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Lipo-Prostaglandin E; Improves Heart Rate Variability
in Patients with Type 2 Diabetes Mellitus
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Abstract: The effect of lipo-prostaglandin E; on heart rate variability (HRV) was investigated in 30
hospitalized patients with type 2 diabetes mellitus. After evaluating HRV, patients were divided into
Control and Treatment groups. The Control group received the continuation of glycemic control,
while the Treatment group received an infusion of 10 ug lipo-prostaglandin E;/day for seven days in
addition to glycemic control. HRV was re-evaluated seven days after the first examination in both
groups. The parameters are ; 1) time domain indices consisting of standard deviation of all normal
R-R intervals, standard deviation of the means of all 5-min segments of normal R-R intervals, mean of
the standard deviation of all normal R-R intervals for all 5-min segments ; 2) frequency domain
indices consisting of very low frequency power, low frequency power, high frequency power and total
frequency power. There was no significant change in HRV indices between the two examinations in
the Control group, whereas there was a significant increase in seven HRV indices between the two
examinations in the Treatment group. The present study suggests that lipo-prostaglandin E,;
improves autonomic function in patients with type 2 diabetes mellitus.
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INTRODUCTION

Among chronic complications of diabetes
mellitus, neuropathy is the most prevalent one.
It is manifested as a wide variety of clinical
symptoms and/or signs ranging from sensori-
motor peripheral neuropathy of the extremities
to autonomic neuropathy?. Development of
autonomic neuropathy in diabetic patients can

2% Several tests

be particularly life threatening
have been developed to evaluate autonomic
nerve functions?. These tests are designed to

measure changes in heart rate induced by stan-
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dard stimuli, such as deep respiration, postural
changes, the Valsalva Maneuver, etc. However,
since many of these tests were not reproducible
and reliable, spontaneous fluctuations of R-R
intervals of electrocardiogram (ECG) over 24-
hr® was also analyzed as a means of evaluating
autonomic neuropathy. Akselrod et al. intro-
duced a spectral analysis of variations of R-R
interval of ECG, which allowed to evaluate the
interactions between parasympathetic and sym-
pathetic nervous system®
of heart rate variability (HRV) based on 24-hr

ECG turned out to be a useful method™? for

. This spectral analysis

evaluating autonomic neuropathy. A decrease in
HRYV is considered to reflect autonomic neu-

ropathy with poor prognosis in diabetic
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patients**®. However, the treatment of diabetic
autonomic neuropathy has not been estab-
lished. We previously reported that an infusion
of prostaglandin E,-aCD (PGE,-aCD) for four
weeks improves subjective symptoms and vibra-
tory threshold (VT) of patients with diabetic

peripheral neuropathy'

. We also reported that
lipo-PGE,, which is an encapsulated form of
PGE, in lipid microspheres, ameliorates VT and
subjective symptoms in patients with diabetic
neuropathy'®. We speculated that agents like
lipo-PGE; may also ameliorate diabetic auto-
nomic neuropathy. We therefore designed a
clinical study to investigate the effect of lipo-
PGE; on HRV by time and spectral analyses,
which strongly correlate with each other when
measured over 24-hr period'”, in patients with

type 2 diabetes mellitus.

SUBJECTS AND METHODS
Subjects The present study was performed
according to the principles of the Declaration
of Helsinki, and full informed consent was
obtained from all participants before the study.
The Ethical Committee of Yamanashi Medical
University approved the study design. All
patients were diagnosed as having type 2 dia-
betes mellitus according to the World Health
Organization criteria'®.

Patients with symptoms of sensorimotor
peripheral neuropathy were hospitalized for the
treatment of neuropathy and recruited to the
present clinical study. However, those with neu-
ropathy due to toxic, cancerous or metabolic
causes other than diabetes mellitus were exclud-
ed from the study. Those who were taking
agents, such as vitamins By, Bs, Big, E, herbal
medicines, other prostanoids, cilostazol, antide-
pressants, or tranquilizers were also excluded

from the study. Finally, 30 patients were recruit-

ed for the present study, and numbered in the
order of admission for individualization. Those
with odd and even numbers were divided into
Control and Treatment groups, respectively.
However the last two patients were included in
the Treatment group to minimize potential
effects of background characteristics such as
age, sex, known duration of diabetes mellitus
and the severity of other microangiopathy
between the two groups. Therefore, the Control
and the Treatment groups consisted of 14 and
16 patients, respectively.

Study design  HRV was examined in all patients
after two weeks of hospitalization (1st examina-
tion). Patients in the Control group received
the continuation of glycemic control, while
patients in the Treatment group received an
infusion of 10 pg of lipo-PGE; (Palux”: Taishou
Pharmaceutical Co., Tokyo, Japan) /day for
seven days in addition to the continuation of
glycemic control, and HRV was re-examined
seven days after the initial examination in both
groups (2nd examination).

Evaluation of HRV Twenty-four-hr ECG was
recorded, and time and spectral analyses were
performed using a Model 563K1 Holter Analysis
System (Del Mar Avionics, California, USA).
Ectopic beats were automatically removed and
further edited manually by an expert cardiolo-
gist. The total maximal ratio of excluded
ectopic beats was 3 I . The analyzed parameters
were ; 1) time-domain indices over 24-hr record-
ings consisting of standard deviation (SD) of all
normal R-R intervals (SDNN), SD to mean ratio
in 0 of all normal R-R intervals (CVNN), SD of
the means of all 5-min segments of normal R-R
intervals (SDANN), mean of the SD of all nor-
mal R-R intervals for all 5-min segments
(SDNNIDX), the square root of the mean of
the sum of the squares of differences between

adjacent normal R-R intervals (rMSSD) and [
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of difference between adjacent normal R-R
intervals that are greater than 50 msec
(pNN50); 2) powers of frequency-domain
indices consisting of very low frequency (VLF)
(0.017-0.05 Hz), low frequency (LF) (0.05-
0.15Hz), high frequency (HF) (0.15-0.5 Hz),
total frequency (TF) (0.017-0.5 Hz) and LF/HF
ratio. Powers were transformed to natural loga-
rithms (Ln). The frequency domain indices
were obtained using fast-Fourier transformation
and were computed hour-by-hour from 10-min
segments for each hour.

The approximate correspondence of time
domain indices and frequency domain indices
based on 24-hr ECG recording is reported.
Thus, for example SDNN corresponds with TF,
SDNNIDX corresponds with the mean of 5-min
TF, rMSSD and pNN50 correspond with HF,
and SDANN corresponds with ultra low fre-
quency, which is not calculated in this study'”.
Evaluation of diabetic complications Peripheral
neuropathy was evaluated by measuring VT at
the medial malleolus of the tibia in the 1st and
2nd examinations using an SMV-5 vibrometer'®.
The maximal reliable detectable range of VT by
this instrument was 100 X 107? gravity (G).

Diabetic retinopathy was diagnosed by expert
ophthalmologists at Yamanashi Medical Univer-
sity Hospital and classified as no, simple and
proliferative according to Fukuda'”. Diabetic
nephropathy was diagnosed by measuring uri-
nary albumin excretion/day on two different
occasions®”. Those with albuminuria below 30
mg/day, over 30 mg/day but below 300 mg/day
and over 300 mg/day were classified as nor-
moalbuminuria, microalbuminuria and clinical
albuminuria, respectively. Those who satisfied
the conditions described by Yum et al. were
excluded from the present study?.

Statistics  All continuous variables are expressed

as means * SEM. The two groups were com-

pared using the Mann-Whitney U test. Wilcoxon
signed-ranks test was applied to evaluate statisti-
cal significance between the 1st and the 2nd
examinations in each group. The Kruskal-Wallis
test was used to determine the overall signifi-
cance between the HRV parameters and the
severity of retinopathy or nephropathy. The
effect of lipo-PGE, on VT was evaluated by Fish-
er’s exact probability test. A p value below 0.05

was considered statistically significant.

REsuLTS

Age, male to female ratio, known duration of
diabetes mellitus and the severity of other
microangiopathies did not significantly differ
between the two groups (Table 1). Moreover,
the various HRV indices except tMSSD and Ln
HF at the Ist examination did not significantly
differ between the two groups (Table 2). There
was a significant positive correlation between
CVNN and SDNN at the Ist examination (r[J
0.658, p O 0.0001).

There were significant inverse correlations
between known duration of diabetes mellitus
and SDNN, Ln TF or Ln VLF at the 1st exami-
nation (Fig. 1). In addition, Ln TF (Fig. 2) tend-
ed to decrease as the severity of retinopathy or
nephropathy increased. The values of SDNN,
Ln VLF, Ln LF and Ln HF showed similar ten-
dency in relation to the severity of retinopathy
or nephropathy (data not shown).

Fig. 3 shows that Ln TF increased in some
patients and decreased in others in the Control
group between the two examinations, whereas it
increased in all patients in the Treatment
group. Table 3 shows the effect of lipo-PGE, on
HRV. Although the mean values of some para-
meters increased at the 2nd examination in the
Control group, these parameters did not signifi-

cantly differ between the two examinations
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Table 1. Background Characteristics of the Patients

Controls (n 0 14) Treatment (n 0 160 p value
Age (yr) 574+ 1.7 56.1+ 2.5 n.s.
Male/Female ratio 8/6 10/6 n.s.
Known Duration of Diabetes Melitus (yr) 13.6+ 1.9 124+ 1.7 n.s.
Hbaie (%) (last 6 months) 9.0+ 0.3 8.4+ 0.3 n.s.
Hypertension 3/14 (210) 3/16 (190) n.s.
Complication
Retinopathy
no 4/14 (290) 5/16 (310) n.s.
simple 5/14 (36 0) 6/16 (380) n.s.
proliferative 5/14 (36 0) 5/16 (310) n.s.
Nephropathy
normoalbuminuria 7/14 (50 0) 5/16 (310) n.s.
microalbuminuria 4/14 (290) 9/16 (56 ) n.s.
clinical albuminuria 3/14 (210) 2/16 (130) n.s.
Macroangiopathy 1/14 (70) 1/16 (6 0) n.s.

(including ASO, THD, CVA)

The numerical variables are expressed as the mean+* SEM. Mann-Whitney U test was applied to compare
two groups. Abbreviations: yr; years, Hbai. glycated hemoglobin A,., ASO; arteriosclerosis obliterans, IHD;
ischemic heart disease, CVA; cerebrovascular accidents, n.s.; not significant.

Table 2. Comparison of the Various HRV Indices of the First Examination between the Two Groups

Controls (n O 14) Treatment (n O 160 p value
Variables Unit
Time Domain
CVNN O 75+ 0.4 59+ 05 n.s.
SDNN ms 116+ 10.4 100 £ 10.4 n.s.
SDANN ms 107+ 10.3 90.6 £ 9.3 n.s.
SDNNIDX ms 57.2+ 4.7 473+ 5.1 n.s.
rMSSD ms 44.4% 2.0 379+ 2.0 0.0258
PNN50 ad 16.2+ 1.5 127+ 1.6 n.s.
Frequency Domain
Ln TF ms? 6.7+ 0.1 6.7+ 0.2 n.s.
Ln VLF ms? 55+ 0.2 6.0+ 0.3 n.s.
Ln LF ms? 54+ 0.1 4.8+ 0.2 n.s.
Ln HF ms? 5.8+ 0.1 48+ 0.2 0.0041
LF/HF 0.7+ 0.1 1.2+ 0.2 n.s.

The numerical variables are expressed as the mean+ SEM. There were no significant differences in these
parameters except rMSSD and Ln HF between the two groups. Abbreviations: n.s.; not significant, ms; mil-
lisecond, ms? square of millisecond. Mann-Whitney U test was used to compare two groups.
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Fig. 1. Correlations between the known duration of diabetes mellitus and SDNN (A), Ln TF (B), or Ln VLF

(C).

Abscissas and ordinates indicate known duration of diabetes mellitus in years and SDNN (A), Ln TF
(B) or Ln VLF (C), respectively. Data in the 1st examination of all patients were combined. Signifi-
cant inverse correlations between known duration of diabetes mellitus and SDNN (r O 0 0.402, p O
0.033), Ln TF (r 0 O 0.434, p 0 0.0157) or Ln VLF (r O O 0.381, p O 0.037) were observed.
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Fig. 2. Ln TF in relation to the severity of retinopathy (A) or nephropathy (B).
Data from the Ist examination of both groups were combined and subgrouped based on the severity of
retinopathy (A) and nephropathy (B).
Abbreviations: No, no retinopathy; Sim, simple retinopathy; Pro, proliferative retinopathy; Nor, normoal-
buminuria; Micro, microalbuminuria; Clin, clinical albuminuria. Although there were no significant dif-
ferences, Ln TF tended to decrease as the severity of retinopathy or nephropathy progressed.
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Fig. 3. Changes in Ln TF of each individual between the two examinations.

Each symbol represents Ln TF value of each individual in the Control (A) and in the Treatment (B)
groups between the Ist and the 2nd examinations. The values on top indicate means * SEM, which
are identical to the values in Table 3. Ln TF significantly increased (p 0 0.0004) between the two
examinations in the Treatment group, while no significant difference in the Control group.
Abbreviations: exam; examination, n.s.; not significant.

(Table 3). On the other hand, SDNN, SDANN
and SDNNIDX and Ln VLF, Ln LF, Ln HF and
Ln TF increased significantly during the study
period in the Treatment group (Table 3). How-
ever, CVNN, rMSSD, pNN50 and LF/HF ratio
did not significantly differ between the two
examinations (Table 3).

We analyzed the effect of lipo-PGE,; according
to the number of patients whose VI ameliorat-
ed more than 50 0 of the 1st examination.
Lipo-PGE, showed a significant effect on VT by
Fisher’s exact probability test (Table 4).

DiscussioN

We evaluated the effect of lipo-PGE; on VT
using Fisher’s exact probability test and
observed a significant effect as we previously
reported'®. However, VT is a subjective sign of
sensorimotor peripheral neuropathy. We there-
fore investigated the effect of lipo-PGE,; on
HRYV, which is an objective and a stable index of
autonomic nerve function®.

Although we did not evaluate HRV in non-
diabetic healthy individuals in this study, many
of our patients had lower SDNN values than
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Table 3. The Effect of Lipo-PGE,; on Time and Frequency Domain Indices of HRV
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Control group (n[J 14)

Treatment group (nJ 16)

1st exam 2nd exam P value Ist exam 2nd exam P value
Variables Units
Time Domain
CVNN g 7.4+ 0.4 7.3+ 14 n.s. 5.9+ 0.5 6.4+ 0.4 n.s.
SDNN ms 116+ 10.4 124+ 10.6 n.s. 100+ 10.4 111+ 10.5  0.0019
SDANN ms 107+ 10.3 116% 10.2 n.s. 90.6+ 9.3 100x 10.1 0.0279
SDNNIDX ms 57.2+ 4.7 57.1+ 34 n.s. 47.3+ 5.1 522+ 44 0.0464
rMSSD ms 44.4%x 2.0 46.4+ 2.8 n.s. 379+ 2.0 39.3+ 1.9 n.s.
PNN50 g 16.2+ 1.5 16.7+ 1.4 n.s. 12.7£ 1.6 128+ 1.6 n.s.
Frequency Domain
Ln TF ms? 6.7t 0.1 6.7+ 0.1 n.s. 6.7t 0.2 7.0+ 0.2 0.0004
Ln VLF ms? 5.5+ 0.2 5.4+ 0.2 n.s. 6.0+ 0.3 6.3+ 0.3 0.0006
LnLF ms? 5.4+ 0.1 5.3+ 0.1 n.s. 4.8+ 0.2 5.0+ 0.2 0.0494
Ln HF ms? 5.8% 0.1 5.8+ 0.1 n.s. 4.8+ 0.2 5.0+ 0.2 0.0200
LF/HF 0.7+ 0.1 0.6 0.1 n.s. 1.2+ 0.2 1.1+ 0.2 n.s.

The numerical variables are expressed as the mean = SEM. Abbreviations: exam; examination, n.s.; not sig-
nificant, ms; millisecond, ms?% square of millisecond. Wilcoxon signed-ranks test was applied to compare the

Ist and the 2nd examinations in each group.

Table 4. The Effct of Lipo-PGE,; on Vibratory Threshold (VT)

Effect on Controls (n 0 14) Treatment (n 0 16) p value
vT

Decrease 3 12

No change 11 4 0.0092
Increase 0 0

VT was measured with SMV-5 vibrometer. Decrease was defined when the
VT decreased more then 50 J or became detectable range from more than
100 x 107 gravity (G). Increase was defined when the VT increased more
then 50 0 or became more than 100 x 10~ gravity (G). Fisher’s exact prob-

ability test was applied.

those of HRV in healthy individuals reported by
Umetani ¢t al.®. Since known duration of dia-
betes mellitus inversely correlated with HRV at
the 1st examination, which agrees to the previ-
ous reports™''? HRV can be a useful parame-
ter of diabetic complication. Although there
were no significant differences in the back-
ground characteristics between the two groups,
rMSSD and Ln HF showed significant differ-
ence between the two groups. We think that this
discrepant observations may suggest that these

HRV parameters do not necessarily deteriorate

evenly during the process of diabetes mellitus.
Some HRYV indices increased during the study
period in the Control group. We previously
reported that VT improved by glycemic control
alone?”. In the present study, those whose VT
improved in the Control group (Table 4) coin-
cided with those whose Ln TF values increased
(Fig. 3). So, we speculate that the increase in
some HRV indices may be attributable, at least
in part, to the effect of glycemic control. On the
other hand, the increase in HRV indices in the

Treatment group indicates that lipo-PGE, signif-
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icantly increased three time domain and all
four frequency domain indices. We think that
significant differences in rMSSD and Ln HF in
the 1st examination between the two groups do
not undermine the efficacy of lipo-PGE; on
HRYV, because these parameters were lower in
the Treatment group.

CVNN has long been used as a parameter of
diabetic autonomic neuropathy®. Although we
confirmed that CVNN is also a useful parameter
of HRV because it correlated with SDNN at the
1st examination , the results in Table 3 suggest
that these HRV parameters do not necessarily
change synchronously especially during an
acute treatment period. However, we speculate
that CVNN and other parameters may also show
significant change if patients are treated over a
longer period.

HF component reportedly reflects parasympa-
thetic activity®!”. On the other hand, LF com-
ponent, the physiological correlate of which is
not yet so clear as HF component, is considered
to reflect sympathetic activity modified by
parasympathetic activity'”. The results of the
present study thus suggest that lipo-PGE,
improves parasympathetic activity in diabetic
patients . We also think that lipo-PGE, improves
the balance between sympathetic and parasym-
pathetic activities, probably more strongly with
regard to the latter, because it decreased LF/HF
ratio.

On the other hand, lipo-PGE,; also significant-
ly affected VLF, physiological correlates of
which remain unknown. Speculations regarding
the physiological correlates with VLF include
fluctuations in activity of the renin-angiotensin

20 or

system®, body temperature regulation
peripheral vasomotor activity®. Recent reports
suggest that VLF is a better predictor of progno-
sis than LF or HF in patients with acute myocar-

dial infarction®”. We therefore believe that VLF

is also an independent and important index of
HRYV and speculate that it may be more impor-
tant component than LF or HF in HRV. From
this standpoint, we speculate that the effect of
lipo-PGE; on HRYV is also favorable to an
unknown physiological correlate that might
determine long term prognosis in patients with
diabetic autonomic neuropathy.

Recently, Kontopoulos et al.*® reported the
efficacy of quinapril upon diabetic autonomic
neuropathy by evaluating HRV. Although the
drug and the treatment periods are different,
we think that the results of the present study are
similar to those of Kontopoulos et al.?® with
regard to time and frequency domain indices of
HRYV.

Since lipo-PGE, affected HRV parameters
within a week, we speculate that the major
effect of lipo-PGE, on HRV may be due to the
improvement in circulation. However, we
observed that cyclic AMP increases nitric oxide
production and Na*, K-ATPase activity in

> So, we

human neuroblastoma SH-SY5Y cells
think that it is possible that the effectiveness of
lipo-PGE,; in diabetic autonomic neuropathy is
mediated to some extent by direct action on
peripheral nerve. This remains to be clarified in
the future.

In conclusion, the present open study indi-
cate that lipo-PGE; improves HRV in diabetic
patients, which suggests an improvement in
autonomic neuropathy. A large scale and longer
period of double blind study of lipo-PGE,; infu-
sion on HRV in diabetic patients is warranted.
Acknowledgments: We are grateful to Ms. M.
Orii and Mrs. Y. Sato for excellent assistance in

the preparation of this manuscript.

REFERENCES

1) Greene DA, Sima AAF, Pfeifer MA, Albers JW:



2)

7)

8)

9)

10)

11)

12)

13)

14)

Lipo-PGE; Improves HRV in Diabetic Patients 23

Diabetic neuropathy. Annu Rev Med, 41:
303-317, 1990.

Ewing DJ, Campbell IW, Clarke BF: Mortality in
diabetic autonomic neuropathy. Lancet, 1:
601-603, 1976.

Rathmann W, Ziegler D, Jahnke M, Haastert B,
Gries FA: Mortality in diabetic patients with car-
diovascular autonomic neuropathy. Diabetic
Med, 10: 820-824, 1993.

Clarke BF, Ewing DJ, Campbell IW: Diabetic
autonomic neuroapathy. Diabetologia, 17:
195-212, 1979.

Glick Z, Boll H, Weidlmann P, Flammer ],
Ziegler WH: Evaluation of autonomic neuropa-
thy in diabetes mellitus. Klin Wochenschr, 57:
457-466, 1979.

Akselrod S, Gordon D, Ubel FA, Shannon DC,
Barger AC et al.: Power spectrum analysis of
heart rate fluctuation: a quantitative probe of
beat to beat cardiovascular control. Science, 213:
220-222, 1981.

Lishner M, Akselrod S, Avi VM, Oz O, Divon M et
al.: Spectral analysis of heart rate fluctuations. A
non-invasive, sensitive method for the early diag-
nosis of autonomic neuropathy in diabetes melli-
tus. ] Auton Nerv Syst, 19: 119-125, 1987.

Pagani M, Malfatto G, Pierini S, Casati R, Masu
AM et al.: Spectral analysis of heart rate variabili-
ty in the assessment of autonomic diabetic neu-
ropathy. ] Auton Nerv Syst, 23: 143153, 1988.
Weise F, Heydenreich F, Gehrig W, Runge U:
Heart rate variability in diabetic patients during
orthostatic load— a spectral analytic approach.
Klin Wochenschr, 68: 26-32, 1990.

Ewing DJ, Neilson JMM, Shapiro CM, Stewart JA,
Reid W: Twenty four hour heart rate variability:
effects of posture, sleep, and time of day in
healthy controls and comparison with bedside
tests of autonomic function in diabetic patients.
Br Heart J, 65: 239-244, 1991.

Bellavere F, Balzani I , De Masi G, Carraro M,
Carenza P et al.: Power spectral analysis of heart-
rate variations improves assessment of diabetic
cardiac autonomic neuropathy. Diabetes, 41:
633-640, 1992.

Mglgaard H, Christensen PD, Sgrensen KE,
Christensen CK, Mogensen CE: Association of
24-h cardiac parasympathetic activity and degree
of nephropathy in IDDM patients. Diabetes, 41:
812-817, 1992.

van Ravenswaaij-Arts CMA, Kollée LAA, Hopman
JCW, Stoelinga GBA, van Geijn HP: Heart rate
variability. Ann Intern Med, 118: 436-447, 1993.
Mglgaard H, Christensen PD, Hermansen K,

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

Sgrensen KE, Christensen CK et al.: Early recog-
nition of autonomic dysfunction in microalbu-
minuria; Significance for cardiovascular mortali-
ty in diabetes mellitus? Diabetologia, 37:
788-796, 1994.

Shindo H, Tawata M, Inoue M, Yokomori N,
Hosaka Y et al.: The effect of prostaglandin
E;-aCD on vibratory threshold determined with
the SMV-5 vibrometer in patients with diabetic
neuropathy. Diabetes Res Clin Pract, 24:
173-180, 1994.

Tawata M, Nitta K, Kurihara A, Nagasaka T, Iwase
E et al.: Effects of a single drip infusion of lipo-
prostaglandin E; on vibratory threshold in
patients  with  diabetic
Prostaglandins, 49: 27-39, 1995.
Task Force of the European Society of Cardiolo-
gy and the North American Society of Pacing
and Electrophysiology: Heart rate variability.
Standards of measurement, physiological inter-
pretation, and clinical use. Circulation, 93:
1043-1065, 1996.

Alberti KGMM, Zimmet PZ: For the WHO Con-
sultation, Definition, diagnosis and classification
of diabetes mellitus and its complications. Part 1:
Diagnosis and classification of diabetes mellitus.
Provisional report of a WHO consultation. Dia-
bet Med, 15: 539-553, 1998.

Fukuda M: Clinical arrangement of classification
of diabetic retinopathy. Tohoku J Exp Med,
141(Suppl.): 331-335, 1983.

Viberti GC, Pickup JC, Jarrett R], Keen H: Effect
of control of blood glucose on urinary excretion
of albumin and B; microglobulin in insulin-
dependent diabetes. N Engl | Med, 300:
638-641, 1979.

Yum M, Maxwell DR, Hamburger R, Kleit SA:
Primary glomerulonephritis complicating diabet-
ic nephropathy : Report of seven cases and
review of the literature. Hum Pathol, 15:
921-927, 1984.

Kleiger RE, Bigger JT, Bosner MS, Chung MK,
Cook JR et al.: Stability over time of variables
measuring heart rate variability in normal sub-
jects. Am J Cardiol, 68: 626-630, 1991.

Umetani K, Singer DH, McCraty R, Atkinson M:
Twenty-four hour time domain heart rate vari-
ability and heart rate: relations to age and gen-
der over nine decades. ] Am Coll Cardiol, 31:
593-601, 1998.

Tawata M, Kurihara A, Nitta K, Iwase E, Gan N e/
al.: The effects of Goshajinkigan, a herbal medi-
cine, on subjective symptoms and vibratory
threshold in patients with diabetic neuropathy.

neuropathy.



24

25)

26)

27)

H. SHIMODA, el al.

Diabetes Res Clin Pract, 26: 121-128, 1994.
Verrotti A, Chiarelli F, Blasetti A, Morgese G:
Autonomic neuropathy in diabetic children. |
Paediatr Child Health, 31: 545-548, 1995.

Fallen EL, Kamath MV, Ghista DN: Power spec-
trum of heart rate variability: a non-invasive test
of integrated neurocardiac function. Clin Invest
Med, 11: 331-340, 1988.

Bigger JT, Fleiss JL,, Steinman RC, Rolnitzky LM,
Kleiger RE et al.: Frequency domain measures of
heart period variability and mortality after
myocardial infarction. Circulation, 85: 164-171,

28)

29)

1991.

Kontopoulos AG, Athyros VG, Didangelos TP,
Papageorgiou AA, Avramidis M] et al.: Effect of
chronic quinapril administration on heart rate
variability in patients with diabetic autonomic
neuropathy. Diabetes Care, 20: 355-361, 1997.
Inada H, Shindo H, Tawata M, Onaya T: cAMP
regulates nitric oxide production and ouabain
sensitive Na*, K*-ATPase activity in SH-SY5Y
human neuroblastoma cells. Diabetologia 41:
1451-1458, 1998.



