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on the foot, vidration perceplion was regarded as compromised. Autonomic function was evaluated by measuring the
coefficient of variation of the R-R interval (CVp, g ) during deep breathing monitorad on an elecirocardiogram. The patients
were also classified as current smokers or nonsmokers. Nonsmekers were defined as not having consumed tobaces for at
least the previous 3 years.

An MRI scanner at 1.5-Tesla (Signa Horizon-LX; CE Medical Systems, Milwaukee, W1, USA) was used at entry and at
endpoint of (he study for the following experimental protocols 2s previously described [22], Briefly, after at least 15 min of
rest, ell patients were evaluated in the supine position in @ temperature-controlied room al 25 —C. To set up the individual
flow analysis, the popliteal anery was depicted by 20 lime-of-flight magnetic resanance angiography. A single slice with 5-
mm thickness at the popiiteal artery was oriented perpendicular to the flow direction, and fiow data throughout the cardiac
cycle were obtained using 20-cine-PC MR! with B0-cm/s velocity encoding trigoered by peripheral gating. Heart rate was
manitored by peripheral gating, Flow data were analysed on an Advantage Windows version 3.1 workstation (GE Medical
Systems; Miwaukes, Wi, USA) 10 determine direction and veiceity through the cardiac cycle. The instantaneous flow
volumes at 18 equally spaced time poinls threugh the cardiac cycle were calcutated from the individual velocty images by
integrating the velocily across the area of the vessel. The resultant 16 fiow volumes allowed assessmenl of flow variations
during the cardiac cycle. Total flow volume was calculated from the integration of the waveform. A resistive index, which
associates with pesipheral vascular resistance to blood flow, has bean defined as (A-B)/A, where A is the systolic peak
goﬁym and B is the end-diastolic velocity, The resistive index was calculated from the 18 velocity images criginally
tained,

Statistical evaluation was performed on SPSS software version 11.0 for Windows (SPSS Inc,, Chicago, IL, USA).
Comparison between the two groups was performed using the unpaired student's t-tesl. Paired Ltest was used 1o compare
wo sets of paired cbservations. The chi-square test for two-by-two contingency tables was used to compare frequencies
betwean the groups. Simple linear regression analyses were performaed to clanty the associations among glycaemic control
and vasculer parameters, To investigate the clinical variables determining blood flow In lower-leg arteries, we performed
stepwise multiple regression analys's of the relation batween change per yaar in total flow volume and nine passible risk
factors for atheroscierosis (age, gender, duration of diabetes, smoking habit at entry and mean values of HBA, ., TC, HDL-C,
sBP, and dEP during the study} and three vascular parameters (change per year in ABI, baPWV and resistive index), three
parameters of diabelc micrcangiopathy (retinopathy, nephropathy and neuropathy at entry) and use of three medications
(insulin, statins and RAS inhibitors al entry) in diabetic patients. The F value was set at 4.0 at each step. Values are
expressed as means 7 SD. P values less than 0,05 were considered to be stalistically significant.

Results

EEEEEHER

All subjects at baseline

Ciinical characleristics and vascular parameters of all subjects at entry are summarized in Table 1. There were no significant
differances batween diabetic patients and nondiabetic subjects in prevalence of male gender, age, body mass index (BM1),
TC, ¢BP, smoking status, or ABI, However, the diabetic patients had higher HBA, (p < 0.0001), sBP (p = 0.0008), and
baPWV (p < 0.0001) and lower HOL-C (p = 0.0338) and CVg.n (o < 0.0001) than those of the nondiabetic subjects. Arterial

waveforms at baseline are shown in Figure 1. Nondiabetic subjects (Figurs 1A) showed a typically triphasic waveform,

which was clearly separated inlo systolic, early diastolic, and late diastolic phases during the cardiac cycle. However, the
diabetic patients (Figure 1B) showed a lower late diastalic fiow component than that in the nondiabelic sublects, Quantitatve
blood flow measurements showed no significant differences in heart rate, systolic forward fiow, and early diastolic flow
reversal between the groups. However, compared with those in nondiabetic subjects, diabelic patienis had a higher resistve
index (p < 0.0001) and lower 1otal (p = 0.0044) and late diastolic (p < 0.0001) flow volumes.

14
g

£ et Figure 1. Arterial waveforms at the popliteal artery in nondiabetic subjects
(A) and diabetic patlents with normal ankle-brachial Index (B) at basoline
9 | - are shown. Instantaneous flow volumes at 16 equally spaced time points
y4 through the cardiac cycle are reconstructed. Data are means 7 SD
- =l =  [Normal View 11K | Magnified View 29K])

Table 1. Clinical characteristics and vascular paramoters in all
subjects at baseline

Nondiabetic Diabetic

Group Number subjects 38 patients 45 p-value
Male gender (%) 15 (50.0) 22 (48.9) >08559
Age (years) 5647 5.4 587765 08858
BMI tﬂsirﬂzl 21717 230748 07438
Durstion of diabetes - 1437838 .
(years)
Treatment - 118728 -
(dietOHO/insulin)

<0.0001
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HoA, . (%) 47705 82710
TC (mmaid) 48527058 4847087 06192
HOL-C (mmoiiL.) 1447043 1267035 0.0338
Statins (%) - 18 (40.0) -
Blood pressure (mmHg)

Systolic 12277 132717  0.0008

Diastolic %77 72710 0.1008
ACEl or ARB (%) - 22 (48.9) -
Smokers (%) 15 (38.5) 17(37.8) =0.9989
Retinopathy (%) = 23 (51.1) -
Migro- and - 18 (40.0) .
macroalbuminuria (%)
Neurcpsthy (%) - 20 (44.4) -
CVR_a (%) 3317 1.07 2287 1.02 <0.0001
ABI 1127 0.08 1137007 04280
baPWV (omis) 1207 7 112 1891 7 317 <0.0001
Heart rate (bpm) 7MTe 70710 0.7639
Fiow volume (mU/min)

Tetal 2027178 7727220 0.0044

Syslalic B45T 158 8267180 08171

Early diastolic 108776 -13.17106 02876

Lale diastolic 167765 77783 <0.0001
Resistive index 0.871 7 0.024 10137 <0.0001

0.039

Data are exprossed as n (%) or means P SD. OHD, oral
hypoglycaemic drug.

Risk factors

To clarify the risk factors for impzired peripheral sirculation in lower-leg arteries in diabetio patients, clinical charecteristics
and vascuiar parameters at enlry and el endpoint were compared, as shown in Teble 2. At endpeint, 25 of the 45 {56%)
disbetic patients showed decreased blood flow, and the remaining diabetic patients showed increased bleod flow compared
to baseline, resulting in similar biood flow at entry and engpoint. There were no significant differences in patients taking
insulin, TC, HDL-C, statins, sBP, dBP, ACEl or ARB, prevalence of smokers, retinopathy. micro- and macroalbuminuria, or
neuropathy. CVp o, ABI, heart rate or resistive index betwean eniry and endpoint. However, al endpoint, BM! (p = 0.0108)
and baPWV (p = 0.0464) were higher and HbA,_ (o = 0,0057) was lower than al baseline. To investigate the clinical
variables determining blood fiow in the lower-leg aneries, we performed stepwise multiple re ion analys:s of the relation
belween change per year in totai fiow volume and nine possible risk factors for atherosc (age, gender, duration of
diabetes, smoking habit at entry and mean values of HbA, . TC, HDL-C, sBP. and dBP during the study) and three vascular
parameters (Change per year in ABI, baPWV and resistive index), three parameters of diabelic microangiopathy
{retinapathy, nephropathy and neuropathy at entry) and three medications (insulin, statins and RAS inhibiters at entry) in
diabetic patients. Duration of diabetes at entry (§ value = -0.183; F value = 4.281), mean values of HbA,, during the study (
P value = -5.083; F value = 22.072), use of RAS inhibitcrs at eniry (B value = 4.802; F value = 8.413) and change per ysar
in resistive incex (B value = -348.777; F value = 28.844) were identified as significant independent varables determining
change per year in bloed flow (7 = 0.733, p < 0.0001) in diabetic patients,

Table 2. Clinical characteristics and vascular parameters in
diabetic patients at entry and at endpoint

Atentry Atendpoint p-value

BN (kg/m?) 230748 242732 00108
Treatment (dieVOHD/insulin)  1/16/28 01035 02057
HbA._ (%) 82709 76708 0.0057
TC {mmoll) 4847086 4987070 0.2352
HDL-C (mmal/L) 1267035 1277033 0.6994
Statins (%) 18(400) 21(46.7) 06705

Blood pressure {(mmHg)
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Systolic 132717 135716 03822

Diastolic 7371C 71711 (4465
ACEl or ARB (%) 22(48.9) 23(51.1) =>0.9999
Stokers (%) 17(37.8) 14(31.1) 08573
Relincpathy (%) 23(51.1) 29(s44) (.2858
&t’m- and macrcabuminuia 18(40.0) 25(556) 02055
Neuropathy (%) 20(444) 23(511) 06730
CVag (%) 2287101 2427114 03459
ABI 1137007 1.157000 0.1179
baPWV (emis) 15917 314 17887 315 0.0464
Heart rate (bpm) 70710 72711 04800
Flow volume (mUmin)

Total 77.2721.7 B217205 03221

Systolic 8267178 8837253 0.1510

Early diastolic -13.17104 125796 09085

Late diastolic 77782 67787 0.4551
Resistive index 1.0137r 10137 05857

0.039 0.045

Data are expressed as n (%) or means 7 SD. OHD, oral
hypoglycaemic drugs.

Peripheral circulation

Nl N

To clarify the associations among vascular parameters, simple linear regression analyses were parformed as shown in
Figure 2. Change per year in lotal flow voluma was negatively comrelated with those in both baPWy/ (p = 0.00001) (Figure
2A) and resistive index (p < 0.0001) (Figure 28), Furthermore, changes per year in baPVW\ and resistive index were
positively correlated with each other (g = 0.0004) (Figure 2C). To clarify the associalions of glycaemic contral with vascular
parameters, simple linear regression analyses were performed as shown in Figures 3 and 4. Change from baseline to
endpoint in HbA,u level was positively correlated with those in baPWV (p = 0.0067) (Figure 2A) and resistive index o=

£.0013) (Figure 2B) and negatively with that in tolal flow volume (o = 0.0008) (Figure 3C), Mean HbA, during the study was

positively comrelated with changes per year in both baPWV {(p = 0.0022) (Figure 4A) and resistive index (p = 0.0014) (Figure
4B) and negatively with that in total flow volume (p < 0.0001) (Figure 4C). The point where the line crosses the x-axis of
mean HbA,, during the study was 7.2% for baPWV, 7.3% for resistive index, and 7.8% for total flow volume, respectively.

Figure 2. Simple linear regression analyses among changes per ygarin
total flow volume, brachial-ankle pulse wave velocity(baPWV) and
resistive index in diabetic patients with normal ankle-brachial Index. A:
total flow volume versus baPWV; B: total flow volume versus resistive
index; C: baPWV versus resistive index

[Normal View 14K | Magnified View 43K)

| 8, §oa. @ Figure 3. Simple linear regression analyses between change from

® i-%b.  baseline to endpolnt in HbA,, and brachial-ankle pulse wave velocily
T We= =S (baPWV) (A), resistive index (B) and total flow velume (C) in diabotic
patients with normal ankie-brachia! index
[Normal View 15K | Magnified View 43K]

Figure 4, Simple linoar regression analyses of the assoclation of mean

Ej .‘, i:.:r.t ., 13 HbA,_ during the study and changes per year in brachial-ankie pulse
= RE ST yave velocily (baPWV) (A), rosistive index (8) and total flow volume (C)
among diabetic patients with normal ankle-brachial index
[Normal View 14K | Magnified View 39K)
Discussion
EEEEEEE

Consistent with our previcus repart [4], diabetic patients with narmal ABI have higher anterial stifiness, grester peripheral
vascular resistance, and lower total and late diastolic flow volumes in lower-leg anteries than those in nonaiabetic subjects.
Blood flow is negatively corrslated with arterial stifiness and peripheral vascular resistance in diabefic patients. These
fesults suggaest that higher atterial stifiness and greater peripharal vascular resistance contribute i the insufficient biood
flow in lower-leg arteries in diabetic patients even without PAOD. Measurement of transcutaneous oxygen tension at dorsal

bttp://www3.interscience. wiley.com/cgi-bin/fulltext/122294538/main.html, ftx_abs
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fool reflects biood Now in lower extremities, and is used o assess limb ischaemia in diabetic patients. As we reporied
previously (22], when the diagnostic criterion for critical imb ischaemia in diabetic patients with transcutaneous oxygen
tension of <50 mmMg at dorsal fool is usad [23], 27% of diabetic patients have ischaemic limb even though they heve no
PAOD. There are important differences between elastic and muscular arteries, but arterial distensisility is impaired in both
types in diabelic patients [24}[25). Endothelial dysfunction (5], gradual accumulation of advanced glycation end products in
the vessel wall [6), increased intima-media thickness [7)[8]. and vascular calcification [9][10] are responsible for the
development of aderial rigidity in diabelic patients. Large sneries including the acrta and its major branches are
characierized Ly the elastic properties of the vessel wall, and act as biood supply reservoirs as well as camying vessels [26].
VWhen arterial elasticity is decreasad, less blood can be stored in these arferies, resulling in a decrease in late diastolic fiow
volume. - the medium- and small-caliber aneries and arterioles, which have vascular smoolh muscles in the
vessel wall, act as resistance vessels regulating biood fiow to the capiliaries [268]. Biopsy specimen from subcutaneous fat
reveals that diabetic patients have greater peripheral vascular resistance due to endothelial dysfunction [11] er structural
alteration (12] in small resistance aneries.

In this study at endpoint, 56% of digbetic patients showed decraased bicad flow, and the remaining diabelic patients showed
increased bloed fiow compared to baseline, resuling in similar blood flows at entry and at endpoinl. Stepwise multiple
regression analysis revealed that duration of diabetes, glycaemic control, use of ACE| or ARB and peripheral vascular
resistance are independent variables datermining blood fiow in the lower-ieg aneries in diabetic patients. Higher arterial
stiffness, greater peripheral vascular resistance, and lower blood fiow in lower-leg arteries were associated with mean
values of HbA,, during the study in diabetic patients. These results indicate thal icng-term exposure to hyperglycaemia

impzirs blood flow In lower-leg arlerles in diabetic patients without PAOD. The points where Ihe lines cross the x-axis of
mean HbA, during the sludy for arterial stiffness, peripheral vascular resistance, and blood fiow in lower-leg arterias ranged

from 7.2% to 7.8%, and these values are higher than the recommended glycaemic goal for HbA,_ level less than 7.0% [20].

Use of statins, ACEI or ARB ameliorates endothelal function in diabetic patients [16-18], while some studies suggest no
effect of treatment with stating on endothelial function In diabetic patieats [27)[28). Insulin stimulates synthesis of endothelial
vasodilators and improves arterial function by decreasing large artery stiffness and incraasing vasodilation of small
resistance anteries [29), but these effects are attenuatec in diabetic patients [30]. These results suggest that administratien
ef ACEI or ARB might protect blood flow in lower-leg arteries against long-ierm hyperglycaemia and coniribute 1o higher
HBA, than the recommended glycaemic goal.

Among the limitations of this study, our treatment goals were higher than the recommended target goal of HbA, . level less
than 7.0%. Thus, adminisrration of ACE| or ARB may have beneficial effects 1o protect biood flow in lower-leg arleries
against long-term hyperglyeaamia in diabetic patients. In addition, our blood sampling data include both overnight fasting
and postprandial following occasional episodes of hypoglycasmia.

In conclusion, although our study is a retrospective study design, we have demonsirated for the first time that higher arterial
stiffness, greater peripharal vascular resistance and lower blood fiow in lower-leg arleries are asscciated with iong-term
hyperglycaemia in type 2 diabetic patients even without PAQD. Benefits of improved glycaemic control on blood flow in
lower-leg arteries were observed at HbA, . level less than 7.0%. Thus, our data suppont a recommended glycaemic goal for

HbA,_ level less than 7.0%. with additional treatment suggested for individuals with HoA,  level greater than 8.0%.
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Figure 1. Arterial waveforms at the popliteal artery in nondiabetic subjects (A) and diabetic patients with

norma! ankle-brachial index (B) &t baseline are shown, Instantaneous flow volumes at 16 equally spaced
time points through the eardiac cycle are reconstructed, Data are means 7 SD
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Figure 2. Simple linear regression analyses among changes per year in total flow volume, brachial-ankle pulse wave
velocity(baPWV) and resistive index in diabetic patients with normal ankle-brachial index. A: total flow volume versus
baPWV; B: total flow volume versus resistive index; C: baPWV versuy resistive index
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ABSTRACT

Electronic Support System for Physicians’ Cooperation in Gifu Prefectural
Medical Association.

Mayumi Yamamoto'*®, Yasuhiko Kawade®”, Rieko Totani*®, Jun Takeda®*®,
Takao Umemoto**®, Yasutomi Kinosada'*®

Gifu Prefectural Conrefence for Promotion of Diabetes Control has been founded in, 2006 according
to the Japanese Congress for Diabetes Control and Promotion. The conference is composed of Gifu
Prefectual Medical Association, Japan Diabetes Society, Japan Association for Diabetes Education
and Care (JADEC), Gifu City, Gifu Pref. and other all associations of medical professionals.
Principal aims of the conference are prevention of the onset of diabetes and quality improvement
of diabetes medical services. To support the program, we produced electronic support system for
physicians' cooperation in diabetes medicine experimentally. The electronic support system which
has the functions ; keeping patients’ record on various information such as change of body weight,
blood glucose control levels, status of complications, and details of medications. All the members
of Gifu Prefectural Medical Association can access the system and import/export the patient's data
through internet between clinics and hospitals or specialists. Although the system is on a trial basis,
it has a potential power to help and promote the quality of diabetic medicine.

Key words : physicians' cooperation, electronic support system, VPN intranet, diabetes care
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