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Table 1. Age and sex distribution of 68 diabetics and 33 controls.
Normal ANS, diabetics without autonomic neuropathy ; Abnormal
PS, diabetics with parasympathetic damage alone ; Abnormal PS+
S, diabetics with both parasympathetic and sympathetic damage.

Sex Age
Group n
Male Female range mean+SD
Control 33 21 12 24—66 (43.0£11.3)
Normal ANS 31 18 13 30—64 (44.9+10.2)
Abnormal PS 27 18 35—69. (49.0:10.8)
Abnormal PS+S 10 6 4 46—69 (585t 7.2)
Total 101 63 38
Sex Age
Group n
Male Female range mean+SD
Control 22 13 9 24—66 (42.8+10.8)
Normal ANS 21 12 9 30—62 (44.0+ 99)
Abnormal PS 20 12 8 35—69 (49.3+10.7)
Abnormal PS+S 10 6 4 46—69 (585 7.2)
Total 73 43 30
Sex Age
Group n
Male Female range meantSD
Control 11 8 3 28—63 (43.5+£12.2)
Normal ANS 10 6 4 33—64 (46.6%10.5)
Abnormal PS 11 7 4 38—69 (48.0% 9.7)
Total 32 21 11
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Variation of R-R intervals (CVr-r) in 100 consecutive heart beats

during quiet and deep breathing in normal subjects.
CVR-R, coefficient of variation of R-R interval; Max./Min. Ratio,

ratio of maximum to minimum R-R interval.

Data are given as the

mean=+SD.
Age (decade) -, Quiet Breathing Deep Breathing
CVr-r (%) Max./Min.Ratio CVr-r (%) Max./Min. Ratio

2nd 15 577 £ 1.80 141 = 0.15 961 + 1.92 145 £ 0.14
3ird 15 488 + 1.85 1.31 £ 0.15 7.90 £ 2.79 1.41 = 0.19
4th 18 399 + 0.73 127 £ 010 7.11 £ 153 1.32 £ 0.09
5th 18 399 + 0.91 1.28 + 0.11 7.09 £ 1.95 1.34 = 0.12
6th 16 349 £ 0.80 1.23 £ 0.10 6.52 + 1.68 1.28 + 0.11
7th 11 2.78 = 0.85 1.18 = 0.10 6.51 + 1.54 1.24 £ 0.10
Total 93
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Table 3. The variability of R-R intervals of 100 consecutive heart beats
during quiet and deep breathing (mean+SD).
mR-R, mean of 100 consecutive R-R intervals; SD, standard
deviation of 100 consecutive R-R intervals; CVR-r, coefficient of
variation of R-R interval (SD/mR-RX100); Max./Min. Ratio, ratio
of maximum to minimum R-R interval.
Quiet Breathing Deep Breathing
Group n - ~
mR-R  SD  CVrk Y2%-Rato mR-R  SD  CVRR -z Ratio
mn. .
88304  36.12 4.07 1.25 88052  63.15, 7.28 1.33
Control 33 + + + + + + + +
83.24 11.25 1.16 0.10 66.35 15.09 2.16 0.13
93983 2697 2.83 115 93753  64.87 6.95 1.35
Normal ANS 31 + + + + + + + +
134.47 10.35 0.93 0.07 133.27 18.62 1.81 0.12
905.91 16.74 1.83 1.08 94303  29.26 3.06 114
Abnormal PS 27 + + + + + + + +
152.94 5.46 0.51 0.03 111.76 11.20 1.09 0.05
967.37 7.60 0.78 1.04 873.49 15.00 1.69 1.07
Abnormal PS+S 10 + + + + + + + +
171.21 358 0.35 0.02 84.90 8.01 0.87 0.04
F-ratio P NS <001 <001 <001 <005 <001 <001 <001
mR-R;msec SD;msec CVk-r;%
Quiet Breathing Deep Breathing
Group n
mR-R  SD  CVkR “gRato mR-R  SD  CVR-R “po Ratio
872.11 35.55 4.07 1.26 88439  61.86 711 1.32
Control 22 * + + + + + + +
79.26 10.00 1.04 0.10 71.40 15.68 2.24 0.14
93059  26.76 2.83 1.15 92038 6352 6.91 1.34
Normal ANS 21 + + + + + + + +
150.37 10.88 0.97 0.07 128.39 18.47 1.76 0.10
915.41 16.80 1.82 1.08 94246  29.15 3.05 114
Abnormal PS 20 + + + + + + + +
157,57 519 0.50 0.03 12755 10.88 1.06 0.05
967.37 7.60 0.78 1.04 87349 15.00 -1.69 1.07
Abnormal PS+S 10 + + * + + + + +
171.21 3.58 0.35 0.02 84.90 8.01 0.87 0.04
F-ratio P NS <001 <001 <001 NS <001 <001 <001

mR-R; msec

SD;msec CVRR:%
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Table 4. Schellong test.
Data are given as the mean+SD.
ASBP, fall in systolic blood pressure immediately after standing;
ADBP, fall in diastolic blood pressure immediately after standing;
AHR, immediate heart rate response to standing.
Group n ASBP ADBP AHR Group n ASBP ADBP AHR
9.76 1045 1273 945 1150 12.00
Control KX I + = Control 22 + + +
1054 7.03 1089 1066 6.77 11.80
829 1029 1029 857 1000 957
Normal ANS 31 + + + Normal ANS 21 + + +
927 490 889 856 431 8.76
6.81 730 793 870 830 725
Abnormal PS 27 bt + + Abnormal PS 20 + + +
1365 750 628 1169 633 622
=3020 —11.70  6.70 —=30.20 —=11.70  6.70
Abnormal PS+S 10 % + + Abnormal PS+S 10 % x *
982 6.3l 385 982 631 3.85
F-ratio <001 <00l NS F-ratio P <001 <001 NS
ABP ;mmHg AHR; beats/min ABP:mmlg  AHR: beats/min
8P Night
mml-lﬂ
o (58P
100
50 DBP o—o Control (22)
o----# Normal ANS (21)
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}L =—=« Abnormal PS+S (10)
e D ) 20 22 24 2 4 ] 0 oclock

TIME

Fig. 1. Diurnal variation of systolic (SBP) and diastolic blood pressure (DBP)

under near-basal conditions.

Mean hourly values are given.
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Fig. 2. Diurnal variation of heart rate (HR) and pressure rate product (PRP)
under near-basal conditions. Mean hourly values are given.
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Fig. 3. Mean values and indices of diurnal variations of systolic (upper panel)
and diastolic blood pressure (lower panel).
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Fig. 4. Mean values and indices of diurnal variations of heart rate (upper
panel) and pressure rate product (lower panel).
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Fig. 5. Comparison between daytime and night-time systolic blood pressure, heart rate
and pressure rate product. Standard deviations of diurnal values are given.
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Fig. 7. Effects of atropine sulfate on the diurnal variabilities of systolic blood
pressure, heart rate and pressure rate product in control, normal ANS
and abnormal PS groups.
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Fig. 8. The ratios of pre-atropine values of systolic blood pressure, heart rate
and pressure rate product to post-atropine values in control, normal

ANS and abnormal PS groups.
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Influence of diabetic autonomic neuropathy on hemodynamics
Yutaka MORICHIKA

First Department of Internal Medicine, Okayama University Medical School,
Okayama 700, Japan

(Director: Prof. H. Nagashima)

Diurnal variations in blood pressure, heart rate and pressure rate product were
analyzed in 68 hospitalized diabetics (male 42, female 26) and 33 hospitalized controls
(male 21, female 12) to investigate the influence of diabetic autonomic neuropathy
on hemodynamics. The severity of autonomic damage was assessed by measuring the
variabilities in R-R intervals of 100 consecutive heart beats in ECGs during quiet and deep
breathing in the supine position and with the Schellong test. According to the results, the
diabetics were divided into three groups: Normal ANS (31 patients without diabetic
autonomic neuropathy), Abnormal PS (27 patients with parasympathetic damage alone) and
Abnormal PS+S (10 patients with both parasympathetic and sympathetic damage). The
blood pressure and heart rate of all subjects were recorded for 24 hours under near-basal
conditions using an ambulatory blood pressure recording device (Pressurometer® II, Del
Mar Avionics, USA). The patterns of diurnal variations and the diurnal variabilities in
blood pressure, heart rate and pressure rate product were analyzed in 22 control, 21
normal ANS, 20 abnormal PS and 10 abnormal PS+S patients. The effects of atropine
sulfate (2.0mg daily, p.o.) were also studied in 11 control, 10 normal ANS and 11 abnormal
PS patients to determine the effect of parasympathetic nerve damage on the variations.
Hourly mean heart rates during the daytime and mean 24-hour heart rates were not
different among the groups. However, with the progress of autonomic neuropathy, there
was a significant reduction in the diurnal variation in heart rates, with greater mean
night heart rates and greater hourly minimum mean heart rates. On the other hand, with
the progress of autonomic neuropathy, there was a significant increase in the diurnal
variation in the systolic blood pressure. However, diastolic blood pressure varied to the
same extent regardless of the severity of autonomic nerve damage. The diabetics with
autonomic neuropathy had significantly greater hourly mean and mean 24-hour systolic
and diastolic blood pressure, and pressure rate product. The diurnal variation in the
pressure rate product was similar to the heart rate results. Indices of the diurnal
variations in heart rate and systolic blood pressure in controls and normal ANS patients
approached those of abnormal PS patients after atropine sulfate administration. This
result suggests that damage to the cardiac parasympathetic nerve plays a major role in
the changes in the diurnal variations in heart rate and systolic blood pressure observed
in diabetics.



