 3.91, p=0.181). FMD (%) was significantly impaired in patients with type 1 diabetes (mean 3.95 vs.
mean 8.20, p<0.001). Endothelium-independent dilatation (%) in response to glyceryl trinitrate (GTN) was also significantly impaired

(mean 12.07 vs. 20.86, p<0.001) in patients with type 1 diabetes.

No differences in any measure of local brachial artery mechanical properties were evident between groups (table 4). DSS
(dyne/cm?) was significantly reduced in patients with type 1 diabetes (mean 20.19 vs. 29.41, p=0.001). There was no significant
difference in the resistive index (RI) post-cuff deflation, representative of change in downstream vascular resistance, between
groups. However, wavelet analysis of normalized time-averaged signals post-cuff release revealed significant variations in power
spectra (P<0.05) (frequency bands 3 and 4) of flow velocity waveform structure between patients and control subjects (table 5).
Figures 2 and 3 show representative sample of the flow waveform structure post-cuff release that demonstrates no visible change in

resistive index but clear differences in waveshape quantified by differences in the discrete frequency bands.

Table 6 demonstrates the effect of adjusting % FMD between patients and controls, for various haemodynamic indices, including
baseline diameter, % dilatation in response to GTN, DSS and the resistive index (Rl). Table (a) shows effect on haemodynamic indices;
table (b) effect on frequency content of the 2" brachial flow waveform. Baseline diameter, % dilatation in response to GTN, and DSS
are all implicated in governing the FMD response. Adjusting for these parameters also renders the frequency changes previously

described in bands 3, 4 and 11, non-significant.

A number of subject characteristics exhibited significant differences between control and patient groups, and therefore had the

potential to act as confounders with respect to the outcomes. Those characteristics deemed to be an effect of the disease or parts of

THIS IS NOT THE VERSION OF RECORD - see doi:10.1042/CS20100448

the causal pathway, (e.g. HBA1C) were eliminated as candidates. Confounder analysis was then applied to each outcome measure in
turn with respect to the remaining candidate confounders via univariate general linear models (analysis of covariance) in SPSS. The
effect of adjusting the % dilatation comparison between those with type 1 diabetes and controls for potential confounders is
illustrated in table 7, and expressed as a difference in means for each variable adjustment carried out. The dependent variable and
main outcome measure of this study (%FMD), remains significantly different between groups despite following adjustment for several
potential confounder variables. Differences in frequency content of brachial flow waveforms between groups also remained

significant.
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Discussion

In this study we provide evidence for impaired endothelium-mediated vasodilatation, endothelium-independent vasodilatation,
decreased shear stress and microvascular dysfunction in the forearm circulation identified by morphological alteration in the flow velocity
waveform in patients with uncomplicated type 1 diabetes mellitus. These results provide first evidence that impaired FMD responses in
type 1 diabetes cannot be attributed solely to decreased brachial artery nitric oxide bioactivity but is a function, at least in part, of
downstream microvascular reactivity. The results support previous observations that demonstrate the potential importance of
microvascular abnormalities in patients exhibiting impaired brachial artery FMD and altered microvascular responses to a period of

forearm ischaemia (26).

Impaired endothelium-mediated vasodilatation occurs early in type 1 diabetes mellitus and can precede other markers of
atherosclerosis (27). The literature on endothelial function in diabetes is complex as endothelial dysfunction can be measured in a variety
of ways and in different vascular beds (28). The FMD response to an ischaemic stimulus has been traditionally viewed as reflecting local
brachial artery nitric oxide bioactivity and holds prognostic value for the prediction of the development of atherosclerosis (29). However,
the best metric for cardiovascular health and outcome has yet to be established with FMD, endothelium-independent vasodilatation and
baseline brachial artery diameter having been shown to relate to future cardiovascular risk (30). Furthermore, recent evidence indicates
that components of FMD, namely shear stress or reactive hyperaemia, can be more closely related to cardiovascular risk factors than FMD
(31). Ultimately it is microvascular function that controls blood flow and forearm microvascular dysfunction is associated with several

cardiovascular risk factors (32) and been shown to predict long term outcomes in patients with cardiovascular disease(33).

Vascular disease may have its origins in endothelial dysfunction that has a profound effect on microvascular beds were structural and
functional abnormalities often pre-date or accompany the earliest stages of the cardiovascular disease process (34). Maladaptive
remodeling of the microvasculature is a characteristic feature and primary driver promoting target organ damage in diabetes mellitus (35).
Microvascular dysfunction identified in target organs not only predicts further organ dysfunction but identifies an increased risk for future
macrovascular events (36). As remodeling of the microvascular represents one of the first manifestations of target organ damage and is a
dynamic process that is reversible, assessment and monitoring of this section of the vasculature may hold therapeutic and prognostic

significance also.

Microvascular dysfunction profoundly influences Doppler blood velocity flow patterns and the abnormal waveforms are highly
predictive of adverse clinical outcomes (37). The resistive index has traditionally been employed to mark the presence of a change in flow
waveshape of the Doppler waveform with disease and an elevated resistive index may not only predict future organ damage but is linked
to other markers of vascular damage and adverse clinical outcome (38). However, as a measure of downstream resistance in a vascular bed
we, and others, have shown the resistive index has significant limitations in identifying the effects of altered microvascular haemodynamics
in influencing the pattern of wave reflection and change in flow velocity waveshape (39). This is because the index is determined from
single inflection points on the waveform that fail to account for the bulk of wave reflection that becomes embedded in, and distorts the

morphology of, the incident wave over the duration of the cardiac cycle.

THIS IS NOT THE VERSION OF RECORD - see doi:10.1042/CS20100448

Temporal changes in Doppler blood flow velocity waveforms are under the influence of upstream (cardiac) and local factors in addition
to alteration in downstream haemodynamics (40) In this study the observed changes in forearm microvascular reactivity, tracked by
waveform analysis, reflect the dynamic downstream change in haemodynamics as forearm cuff inflation had no influence on brachial
artery flow waveform morphology. Forearm reactive hyperaemia is known to significantly alter arterial compliance and flow resistance of

the downstream microvasculature and these components interact to alter the shape of the Doppler flow velocity waveform (41).
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Brachial artery blood velocity and morphology of the flow velocity waveform after temporary limb ischaemia is therefore a function of
the magnitude of downstream vascular impedance, or total opposition to blood flow (42). The wavelet technique permits quantification (as
seen in frequency bands 3 and 4-table 5) of the beat-to-beat change in the flow waveshape produced by changes in magnitude and timing
of wave reflection with the signature becoming superimposed on the incident flow waveform recorded at the measurement site in the

brachial artery.

Brachial artery dilatation measured in response to sublingually administered GTN was impaired in patients compared with control
subjects. This endothelium-independent response reflects arterial smooth muscle function (43) and can be impaired in asymptomatic
subjects with coronary risk factors (44) and in the presence of cardiovascular disease (45). It is not generally appreciated an impaired
smooth muscle vasodilator response to GTN has been previously described in adults and children with type 1 diabetes mellitus; a finding

that could have important therapeutic implications in this patient group (46).

We previously provided evidence for impaired endothelium-independent responses in patients with type 2 diabetes mellitus and
proposed increased oxidative stress associated with the diabetic state may impair the biochemical conversion process of organic nitrates to
NO (47). In type 1 diabetes impaired smooth muscle function has been previously associated with the degree of hyperglycemia (48;49).
However, following covariate analysis, we found %FMD remained significantly different between groups despite observed differences in
heart rate, cholesterol and blood pressure parameters. Differences in frequency content of brachial flow waveforms between groups also
remained significant. Importantly, changes in measures of local brachial artery stiffness, which could physically limit dilatation of the
brachial artery and interfere with valid measurement of FMD and endothelium-independent vasodilatation, were similar between groups
and cannot account for these findings (50). However the design of the present study does not permit us to directly determine the relative
importance of impaired generation of endothelium-derived NO and the smooth muscle response to NO in contributing to the magnitude of

vasodilatation.

In conclusion, functional changes in the arterial wall in type 1 diabetes mellitus are not limited to the endothelium and a number of
factors interact to determine the magnitude of the FMD response that varies between individuals. The origins of FMD in type 1 diabetes
are complex and cannot be assumed to solely reflect brachial artery NO bioactivity. Focusing on change in blood flow patterns during
reactive hyperaemia holds potential to provide a more convenient and sensitive metric of blood vessel health than the more complex
measure of FMD. Skeletal muscle microcirculatory function is abnormal in diabetes mellitus and the abnormality can be detected and
tracked by novel analytical techniques that permit comprehensive quantification morphology of Doppler flow waveform. As
microcirculatory abnormalities occur early in association with cardiovascular risk factors, and are often reversible with treatment, this
approach provides additional information that may be valuable in the risk prediction and monitoring the effect of therapeutic

interventions.
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Legends to Figures:

Legend to figure 1: The DWT misattributes 8.4% of the total signal power, compared to 35% for the STFT. This illustrates that the DWT is

equipped to resolve the range of frequencies present in blood velocity waveforms while the STFT is not.

Legend to figure 2 and 3: representative samples of the flow waveform structure, post-cuff release, in both a healthy control (fig 2) and a
patient with type 1 diabetes (fig 3), that demonstrates no change in resistive index but clear differences in waveshape quantified by differences

in the discrete frequency bands.
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Table 1: Single Observer day-to-day variation in hemodynamic measures

Vascular Measure Mean Standard Deviation Coefficient of Variation (CV)
Brachial Artery Baseline Diameter (mm) 4.5 0.09 2.0
Brachial Artery Peak Diameter (mm) 4.7 0.09 19
Flow Mediated Dilatation (%) 4.4 0.2 5.4
Baseline Brachial Artery Peak Systolic Velocity (PSV) 121.2 23.6 19.4
Hyperemic Brachial Artery Peak Systolic Velocity (PSV) 185.3 30.6 16.5
Diastolic Shear Stress (DSS) 17.0 4.0 235
Resistive Index (RI) 0.85 0.02 18

[ce]
<
<
o . Ty
C‘_D| Table 2: Subject study Sample Characteristics
o
[V
%
]
(o]
<t Controls (n=32) Patients (n=40) p-value (t-test)
o
i Mean S.D. Mean S.D.
o
— Age(yrs) 40.4 12.3 40.0 12.0 0.89
© Height (m) 17 01 171 01 0.97
©
) Weight (Kg) 76.5 15.2 75.2 11.4 0.69
8 BMI 26.1 38 25.8 2.7 0.65
1

Surface Area 1.9 0.2 1.8 0.9 0.79
(@]
n: HBAIC (%) 52 0.2 8.1 12 0.01
8 Total Cholesterol(mmol/l) 5.0 08 43 0.8 0.01
H:J HDL Cholesterol(mmol/l) 1.4 0.3 1.8 0.5 0.01
L LDL Cholesterol(mmol/l) 29 0.7 21 0.6 0.01
(@) Triglycerides(mmol/l) 14 07 09 0.4 0.02
(Z) Ratio 3.6 1.3 23 0.9 0.01
(7) Creatinine(umol/l) 78.3 12.9 84.9 5.81 0.53
% Albumin Creatinine Ratio 0.3 0.3 0.76 0.61 0.01
> Homocysteine(mmol/l) 11.1 4.6 10.9 4.2 0.92
le:J Systolic BP (mmHg) 117.4 14.7 125.2 14.1 0.04
— Diastolic BP (mmHg) 66.5 11.4 71.5 9.6 0.05
5 Mean Arterial Pressure baseline 83.6 11.3 89.3 103 0.04
=z Heart Rate baseline 64.1 11.5 71.9 11.6 0.01
(92}
(92}
T (Values are means +/- SD unless stated)
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Table 3: Study physiological parameters and microcirculation haemodynamic indices

Controls (n=32) Patients (n=40) p-value (t-test)
Mean S.D. Mean S.D.
Baseline diameter (mm) 3.94 0.61 4.15 073 0.22
Baseline diameter (cm) 0.39 0.06 0.42 0.07 0.23
Peak diameter (mm) 4.25 0.65 4.31 0.75 0.71
% dilatation 7.75 4.23 3.95 1.94 0.01
Peak Diameter After GTN 4.64 0.71 4.76 0.66 0.52
% dilatation after GTN 18.77 6.34 12.07 557 0.01
Baseline systolic velocity (cm/sec) 127.36 30.34 120.27 23.27 0.33
© End Diastolic Velocity (cm/sec) 69.49 23.06 62.04 18.32 0.19
g Mean Diastolic Velocity (cm/sec) 39.44 15.87 28.95 10.07 0.01
8 Hyperaemic Sys. Velocity (cm/sec) 213.82 53.23 197.48 36.36 0.19
8 Difference in Systolic Velocity 86.46 39.22 77.21 30.56 0.33
% Diastolic Shear Stress 29.50 12.15 20.19 827 0.01
L\) Resistive Index 0.68 0.06 0.68 0.07 0.74
AN
<
o
i
o (Values are means +/- SD unless stated)
—
(@]
©
(&) Table 4: Local brachial artery mechanical indices
Q
(]
1
a = -
o0 Controls (n=32) Patients (n=40) p-value (t-test)
(@) Mean s.D. Mean s.D.
L Distensibility Index 0.0012 0.00057 0.0011 0.00058 0.91
D: Compliance Index 0.145 0.0086 0.161 0.0112 0.56
LL
O B-stiffness 24.41 1527 22.65 11.71 0.63
=2 Elastic Modulus (N/cm2) 21.78 13.42 21.91 12.03 0.97
2]
o
Lg (Values are means +/- SD unless stated)
L
I
|_
o
=z
%))
%))
I
|_
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Table 5: Differences in frequency content of the 2" brachial flow waveform between controls and type 1 diabetes, post cuff release

Frequency Band Natural Log transform of Amplitude in each frequency band (mean and 15D) t-test

(Hz) Controls Diabetics p-value
1 50-25 -5.24(0.39) -5.14 (0.38) 0.302
2 25-12.5 -4.47(0.24) -4.37 (0.24) 0.061
3 125-6.25 -3.61(0.33) -3.42 (0.38) 0.044
4 6.25-3.13 -2.76 (0.26) -2.54 (0.31) 0.008
5 3.13-1.56 -2.17(0.22) -2.06 (0.34) 0.104
6 1.56-0.78 -1.70(0.24) -1.72(0.42) 0.915
7 0.78-0.39 -3.34(0.76) -3.26 (0.92) 0.472
8 0.39-0.20 -2.94(0.63) -3.30(0.79) 0.053
9 0.20-0.10 -2.39(0.92) -2.40 (0.62) 0.432
10 0.10 -0.05 -2.29(0.64) -2.28 (0.99) 0.448
11 0.05 -0 -1.55(0.47) -1.75(0.37) 0.010

p value < 0.05

Table 6: Effect of adjusting the % Flow-Mediated Dilatation comparison between Patients with type 1 DM and controls, for forearm
baseline diameter, diastolic shear stress, % dilatation in response to GTN and the Resistive Index. Table (a) shows effect on

haemodynamic indices; table (b) effect on frequency content of the 2" brachial flow waveform

(a) Dependent Variable: Flow-Mediated Dilatation

Adjusted for Difference’in means (95% Confidence Intervals) P Value
Forearm baseline diameter (mm) 6,2(-14.8;27.1) 0.56
Peak diameter following GTN administration -5.8(-24.0; 12.5) 0.53
% Dilatation following GTN 0.57(-0.197; 1.3) 0.14
Diastolic Shear Stress -0.59 (-0.16; 0.04) 0.25
Resistive index (RI) -17.1(-31.2;-2.8) 0.02

(b) Frequency bands 3, 4and 11adjusted for Flow-Mediated Dilatation, Diastolic shear stress and % GTN response as covariates

THIS IS NOT THE VERSION OF RECORD - see doi:10.1042/CS20100448

Frequency Bands Log Transformed Difference in means (95% Confidence P Value
Intervals)
3 -0.1(-0.21; 0.12) 0.92
4 -.02 (-0.4; 0.08) 0.16
11 0.21(-0.1;0.52) 0.18
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Table 7: Effect of adjusting the % Flow-Mediated Dilatation comparison between Patients with type 1 DM and controls, for various

potential confounders

Dependent Variable: Flow-Mediated Dilatation

Adjusted for Difference in means (95% Confidence Intervals) P Value

Age -3.0(-4.3;-1.7) <0.001

Sex 3.8 (-5.4;-2.2) <0.001

Body Mass Index -3.8(-5.4;-2.2) <0.001

Smoker -3.7 (-5.4;-2.1) <0.001

ACE inhibitor -3.6 (-5.3;-2.0) <0.001

Statin 3.5 (-5.4-1.7) <0.001

Aspirin -3.3(-5.0;-1.6) <0.001
[ce]

<t Total Cholesterol -5.4 (-7.4;-3.4) <0.001

g Systolic Blood Pressure -4.1(-5.8;-2.4) <0.001

C‘_D' Diastolic Blood Pressure -4.3(-5.9;-2.7) <0.001

8 Heart Rate 3.8 (-5.6;-2.1) <0.001
3
]
AN
<
o
i
o
—
(@]
©
Q
Q
(]

1

(@]
o
L
o
LL
Z
2]
o
=
L
I
|_
o
Z
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