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ABSTRACT

Both the obesity and end stage renal disease
(ESRD) treated with continuous ambulatory peri-
toneal dialysis (CAPD) have been known that have
the adverse effect on the cardiac autonomic nervous
system. Therefore, the objective of this study is to
investigate the reinforcement of the obesity in the
CAPD patients to function of the cardiac autonomic
nervous system. In this study, the non-invasive tech-
niques were used to evaluate the cardiac autonomic
nervous system. The results showed that the systolic
blood pressure (SBP) and heart rate (HR) of both
CAPD patients groups were significantly highest val-
ues with p = 0.000 for rest period. It was the re-
sult from the sympathetic hyperactivity. In the other
hand, the comparison between the obese and non-
obese groups of both healthy subjects and the CAPD
patients showed that there were no any significant
differences on the cardiac autonomic nervous system
detected by resting blood pressure and heart rate.
However, the obesity can induce the parasympathetic
hypoactivity in the CAPD patients resulting from the
decrease in heart rate responses to deep breathing (p
= 0.048). For the orthostatic test, the CAPD pa-
tients had the higher difference of the systolic blood
pressure (DSBP) between supine and standing po-
sitions than that in non-CAPD patients. The re-
sults indicated that the sympathetic hypoactivity has
been found in the CAPD patients. The mechanism
of this phenomenon may be due to the high uremic
toxin concentration which gradually deteriorated the
baroreceptor reflex activity. Interestingly, the obe-
sity did not obviously augment the cardiac autonomic
nervous system in the CAPD patients in this study.
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1. INTRODUCTION

The obesity has been clearly considered as the ex-
cessive accumulation of the body fat leading to the
abnormal overweight. The overeating and/or seden-
tary habits are considered as main causes of obesity
[1][2]. At present, the obesity population has been
rapidly growing up and seriously causes of hospital-
ization, morbidity and mortality rates. From the in-
ternational obesity task force (IOTF), the population
of normal weight, overweight, and obesity are deter-
mined when their body mass index (BMI) are 18.5-
24.9 kg/m?, 25.0-29.9 kg/m?, and over 29.9 kg/m?,
respectively [3]. The previous studies had been found
that the obesity can induce the abnormality of cardiac
autonomic nervous system function via the impaired
sympathetic and parasympathetic systems [1][4][5].
However, these effects of obesity on autonomic ner-
vous system remain different.

ESRD has been defined as the loss of the essential
kidney functions, which are the homeostatic control
of total body water and uremic waste products. Sub-
sequently, ESRD patients have to receive one of the
renal replacement therapy (RRT). Cwrrently, there
are three methods of RRT; kidney transplantation
(KT), hemodialysis (HD), and continuous ambula-
tory peritoneal dialysis (CAPD). In Thailand, the
national health security office (NHSO) has supported
the expenditure of medical treatments for the CAPD
patients. Therefore, the number of the CAPD pa-
tients may be the main population of ESRD patients.
However, the high mortality rates of these CAPD
patients have been the result from the dysfunction
of cardiac autonomic nervous system [6]. The most
common cause of death is the cardiac arrhythmia [7].
The previous studies have been found that the CAPD
procedure leading to the obesity by increasing of the
body fat percentage and body mass index. These
two parameters of the obesity have directly related
to the duration of treatment [8]-[10]. Manji et al.
has proposed that the highly concentrated dextrose in
dialysate solution fully diffuses into the blood circu-
lation via peritoneal membrane [11]. This may be the
reason why the CAPD patients were easily induced
to the obesity. From the earlier mentions, not only
the CAPD procedure can induce the obesity but also
both the CAPD procedure and obesity have caused
the cardiac autonomic nervous system dysfunction.
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However, none of up-to-date literature has studied
whether the obesity can reinforce to cause the cardiac
autonomic nervous system dysfunction in the CAPD
patients. Consequently, in this study aims to inves-
tigate the effect of obesity on the cardiac autonomic
nervous system of the CAPD patients.

2. EXPERIMENTAL DESIGN
2.1 Subject

The healthy subjects and the CAPD patients were
precisely invited to participate in this study. The
study protocol was considered and approved by Nop-
parat Rajathanee Hospital human subject commit-
tee. All subjects were informed about the experi-
mental study and were asked to write their willing
consent forms. In addition, they can terminate their
participation whenever they need. All participants
were evaluated their medical histories and their daily
habits. From Nopparat Rajathanee Hospital, both
the sixty-nine healthy subjects (31 males and 38 fe-
males) who were intently selected from annual health
check-up and the fifty-three CAPD patients (28 males
and 25 females) who were invited to join in the in-
vestigation. The inclusion criteria for CAPD patients
were as the follows: 1) Double bag system containing
1.25% dextrose for the removal of the excess volume
or ultrafiltration (UF) and four cycles of 2-L dianeal
solution (Baxter, USA) exchanges per day were used.
2) Kt/V, dialysis adequacy index, must be over 1.7
according to NKF-DOQI (National Kidney Founda-
tion Dialysis Outcomes Quality Initiative) recommen-
dation. 3) Neither sign of any inflammation nor in-
fection such as peritonitis was found. For the CAPD
patients, the exclusion criteria were 1) uncontrolled
diabetes mellitus, severe hypertension, heart failure,
cardiac arrhythmias, heart block and myocardial in-
farction. 2) continuous cigarette smoking and alcohol
drinking. In addition, the clinical data such as age,
race, gender, and total months on dialysis before en-
rollment of the CAPD patients were also documented.

In this study, body mass index was used to catego-
rize all subjects into four groups. 1) The twenty-eight
subjects (15 males and 13 females) were assigned as
normal healthy group (N) who had normal BMI. 2)
The forty-one subjects (16 males and 25 females)
were assigned as normal obesity group (NO) who had
BMI over 120 percent of normal healthy group. 3)
The thirty-two CAPD patients (18 males and 14 fe-
males) were assigned as normal CAPD group (CN)
who had normal BMI. 4) The twenty-one CAPD pa-
tients (10 males and 11 females) were assigned as
the CAPD obesity group (CO) who had BMI over
120 percent of normal healthy group. FEach volun-
teer of healthy subjects and the CAPD patients was
recorded their vital signs, body temperatures, heart
rates, respiratory rates, and blood pressures. Addi-
tionally, the twelve lead of standard electrocardio-
gram (ECG) was also monitored and diagnosed by
cardiologists or nephrologists. The subjects who had
the abnormal either vital sign or ECG were rejected
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from the study. The selected participants were sub-
sequently measured their body weight (BW), body
height (Ht), and waist circumference, respectively.
For only CAPD patients, the blood was drawn in or-
der to examine the parameters concerning the CAPD
procedure and obesity. Unfortunately, both the CN
and CO group in the current study has been limited
by their routine medications which may affect the au-
tonomic nervous system (ANS) functions. Therefore,
the patients were requested to stop taking the ANS
medications which were antihypertensive and/or car-
diovascular drugs from 8.00 p.m. to 8.00 a.m. Be-
cause, if the cessation of drug was long-lasting, the
adverse effect to the patients treatment may be oc-
curred.

2.2 Electrocardiogram Recording

All four groups of the subjects had been recorded
their ECGs on the morning of the convenient day.
The subjects were invited to rest in the comfortable
and quiet room with temperature of 25°¢ for 20 min-
utes. The vital signs were documented with the vi-
tal sign monitor (Nihon Kohden, Japan). After the
electrodes were applied to their positions, the stan-
dard ECG of each subject was recorded by the ECG
monitor (Fukuda 800, Japan). Then, the ECG was
analyzed and the subjects who had abnormal ECG
were excluded from the study.

2.3 The Measurement of Cardiac Autonomic
Nervous System Responses

All four experimental tests of cardiac autonomic
nervous system responses were done on the same day.
Prior to the testing, the subjects were allowed to rest
at least for ten minutes.

2.3.1 Orthostatic test

After fifteen-minute rest, blood pressures were
measured with the sphygmomanometer at the proper
arm in the supine position and then the immediately,
the third minute, and the fifth minute blood pres-
sures were recorded after standing up. These three
values of the standing blood pressure were computed
as mean standing blood pressure. The differences of
systolic blood pressure (DSBP) between supine and
mean standing position were calculated. Similarly,
the differences of diastolic blood pressure between
supine and mean standing (DDBP) position were cal-
culated. The duplicate procedures of orthostatic test
were done completely. The higher value of ortho-
static test was considered as selected results. The
orthostatic test is a method for sympathetic nervous
system evaluation [1].

2.3.2 Valsava ratio method

The electrodes for lead IT were applied on the right
arm and the left leg while the right leg was set as
electrical ground. Lead II was then recorded using
the ECG monitor (Biopac AC system MP 36, USA).
Prior to the testing, the procedure was trained to all
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Table 1:: Demographics and clinical parameters of
the studied group

subjects until they were familiar. Each subject blew
via mouthpiece connected to the aneroid manome-
ter at 40 mmHg for 10 seconds while the nose was

clipped. After 30 minutes of the releasing pressure,

Parameters N(n = 28) NO(n = 41) CN(n = 32) CO(n = 21)
the ratio of the longest to the shortest of the interval
from R wave to R wave (R'R mterval) was computed Age (vears) 46.71 +£ 975 47.04 + 11.10 49.68 + 12.09 52.76 + 10.35
: : Gender (M/F) 15/13 16/25 18/14 10/11
as Valsava rath. The Valsava ratlo was a. methOd for Body Weight 57.60 + 7.05 77.32 £ 10.85%*  57.44 + 11.41%##  72.93 4+ 10.57+ !t
parasympathetic nervous system evaluation [1]. (kg)
Height cm) 162.55 + 7.32 162.01 + 8.12 162.09 + 19.68 159.82 + 9.75
. Waist
2.3.3 Heart rate responses to deep breathing Circumference ~ 32.14 + 339 39.94 + 4.22"*  33.98 + A.11###  40.20 + 324+
. . L .. (inch)
After five-minute rest with sitting position, each Body Mass
. . . . Index (kg/m?)  21.87 £ 224 33.37 +£ 407" 2156 £ 2.765### 3547 & 4,60ttt
subject was instructed and trained to respire deeply SBP (mmHg) 120.28 + 18.44  129.80 + 1153 150.31 + 25.42°**  155.76 + 21.63***!!t
H H H DBP (mmHg) 78.10 + 11.12 82.53 + 12.46 76.31 + 13.53 79.19 + 11.65
at the frequency Of. S1X }?reaths per mlnute' Whlle Heart rate 99.19 + 14.01 106.17 + 13.49 113.31 4+ 15.25** 117.47 + 13.39**ttt
the ECG was recoding with the speed of 50 mm per (beats/min)
. Kt/V NA NA 2.10 + 0.62 2.30 + 0.17
second, heart rate responses to deep breathing were WPNA NA NA 111 £ 0.38 102 £ 0.05
calculated. The mean difference between maximum Tr(lifjfﬁ‘)de NA NA 138.28 £ 6728 178.19 & 11166t
and minimum heart rate of each cycle in one minute. Cholesterol NA NA 176.06 + 50.56 176.90 + 53.44
The h deep breathi e
¢ heart rate responses to deep breathing were a HDL (mg/dl) NA NA 48.38 + 14.80 41.86 + 13.75t
3 _ LDL (mg/dl) NA NA 115.88 + 42.91 108.62 + 36.36
rpethod for parasympathetic nervous system evalua Het (3) NN NN e e Sor s
tion [1] Hb (g/dl) NA NA 12.06 + 5.24 10.20 + 2.19
Albumin (g/dl) NA NA 3.48 + 0.62 3.56 + 0.63

2.3.4 30/15 ratio method

Fach subject was asked to rest with supine position
for fifteen minutes while the ECG had been continu-
ously recorded. After standing, the ratio of the R-R
interval at 30" beat to R-R interval at 15! beat was
calculated and recorded in term of 30/15 ratio. The
highest ratio of double tests was the obtained result.
The 30/15 ratio was a method for parasympathetic
nervous system evaluation [1].

2.3.5 Statistical analysis

The data were analyzed statistically by the
computer program. All data were presented as
mean-+tstandard deviation (SD), because they weren’t
normal distribution.  The mean values between
four groups were analyzed using analysis of variance
(ANOVA) with Turkey’s method and Mann Whitney
U test was used when compared between two groups.
The correlations between each parameter of cardiac
autonomic nervous system and the parameters of ei-
ther obesity or the CAPD procedure were considered
with Pearson’s correlation test. The p-value<0.05
was accepted as statistical significance.

3. RESULTS

The table 1 presents the demographics and clini-
cal parameters of each studied group. The parame-
ters of the obese population were body weight, waist
circumference, body mass index, triglyceride, choles-
terol, high density lipoprotein (HDL), and low den-
sity lipoprotein (LDL) while the parameters of the
CAPD procedure were hematocrit (Het), hemoglobin
(Hb), albumin concentration, Kt/V (Dialysis ade-
quacy), and nPNA (normalized protein nitrogen ap-
pearance). In the obese groups, waist circumference
and body mass index of both NO and CO groups were
higher than those of N and CN groups, respectively.
These data were the follows: body weight (kg) (N;
57.60 &+ 7.05 vs NO; 77.32 £ 10.85, p = 0.000), (CN;
57.44 + 11.41 vs CO; 72.93 4+ 10.57, p = 0.000), waist

The values were shown as mean £+ SD

NA = not access

p-value compared with N were *p< 0.05, **p< 0.01

and ***p< 0.001

p-value compared with NO were # p< 0.05, ## p< 0.01
and ### p< 0.001

p-value compared with CN were * p< 0.05

circumference (inch) (N; 32.14 £ 3.39 vs NO; 39.94 +
4.22, p = 0.000), (CN; 33.98 + 4.11 vs CO; 40.29 +
3.24, p = 0.000), and body mass index (kg/m?) (N;
21.87 + 2.24 vs NO; 33.37 £ 4.07, p = 0.000), (CN;
21.56 + 2.75 vs CO; 35.47 £ 4.60, p = 0.000).

Additionally, the higher value of vital sign was sig-
nificantly found in both groups of CAPD (CN and
CO) when they were compared to both of non-CAPD
groups (N and NO). The details of vital sign param-
eters were: systolic blood pressure (SBP: mmHg) (N;
120.28 + 18.44 vs CN; 150.31 + 25.42, p = 0.000)
(NO; 129.80 + 11.53 vs CO; 155.76 + 21.63, p =
0.000) and heart rate (HR: beats per minute) (N;
99.19 + 14.01 vs CN; 113.31 + 15.25, p = 0.001),
(NO; 106.17 £ 13.49 vs CO; 11747 £+ 13.39, p =
0.017). Comparing between the CN and CO groups,
the results showed that age, Kt/V, nPNA, cholesterol
(mg/dl), low density lipoprotein (mg/dl), hematocrit
(%), and albumin (g/dl) were not significant differ-
ences. In contrary, the blood triglyceride of the CO
group was higher than that of the CN groups (178.19
+ 111.66 vs 138.28 + 67.28, p = 0.039) whereas, the
blood HDL of the CO group was lower than that of
the CN group (41.86 + 13.75 vs 48.38 &+ 14.80, p =
0.047).

The four parameters of cardiac autonomic ner-
vous system responses were shown in table 2. The
highest orthostatic test DSBP (difference of systolic
blood pressure between supine and standing position:
mmHg) was found in the CO group and the lowest
orthostatic test DSBP was found in the N group.
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Table 2:: Cardiac autonomic nervous system re-
sponses of each studied group
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Test N(n =28) NO(n =41) CN(n = 32) CO(n = 21)
Orthostatic test ~ 2.83 &£ 2.56  4.49 + 2.65  8.92 £ 4.93**##  10.60 & 5.87**###
DSBP (mmHg)

Orthostatic test ~ 4.22 4+ 2.82 834 + 5.15™ 6.41 + 4.39 9.19 + 5.79**
DDBP (mmHg)

Valsava ratio 1.44 £+ 0.54 1.33 £ 0.40 1.22 £ 0.37 1.19 £ 0.28
HR responses to  13.13 + 3.16  12.72 £ 9.18 8.95 + 7.86 6.26 + 5.74*##t
deep breathing

30/15 ratio 1.01 £+ 0.15 0.98 +0.14 1.22 £+ 0.11 1.19 + 0.13

DSBP = Difference of systolic blood pressure between
supine and standing position

DDBP = Difference of diastolic blood pressure between
supine and standing position

The values were shown as mean + SD

NA = not access

p-value compared with N were *p< 0.05, **p< 0.01
and ***p< 0.001

p-value compared with NO were # p< 0.05, ## p< 0.01
and ### p< 0.001

p-value compared with CN were * p< 0.05

This parameter of the CN group was higher than
that of the N group (CN; 8.92 + 4.93 vs N; 2.83
+ 2.56, p = 0.000) meanwhile the CO group was
higher than that of the NO group (CO; 10.60 + 5.87
vs NO; 4.49 + 2.65, p = 0.000). Similarly, ortho-
static test DDBP (Difference of diastolic blood pres-
sure between supine and standing position: mmHg) of
the CO group showed the highest value whereas this
parameter of the N group showed the lowest value.
Comparing between obese and non-obese groups, the
orthostatic DDBP of the N group has lower value
than that in the NO group (N; 4.22 4+ 2.82 vs 8.34 +
NO; 5.15, p = 0.004) whereas there was no significant
difference between the CN and CO groups. In addi-
tion, the lowest value of heart rate responses to deep
breathing was found in the CO group. Furthermore,
these values of the CO group were significantly lower
than that not only NO group (CO; 6.26 + 5.74 vs
NO; 12.72 + 9.18, p = 0.007) but also in the N group
(CO; 6.26 + 5.74 vs N; 13.13 £ 3.16, p = 0.007). Fi-
nally, the CO group has significantly lower value of
heart rate responses to deep breathing than that in
the CN group (CO; 6.26 + 5.74 vs CN; 8.95 + 7.86,
p = 0.048). However, neither valsava ratio nor 30/15
ratio has been shown any significant difference among
all four groups.

When the correlation between the four parame-
ters of cardiac autonomic nervous system responses
and the either obese or CAPD parameters of the CO
group were statistically evaluated, only DSBP and
DDBP were significantly correlated with waist cir-
cumference (r = 0.320; p = 0.037 and r = 0.312; p
= 0.039) and body mass index (r = 0.249; p = 0.047
and r = 0.300; p = 0.022). These results were shown
in figure 1 and 2, respectively.
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Fig.1:: The correlation between both DSBP and
DDBP of orthostatic test and waist circumference of
the CO group.
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Fig.2:: The correlation between both DSBP and

DDBP of orthostatic test and body mass index of
the CO group.

4. DISCUSSION

The current study has indicated that the obese
group obviously showed the higher of waist circumfer-
ence and body mass index than those in the subjects
with normal weight. When the obese patients treated
with CAPD were considered, the higher of blood
triglyceride and the lower of high density lipopro-
tein of the CO group were found when compared to
the CN group. The obtained results have been sup-
ported by the study of Paschoal et al [12]. Unfortu-
nately, there was no significant difference of choles-
terol between these two groups. The consequence
from the results demonstrated that the high concen-
tration of blood lipid leads to increase in the body fat
deposition, body weight, body mass index, and waist
circumference, simultaneously [12]. Particularly, the
high level of blood lipid leads to both atherosclerosis
and arterial stiffness in the CAPD patients [12]. In-
terestingly, the incidences of arterial stiffness in the
CAPD patients have been directly increase with mor-
tality rate.
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Gupta et al has proposed that these abnormali-
ties of vascular are likely possible to induce the au-
tonomic nervous system dysregulation via the im-
pairments of baroreceptor reflex activity and cardiac
autonomic nervous system function [13]. However,
there was no effect of obesity on the resting blood
pressure and heart rate. In the meantime, the obese
and non-obese groups of ESRD patients who treated
with CAPD have the higher resting SBP and HR than
those in both groups of normal kidney subjects, re-
spectively. The reason may be due to either the sym-
pathetic hyperactivity or the overproduction of cate-
cholamine stimulating the cardiac autonomic nervous
system functions which increase cardiac contraction,
heart rate, and vasoconstriction [14]. Moreover, the
cardiac autonomic nervous system dysfunction has
been known as the consequence from the accumula-
tion of uremic toxin which can inhibit the synthesis
of vasodilation enzymes. These are both endothelial
and neuronal nitric oxide synthases [15][16]. Briefly,
all these alterations caused by the effects of ESRD
treated with the CAPD method.

The non-invasive techniques were used to evalu-
ate the cardiac autonomic nervous system responses
in this study. They were consisted of valsava ratio,
heart rate responses to deep breathing, and 30/15
ratio. These three methods represent the activity of
parasympathetic nervous system. On the other hand,
orthostatic test was considered as the method eval-
uating the sympathetic nervous system activity [1].
For heart rate responses to deep breathing, the ob-
vious results of this study have corresponded with
the study of Jassal et al [17]. Furthermore, this
method has been proposed as a good index of cardiac
autonomic nervous system function for the CAPD
patients [17]. Due to the influence of only ESRD
replaced by CAPD method, this value of the CO
group was lower when compared to the NO group.
Therefore, the parasympathetic hypoactivity can be
found due to CAPD. Furthermore, the current re-
sults showed that heart rate response to deep breath-
ing of the CO group was less than that in the CN
groups. Therefore, the parasympathetic hypoactiv-
ity should be occurred, at least in part, the addi-
tional effect of the obesity. Not only the CAPD
therapy can induce cardiac autonomic nervous sys-
tem dysfunction via sympathetic hyperactivity and
parasympathetic hypoactivity but also the obesity re-
inforces the parasympathetic hypoactivity. For the
other gold standard method, the parasympathetic ac-
tivity has been analyzed by heart rate variability in-
cluding of HF (High frequency) power, RMSSD (root-
mean square of differences between adjacent normal
R-R intervals in a time interval), pNN50 (percentage
of adjacent R-R intervals with a difference of duration
greater than 50 ms). The previous studies have pro-
posed that HF, RMSSD, and pNN50 decrease in both
obese children and adults [4], [18]. Interestingly, this
technique will be used in further investigation in or-
der to confirm our current studies. However, the pro-
posed mechanisms were that the high body fat causes

the decrease of the receptor activity of parasympa-
thetic system and/or increase both sympathetic out-
flow [19] and nor-epinephrine releases from sympa-
thetic hyperactivity [20]. Consequently, the conclu-
sion of this study was that the obesity likely augments
with the CAPD procedure in term of the decrease of
parasympathetic activity.

In this study, although the obesity may not be the
main cause, it is able to reinforce in ESRD replaced
with the CAPD method for cardiac autonomic ner-
vous system dysfunction. Consequently, the advan-
tage from the current study has been the medical
prescription, particularly; the influencing drug to the
cardiac autonomic nervous system should be carefully
observed and monitored. Otherwise, the extreme ab-
normality of blood pressure and heart rate may be
occurred in the obese-CAPD patients.

For orthostatic hypotension, the normal weight
(CN) and the obesity (CO) of the CAPD patients had
more DSBP than the healthy (N) and the healthy
obesity (NO) subjects, respectively. These data in-
dicated that the CAPD method induces the sympa-
thetic hypoactivity during the changing from supine
to standing position. Additionally, the obesity has
also affected the increase in DDBP of the NO group
when this group was compared to the N group. This
result indicated that the phenomenon of sympathetic
hypoactivity as a result of obesity can be occurred.
Although the DSBP and DDBP of the CO groups
were insignificantly higher than that in the CN group,
its data may help to confirm that ESRD treated with
CAPD may be partly augmented by obesity leading
to orthostatic hypotension.

The orthostatic hypotension has been defined as
a decrease in SBP and/or DBP when the alteration
from supine to standing position. From the results
in this study, the greater influence of CAPD than
the obesity on orthostatic hypotension was likely ob-
served as proposed suggestion. This statement can
be insisted by the obvious results. The significant
higher of DSBP of both CAPD groups were found
compared to the both healthy groups whereas only
the NO group has higher value of DDBP than the N
group. However, this hypothesis can be supported by
the correlation data. It was found that the param-
eters of orthostatic test (DSBP and DDBP) of the
CO group significantly correlated with waist circum-
ference and body mass index. Consequently, the obe-
sity may partially involve in orthostatic hypotension
in the CAPD patients. Subsequently, the advantage
of the study was that the patients with obesity should
be recommended for the awareness of orthostatic hy-
potension during excess fluid removal by the CAPD
method. They must slowly turn their position from
supine to sitting or standing position, in particular,
during ultrafiltration (UF) process. There have been
reported that ultrafiltration with high dextrose con-
centration of the CAPD patients induced hypoten-
sion by cardiac sympathetic hypoactivity [17]. They
suggested that the alpha 1 agonist of cardiac adrener-
gic receptor have been inhibited during ultrafiltration
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[21]. Therefore, the CAPD patients who were in ul-
trafiltration procedure, the orthostatic hypotension
easily and seriously occurred when they alter their
position.

5. CONCLUSION

The effect of the obesity in ESRD patients treated
with CAPD is divided into two phases. Firstly,
the parasympathetic hypoactivity controlling cardiac
nervous system functions were mainly influenced dur-
ing resting. Secondly, the sympathetic activity was
partly inhibited at adrenergic receptor leading to
orthostatic hypotension when the alteration from
supine to standing position in the duration of ultra-
filtration was conducted.
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