The Correlation of Parathyroid Hormone and
Heart Rate Variability in CAPD Patients

Weerasak Ussawawongaraya MSc*, Nuntana Spilles MSc**,
Sirinun Nilwarangkoon PhD*** Amporn Jariyapongskul PhD*

* Department of Physiology, Faculty of Medicine, Srinakharinwirot University, Bangkok, Thailand
** Dialysis Unit, Nopparat Rajathanee Hospital, Khan Na Yao, Bangkok, Thailand
*** Department of Biochemistry, Faculty of Medicine, Srinakharinwirot University, Bangkok, Thailand

Objective: To investigate the correlation of parathyroid hormone (PTH) and cardiac autonomic nervous system (ANS)
measured by heart rate variability (HRV) method in continuous ambulatory peritoneal dialysis (CAPD) patients.
Material and Method: Healthy subjects (HS) and two groups of CAPD patients classified by the PTH concentration: high
PTH group (H-PTH; PTH = 150-300 pg/ml) and ultra-high PTH group (UH-PTH,; PTH >300 pg/ml) were studied. Time
and frequency domains of HRV were analyzed. For the frequency domain, the fast Fourier transform of the total power
(TP), low frequency (LF), high frequency (HF), and LF/HF ratio were transformed by natural logarithm (In). The Pearson's
correlation was used to analyze the correlation between InPTH and the parameters of HRV.

Results: Time and frequency domains of HS were at highest values whilst LF/HF ratio was the lowest. For UH-PTH CAPD
patients, the values of standard deviation of R-R interval (SDNN), root mean square of the difference of R-R interval
(RMSSD), InTP and InHF were significantly lower whereas InLF was not significantly different compared to H-PTH. In
addition, InHF was found to have the highest negative correlation value with InPTH concentration (r = -0.53).
Conclusion: PTH, a serious uremic toxin, influences the initiation of ANS dysfunction. According to decreased InHF, a
decrease in parasympathetic activity was demonstrated in UH-PTH. Consequently, the modality that can stimulate the

parasympathetic activity should be considered in CAPD patients who were hyperparathyroidism.
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End-stage renal disease (ESRD) is the stage
of irreversible damage to the kidney leading to loss of
its important function, which is the excretion of excess
body water and waste products. ESRD is defined when
the glomerular filtration rate (GFR) reduces less than
15 ml/min/1.73 m?. The patients who are suffering from
ESRD need a renal replacement therapy. CAPD is
one of the most popular dialysis modalities because
new CAPD patients have been supported with the cost
of medical treatment by the national health security
office (NHSO) of Thailand. Thus, this modality is the
economic choice for the patients. As a result, a number
of CAPD patients have been growing up and may
become the biggest population of ESRD patients. Over
30% of ESRD patients, however, a number of studies
presented that cardiovascular disease was the major
cause of mortality™.
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PTH is a polypeptide containing 84 amino
acids produced and secreted by the chief cells of the
parathyroid gland. The important function of PTH is
the regulating in bone, calcium, and phosphate
homeostasis. Because of detrimental kidney in
ESRD, hypocalcaemia, hyperphosphatimia, and
vitamin D deficiency can stimulate PTH secretion.
This high plasma PTH has been called as secondary
hyperparathyroidism (SPH). SPH plays a frequent
complication and can be found approximately 50 to
62% in ESRD patients®. PTH is known as another
potent uremic toxin, which has adverse effects not
only to bone and kidney but also the other organs for
instance, brain, smooth muscle, pancreas, adrenal
gland, and particularly cardiovascular system®. Some
authors proposed that long-term effect of PTH causes
an irreversible change of the myocardial function and
vascular calcification®. Cardiac autonomic neuropathy
is another evidence for sudden cardiac death. The
inhibition of an electroencephalogram (EEG) and
nerve conduction velocity (NCV) in healthy dogs was
induced by the administration of PTH. Furthermore,
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the disturbance of EEG and NCV was diminished after
parathyroidectomy®®. Consequently, the normal cardiac
function may be regulated by the ANS and it can be
maintained by appropriate level of PTH.

Although normal heart has auto-regulatory
function, it is also controlled by ANS consisting of
sympathetic and parasympathetic nervous systems.
Particularly, the ANS has an essential function in
regulating cardiac contraction, heart rate (HR), and
arterial blood pressure. The previous studies indicated
that cardiac sudden death is due to the imbalance
of ANS. The HRV method is a non-invasive clinical
tool for evaluation of ANS functions. Furthermore,
it is widely used as the prognostic indicators of
cardiovascular disturbances as recommended by
Oikawa et al® and it is generally defined as the
quantification of R-R interval of an electrocardiogram
(ECG). It normally consists of two standard
measurements, which are time and frequency
domains”. A number of studies have shown that the
significant reduction of HRV is associated with
cardiac mortality®. Cardiac autonomic dysfunction
(CAD), one of the most important complications, is
found in approximately 53% of ESRD patients®'?. In
addition, the cardiac autonomic function directly
correlates with the increase of HRV in time and
frequency domains. Furthermore, it was found after
one year treatment of the dialysis modalities®.
However, there are a few studies about the effect of
PTH on HRV in CAPD patients. Therefore, the aim
of the present study was to investigate the effect of
PTH on the cardiac ANS measured by the HRV method
in CAPD patients.

Material and Method
Subjects

HS and CAPD patients were invited to
participate in the present study. The study protocol
approved by the Nopparat Rajathanee Hospital human
subject committee was informed and written consent
forms were obtained. HS (10 males and 10 females)
were the volunteers recruited from the annual health
check-up. For CAPD patients, they were screened from
their medical history. The inclusion criteria for the
patient group were as follows. 1) The patients received
the double bag system containing 1.25% dextrose for
removal of the excess volume or ultrafiltration and four
cycles of 2-L dianeal solution (Baxter, USA) exchanges
per day. 2) Kt/V, dialysis adequacy index, must be
over 1.7 according to NKF-DOQI (National Kidney
Foundation Dialysis Outcomes Quality Initiative)
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recommendation. 3) The patients had no sign of
any inflammation and infection such as peritonitis.
The exclusion criteria were patients with diabetes
mellitus, severe hypertension, amyloidosis, myocardial
infarction, heart failure, heart disease, cardiac
arrhythmias (atrial and ventricular fibrillation),
premature beat (frequent premature ventricular
contraction), heart block as well as the patients
prescribed drugs that were known to affect the ANS
such as beta-blockers, antiarrhythmic drugs, and
digitalis glycoside. The clinical data such as age, race,
gender, and total months on dialysis before enrollment
of CAPD patients were also documented. Causes of
ESRD were chronic glomerulonephritis (n = 14),
polycystic kidney disease (n = 5), hypertensive
nephropathy (n = 5), obstructive uropathy (n = 1),
nephrosclerosis (n = 1), and unknown (n = 4).
Angiotensin-converting enzyme inhibitor and
calcium channel blocker were antihypertensive drugs
for fourteen and nine patients, respectively. All
patients received phosphate binder such as aluminum
hydroxide, calcium carbonate, calcium citrate, and
lanthanum carbonate.

The screened subjects of both healthy and
CAPD patients were recorded their vital signs; body
temperature, HR, respiratory rate, and blood pressure,
as well as the standard 12-lead ECG evaluated by
cardiologist or nephrologists. Subjects who had ECG
abnormalities and had a history of alcohol drinking
and tobacco smoking were also excluded from
the present study. In addition to vital sign recording,
the venous blood of healthy subjects and CAPD
patient was drawn for routine biochemical analysis
and determination of PTH concentrations using
electrochemiluminescence immunoassay from
Roche Diagnostics. The obtained results were
repeatedly analyzed for the final selection of the
screened patients. The clinical and biochemical data
of all patients did not significantly differ except the
PTH. The patients whose PTH concentrations were
from 150 to 300 pg/ml were classified as H-PTH group.
Another group was classified as UH-PTH group when
their PTH concentration was greater than 300 pg/ml.
For the UH-PTH group, 0.25-0.5 pg of 1-a (OH),D,
(active form of vitamin D) was prescribed daily by
nephrologists. The present study therefore consisted
of twenty healthy age-matched subjects who were
assigned as the control group and thirty CAPD patients,
which were assigned as the experimental group. The
experimental group was divided into two groups
according to the PTH concentration levels. There
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were H-PTH (8 males and 7 females) and UH-PTH
(7 males and § females) groups. Prior to the experimental
day, all patient groups were asked to stop taking their
routine drug, particularly antihypertensive drugs for
12 h (8.00 pm to 8.00 am) in order to avoid the
effects of the patient heart rate. Unfortunately, a longer
duration for drug stopping cannot be processed because
the adverse treatment to the patients may be occurred.

Heart rate variability

The measurements of HRV of HS and CAPD
patients were performed on the morning of available
days. All subjects were invited to rest in a quiet
and comfortable room at temperature approximately
25°C for at least 20 minutes. Then, vital signs were
determined using the vital sign monitor (Nihon
Kohden, Japan). After the electrodes were applied on
the patient’s limb, the 30 minutes of raw signals from
lead II of ECG were then recorded and stored for
further analysis by the Biopac system MP 36 (Biopac
System Inc., USA). The subjects were asked to relax
their bodies and emotion during the whole recording
period. Subsequently, each ECG was manually
analyzed beat by beat for signal artifact rejection that
may occur. The HRV was then calculated from R-R
interval by Biopac Student Lab Pro software version
3.7.3. The HRV parameters were represented in time
and frequency domains (see references 7 and 16 for
more details). SDNN and RMSSD of the time domain
parameters were computed by the statistic method
following these equations: spww = f%};;;i(m,.—m)z and
RMSSD = Jm where m is the mean of R-R
interval. In the frequency domain, the raw signals of
ECG were calculated by the fast Fourier transform
method. Their parameters were TP (total power
<0.4 Hz), LF (low frequency = 0.04-0.15 Hz) and
HF (high frequency = 0.15-0.4 Hz). The LF/HF ratio
was also calculated. In order to get rid of the effects
from the total power alteration, the absolute values had
to be modified to normalized values (nu), which were
calculated as the following formula: LF or HF (nu) =
LF or HF (100)/(TP - VLF; very low frequency =
0.003-0.04 Hz) while TP = VLF + LF + HF). The
natural logarithm was necessary for LF and HF
transformation in order to avoid the skewness
distribution. In the present study, the short-term
measurement of HRV was used because this method
has a number of advantages. Firstly, it can quickly
perform and analyze, and its artifacts are easy to be
manually edited. Secondly, because of the short-term
recording, the subjects were asked to be under similar
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controlled condition. Finally, this method does not
disturb the daily life of the subjects.

Statistical analysis

The data were analyzed statistically by the
computer program. All data were presented as
mean =+ standard deviation (SD). The mean values
were analyzed using analysis of variance (ANOVA).
The correlation between each natural logarithm of
HRYV parameters and PTH concentration were made
with Pearson’s correlation test. The p-value <0.05 was
accepted as statistically significant.

Results

Table 1 demonstrates demographic and
clinical characteristics of the studied groups. Mean
ages of HS, H-PTH and UH-PTH were not significant
differences. Among three groups, systolic blood
pressure (SBP) and the PTH concentration of HS
were the lowest whereas the values of hematocrit
(Hct) and albumin concentration of HS group were
the highest. Additionally, the HR value of HS was
significantly lower than that of UH-PTH (7248.4 vs.
8319.7; p = 0.037). For comparison between the
H-PTH and UH-PTH, the levels of Hct and hemoglobin
(Hb) in H-PTH were significantly higher than those
levels in UH-PTH (37.6+2.72 vs. 33.67+3.27, p=0.003
and 12.49+1.30vs. 10.86£1.30, p=0.029, respectively).
In contrast, the PTH of UH-PTH was significantly
higher than that of H-PTH (754.73+324.21 vs.
195.33+£56.33; p<0.001). As shown in Table 2 and
Fig. 1, all HRV parameters of HS were significantly

OHS
BH-PTH
®UH-PTH

LF/HF

InTPS InLF InHF

The power of frequency domain parameters of
each group was represented in natural logarithm.
Data were shown as mean * SD.

*p-value <0.05, **p-value <0.01 and ***p-value
<0.001 were significant compared to HS.
p-value <0.05 was significant compared between
H-PTH and UH-PTH.
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Table 1. Demographic and clinical characteristics of the studied groups

Parameter HS (n=20) H-PTH (n=15) UH-PTH (n = 15)
Age (years) 50.30£12.75 51.13£10.05 52.00£9.21
Gender (M/F) 10/10 8/7 7/8

Duration of dialysis (months) NA 39.93+20.44 44.40+£19.51

SBP (mmHg) 112.50+10.05 124.70£9.10%*** 138.30£10.14%**
DBP (mmHg) 78.60£6.96 73.33£6.17 78.90£9.41

HR (beats/min) 72.00£8.40 78.00£10.8 83.00+9.70*
KtV NA 2.00£0.23 2.00£0.29

Hct (%) 43.80+3.19 37.60+2.72%** 33.67+3.27%**#
Hb (g/dl) 13.63+2.06 12.49+1.30 10.86+1.30%***
Albumin (g/dl) 4.59+0.26 4.25+0.30* 4.27+0.43*

Ca (mg/dl) NA 9.42£0.76 9.19£1.12

P (mg/dl) NA 5.97+1.17 6.11+1.11

PTH (pg/ml) 28.90+11.80 195.334£56.33** T54.73+324. 21 %+

The values were shown as mean + SD.

p-value compared with HS were: *p<0.05, **p<0.01 and ***p<0.001.
p-value between H-PTH and UH-PTH were: “p<0.05, #p<0.01 and **p<0.001.

NA = not assessment

Table 2. Time and frequency domain parameters of HRV of the studied groups

Parameters HS (n=20) H-PTH (n=15) UH-PTH (n = 15)
SDNN (ms) 85.30+14.12 67.73£17.01%* 47.27422 80+
RMSSD (ms) 40.00+4.62 34.27£7.12%%* 25.33+10.42%%*%
InTP (ms?) 7.15£0.50 6.75£0.32* 6.39£0.41**
InLF (ms?) 5.92+1.21 5.47+0.87 4.661.26%**
InHF (ms?) 6.10£0.87 4.84+0.91* 3.4510.69%**#
LF/HF 0.9740.15 1.160.23 1.37£0.24***

The values were shown as mean £ SD. Frequency domain parameters were transformed by natural logarithm.
p-value compared with HS were: *p<0.05, **p<0.01 and ***p<0.001.
p-value between H-PTH and UH-PTH were: *p<0.05, #p<0.01 and *#p<0.001.

highest whereas LF/HF ratio showed the lowest value.
When HRV parameters were compared between
H-PTH and UH-PTH, the values of parameters of
H-PTH except for LF/HF ratio were significantly
higher than those of UH-PTH. Those parameters
were as follows: SDNN (67.73£17.01 vs. 47.27+£22.80;
p = 0.008), RMSSD (34.27£7.12 vs. 25.33+£10.42;
p=0.033), InTP (6.75+£0.32 vs. 6.39£0.41; p = 0.048),
and InHF (4.84£0.91 vs. 3.45£0.69; p = 0.013),
respectively. For InLF, although the value was
higher in H-PTH than that of UH-PTH, it cannot
reach statistically significant difference (5.47+0.87 vs.
4.6611.26; p = 0.08). For LF/HF ratio, this is the only
parameter that the value was found lower in H-PTH
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compared to UH-PTH (1.16+0.23 vs. 1.37+0.24;
p =0.045).

To evaluate the correlation between HRV
parameters and the PTH concentration, data were
analyzed using the Pearson’s correlation test, which
was shown in Fig. 2. The results show that there were
negative correlation between InPTH with InTP
(r=-0.39; p=0.045) and InHF (r =-0.53; p=0.002),
respectively.

Discussion

The present study was conducted in ESRD
patients, thus, it was not surprising that Hct and Hb
values were lower when compared to the control group

J Med Assoc Thai Vol. 96 No. 5 2013



InTP
- = -0.39; p-value = 0.045

"
- L — InLF

%50 0t it SO r=-0.27; p-value = 0.147
£ T e

b Rt - = = InHF

g 40 = TTE~l r=-0.53; p-value = 0.002
g . L Tl . —.—nLFHF

T30 R ~% . r= 028 pvalue=0.127

0.0
0

200 400 600 800 1,000 1,200 1,400 1,600 1,800

PTH (pg/ml)

The correlation coefficients between PTH
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Fig. 2

(HS). PTH can reduce the erythropoietin synthesis and
induce the bone marrow fibrosis. Subsequently, the
synthesis of red blood cell from bone marrow was then
inhibited'). As the highest value of PTH level was
found in UH-PTH, it may cause the lowest Hct value
in this group. A study using the HRV method in 383
hemodialysis patients found that both SDNN and
RMSSD were negatively correlated with the increasing
of autonomic dysfunction mortality®. The present
study shows the defection of the ANS in CAPD
patients determined by the drop off of HRV parameters
(SDNN and RMSSD) as compared to HS. This result
confirmed the previous studies that CAD was an
important complication of ESRD patients'?. The
decline of HRV parameters in dialysis patients may
arise from dialysis inadequacy. Because of a lot of
uremic toxin, for example, urea, creatinine, and PTH
may not be completely eliminated. A comparative study
between before and after twelve months of dialysis
treatment on autonomic dysfunction in seven CAPD
patients demonstrated a significant improvement of
time domain parameters of HRV suggesting an
effective elimination of uremic toxin®. A prospective
study compared HRV parameters in dialysis patients
during dialysis and after renal transplantation at one
and six months. The levels of HRV parameters at six
months after renal transplantation were extensively
returned from low to nearly normal healthy values.
This may result from partially removal of uremic toxin
by transplanted kidney?. Both studies indicated that
urea was a dominant uremic toxin. The current study
found that the CAPD patients had lower HRV values
than HS. As the CAPD patients were selected from
sufficient dialysis adequacy evaluated by Kt/V and
nPCR (normalized protein catabolic rate). Therefore,
urea may not be involved but the high level of PTH
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may account for low HRV parameters in the present
study.

PTH has been known as a very potent uremic
toxin. The previous studies indicated that PTH affects
not only the pathogenesis of bone but also the other
essential organs, especially the cardiovascular system
and nervous system*!9, For the nervous system,
PTH results in the reduction of its function and
propagation. The pathological effects of the nervous
and cardiovascular system induced by hyper-
parathyroidism are still uncertain. The proposed
mechanism is the accumulation of intracellular
calcium occurred by two ways. The PTH stimulates
the opening of L-type calcium channel and inversely
activates Ca™-Na” exchanger. Calcium ions then move
finally into the cells. The deterioration effect of the
intracellular accumulation of calcium ion is the
inhibition of ATP synthesis by mitochrondria
oxidation!.

For the healthy population, HRV is
alternatively controlled by sympathetic and
parasympathetic nervous systems. The predominating
regulation is the function of the parasympathetic
nervous system responding to inhibit the norepinephrine
(NE) secretion from sympathetic nerve terminal.
Sympathetic activity therefore is reduced. SDNN,
RMSSD, and TP are the HRV parameters that can be
the representation of sympathetic, parasympathetic,
and total ANS, respectively. The SDNN inversely
correlates to sympathetic nervous system whereas
RMSSD has direct correlation to the parasympathetic
nervous system®. In the present study, the highest
value of SDNN, RMSSD and TP were found in HS
while the values of these parameters of H-PTH were
higher than those of UH-PTH. The results indicated
that the PTH influenced an increase in sympathetic
activity and decrease in parasympathetic activity.
The present result was consistent with the study by
Curione M et al in which the 28-patients with primary
hyperparathyroidism (PHPT) were designedly
compared with 29-healthy subjects. Their results from
short-term HRV analysis showed that the elevation of
LF/HF ratio and the reduction of SDNN had been
found in the patient group indicating that PHPT was
the cause of the increasing of sympathetic activity.
It has been documented that HF is the indicator of
parasympathetic activity whilst LF is the indicator of
both parasympathetic and sympathetic activity. HF has
direct relationship to parasympathetic activity but LF
has inverse relationship to sympathetic activity!'’®.
The HF and LF levels were significantly lowest in
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the UH-PTH group. The results again confirm the
reduction of parasympathetic activity and the rise in
sympathetic activity.

In order to determine which HRV parameters
was correlated with the concentration of PTH. The
Pearson’s correlation was used in the present study.
The results revealed that there was an inverse
correlation between the level of InPTH concentration
and InHF and InTP. The InHF had the highest
correlation coefficient (r = -0.53, p-value <0.01). The
study by Vlachojannis, et al found the higher level of
NE secreted from synaptic terminal in both serum
and dialysate fluid in CAPD patients with hyper-
parathyroidism when compared to healthy subject
serum?. The possible hypothesis may be that the high
level of PTH in CAPD patients activates the synthesis
and secretion of NE into the blood circulation. The
large amount of NE can initiate the toxic effects to the
heart. It induces the elevation of cardiac work by the
increasing of heart rate and contractility. Subsequently,
the cardiac oxygen demand is needed. Moreover,
NE is directly toxic to beta-receptor®®?D, Accordingly,
the alteration of HRV in CAPD patients with
hyperparathyroidism may the result from these
phenomenon. The beneficial suggestion of this study
is to stimulate the parasympathetic activity in the
CAPD patients who are hyperparathyroidism. The
modality that enhances parasympathetic activity should
be considered for HRV improvement. Alternatively,
LF/HF ratio, which is an indicator of sympatovagal
balance, was increased in both patient groups. It can
be confirmed that hyperparathyroidism is the important
factor for decreased HRV. However, there have been
a few studies concerning the influence of PTH on HRV
in dialysis patients. Consequently, the obtained results
from the present study can be used as basic information
for the further study.

Conclusion

PTH, uremic toxin, produced by parathyroid
glands can partly induce cardiac autonomic dysfunction
as detected by the lowest values of time and frequency
domains in UH-PTH and highest in HS using HRV,
which was a non-invasive method. In particular, a
decrease in parasympathetic activity was demonstrated
by having the highest inverse correlation between
InHF and InPTH. The benefit from the present study
is that the parasympathetic activating modality
should be introduced to the CAPD patients with
hyperparathyroidism. Further interesting study will
follow of the effect of PTH on HRV in CAPD patients
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compared as before, during dialysis, and after kidney
transplantation.
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