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Abstract
Introduction: The importance of secondary hyperparathyroidism (SHPT) are frequently neglected in hemodialysis (HD) centers. 
Objectives: The aim of this study is to determine the prevalence of SHPT in a group of ESRD patients under routine HD. 
Patients and Methods: From May 2016 to August 2016, this cross sectional study was conducted on ESRD patients undergoing HD 
in our HD center in Beharlou hospital, Tehran province, Iran. Blood samples were obtained prior to HD session to assess laboratory 
parameters including intact PTH level, serum calcium, phosphorus, and alkaline phos phatase. Immunoradiometric assay was used 
to measure serum intact PTH (iPTH) level. 
Results: Forty-five HD patients, including 19 females (42.2%) with mean age of 60±14.3 years were enrolled to the study. According 
to the Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines for mineral metabolism, 60% of our patients (n = 27) had 
accepted normal range of serum calcium (8.4 to 9.5 mg/dL) while 28.9% of patients had serum calcium of below 8.4 mg/dL. Around 
60% of our patients (n = 27) had accepted normal range of serum phosphorus (3.5 to 5.5 mg/dL) while serum phosphorus above 5.5 
mg/dL was detected in 31.1% of HD patients. Sixteen patients (35.55%) had iPTH lev els between 150-300 ρg/mL which was in the 
accepted ranges for iPTH lev els among HD patients. Seventeen patients (37.78%) had iPTH lev els above accepted range.
Conclusion: This study showed that PTH abnormalities and disorders of mineral metabolism are common among patients with 
ESRD. It is crucial to better understand the pathogenesis and treatment of these disorders among ESRD patients. 
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Introduction
End-stage renal disease (ESRD) is a life-threatening 
dis ease and a worldwide public health problem (1-5). 
Unfortunately a wide range of disorders and complications 
may develop as a consequence of the loss of kidney 
function among these patients which imposes a major 
social and economic burden for healthcare systems (6-12). 
Disorders of mineral and bone metabolism including 
phosphate retention and secondary hyperparathyroidism 
(SHPT) is one of the main complications of the disease 
(13-16).
SHPT begins early in the course of the chronic kidney 
disease (CKD) among these patients in response to a 
series of abnormalities that trigger parathyroid hormone 
(PTH) production and secretion (14).
According to the available information, the main 
abnormalities that contribute to the pathogenesis of SHPT 
are phosphate retention, decreased free ionized calcium 
concentration and decreased 1,25-dihydroxyvitamin D 

(calcitriol) concentration.
It is also suggested that increased fibroblast growth factor 
23 (FGF-23) concentration and the reduced expression of 
vitamin D receptors (VDRs), calcium-sensing receptors 
(CaSRs), fibroblast growth factor receptors, and klotho 
in the parathyroid glands are also important in the 
pathogenesis of SHPT (13,14).
The prevalence of SHPT increases among CKD patients 
as renal function declines particularly to estimated 
glomerular filtration rate <60 mL/min/1.73 m2. Therefore 
it seems that SHP is a common complication among 
ESRD patients (14). However SHP is a neglected issue 
among hemodialysis (HD) centers, while few studies was 
conducted about SHP among ESRD patients in developing 
countries.

Objectives
The aim of our study was to investigate the prevalence of 
SHPT among ESRD patients undergoing maintenance 
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 Implication for health policy/practice/research/
medical education
Parathyroid hormone (PTH) abnormalities and disorders of 
mineral metabolism are common among patients with end-
stage renal disease (ESRD). It is crucial to better understand 
the pathogenesis and treatment of these disorders in ESRD 
patients.

HD in HD center of Beharlou hospital Tehran, Iran.

Patients and Methods 
Study population
All ESRD patients under routine hemodialysis at Beharlou 
hospital in the province of Tehran were included to the 
study if they had more than 3 month history of regular 
HD. The study was conducted between May 2016 and 
August 2016.
ESRD was defined as irreversible and advanced loss of 
renal function (estimated glomerular filtration rate <10 
mL/min/1.73 m2) requiring HD. We used a standardized 
questionnaire to collection of social and medical 
information including etiology of ESRD, date of onset and 
duration of dialysis.

Laboratory assessments
Blood samples were obtained prior to HD session for 
checking laboratory studies including serum intact 
PTH, calcium, phosphorus, and alkaline phos phatase 
levels. Immunoradiometric assays (second generation 
PTH assays) were used for measure of serum intact PTH 
(iPTH) level.

Hemodialysis methods
HD was performed using Fresenius ma chines in two 
4-hour shifts, with the morning shift starting at 8:00 AM 
and the afternoon shift starting at 1:00 PM.
We used synthetic dialyzer membranes (polysulfone) and 
bicarbonate buffered dialysate for patients. The rate of 
blood flow and di alysate flow were 250-400 mL/min and 
500 mL/min respectively.

Ethical issues 
The study was approved by the local ethics committee. The 
aim of the study was explained to the participants and all 
participants provided written informed consent prior to 
study enrollment according to the Declaration of Helsinki. 

Statistical analysis 
The SPSS version 17 soft ware was used for statistical 
analysis. We used chi-square or Fisher’s exact for the 
categorical vari ables and t test for continuous variables 
and to compare with quantitative variables. Statistical 
significance in the study was considered at P value of 
<0.05.

Results
Forty-five ESRD patients undergoing maintenance HD 

including 19 females (42.2 %%) and 26 males (57.8%) with 
mean age of 60 ± 14.3 years were evaluated in our study.
The range of serum calcium was between 7.15 and 10.15 
mg/dL with mean level of 8.87 ± 0.69 mg/dL. Sixty percent 
of our patients (n = 27) had accepted normal range of 
serum calcium (8.4 to 9.5 mg/dL) according to the Kidney 
Disease Outcomes Quality Initiative (K/DOQI) guidelines 
for mineral metabolism. The serum calcium was below 8.4 
mg/dL in 28.9% (n = 13) and above 9.5 mg/dL in 11.1% (n 
= 5) of our patients.
The range of serum phosphate was between 3.10 to 7.95 
mg/dL with mean level of 5.16 ± 1.02 mg/dL. Sixty percent 
of our patients (n = 27) had accepted normal range of 
serum phosphate (3.5 to 5.5 mg/dL) according to KDOQI 
guidelines for mineral metabolism. The serum phosphate 
was above 5.5 mg/dL in 31.1% (n = 14) and below 3.5 mg/
dL was in 8.9% (n = 4) of our patients (Figure 1).
Calcium phosphorus products were less than 55 mg2/
dL2 in 37 patients (82.2%) which is in the accepted range 
according to K/DOQI. Calcium phosphorus products 
more than 55 mg2/dL2 in 8 patients (17.8%) were detected 
(Figure 2).
Sixteen patients (35.55%) had intact PTH lev els between 
150-300 ρg/mL which was in the accepted ranges of intact 
PTH lev els among ESRD patients according to K/DOQI 
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Figure 1. Distribution of serum phosphorus among hemodialysis 
patients.

Figure 2. Distribution of calcium phosphorus products among 
hemodialysis patients.
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guidelines. Seventeen patients (37.78%) had intact PTH 
lev els above accepted range (above 300 ρg/mL) while 
12 patients (26.67%) had intact PTH levels below the 
accepted range (below 150 ρg/mL). 

Discussion
SHPT is a very important issue among ESRD patients 
and its early detection and treatment may lead to slow the 
progression of mineral and bone metabolism disorders 
among CKD patients. It is also suggested that early 
detection and treatment of SHP among ESRD patients 
slow the progression of cardiac and other complica tions 
of this disease (13,14).
In fact, the most common causes of death in dialysis 
patients is cardiovascular disease that may be due to 
excess coronary artery calcification (16-18).
SHPT, hyperphosphatemia, positive net calcium, 
phosphate balance, calcium intake and high calcium-
phosphate product may contribute to excess vascular 
calcification (particularly coronary artery calcification) 
among ESRD patients. Unfortunately, coronary artery 
calcification may even be detected in very young dialysis 
patients (17,18). 
Therefore periodic evalu ation of ESRD patients for 
disorders of mineral and bone metabolism including 
SHPT and early detection and treatment of these disorders 
should be as an import ant measure among these patients 
(16).
To achieve adequate control of SHPT and mineral 
metabolism abnormalities in patients with CKD and 
ESRD, some practice guidelines including K/DOQI in 
2003 and kidney disease; improving global outcomes 
(KDIGO) in 2009 were formulated (19,20).
According to the K/DOQI practice guidelines, it is 
suggested that plasma levels of iPTH among ESRD patients 
undergoing maintenance dialysis should be maintained 
between 150 to 300 ρg/mL (20). 
In addition to guidelines for PTH levels, the K/DOQI 
working group also recommends more stringent control of 
calcium and phosphorus among these patients. According 
to these guidelines, the target plasma levels of calcium, 
phosphorus and calcium-phosphorus products in ESRD 
patients,are 8.4 to 9.5 mg/dL (for calcium), 3.5 to 5.5 mg/
dL (for phosphorus) and <55 mg2/dL2 respectively (19).
In this study we found, the majority of our patients 
were at the target range of serum calcium (60%), serum 
phosphorus (60%) and calcium phosphorus products 
(82.2%). However a significant percent of our patients 
did not achieve the target range for iPTH (64%). Around 
40% of patients at our center had intact PTH lev els above 
accepted range.
Similar to the study, Lim et al evaluated the prevalence 
of SHP in 36 ESRD patients who were receiving thrice 
weekly maintenance HD at Tan Tock Seng Hospital, 
Singapore (21).
The results of Lim and colleagues’ study are approximately 
similar to the results of our study. According to the K/

DOQI practice guidelines, the significant percent of the 
Lim and colleagues’ patients had the target range of serum 
calcium (58%), serum phosphorus (67%), and calcium 
phosphate products (81%), which are approximately 
similar to the our results. In addition, Twenty-five percent 
of Lim and colleagues’ patients had the target range of 
iPTH levels which is also similar to our study (21).
In a study, Owda et al evaluated the prevalence of SHPT 
in 122 ESRD patients who were receiving maintenance 
HD in two HD centers in mid-Michigan. According to the 
results of Owda et al study, only 19% of the patients had 
iPTH within the accepted normal range (mean 155 pg/
mL) and the majority of the patients (81%) did not achieve 
the target range of iPTH (22).
The results of various studies including the study by 
Douthat et al, which carried out on 1210 ESRD patients on 
dialysis from 25 dialysis centers in Ar gentina (2010), and 
the study by Hayati et al, which carried out on 112 patients 
on dialysis from a HD center in Khuzestan province of 
Iran (2016) have also demonstrated that parathormone 
levels were not in accepted range (23,24).

Conclusion
The results of all of the above studies show that parathyroid 
abnormalities and disorders of mineral metabolism are 
common among patients with ESRD. Whereas mineral 
and bone disorders contribute to ESRD-associated 
cardiovascular disease and high mortality rates, it is crucial 
to better understand the pathogenesis of these disorders 
among ESRD patients. In addition, predisposing factors 
of mineral and bone metabolism disorders among these 
patients including phosphate retention and SHPT need 
to be evaluated further to reduce this high prevalence 
(16-18).

Limitations of the study
This study has several limitations. This study is a single 
center investigation conducted on a limited proportion 
of patients and is cross-sectional. This investigation can 
be a pilot study to be completed by larger multi-centric 
investigations.
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