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Abstract heart rate decline, leads to a decreased decline of
cardiac output during sleep.Background. In insulin-dependent diabetes mellitus

(IDDM) patients with normal urinary albumin excre-
Key words: ambulatory blood pressure; autonomiction (UAE) controversy exists about the presence of
nervous function; insulin-dependent diabetesblood pressure (BP) elevation and an attenuation of

BP decline during sleep.
Subjects and methods. These issues were studied in 60
IDDM patients and 55 healthy control subjects with Introduction
24 h ambulatory blood pressure monitoring. In addi-
tion, in the IDDM patients two cardiovascular reflex

Insulin-dependent diabetes mellitus (IDDM ) is accom-tests were performed to study autonomic nervous
panied by an increased risk of morbidity and mortality,function.
which is mainly due to cardiovascular disease andResults. 55 IDDM patients had 4.4/3.1 mm Hg higher
renal failure. Microalbuminuria, defined as urinary24 h systolic/diastolic pressures when compared with
albumin excretion (UAE) of 30–300 mg/24 h, identifies55 healthy matched controls (P=0.005/0.009). The
patients at risk for these complications at an earlydiastolic BP decline during sleep was significantly
stage. Elevation of blood pressure plays an importantattenuated in IDDM patients compared to healthy
role in the progression of established renal disease andvolunteers (18.9 vs 22.2%, P=0.01). The maximum/
cardiovascular complications of IDDM [1]. At anminimum (max/min) ratio of the RR∞ interval of the
earlier stage, i.e. before the presence of microalbuminu-lying to standing test ( lower values indicating (incipi-
ria, small elevations of the systemic blood pressureent) parasympathetic dysfunction) was positively
during the entire day or a blunted decline of bloodrelated to the decline of the diastolic BP during sleep
pressure during sleep (considered by some authors asin the diabetic patients. This relationship did not persist
an independent cardiovascular risk factor in essentialafter adjusting for decline of heart rate during sleep.
hypertension) [2] may be important in the developmentConclusions. IDDM patients with normal UAE, com-
of diabetic nephropathy (DN), since it is thought [3]pared with healthy control subjects, have higher BPs
that renal autoregulation of blood pressure is impairedduring both the waking and sleeping periods and a
in IDDM patients, and thus higher systemic pressuresdecreased diastolic BP decline during sleep. In these
will lead to higher intraglomerular pressures.patients both the diastolic BP decline and the heart

It is controversial whether blood pressure elevationrate decline during sleep were related to the max/min
in IDDM patients is already present in the normoalbu-ratio. These findings are consistent with the hypothesis
minuric state or whether it emerges in the microalbumi-that attenuation of diastolic BP decline during sleep is
nuric state. Studies using ambulatory blood pressureat least partly due to (incipient) damage to the para-
monitoring (ABPM) have shown higher blood pres-sympathetic nervous system, which, through a blunted
sures during both the waking and the sleeping periods
and a diminished decline of blood pressure during
sleep in microalbuminuric IDDM patients when com-

Correspondence and offprint requests to: F. J. van Ittersum MD, pared with both normoalbuminuric counterparts andDepartment of Nephrology, Academisch Ziekenhuis Vrije
with healthy controls [4–7]. Studies in normoalbumin-Universiteit, De Boelelaan 1117, 1081 HV Amsterdam, The

Netherlands. uric IDDM patients have not been conclusive, but
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A total of 60 IDDM patients (37 men, 23 women) werehave generally shown tendencies towards higher blood
included and underwent the investigations described below.pressures during the entire 24 h period and towards an
To compare ABPM data between IDDM patients and con-attenuation of blood pressure decline during sleep
trols, we matched 55 IDDM patients for age and gender[4–10].
with 55 healthy controls, allowing an age difference of ±5In healthy volunteers, it has been suggested that the years. We did not match for BMI. Since BMI is positively

blood pressure decline during sleep is due to a decrease correlated with blood pressure and since attempts at
in cardiac output, mainly caused by a decrease in heart improved metabolic control in IDDM are associated with
rate [11]. In addition, attenuation of the decline in slight increases in BMI [19], we wished to study whether
blood pressure during sleep in elderly healthy subjects body mass is an intermediate between IDDM and hyperten-

sion. Control subjects did not have a history of hypertension,and patients with hypertension is associated with an
renal disease or any metabolic or endocrine disorder, andimpaired decline in heart rate during sleep [12]. In
did not use any medication or special diet. Both patients anddiabetes, available studies suggest that the presence of
controls were included equally over the seasons.(incipient) diabetic autonomic neuropathy (DAN) is

the main cause of a diminished blood pressure decline
Ambulatory blood pressure measurements (ABPM)during sleep [13–18]. However, these studies are

difficult to interpret as mixed groups of patients (with
ABPM was performed with a Spacelabs 90207 monitorIDDM and NIDDM, with and without increased
(Spacelabs Inc, Redmond, WA, USA). At the start of eachalbuminuria, and with and without antihypertensive
ABPM registration, three measurements were taken with thetreatment) were studied and thus several confounding SpaceLabs monitor in the outpatient clinic. The means of

factors may play a role. these three blood pressure readings were considered as office
Therefore, we wished, firstly, to elucidate the contro- blood pressures. Thereafter, blood pressure readings were

versy about blood pressure elevation and blood pres- taken at 15 min intervals from 07500 to 22500 and at 20 min
sure decline during sleep in normoalbuminuric IDDM intervals from 22500 to 07.00. Results of blood pressure

measurements were not displayed on the monitor. ABPMpatients by studying a large group of patients and
was repeated in patients who had ABPM recordings withcarefully matched healthy control subjects, and, sec-
>25% missing values or more than two missing consecutiveondly, to test the hypothesis that (incipient) DAN,
hours. Mean systolic and diastolic blood pressure values andpossibly through a blunted decrease of heart rate
mean heart rates of the waking and sleeping periods wereduring sleep, is associated with a disturbance of the
calculated as means of hourly averages. The waking periodblood pressure decline during sleep in IDDM in the was taken from 10500 till 23500; the sleeping period from

absence of confounding factors such as albuminuria 01500 to 07500 (i.e. 6 h). This method provided good estim-
and antihypertensive therapy. ates of blood pressures during the waking and sleeping

periods, especially with a traditional sleep pattern (i.e. going
to bed in the evening before 01500 and awaking in the
morning before 10.00 [20]. The blood pressure decline duringSubjects and methods
sleep (mm Hg) was calculated as the difference of the mean
systolic or diastolic blood pressures during the waking period

Between January 1994 and January 1996, a cross-sectional (BPawake), and the mean systolic or diastolic blood pressures
study of IDDM patients was performed in the outpatient during the sleeping period (BPasleep). The proportional
clinics of the Departments of Medicine of five secondary systolic and diastolic blood pressure declines (DipBPsys or
referral centres: the IJsselland Ziekenhuis in Capelle aan DipBPdia) during sleep were calculated as: DipBP (%)=
de IJssel, the Sint Jans-Gasthuis in Weert, the De (BPawake−BPasleep)*100/BPawake. Declines of heart rates
Weverziekenhuis in Heerlen, the Franciscus Ziekenhuis in during sleep were calculated in a similar way.
Roosendaal, and the Sint Franciscus Ziekenhuis in
Rotterdam. IDDM was defined as the onset of diabetes

Autonomic nervous functionbefore the age of 30 and the necessity of insulin therapy
within 6 months after the onset of the disease. Since it was

Autonomic function tests were performed before the start ofaimed to investigate IDDM patients with normal UAE,
the ABPM measurements. Autonomic function was estim-without renal insufficiency and without antihypertensive
ated from two cardiovascular reflex tests: the heart ratetreatment, the following inclusion criteria were formulated:
variability during deep breathing and the lying to standingage <65 years; no pregnancy; body mass index (BMI)
test [21]. Execution of these tests and analysis of heart rate<29 kg/m2; absence of clinical atherosclerotic disease; serum
variability (HRV ) were performed using a computer devicecreatinine <120 mmol/l; UAE <30 mg/24h; serum total
‘CARE’ developed by the Department of Medical Physics,cholesterol <8 mmol/l and no treatment with antihypertens-
Vrije Universiteit, Amsterdam, The Netherlands.ive drugs. All IDDM patients who fulfilled these criteria and

gave informed consent were included in the study. The
protocol had been approved by the appropriate medical Heart rate variability during deep breathing (IE test)
ethics committees.

Determinations of serum creatinine and cholesterol were The subjects were instructed to breath deeply at a frequency
of 6 cycles/min in a supine position. The inspiration andperformed by routine methods. UAE was defined as the

median of three 24 h urine collections and measured with an expiration intervals were both 5 s. This rhythm was achieved
by acoustic signals of the computer, which indicate that oneimmunoturbidimetric technique (Behring, Germany).

Glycated haemoglobin A (HbA1c) was determined with a has to change from inspiration to expiration and vice versa.
An electrocardiogram (ECG) was recorded during the entirehigh pressure liquid chromatography technique (normal

range, 3.4–6.5%). procedure. For each breathing cycle, the duration of the
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longest interval between two R waves of the ECG (RR∞ was more closely related to blood pressures than was
interval, longest: RRmax) and the duration of the shortest BMI (e.g. 24 h systolic blood pressure=105.7+
RR interval (RRmin) of the ECG were determined by the 4.0*DM+0.55*BMI, where b1=4.0, P=0.011 and
computer. From at least three breathing cycles the mean IE b2=0.55, P=0.11). The relationship between BMI and
difference was calculated as: mean IE (ms)=mean blood pressure was not statistically significant in anyRRmax−meanRRmin. of these analyses (data not shown). Associations

among HbA1c, insulin dose and blood pressure vari-
Lying to standing test (LS test) ables were also not statistically significant.

A recent study concluded that blood pressure differ-
Prior to the test the subjects rested in a supine position for ences between IDDM patients and control individuals
4 min. An ECG was recorded during the last 30 s. are confined to women [23]. Table 2 shows the charac-Subsequently, the computer provided an acoustic signal

teristics of the study groups according to gender. Ininstructing the subject to rise quickly. Thereafter the com-
women, blood pressures were higher in the IDDMputer recorded the ECG signal for another 60 s. From this
group than in the control group during the wakingregistration the (RRmax (in ms), defined as the difference
period. However, in diabetic men, blood pressuresbetween the shortest RR interval in the first 15 s after

standing up and the mean RR interval in the 30 s before were higher during the sleeping period and therefore
standing up, was calculated. In addition, the RRmax/RRmin the diastolic blood pressure decline was significantly
ratio (or max/min ratio or 30515 ratio) was defined according blunted in the IDDM men. The diastolic blood pres-
to Ewing [21] the ratio, after standing up, of the duration sure decline (%) did not differ significantly between the
of the longest RR intervals around the 30th and the 15th IDDM men and women (P=0.13).
heart beat.

Autonomic functionStatistical analysis
Median values and ranges of the two autonomic func-

Groups were compared using unpaired Student’s t-tests. tion test in the 60 IDDM patients were 217 (23–614)
Blood pressure differences between the groups were analysed ms for the IE value, 253 (28–581) ms for the DRRmaxwith multiple linear regression analysis using diabetes and value and 1.39 (1.01–2.08) for the max/min ratio.
BMI as independent variables. The difference between the Significant correlations between the autonomic func-proportions of subjects in each group having a blood pressure

tion tests and systolic and diastolic blood pressuresdecline <10% was tested with x2 analysis. Pearson’s correla-
and heart rates are given in Table 3. Blood pressurestions were used to explore relationships among several vari-
during the waking period did not correlate significantlyables. The relationships among systolic and diastolic blood
with the results of the autonomic function tests,pressures, diastolic blood pressure decline, and the max/min

ratio were analysed with multiple linear regression using the whereas heart rates during both the waking and
max/min ratio as independent variable. All testing was two- sleeping periods did. The max/min ratio showed signi-
sided, with P<0.05 considered to be statistically significant. ficant correlations with the diastolic, but not with the
All tests were performed with the Statistical Package of systolic, blood pressure decline during sleep in the
Social Sciences (SPSS) software package. IDDM group. The decline in heart rate during sleep

was significantly related to the max/min ratio, the
DRRmax value and the IE value. After adjusting forResults
the decline of the heart rate during sleep, the partial
correlation between the max/min ratio and the diastolic

Blood pressures blood pressure decline during sleep was not statistically
significant. A significant correlation was found betweenAmbulatory (not office) blood pressures and ambulat-
HbA1c and the (RRmax value (Pearson’s r=−0.31,ory heart rates were higher in normoalbuminuric
P=0.02), but not the max/min ratio or the IE value.IDDM patients than in control individuals (Table 1).

Diastolic, but not systolic, blood pressure decline
during sleep was significantly reduced in IDDM

Discussionpatients compared to control subjects. Recently, it has
been demonstrated that blood pressures can be over-
estimated by oscillometric devices when compared with The present study was performed to elucidate the

controversy about blood pressure and abnormalitiesvalues obtained with a sphygmomanometer, especially
in diabetic patients [22]. In the present study, analysis in 24 h blood pressure profiles in normoalbuminuric

IDDM patients. We found that such patients hadof simultaneous blood pressure measurements with the
Spacelabs device and a sphygmomanometer, using the ~4 mm Hg higher systolic blood pressures during the

waking and the sleeping periods, 2.4 mm Hg highersame blood pressure cuff, revealed that the differences
in blood pressure among the groups could not be diastolic blood pressure during the waking period, and

4.4 mm Hg higher diastolic blood pressure during theexplained by this phenomenon (data not shown).
Regression analysis was performed to determine sleeping period than did matched healthy controls.

Previous studies have not shown consistent differenceswhether the blood pressure difference between the
groups could be ascribed to the difference in BMI. For in blood pressures, as measured by ABPM, between

normoalbuminuric IDDM patients and healthy con-all blood pressure estimates, the presence of diabetes
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Table 1. Patient characteristics and results of 24 h ambulatory blood pressure measurements of 55 normoalbuminuric IDDM patients
matched with 55 control subjects. Values given are means with SD in parentheses unless otherwise indicated

Controls Normoalbuminuric patients P value

Number (m/f ) 55 (32/23) 55 (32/23)
Age (years) 30.3 (11.0) 31.4 (10.6) 0.6
BMI (kg/m2) 22.4 (2.3) 23.1 (2.3) 0.10
IDDM duration (years) – 14.6 (10.0) –
Serum creatinin (mmol/l ) – 76.3 (10.8) –
Insulin dose (units/day/kg – 0.79 (0.21) –

body weight)
HbA1c (%) – 8.1 (1.3) –
Successful ABPM (%) 95.8 (4.4) 94.2 (6.5) 0.1
Office blood pressures

BPsys (mm Hg) 124.3 (9.9) 128.1 (11.0) 0.09
BPdia (mm Hg) 75.6 (8.5) 78.4 (8.5) 0.06
Hypertensives (%) 11 13 0.74

24 h period
BPsys (mm Hg) 118.1 (8.1) 122.5 (8.1) 0.005
BPdia (mm Hg) 71.0 (6.6) 74.1 (5.4) 0.009
HR (b/min) 71.1 (9.0) 81.8 (8.5) <0.0001

Waking period
BPsys (mm Hg) 124.3 (8.6) 128.2 (8.4) 0.02
BPdia (mm Hg) 76.9 (6.3) 79.3 (6.0) 0.04
HR (b/min) 76.4 (10.3) 87.7 (9.1) <0.0001

Sleeping period
Bpsys (mm Hg) 106.9 (8.5) 111.3 (8.5) 0.007
Bpdia (mm Hg) 59.8 (7.0) 64.2 (6.5) 0.001
HR (b/min) 60.0 (9.6) 69.8 (9.7) <0.0001

Declines during sleep
Dipsys (mm Hg) 17.4 (6.1) 16.9 (6.7) 0.7
Dipdia (mm Hg) 17.1 (5.1) 15.1 (6.2) 0.08
DipHR (b/min) 16.4 (7.9) 18.0 (7.7) 0.29
Dipsys (%) 13.9 (4.5) 13.1 (4.9) 0.3
Dipdia (%) 22.2 (6.3) 18.9 (7.3) 0.01
DipHR (%) 21.1 (9.1) 20.4 (8.5) 0.67
Dipsys <10% (%) 18 24 0.48
Dipdia <10% (%) 0 11 0.01

BMI=body mass index; ABPM=24 h ambulatory blood pressure monitoring; BPsys=systolic blood pressure; BPdia=diastolic blood
pressure; HR=heart rate; Hypertensives=systolic blood pressure >140 mm Hg or diastolic blood pressure >90 mm Hg; Dipsys=systolic
decline of blood pressure during sleep; Dipdia=diastolic decline of blood pressure during sleep; Dip HR=decline of heart rate during sleep.

trols, although tendencies towards higher blood pres- controversial [4,5,8–10]. We found a significant attenu-
ation of the diastolic blood pressure decline duringsures in IDDM patients have usually been observed

[4,5,7,10]. Since the present study is the largest study sleep in normoalbuminuric IDDM patients, mainly in
male IDDM patients Two earlier studies showed slight,that compares ambulatory blood pressures in normoal-

buminuric IDDM patients with those in healthy con- but not significant tendencies towards a diminished
nocturnal diastolic blood pressure decline [4,5]; onetrols, lack of statistical power in the earlier studies

may provide an explanation for these discrepant find- other study showed a significant attenuation of both
systolic and diastolic blood pressure decline [10]. In aings, although genetic differences among populations

may also be relevant [4,5,7,10]. Recently, higher blood recent study in patients with IDDM of short duration
(3.9 (SD 2.5) years) and tight metabolic controlpressures have been observed in female, but not in

male IDDM patients [23]. The present study confirms (HbA1c 7.0 (SD 1.0)%), we have shown that the blood
pressure decline during sleep is not different comparedthese results for the waking period, but blood pressures

during the sleeping period differed between IDDM with controls [24]. An abnormal blood pressure decline
may therefore be acquired during the course of thepatients and controls in males, but not in females.

There was a tendency towards higher blood pressure disease. Although we found no relationship between
the diastolic blood pressure decline during sleep andduring sleep in females as well. Therefore, the present

study indicates that the blood pressure elevation is not diabetes duration, we did observe a relationship with
(incipient) autonomic neuropathy, an acquired com-limited to male or female IDDM patients, although

we cannot exclude that gender differences play a role. plication of IDDM.
Gender differences in blood pressure decline duringAttenuation of the blood pressure decline during

sleep occurs more frequently in diabetic patients than sleep have not been reported before. Possibly, the male
IDDM patients in the present study have relativelyin healthy controls [7,8], but whether this phenomenon

is or is not limited to patients with increased UAE is more autonomic nervous system dysfunction than the
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Table 2. Characteristics of 55 normoalbuminuric IDDM patients and 55 control subjects according to gender. Values given are means with
SD in parentheses unless otherwise indicated

Men P value Women P value

Controls IDDM Controls IDDM

Number 32 32 23 23
Age (years) 28.5 (10.5) 31.5 (10.4) 0.27 32.8 (11.3) 31.3 (11.1) 0.66
BMI (kg/m2) 22.4 (2.1) 23.2 (2.2) 0.12 22.3 (2.5) 22.9 (2.4) 0.45
IDDM duration (years) – 13.8 (9.4) – 15.7 (10.9)
Insulin dose – 0.73 (0.19) – 0.87 (0.20)

(units/day/kg body weight)
HbA1c (%) – 8.0 (1.3) – 8.2 (1.3)
Successful ABPM (%) 95.9 (4.8) 93.9 (7.3) 0.21 95.6 (3.8) 94.6 (5.2) 0.45
24 h period

BPsys (mm Hg) 119.5 (8.4) 123.6 (8.5) 0.06 116.1 (7.4) 121.0 (7.3) 0.03
BPdia (mm Hg) 71.7 (6.9) 74.3 (5.6) 0.12 70.1 (6.3) 74.0 (5.3) 0.03
HR (b/min) 68.5 (9.3) 80.6 (8.5) <0.0001 74.7 (7.3) 83.5 (8.3) <0.0001

Waking period
BPsys (mm Hg) 126.0 (9.0) 129.2 (9.0) 0.16 122.0 (7.6) 127.0 (7.5) 0.03
BPdia (mm Hg) 77.5 (6.3) 78.7 (6.4) 0.47 76.0 (6.4) 80.2 (5.6) 0.02
HR (b/min) 73.8 (10.7) 86.5 (8.8) <0.0001 79.9 (8.7) 89.4 (9.4) 0.001

Sleeping period
BPsys (mm Hg) 107.5 (9.0) 112.3 (8.1) 0.03 106.0 (7.7) 110.0 (9.0) 0.11
BPdia (mm Hg) 59.7 (7.1) 64.7 (6.2) 0.004 60.0 (7.1) 63.5 (7.0) 0.10
HR (b/min) 57.5 (9.7) 68.3 (9.9) <0.0001 63.5 (8.5) 71.9 (9.2) 0.003

Declines during sleep
Dipsys (mm Hg) 18.4 (6.2) 16.9 (6.1) 0.3 16.0 (5.8) 16.9 (7.5) 0.63
Dipdia (mm Hg) 17.8 (4.8) 14.0 (5.6) 0.005 16.0 (5.5) 16.7 (6.7) 0.70
DipHR (b/min) 16.3 (8.9) 18.3 (7.7) 0.36 16.4 (6.5) 17.6 (7.9) 0.60
Dipsys (%) 14.6 (4.5) 13.0 (4.3) 0.15 13.0 (4.5) 13.3 (5.7) 0.87
Dipdia (%) 23.0 (5.8) 17.7 (6.6) 0.001 21.0 (7.0) 20.7 (8.0) 0.89
DipHR (%) 21.6 (10.2) 21.1 (8.7) 0.82 20.4 (7.5) 19.4 (8.4) 0.67
Dipsys <10% (%) 16 22 0.52 22 26 0.73
Dipdia <10% (%) 0 9 0.08 0 13 0.07

BMI=body mass index; ABPM=24 h ambulatory blood pressure monitoring; BPsys=systolic blood pressure; BPdia =diastolic blood
pressure; HR=heart rate; Dipsys=systolic decline of blood pressure during sleep; Dipdia=diastolic decline of blood pressure during sleep;
Dip HR=decline of heart rate during sleep.

Table 3. Correlations among autonomic function tests, blood pressures and heart rates, and blood pressure decline during sleep in 60
normoalbuminuric IDDM patients

Variables Pearson’s r P value

Blood pressures and heart rate
BPdia asleep (mmHg) IE value −0.29 0.03

DRRmax value −0.29 0.03
Max/min ratio −0.18 0.17

Heart rate awake (b/min) DRRmax value −0.30 0.02
BPdia awake (mm Hg) 0.26 0.04

Heart rate asleep (b/min) IE value −0.33 0.009
DRRmax value −0.53 <0.0001
Max/min ratio −0.37 0.004

Blood pressure and heart rate declines
Dipdia (%) Max/min 0.26 0.044

DRRmax value 0.11 0.39
IE value 0.21 0.12

DipHR (%) Max/min 0.40 0.001
DRRmax value 0.42 0.001
IE value 0.26 0.045

Dipdia (%) adjusted for DipHR (%) Max/min −0.21 0.12

BPdia=diastolic blood pressure; b/min=beats per min; IE value=mean IE-difference (calculated from the deep breathing test); Dipdia=
diastolic blood pressure decline during sleep; DipHR=decline of heart rate during sleep; IE value =mean IE difference (calculated from
the deep breathing test); DRRmax value=DRRmax from the lying to standing test; max/min=max/min ratio derived from the lying to
standing test.
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female IDDM patients when compared with their male the sympathetic and the parasympathetic nervous sys-
tems, but the remaining influence of the sympatheticand female controls respectively. This issue cannot be

elucidated with the data of the present study, since nervous system after adjusting for the decline in heart
rate during sleep was not analysed. We therefore favourautonomic function tests were not performed in the

control group. Within the IDDM group, the diastolic the hypothesis that the abnormal diastolic blood pres-
sure decline during sleep is related to damage of theblood pressure decline during sleep did not differ

significantly between men and women and thus the parasympathetic nervous system. The fact that the
decline of heart rate during sleep was related to thedeterminants of gender differences in this decline

cannot be analysed within the IDDM group. Therefore, DRRmax value and to the IE value (Table 3), which
both depend on parasympathetic nervous function, isfurther studies are needed to analyse the determinants

of these gender differences. consistent with this hypothesis.
In conclusion, in the present study, the largest inIn the IDDM patients, the IE value and the DRRmaxvalue [ lower values indicating (incipient) DAN] were comparing ambulatory blood pressures in IDDM with

normal UAE with those in healthy controls, IDDMnegatively correlated with both the diastolic blood
pressure during sleep and the heart rate during sleep, patients, compared to healthy control subjects, had

higher blood pressures and heart rates during the entirecompatible with the hypothesis that damage to the
autonomic nervous system is related to higher blood 24 h, the waking and the sleeping periods; in addition,

the diastolic blood pressure decline during sleep waspressures and heart rates during sleep. Both the dia-
stolic blood pressure decline and the heart rate decline blunted, mainly in diabetic men, when compared with

control subjects. In the IDDM patients higher diastolicduring sleep were positively correlated with the
max/min value of the LS test. After adjusting for the blood pressures during sleep were negatively related to

the IE value and the DRRmax value; the attenuation ofdecline of heart rate during sleep, the correlation
between the max/min ratio and the diastolic blood the diastolic blood pressure decline during sleep was

related to the max/min ratio of the LS test, but notpressure decline during sleep was not significant any-
more. Although analysis of correlations cannot estab- after adjusting for the decline in heart rate during

sleep. These data are consistent with the hypothesislish a cause and effect relation, these data are consistent
with the hypothesis that (incipient) DAN in normoal- that the diminished decline in diastolic blood pressure

during sleep is at least partly due to (incipient) damagebuminuric patients contributes to a diminished decline
of blood pressure during sleep by a diminished decline of the parasympathetic nervous system, leading to an

impairment of the heart rate decline and thus thein heart rate during sleep. This interpretation is consist-
ent with the results of a recent study, in which both a decline of cardiac output during sleep.
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