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A Long-Term Diabetic Autonomic Nervous Abnormality 

Reduced Variations in Resting Heart Rate Measured by a Simple and Sensitive Method 
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Summary. Three types of variation in resting pulse 
rate were measured, using simple and reproducible 
methods, in 44 young juvenile diabetics and 11 con- 
trols. Diabetics with few years duration of the dis- 
ease showed normal values of both long-term and 
cyclic fluctuations, as well as of non-systematic, ran- 
dom variation from beat-to-beat. All three types of 
variation were reduced in long-term diabetics, and 
the reduction was in all cases correlated with the du- 
ration of diabetes. The decrease in non-systematic, 
beat-to-beat variation attained statistical signifi- 
cance after 5 to 10 years duration of diabetes. It is 
concluded that reduced variation in resting pulse 
rate is a long-term diabetic manifestation and that 
the decrease of non-systematic, beat-to-beat varia- 
tion in diabetics is a useful indicator of functional 
abnorrnalities of the autonomic nervous system. 

Key words: Long-term diabetes, autonomic nervous 
system, cardiac denervation, beat-to-beat variation, 
pulse rate variation, RR interval variation, respira- 
tory arrhythmia, spontaneous variation. 

Functional abnormalities of the autonomic nervous 
system in long-term diabetes are well known [1]. 
They include postural fall in blood pressure [2], ab- 
normal reflex bradycardia after a Valsalva ma- 
noeuvre [3], reduced levels of catecholamines in 
blood [4] and cardiovascular tissue [5], and a reduc- 
tion in spontaneous movements of the pupil of the 
eye [6]. Unfortunately, measures of these abnor- 
malities are either not easily obtained, or are dif- 
ficult to interpret. 

Recently, the exaggerated excursion in heart rate 
provoked by deep respiration has been shown to be 

reduced in diabetics with severe neuropathy [7]. A 
reduction of the variation in the heart rate during 
standing has also been demonstrated in a selected 
group of diabetics without clinical signs of auto- 
nomic neuropathy [8]. 

The aim of the present investigation was to study 
the variations in heart rate by simpler methods and 
under basal and reproducible conditions. Three 
types of variation in the heart rate were determined 
by appropriate statistical methods. The main find- 
ings were that all kinds of variation in heart rate 
were reduced in long-term diabetics and that the 
severity of these abnormalities correlated well with 
the duration of diabetes. 

Patients and Methods 

Forty-four juvenile, insulin treated diabetics, and 
eleven non-diabetics (staff-personnel) were studied, 
all aged between thirty and forty years. Males and 
females were equally represented in both groups. 
None had diastolic blood pressure above 100 mm 
Hg, an arrhythmia, clinical signs of cardiac disease 
or ECG-abnormalities. All the diabetics were out- 
patients and they were unselected with regard to the 
presence and severity of diabetic complications. 

On each subject an ECG was obtained using an 
ordinary ECG apparatus, and a paper speed of 
50 mm per sec. During this procedure the subjects, 
who had been at rest for half an hour, were recum- 
bent, breathing spontaneously. They were undis- 
turbed and were unaware when the ECG was re- 
corded. The length in mm of at least 150 consecu- 
tive RR intervals was measured on each ECG using 
a graphical to digital converter (D-MAC pencil fol- 
lower), with an accuracy of 0.1 mm. 

Three types of pulse rate variation can be distin- 
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Fig. 1. The length of 75 consecutive RR intervals in mm are given on the ordinate for a normal subject in the middle of the normal range 
of variation (upper curve) and a median long-term diabetic (middle curve). The lower curve shows the RR intervals from the diabetic in 
whom least variation was found. The dotted and the full drawn lines indicate runs up and runs down, respectively 

guished in the series of R R  intervals from a normal 
subject, an example of which is shown in Figure 1. 
From beat-to-beat there are some small variations. 
More obvious, however, is the well-known respira- 
tory arrhythmia appearing as periodic, cyclic oscilla- 
tions over five to six beats. Furthermore, it is often 
possible to see shifts or long-term fluctuations of a 
duration of ten or more beats. The three types of 
variation in pulse rate were measured in each ECG 
by three different statistical methods: 

1. The mean square successive difference 
(MSSD), i.e. the standard deviation of the differ- 
ences between any R R  interval and the next [9]. 
This figure is exclusively a measure of the variation 
from one beat to the next. 

2. The usual standard deviation (SD) of the R R  
intervals. This is more sensitive to long-term than to 
short-term fluctuations. If trends or long-term fluc- 
tuations are present in a series of RR-intervals the 
SD is enhanced, whereas the MSSD is almost unaf- 
fected. 

3. The number of runs-up and runs-down. A 
run-up is a series of continuously increasing RR in- 
tervals, and vice versa. Cyclic variation of the RR 
interval will reduce the number of runs in the series 
of consecutive R R  intervals. The presence of cyclic 
influences can therefore be tested by counting the 
number of runs-up-and-down in the series and com- 
paring (at a 5 per cent level) this figure with the 
expected number in a random series [9] (see Fig. 1). 

Statistical Procedures 

The values of the SD and the MSSD of RR intervals 
are approximately log-normally distributed within 
groups of subjects. Accordingly, the differences be- 
tween groups are tested by means of Student's t-test 
carried out on the logarithmic transformed values. 
The mean and the standard deviation of these values 
are directly related (through the logarithmic func- 
tion) to the geometric mean and its tolerance factor 
of the untransformed values. The geometric mean 
and its tolerance factor are given in the text. 

The strength of the relationship between the du- 
ration of diabetes and any of the three parameters 
of variation was measured by Kendall's z-, calculated 
for n x m tables [10]. 

Results 

The individual values of the MSSD of R R  intervals 
are shown in Figure 2. The geometric mean was 
2.16 mm x/+ 1.41 in normal subjects, and 1.97 mm 
x/ -  1.40 in four short-term diabetics (duration < 5 
years). The difference is not statistically significant 
(2p = 0.64). The correlation between the MSSD 
and the duration of diabetes is highly significant 
(Kendall's z" = -0 .34 ;  2p = 0.0078). The geomet- 
ric mean MSSD of 1.39 mm V+ 1.48 in the 5 dia- 
betics with 5 to 10 years duration was significantly 
lower than that of the controls (2p = 0.039), as 
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Fig. 2. The individual mean square successive difference (MSSD) 
of RR intervals in normal subjects (ND) and diabetics. The ordi- 
nate is logarithmic 

were the geometric means of all groups of diabetics 
with a longer duration of the disease. ~2 

Figure 3 presents the SD of the RR intervals, the 
parameter especially sensitive to prolonged varia- 
tions and trends in pulse rate level. The geometric 
mean SD was 2.08 mm x / -  1.41 and 1.98 mm x / -  
1.23 in normal subjects and in short-term diabetics, s 
respectively. The difference is not statistically sig- 
nificant (2p = 0.66). The coefficient of correlation 
between the SD and the duration of diabetes is 
- 0 . 3 0  (Kendall's r, 2p = 0.020). The geometric 
mean SD was 1.46 mm Y+ 1.33 in diabetics with 5 ~ 0 
to 10 years duration, which, compared to normals, 
almost reached statistical significance (2p = 0.066). 
The groups of diabetics with longer duration all 
showed decreased SD, that of long-term diabetics 
(duration ->__ 20 years) was half that of the normals: -~ 6 
1.14 mm x/+ 1.56; 2p = 0.0014. 

Figure 4 illustrates the results of the test for the 
expected number of runs-up-and-down. A reduction 
was found in all normal subjects, indicating the sig- 

12 nificant cyclic influence of the respiration. The same 
was found in the four short-term diabetics. The 
number of subjects in whom no cyclic influence was 
found increased with the duration of diabetes (Ken- 
dali's r = 0.34; 2p = 0.012). Sixty per cent of the 
long-term diabetics had no systematic variation at 
all in their series of RR intervals, which is signifi- 
cantly different from the proportion in the control 
group (Fisher's exact test; 2p = 0.0017). 
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Fig. 3. The standard deviation (SD) of RR intervals in normal 
subjects (ND) and diabetics. The ordinate is logarithmic 
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Fig. 4. The white columns show the number of subjects in each 
group in whom a reduction in the number of runs-up-and-down 
in the sequence of RR intervals was found. The black columns 
show the number of subjects in whom such a reduction was not 
detectable 
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There were no significant differences between 
men and women within any group of subjects. 

Discussion 

The results of this study clearly establish that reduc- 
tion in the variation in resting pulse rate is as- 
sociated with long-term diabetes. It is not found at 
the onset of the diabetes and its prevalence in- 
creases in relation to the duration of the diabetes. 

The fact that all three types of pulse rate varia- 
tion were found to be abnormal in long-term dia- 
betics indicates that the efferent pathway of the re- 
flex arc is affected. 

Wheeler and Watkins measured the difference 
between maximum and minimum heart rate during 
deep breathing [7]. They found that this difference 
was reduced in a group of diabetics with severe au- 
tonomic neuropathy. In their experiments the use of 
deep breathing could imply that the abnormality ob- 
served was of purely afferent type. 

The standard deviation of RR intervals in dia- 
betics has previously been measured [8]. Due to the 
experimental design the results, including reduced 
standard deviation of RR intervals without any cor- 
relation to the duration of diabetes in the range of 
five to twenty-seven years, are difficult to interpret. 
The study included forty-two diabetics with a 
minimum of long-term diabetic complications, prob- 
ably selected in order to form a group fit for exer- 
cise testing. None of the patients had a diastolic 
blood pressure above ninety mm Hg, none had ab- 
normalities in their exercise ECG and the knee and 
ankle jerks were absent in only two subjects. Fur- 
thermore, the patients were examined at the end of 
an orthostatic test (quiet standing for at least ten 
minutes). It is known that quiet standing is a severe 
cardiovascular stress causing a marked autonomic 
reaction [4]. The term "resting" in this study there- 
fore only means "not exercising". 

From experiments with pharmacological and sur- 
gical denervation of the heart it is known that the 
regulation of variation in heart rate is mediated 
through the vagal nerve [7]. From the present 
studies, in which the problem of the afferent path- 
way inherent in deep breathing experiments was 
avoided, it seems reasonable to conclude that the re- 
duced variations in heart rate in diabetics are due to 
a progressive vagal denervation. Similarly, reduced 
spontaneous variation in functions controlled by 
other parts of the autonomic nervous system (blood 
flow in the foot [11] and the movements of the pupil 
of the eye [6]) has previously been described in 
long-term diabetics. 

We have shown that both long-term shifts, cyclic 
variation, and random variation in pulse rate, meas- 
ured as outlined above, are reduced in parallel in 
long-term diabetics. However, since the MSSD is 
the parameter most insensitive to systematically in- 
duced variations in pulse rate, its interpretation car- 
ries with it a minimum of assumptions concerning 
reproducibility of stimuli, cooperability of subject 
and long-term stability of the timing mechanisms in 
the recording and measuring equipment. Further- 
more, the isolated reduction of the MSSD in dia- 
betics with five to ten years duration might indicate 
that this measurement is the best for the early detec- 
tion of autonomic nervous system abnormalities in 
diabetes. 

It should be emphasized that the technique em- 
ployed in this study is very simple and reproducible 
and only requires an ordinary ECG apparatus and a 
ruler. 
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