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ABSTRACT

Objective: To determine the relationship between secondary hyperparathyroidism (sHPT) and circadian blood pressure (BP)
rthym among patients undergoing hemodialysis treatment.

Study Design: A descriptive and prospective cohort study.

Place and Duration of Study: Department of Nephrology, Firat University Hospital, Turkey, between June and December
2019.

Methodology: Eighty-five patients, undergoing hemodialysis three times a week, were included. The BP parameters and circa-
dian blood pressure rhythm were measured by the mobil-o-graph sphygmomanometer. Non-dipper blood pressure phenomenon
was defined as a night-time mean artery pressure (MAP) decrease of <10% from the daytime MAP; sHPT was defined as
parathormone >300 pg/ml.

Results: Of the 85 participants, mean age was 57.07 £ 14.46 years. In cohort, sHPT rate 58.8% (n =50) and non-dipper blood
pressure pattern rate was 64.7% (n = 55). Systolic blood pressure (p=0.001), diastolic blood pressure (p=0.001), and mean
arterial blood pressure (p<0.001) were higher in participants with sHPT. sHPT (p = 0.003) was an independent risk factor for
non-dipper blood pressure pattern (odds ratio [OR] 0.065, 95% CI: 0.11-0.390). A negative correlation was identified between
parathormone and the reduction in night blood pressure (r = -0.346, p=0.001).

Conclusion: Secondary hyperparathyroidism can cause non-dipper blood pressure pattern by reducing the reduction in night
blood pressure. Treatment of sHPT is important in the control of blood pressure and normal circadian blood pressure rhythm in

tertiary protection in hemodialysis patients.
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INTRODUCTION

Ambulatory blood pressure monitoring (ABPM) has been
increasingly used in clinical management of hypertension. The
24-hourblood pressure (BP) patternis more predictive of cardio-
vascular event risk than routine office BP.! Previous studies
reported that average nighttime sleep BPs are generally better
predictors of adverse cardiovascular outcomes than average
daytime awake BPs levels. Ambulatory blood pressure is also
important in detecting the non-dipper blood pressure pheno-
menon. Night-time blood pressure is reduced by 10-20% in
healthyindividuals with circadian blood pressure.
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People with a fall of less than 10% are called non-dipper blood
pressure phenomenon.”* A meta-analysis study showed that
non-dipperand reverse dipper phenomenon are asociated with
worse cardiovascular events and elevated night-day BP ratio is
significantly and independently predict mortality in hyperten-
sive patients.’

Chronickidney disease (CKD) isan anotherimportantrisk factor
forcardiovascularevents. Traditionalriskfactors, suchashyper-
tension[HT], diabetes mellitus[DM], age, gender, smoking, and
dislipidemia; and non-traditional risk factors, such as left
ventricular hypertrophy, serum albumin, hemoglobin, phos-
phate, and urate levels are responsible for cardiovasculer
events in CKD.® Recently, it has been emphasised that the non-
dipper phenomenon that occurs in chronic renal failure may be
an important cardiovascular risk factor. Previous studies
reported that non-dipper phenomenonincidenceis41%among
patients with chronic renal failure and higherthan hypertensive
patients without CKD.” Previous studies focused on treatment of
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non-dipper fenomen and those studies reported that evening
drug therapy significant decreases in nocturnal systolic and
diastolic blood pressure. In literature, there is no sufficiant data
to explain higher non-dipper phenomenon incidence among
patients with CKD.*®*

A limited number of studies in the literature have claimed that
hyperparathyroidism may be associated with increased BP and
non-dipper phenomenon. The condition of sHPT, which is
common in hemodialysis patients, is known to be associated
with poor quality of life. It also directly increases the risk of
cardiovascular events due to valvular and vascular calcifica-
tion, and may be another cardiovascular risk factor in associa-
tion with increased blood pressure and non-dipper pheno-
menon.”*® A previous study reported that parathyroidectomy
ledtoareductioninblood pressure. Anotherstudy reported that
the prevalence of metabolic syndrome, elevated BP, and non-
dipping phenomenon significantly decreased after parathy-
roidectomy.'’ Secondary hyperparathyroidism is associated
with high cardiovascular morbidity, but the relation between
sHPT and circadian blood pressure is still controversial. There is
no study in the literature to explain the relationship between
sHPTandcircadianblood pressurerhythm.

The currentstudy focused on the association between sHPT and
the non-dipper phenomenon, which iscommon in hemodialysis
patients. The study data may contribute to the reduction of the
non-dipper phenomenon incidence and increased cardiovas-
cular risk among hemodialysis patients. The current study was
aimed to investigate the relationship between sHPT and circa-
dian blood pressure rhythm in a population undergoing hemo-
dialysistreatment.

METHODOLOGY

This descriptive and prospective cohort study was performed at
Hemodialysis Unit, Department of Nephrology, Firat University
Hospital, between June and December 2019. Patients were
included if they were 18 years or older, had undergoing hemo-
dialysis treatment at least one year for three times a week for
end-stage renal diseases. Exclusion criteria were determined
as being younger than 18 years of age, having physical and
mental disability for 24-hour ambulatory blood pressure
measurement, having high parathormone levels other than
sHPT due to CKD, having sleep disorders, and not being willing
to participate in the study. One hundred patients were followed
up in the Hemodialysis Unit for hemodialysis treatment. All
under-treatmenthemodialysis patients constituted the popula-
tion of the study. Eighty-five patients, who metthe study criteria
and could adapt to ABPM, were included in the study (response
rate = 85%). The adequeacy of the sample size was checked
with the posthoc power analysis since the study was a new and
unique in the literature. For this, posthoc power analysis was
performed for the blood pressure variable with the largest
extentof dispersion used inthe study. Forthe relevantvariable,
it was determined that 0.92 power was reached with the power
analysis performed between the two indepeendent groups at
the two independent groups at the 0.77 effect size (d) and 0.05

significance level and the effect size was sufficient. Written and
verbal consentsofall participants were obtained.

The biochemical parameters of the patients were obtained from
the hospital database. The socio-demographic characteristics
of the participants were obtained with the questionnaire form
prepared by review of the literature. Theirdemographic charac-
teristics, which included age, gender, marital status, educa-
tional level, comorbid diseases (HT, DM), smoking habits, dura-
tion of HT and hemodialysis were questioned. Standing height
of patients were measured with 0.1 cm sensitive linear height
scale. The dry weight of the patients were measured with sensi-
tive digital scale. Body mass index (BMI) was calculated using
the conventional Queteletformula (BMI= Kg/m?).

For each 24 hours measurement, overall, night-time and day--
time mean systolic blood pressure (SBP) and diastolic blood
pressure (DBP) values were recorded, and mean artery pres-
sure (MAP) for day-time and night-time was calculated by the
formula: [MAP=DBP+(SBP—DBP)/3]. Non-dipper blood pres-
sure phenomenon was defined as a night-time MAP decrease of
<10%fromthe daytime MAP.** For each measurement, the rate
of changes between the daytime and night-time blood pres-
suresatthe sametime was calculated using the formula: [(night
SKB-daytime SKB)/daytime SKB]*100.

Assessment of sHPT in maintenance dialysis populations was
through reports of parathyroid hormone (PTH) concentration.
Based onthe 2002 KDOQI clinical practice guidelines, sSHPT was
defined as PTH > 300 pg/mL or as defined and reported by the
source literature.” All current assays for measuring PTH were
included and all reports of elevated PTH within maintenance
dialysis populations were assumed due to sHPT.

A 24-hour ABPM measurements of the participants were made
with mobil-o-graph (I.E.M. GmbH, Stolberg, Germany) device,
which can automatically measure blood pressure for 24 hours.
The range of measurement is 70-260 mmHg for systolic blood
pressure, 45-180 mmHg for diastolic blood pressure, and
40-240/minute for heart rate.

The 24-hour blood pressure measurements of the participants
were measured between the individuals' hemodialysis session
discharge and the next day.">** All patients informed about the
24-hour ambulatory BP monitoring and mobil-o-graph device
by the researcher. They were also advised to avoid excessive
activity and to keep their arms at heart level during the BP
measurements. All patients were asked torecord theirbed-time
and get-up-time. The definitions of ‘day-time’ and ‘night-time’
periods were based on the participants' own declaration. Using
the hourly averages of ABPM recordings, day-time, night-time,
and 24-hour averages of SBP, DBP, and mean BP were
computedforeverypatients. Day-timeblood pressuremeasure-
ments (08.00-24.00) were performed at 15-minute intervals,
and night-time blood pressure measurements (24.00-08.00)
were performed at 30-minute intervals. The device automati-
cally measured and recorded the average of day and night,
systolic and diastolic blood pressure, separately according to
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bed-time and get-up-time. Again, according to the sleep and
wakefulness hours of the participants, the average pulse rate
and pulse pressure were automatically measured by the device
in two separate categories as day and night. Recordings were
accepted, if more than 80% of the raw data were valid. Partici-
pants with incomplete orinvalid ABPM were asked to repeat this
procedure three days later. Participants who could not comply
with ABPM for the second time, were excluded from the study.
Valid ABPM was obtained in 70 patients in the first application,
and 15 patients in the second application. A total of 15 patients
(7 patients for invalid ABPM and 8 patients did not meet the
study criteria) werenotincludedinthe study.

Statistical analysis of the data was performed using IBM SPSS
version 22 statistical package programme. Shapiro-Wilk test
was used to determine whether the data showed normal distri-
bution. Descriptive data were given as mean = SD for contin-
uous variables with normal distribution, median (quartile 1-
quartile 3) for continuous data with non-normal distribution,
and number (n) and percentage (%) for categorical variables. In
comparisonoftwoindependentgroups, Student-ttestwas used
for normal distributed continuous data, Mann-Whitney U-test
for non-normal distributed continuous data. Pearson Chi-
square test was used to analyse categorical data. In order to
determine the effect of independent variables on dependent
variable, the binary logistic regression model with backward
stepwise were used. Pearson's or Spearman correlation coeffi-
cient was used to evaluate the relationship between the two
continuous data conforming to normal distribution. Signifi-
cancelevelwasp<0.05.

RESULTS

A total of 85 hemodialysis patients were included in the study.
Themeanagewas57.07 = 14.46 yearsand 67.1% (n=57) were
males. The sHPT rate was 58.8% (n=50), and non-dipper blood
pressure phenomenon rate was 64.7% (n=55). Non-dipper
blood pressure fenomene significantly higher in patients with
sHPT than patients without sHPT (p <0.001). The mean day--
time systolic blood pressure (p=0.020), mean night-time
systolic blood pressure (p =0.001), mean day-time diastolic
blood pressure (p=0.033) and mean night-time diastolic blood
pressure (p =0.001) were higher in patients with secondary
hyperparathyroidism than without secondary hyperparathy-
roidism (Tablel).

Secondary hyperparathyroidism (p=0.003) was an indepen-
dent risk factor affecting circadian blood pressure (odds ratio
[OR] 0.065, 95% CI: 0.11-0.390). Gender, ferritin, and blood
urea nitrogen (BUN) levels were independently associated with
non-dipperblood pressure phenomenon (Tablell).

A moderately significant positive correlation was found
between night-time blood pressure decrease and parathyroid
hormone level (r=0.346,p <0.001). There was a positive corre-
lation betweenblood pressure changeand K (p =0.004), urea(p
<0.001) and uric acid (0.042), and a negative correlation with
ferritin(p=0.011) level(Tablelll).

Table I: Demographic, blood pressure and circadian blood pressure
rhythm characteristics ofthe participants.

sHPT
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sHPT
No _ Total (n=85) §
(n=35) Yes (n=50) n (%) p-value
n (%)
n (%)
Gender
Male 28 (80.0) 29 (58.0) 57 (67.1) 0.038
Female 7 (20.0) 21 (42.0) 28 (32.9) '
Marital status
Married 27 (77.1) 43 (86.0) 70 (82.4) 0.388
Single or widow 8(22.9) 7 (14.0) 15 (17.6) '
Education status
Under high school 21 (60.0) 34 (68.0) 55 (64.7)

i 494
High schooland | 14400 | 16 (32.0) 30353 | 04
above
Income level
Low 11 (31.4) 26 (52.0) 37 (43.5)

Medium 24 (68.6 24 (48.0 48 (56.5) 0.077
Good 0 0 0
Hypertension status
Have not 11 (31.4) 15 (30.0) 26 (30.6) 0.537
Have 24 (68.6) 35 (70.0) 59 (69.4) '
Diabetes Mellitus status
Have not 27 (77.1) 30 (60.0) 57 (67.1) 0.077
Have 8(22.9) 20 (40.0) 28 (32.9) ’
Coronary artery disease status
Have not 25(71.4) 36 (72.0) 61 (71.8) 0.572
Have 10 (28.6) 14 (28.0) 24 (28.2) ‘
Smoking
No 32 (91.4) 41 (82.0) 73 (85.9) 0.182
Yes 3(8.6) 9 (18.0) 12 (14.1) '
Alcohol
No 34 (97.1) 49 (98.0) 83 (97.6) 0.657
Yes 1(2.9) 1(2.0) 2(2.4) '
Circadian blood pressure
Dipper 22 (62.9) 8 (16.0) 30 (35.3) <0.001
Non-dipper 13 (31.7) 42 (84.0) 55 (64.7) '
sHPT sHPT value
No Yes p
Age (year) 57.66+15.73 | 56.66+15.42 | 0.772
Hemodialysis vintage (year) 2.00 (1.75-4.00)|3.00 (2.00-8.00)| 0.119
Hypertension vintage (n=59) 6.00 5.00 0.487
(year) (0.00-10.00) (0.00-15.00) '
162.40 524.90
Parathormone (pg/mi) (112.60-260.90)|(411.30-724.25)| <0001
BMI (kg/m?) 23.57+4.34 24.36+4.88 | 0.440
Mean arterial pressure (MAP) | 13 97,17 36 | 104.12+19.31 | 0.971
(mmHg) T T )
Mean systolic blood pressure 130.29+21.89 | 131.36+26.69 | 0.845
(24 hours) (mmHg) U e )
Mean systolic blood pressure
(daytime) (mmHg) 122.80£19.15 | 136.34+29.73 | 0.020
Mean systolic blood pressure 121.03+18.54 | 141.92+32.95 | 0.001
(night) (mmHg) T T )
Mean diastolic blood pressure 81.66+14.18 | 81.02+15.66 | 0.848
(24 hours) (mmHg) T e )
Mean diastolic blood pressure 70.46+13.01 | 87.04+17.56 | 0.033
(daytime) (mmHg) T T )
Mean diastolic blood pressure
(night) (mmHg) 76.00+£12.77 | 88.68+18.69 | 0.001
Mean pulse pressure (24 49.00 42.50 0.678
hours) (42.0-54.0) (36.7-63.5) '
Mean pulse pressure (daytime) (405822(; 0) (354‘7‘;22 0) 0.649
Mean pulse pressure (night) (42?8;2210) (3;8;22.0) 0.823
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Table ll: Binary logistic regression model for relationship between circa-
dianrhythmandsociodemographiccharacteristics.

] odds Confidence
Variables Ratios Interval p-value
(95.0%)

Gender
Female ref
Male 0.107 0.012-0.936 0.043
Income level
Insufficient ref
Sufficient 3.36 0.435-25.955 0.245
Hypertension status
Have not ref
Have 0.84 0.113-6.305 0868
Diabetes Mellitus status
Have not ref
Have 8.44 0.793-89.920 0.077
Coronary artery disease status
Have not Ref

0.177
Have 0.28 0.043-1.784
Smoking
No Ref
Yes 0.58 0.161-25.644 0-583
Alcohol
No Ref
Yes 0.09 0.000-19.346 0.378
Secondary hyperparathyroidism
Have not Ref
Have 0.07 0.011-0.390 0.003
Age 0.99 0.936-1.063 0.940
NLR 0.31 0.779-2.221 0.306
BMI (kg/m?) 1.04 0.834-1.296 0.729
Ferritin (ng/ml) 1.00 1.001-1.006 0.007
Phosphate (mg/dl) 0.48 0.216-1.083 0.077
BUN (mg/dl) 0.94 0.890-0.908 0.016
Creatinine (mg/dl) 1.87 0.944-3.719 0.072
Uric acid (mg/dl) 1.78 0.680-4.647 0.241
Total protein (g/dl) 0.94 0.160-5.490 0.943
Albumin (g/dl) 1.62 0.115-22.959 0.720
NLR: Neutrophil to leukocyte ratio, BMI: Body mass index, BUN: Blood urea
nitrogen, CRP: C-reactive protein, Ca*P: Calcium * Phosphate (Nagelkerke
R’=0.625, model p<0.001).

Tablelll: Correlation betweenthefallinblood pressureand continuous
variables.

Variables r p
Parathormone (pg/ml) 0.346 0.001
Na (meq/L) -0.115 0.296
K (meg/L) 0.313 0.004
Ca (mgy/dl) -0.022 0.844
Phosphate (mg/dl) 0.199 0.067
Ferritin (ng/ml) -0.274 0.011
CRP (mg/L) 0.011 0.918
Mean heart rate -0.023 0.837
BMI (kg/m?) -0.004 0.971
NLR 0.020 0.855
Age (year) 0.065 0.554
Hemodialysis vintage (year) -0.004 0.971
BUN (mg/dl) 0.448 <0.001
Creatinine (mg/dl) 0.027 0.804
Uric acid (mg/dl) 0.222 0.042
Total cholestrole (mg/dl) -0.211 0.052
Triglyseride (mg/dl) -0.084 0.444
HDL (mg/dl) -0.062 0.570
LDL (mg/dI) -0.174 0.112
Ca* P 0.160 0.143
NLR: Neutrophil to leukocyte ratio, BMI: Body mass index, BUN: Blood urea
nitrogen, CRP: C-reactive protein, Ca*P: Calcium * Phosphate.

DISCUSSION

To the best of authors’ knowledge, this current study is the first
study in the literature to investigate the relationship between
secondary hyperparathyroidismand circadian rhythm, which is
common in hemodialysis patients. In this study, sHPT and non-
dipper blood pressure phenomenon is common among hemo-
dialysis patients. The current study showed that sHPT is related
with circadian blood pressure and it increased the non-dipper
blood pressure phenomenonrate.

The current study has found that mean arterial blood pressure,
mean systolic and diastolic blood pressures (day-time and
night-time) were higher in patients with secondary hyper-
parathyroidism. A possible relationship between sHPT and
hypertension has been widely reported in the literature and
various pathogenetic mechanisms have been described.”*®
Previous studies have showed a significant decrease in blood
pressure after parathyroidectomy.”’*® The data the present
authors obtained regarding the relationship between hyper-
parathyroidismand high blood pressure weresimilartotheliter-
ature data. Thus, the authors believe that hypertension and
high blood pressure, which are an important cause of mortality
and morbidity in hemodialysis patients, can be controlled by
treating high parathyroid hormonelevels.

Wang et al. reported that the reverse dipper blood pressure
pattern is closely related to severe kidney damage and cardio-
vasculareventsin patients with chronic renal failure, thus these
patients should be given special attention.” The current study
has found that non-dipper blood pressure pattern was more
common in hemodialysis patients, who developed secondary
hyperparathyroidism. The current study showed that
secondary hyperparathyroidism that develops in hemodialysis
patients increases the non-dipper blood pressure pattern. Luigi
et al. reported that the non-dipper blood pressure pattern seen
at a frequency of 57% regressed to 38% after the treatment of
primary hyperparathyroidism." Inthis study, when the relation-
ship between parathyroid hormone and circadian rhythm was
examined, it was found that parathyroid hormone levels were
higher in the group with non-dipper phenomenon, and there
was also a correlation between the percentage of change
between day and night blood pressures and parathyroid
hormone levels. Many previous studies reported that parathy-
roid hormone had an effect on blood pressure and increased
blood pressure.”** Additionally, some studies were reported
that parathyroid hormone levels were higher in patients with
non-dipper patterns.’*” In this context, the findings of the
authors that parathyroid hormone levels are high in the group
with non-dipper pattern is supported by literature data. Signifi-
cant correlation between day and night blood pressure change
rate of parathyroid hormone level supported the effect of
secondary hyperparathyroidism on circadian rhythm. Wang et
al. reported in their study that participants with non-dipper
pattern blood pressure had higher parathyroid hormone
levels.” The common belief in the literature is that controlling
theparathyroidhormonelevelisimportantinnormalblood pres-
sure. Thefindings are consistent with the literature data. Based
on the findings the present authors obtained, it was thought
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that controlling the parathyroid hormone level could prevent
the deterioration of the circadian rhythm, whichis animportant
cardiovascular risk factor, in addition to controlling blood pres-
sure.

The first limitation of this study is that it is cross-sectional and
single-centre study. The small sample size is anotherimportant
limitation of this study, butthe factis that hemodialysis patients
constituted the study population resulted in a small sample
size. The 24-hour blood pressure measurement of all partici-
pants was performed once, so fluctuations in blood pressure at
different times could not be evaluated. Although there was no
statistically significant difference between socio-demographic
characteristics of the groups with dipper and non-dipper
patterns, all factors that could affect circadian rhythm could not
beexcluded.

Despite all these limitations, this study is the first study investi-
gating the relationship between secondary hyperparathy-
roidism and circadian rhythm, and contributes to the literature.
In future studies, the relationship between sHPT and circadian
rhythmshouldbeexaminedinlargerpopulations,andbyconsid-
eringthefactorsthataffectthecircadianrhythm.

CONCLUSION

High parathyroid hormone levels seen in sHPT are associated
with an increase in both systolic and diastolic blood pressures,
and an increase in the non-dipper blood pressure pattern by
reducing the decrease in the night blood pressure that is the
normal circadian rhythm. Treatment of secondary hyper-
parathyroidismisimportantin the control of blood pressureand
normal circadian rhythm in tertiary protection in hemodialysis
patients.
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