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Abstract

Background: Renal osteodystrophy (ROD) is a common bone and mineral metabolism disorder in patients with 
end-stage renal disease (ESRD). This study aimed to determinate the frequency of the subtypes of ROD and 
evaluate the diagnostic value of biochemical as the well as radiographic markers for the diagnosis of ROD among 
hemodialysis patients in Golestan province of Iran. Materials and Methods: In this cross-sectional study, 50 
patients with ESRD who referred to hemodialysis ward of 5th Azar Hospital in Gorgan city during 2016 were 
randomly selected and investigated. The biochemical and radiographic evaluations of ROD and its subtypes was 
performed, and then all patients underwent bone biopsy and histopathological study. Finally, the diagnostic value 
of the non-invasive methods was assessed. Result: The mean age of patients was 59.5±12.0 years, and 27 patients 
(54.0%) were female. Also, 38 (76.0%) of ESRD patients had ROD, and 12 patients (24.0%) had no evidence 
of bone disorders. Among patients with ROD, 20 cases (52.6%) had the subtype of osteitis fibrosa cystica, five 
patients (13.2%) adynamic bone disease, 11 patients (28.9%) osteomalacia and two patients (5.3%) had mixed 
uremic osteodystrophy. The sensitivity, specificity, positive and predictive values and accuracy of the non-invasive 
methods for the diagnosis of ROD were 92%, 82%, 95%, 75%, and 90%, respectively. Conclusion: The results 
of this study showed that frequency of ROD in ESRD patients in Golestan province was high and the biochemical 
and radiographic markers have a high diagnostic value for the diagnosis of ROD as well as histopathological 
assessment.
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Introduction

Chronic kidney disease (CKD) is a general term used 
for several disorders that affect the structure and 

function of the kidney. End-stage renal disease (ESRD) 
is a severe form of CKD (1, 2). According to statistics, 
in 2008, more than 24,000 people have ESRD in Iran 
whose number is increasing (3) Generally, patients do 
not present CDK symptoms until 90% of the kidneys 
damaged. When the kidneys are markedly injured, 
signs of CKD include swelling around the eyes (edema 
around the rim), swelling of the legs (edema), fatigue, 
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shortness of breath, nausea, vomiting (especially in the 
morning and after eating), smell of urine looks like a 
breathable smell, bone pain, abnormal skin, uremia, 
drowsiness, numbness in the hands and feet, restless 
leg syndrome, brittle nails and hair, itching, weight 
loss, muscle tension and spasm, bruising, bleeding, 
blood in the stool, hiccups, excessive thirst, low levels 
of sexual desire, impotence, insomnia, sleep apnea 
are present. When the kidney progresses to ESRD, 
hyperphosphatemia develops, and vitamin D synthesis 
becomes disturbed. As time passes, it causes calcium 
to release from the bone and weaken the bone (4, 5). 
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Renal osteodystrophy (ROD), and bone and mineral 
metabolism disorder (MBD) are the common clinical 
findings among dialysis patients with ESRD (4). This 
disorder is classified to four histopathological subtypes 
including osteitis fibrosa cystica (OFC), adynamic bone 
disease (ABD), osteomalacia (OM) and mixed uremic 
osteodystrophy (MUO) (6, 7). This study was performed 
to determinate the frequency of the subtypes of ROD 
and evaluate the diagnostic value of biochemical and 
radiographic markers for the diagnosis of ROD among 
hemodialysis patients in Golestan province of Iran.

Materials and methods

  In this cross-sectional study, 50 patients with ESRD 
who referred to hemodialysis ward of 5th Azar Hospital 
in Gorgan city (north-east of of Iran) during 2016 were 
randomly selected using a table of randomly generated 
numbers and eligible patients were enrolled after written 
informed consent. This study was performed based on 
the requirements of the Research Ethics Committee 
of Golestan University of Medical Sciences. After 
history taking and physical examination, the patients’ 
demographic information were recorded in the checklist. 
Patients’ weights and height were measured using the 
standard weighing scale and stadiometer (Seca GmbH 
& Co. KG, Germany). Patients’ body mass index (BMI) 
was calculated by dividing weight (kg) per the square of 
height (m2). Blood pressure measurements were taken 
using a standard sphygmomanometer (Beurer GmbH 
Co., Germany). Blood samples were collected from all 
patients up to 10cc after 10-12 hours of fasting before 
starting dialysis. Complete blood count (CBC), blood 
sodium and potassium, serum calcium and phosphorus, 
creatinine, alkaline phosphatase (ALP) and blood 
urea nitrogen (BUN) were measured using standard 
laboratory methods. Serum concentration of PTH 
was measured by two-site immunoradiometric assay 
with ELSA-PTH kit (CIS Bio International, France). 
After that, serum 25 (OH) D levels were measured by 
Calbiotech ELISA kit (Calbiotech Inc, USA). According 
to biochemical criteria, if serum PTH concentration was 
more than 300 pg/ml, the bone disease was considered 
as a high-turnover (OFC or MUO) and, if less than 100 
pg/ml 100, it was considered as a low turnover bone 
disease (ABD or OM) (8). To differentiation between 
OM and ABD, the levels of vitamin D were used, so 
that patients with low serum levels of vitamin D (less 
than 20 ng/ ml) were considered as OM cases (9). After 
performing the required tests, X-rays of right wrist, 
hip and spine were done for all patients to evaluate 
characteristic bone changes in the ROD. Then, for 
definitive diagnosis of bone disease, all patients 
underwent bone biopsy involved in radiography. For 
performing the bone biopsy, after local anesthesia 
through a small incision in the skin over the involved 
bone, an 11 or 14-gauge bone biopsy needle (Cook Co., 

Bloomington, Ind., USA) was inserted into the bone 
and taken a sample from the outer layers of the bone 
(10). All bone specimens were sent to the pathology 
laboratory via the sterile transport containers, and 
then after preparing the slides, they were assessed 
under a microscope by a pathologist. Inclusion criteria 
included the patients with ESRD on hemodialysis and 
filling out the informed consent form to participate 
in the study. Also, exclusion criteria included the use 
of systemic medications reducing bone density and 
a history of bone disease before the onset of kidney 
disease. All statistical analysis was performed using 
SPSS ver. 24 software (IBM Corporation, Armonk, 
NY, USA). Sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), and 
accuracy of biochemical and radiographic markers 
for diagnosis of ROD among hemodialysis patients 
were reported based on the percentage. To analyze 
the associated factors affecting on the frequency of 
ROD among hemodialysis patients, each variable was 
separately tested using univariate test (Chi-square test 
for dichotomized and independent t-test and Mann-
Whitney test for continuous variables). A P-value < 
0.05 was considered statistically significance level at 
95% confidence interval (95% CI).
 
Result

A total of 50 patients with ESRD undergoing 
hemodialysis were evaluated using laboratory and 
radiographic tests in terms of ROD. The mean age of 
the patients was 59.5 ± 12.0 years (median; 59.9, range; 
25-83) that among them, nine subjects (18.0%) were 
less than 50 years old and 41 subjects (82.0%) more 
or equal to 50 years old. Also, 23 patients (46.0%) 
were males and 27 patients (54.0%) females. The mean 
height of the patients was 159.1 ± 15.1 cm (median; 
159.5, range; 116-195) and the mean weight of them 
was 68.1 ± 17.2 kg (median; 69.0, range; 33-148). The 
mean BMI was 26.9 ± 7.0 kg/m2 (median; 25.6, range; 
17.8-52.6) that 24 patients (48.0%) were normal (less 
than 25) and 26 patients (52.0%) were overweight or 
obese. The mean systolic blood pressure was 133.4 ± 
13.0 mmHg (median; 133.5, range; 101-174) and the 
mean diastolic blood pressure was 84.4 ± 13.4 mmHg 
(median; 84.0, range; 56-115). The mean duration 
of kidney disease in the patients was 6.3 ± 2.8 years 
(median; 5.0, range; 3-15) that among them, 12 patients 
(24.0%) had a history of kidney disease from less 
than 5 years and 38 patients (76.0%) more or equals 
to 5 years. The mean length of hemodialysis was 3.8 
± 1.9 years (median; 3.0, range; 1-10) that this time 
in 4 subjects (8.0%) was 1 year, 7 subjects (14.0%) 
2 years, 15 subjects (30.0%) 3 years and 24 subjects 
(48.0%) more or equals to 4 years. Also, the frequency 
of hemodialysis in 30 patients (60.0%) was three times 
per week and 20 patients (40.0%) twice per week. 
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Regarding underlying disease, 30 patients (60.0%) 
had a history of diabetes mellitus, 19 patients (38.0%) 
hypertension, 5 patients (10.0%) glomerulonephritis 
and 3 patients (6.0%) congenital kidney disease or 
polycystic kidney disease. Based on serum PTH levels, 
17 patients (34.0%) had hypoparathyroidism, 20 
patients (40.0%) hyperparathyroidism and 13 subjects 
(26.0%) were normal. Also, on the basis of serum 
levels of vitamin D, 23 patients (46.0%) had vitamin D 
deficiency, 16 patients (32%) vitamin D insufficiency 
and 11 subjects (22.0%) were vitamin D sufficient. 
Radiographic and laboratory studies showed that 38 
patients (76.0%) had ROD and 12 patients (24.0%) 
had no evidence of bone disease. Among patients with 
ROD, 20 cases (52.6%) were with OFC, 5 patients 
(13.2%) ABD, 11 patients (28.9%) OM and 2 cases 
(5.3%) had MUO (Figure-1). Overall, based on non-
invasive methods, 22 cases (57.9%) had high-turnover 
bone disease and 16 patients (42.1%) low-turnover 
bone disease. Comparison of the results of the non-
invasive evaluation with a pathological assessment of 
the bone biopsy specimens showed that the sensitivity, 
specificity, PPV, NPV, and accuracy of non-invasive 
methods (i.e., biochemical and radiographic markers) 
for diagnosis of ROD were 92%, 82%, 95%, 75%, 
and 90%, respectively. The results of comparing the 
frequency distribution of ROD in demographic and 
clinical subgroups have been shown in Table-1. Also, 
the mean systolic and diastolic blood pressure had no 
a significant difference between two groups of patients 
with and without ROD (P-value = 0.906 and P-value 

= 0.885, respectively). Also, the results of measured 
laboratory parameters between two groups of patients 
with and without ROD is shown in Table-2.

Discussion

In the present study, the patients with ESRD based on 
radiographic and biochemical markers of ROD and its 
subtypes were evaluated. Although the classifications 
used in this study is essentially based on histopathological 
criteria, a biopsy from involved bones in the patients is 
required. However, given the impossibility to perform 
the bone biopsy for all patients, as well as lack of access 
to skilled and experienced pathologist to interpret the 
results of histopathological assessment of bone biopsy 
specimens, in this study, the frequency of the subtypes 
of the ROD was obtained based on biochemical and 
radiographic markers, and the results was compared 
with pathological findings, and the diagnostic value of 
the non-invasive methods was determined. Most 
researchers use the biochemical parameters such as 
PTH, ALP, calcium, and phosphorus as a diagnostic 
method for the alternative to bone biopsy–which is the 
gold standard diagnostic method (11). Measurement of 
PTH is an appropriate screening tool for differential 
diagnosis of bone diseases with high- and low-turnover 
(12). Simultaneous measurements of PTH and ALP 
increase the accuracy of diagnosis (13). Bone X-ray is 
also another diagnostic tool in which evidence of ROD 
can be seen as subchondral bone resorption, soft tissue 
calcification, osteopenia, amyloid accumulation, and 

Figure 1. Frequency distribution of the subtypes of ROD among patients with ERDS.
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fractures (14). The results of the present study showed 
that in three-quarters of patients with ESRD, the 
evidence of ROD based on biochemical and 
radiographic markers were found. Accordingly, 
hyperparathyroidism and thus OFC were the most 
common subtype of the disease among the patients in 
Golestan province. A higher percentage of patients also 
had high-turnover bone disease. Although in recent 
years with improved dialysis techniques and the use of 
more effective treatments, the prevalence of high-
turnover bone disease is declining (15), However, in 
this study, high-turnover bone disease also compared 
with low-turnover bone disease including ABD and 
OM is more abundant that the result may be due to the 
effects of geographical, racial, nutritional, cultural or 

social factors on incidence of disease and/or relatively 
low volume samples distorted the results of the study. 
Nevertheless, due to the considerable prevalence of 
hyperparathyroidism among hemodialysis patients, 
screening the patients for bone diseases seems 
inevitable. In this study, most of ROD cases were 
observed in the patients older than 50 years, therefore, 
can be concluded that increasing age predisposes ESRD 
patients to the bone diseases. On the other hand, the 
duration of disease and the duration of dialysis are 
usually more in older patients, and for this reason, the 
risk of bone disease in these people is more. Although 
it seems that bone density in males are more than 
females, but bone turnover in patients with ESRD had 
no significant differences between the two genders. 

Table 1. Demographic and clinical characteristics of ROD among patients with ERDS in subgroups

P-valuePercentFrequencyVariables

0.00815.8
84.2

6
32

Age (y)
   < 50 
   ≥ 50

0.34544.7
55.3

17
21

   Sex 
  Male

  Female

0.56747.4
52.6

18
20

BMI* (kg/m2)
  < 25 
  ≥ 25

0.00284.2
15.8

32
6

   Underlying disease 
  Yes
  No

0.01218.4
81.6

7
31

Duration of kidney disease (y)
   < 5 
    ≥ 5

0.00528.9
71.1

11
27

Length of hemodialysis (y)
   < 4 
   ≥ 4

0.20657.9
42.1

22
16

Frequency of hemodialysis 
   Three times per week 

   Twice per week

*BMI=Body Mass Index
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Despite the higher prevalence of ROD among patients 
with higher BMI, there was no significant difference 
between patients with higher and normal BMI. The 
results showed that diabetes was the most common 
underlying disease among patients with ESRD and the 
frequency of ROD in individuals with the underlying 
disease was significantly higher. On the other hand, the 
mean systolic and diastolic blood pressure as well as in 
ESRD patients was higher than the normal range that 
due to renal failure was to be expected. In terms of the 
frequency of the ROD and its subtypes and the factors 
affecting the distribution of theses bone diseases in the 
population of patients with ESRD, the researchers 
found varying results. So that Keronen et al. with bone 

histomorphometric study showed that 48% of patients 
on the waiting list for dialysis had high-turnover bone 
disease and 25% of them had a low-turnover bone 
disease that it was less common than in previous reports 
(16). In this study, a lower percentage of patients with 
ESRD had low-turnover bone disease, but the 
prevalence of these diseases was much more than above 
study. Sedighi-Gourabi et al. also showed that 72% of 
patients on hemodialysis in Sanandaj (west of Iran) had 
ROD that more than half of them had ABD. It was also 
found that with increasing age, the prevalence of ABD 
had increased (17). In this study, the frequency of ROD 
among hemodialysis patients in Golestan province was 
almost similar to the survey conducted in Kurdistan 

Table 2. Laboratory parameters among ESRD patients with and without ROD.

P-value

No ROD
(n = 12)

ROD
(n = 38)

Parameter

RangeMean ± SDRangeMean±SD

0.3567.60 - 14.7010.89 ± 2.087.50 - 15.011.45 ± 1.70Hemoglobin (g/dL) 

0.99026 - 4535.7 ± 6.625 - 43.635.7 ± 4.9Hematocrit (%)

0.63251 - 276170 ± 69.649 - 264161.3 ± 48.8Platelets (×103)

0.03937 - 9051.2 ± 15.032 - 9763.5 ± 18.1BUN (mg/dL)

0.5375.40 - 12.708.94 ± 2.604.0 - 18.09.59 ± 3.30Creatinine (mg/dL)

0.6863.70 - 8.506.70 ± 1.354.50 - 11.306.53 ± 1.27Uric Acid (mg/dL)

0.073131 - 142137.7 ± 3.6125 - 144135.3 ± 3.9Sodium (mEq/L)

0.8834.10 - 5.905.12 ± 0.482.90 - 7.305.07 ± 0.90Potassium (mEq/L)

0.3177.0 - 12.209.50 ± 1.323.40 - 12.209.05 ± 1.34Calcium (mg/dL)

0.3862.50 - 5.304.26 ± 0.792.80 - 9.304.59 ± 1.26Phosphorous (mg/
dL)

0.810144 - 569260.0 ± 122.14134 - 744270.13 ± 127.84Alkaline 
Phosphatase (U/L)

< 0.0001150 - 236.40176.07 ± 27.2112.60 - 371.20237.58 ± 109.24PTH (pg/ml)

< 0.000131.60 - 81.5047.33 ± 16.429.40 - 33.6019.95 ± 6.9825(OH)D (ng/ml)
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province (West of Iran), but the difference is that in this 
study the frequency of low-turnover bone diseases was 
less than other subtypes. Also, the frequency of ROD 
was more in the patients older than 50 years, which it 
was consistent with the study mentioned above. Sepehri 
et al. Also reported that the prevalence of ROD in 
ESRD patients in Zabol (Southeast of Iran) was 80% 
and most of them had osteofibrosis (high-turnover bone 
disease), but the notable point is that only about one-
fifth of patients were undergoing dialysis for more than 
4 years, and since the average duration of dialysis in 
patients was relatively small, high prevalence of ROD 
cannot be attributed to the passage of time (7). In the 
present study, the prevalence of ROD and OFC subtype 
ROD was high as study mentioned above, but most 
patients were more or equal to 4 years under 
hemodialysis, and unlike the above study, the frequency 
of ROD in the present study was significantly associated 
with the duration of dialysis. The study of Coen et al. 
also showed that only one case in 107 hemodialysis 
patients had no bone disease and 85.4% of patients 
with ROD had high-turnover bone disease. A striking 
finding was that about one-third of patients with the 
bone disease had MUO (18), while in the present study 
was reported only two cases of this subtype of ROD. 
This could be because the study was conducted on 
samples obtained from bone biopsy that is far more 
precise and more reliable. However, identifying 
subtypes of disease in the present study has been done 
on the basis of biochemical markers and radiographic 
examination that may be associated with errors, so the 
possibility of finding a rare subtype of the disease was 
higher in this study. It should be noted that all patients 
in this study to confirm the diagnosis of bone disease 
underwent bone biopsy and pathologic assessment and 
comparing the results showed that the findings of the 
biochemical and radiographic evaluation of the patients 
are also reliable and accurate. On the other hand, 
Khosro et al. in their study reported that the prevalence 
of ROD in the patients was 97.5% (19) that is higher 
than the results of the present study. It appears that 
given the 15-year interval between two studies and a 
significant improvement in renal dialysis techniques 
and more effective treatments, the observed difference 
between the results of the two studies is expected. 
Regarding biochemical markers, serum PTH and 
vitamin D status was also significantly associated with 
frequency of ROD in the patients undergoing 
hemodialysis, and as hyperparathyroidism and vitamin 
D deficiency were more common among the patients, 
ROD in patients with hyperparathyroidism and vitamin 
deficiency D was more prevalent. Other biochemical 
markers of ROD such as calcium, phosphorus, and 
ALP was no significant difference among patients with 
ROD, which it seems that they are not reliable indicators 
for confirming the diagnosis of ROD. In this study, 
some laboratory parameters associated with ESRD 

include hemoglobin, hematocrit, platelets, BUN, 
creatinine, uric acid, sodium, and potassium in the 
blood samples of patients were studied, but except 
BUN, other parameters did not significantly different 
between patients with and without ROD. In the present 
study, diagnosis of ROD and its subtypes are made 
based on biochemical and radiographic criteria, and by 
comparing these results with pathologic findings of 
bone biopsy specimens. High diagnostic value of these 
non-invasive methods for diagnosis of bone disease 
among hemodialysis patients was found, so that the 
sensitivity, specificity, PPV, NPV, and accuracy of these 
methods were very good, as the study of Salusky et al. 
showed that for identifying patients with high-turnover 
lesions of bone, the sensitivity and specificity of the 
combination of a serum PTH level > 200 pg/ml, and a 
serum calcium value < 10 mg/dl were 85% and 100%, 
respectively. Besides, serum PTH values < 200 pg/ml 
were 100% sensitive and 79% specific for patients with 
the adynamic bone that using the combined criteria of a 
PTH level < 150 pg/ml and a serum calcium level > 10 
mg/dl, the specificity increased to 92%. So, their study 
indicated that biochemical markers are suitable, 
available and high accurate method for diagnosing 
ROD (20). On the other hand, the study of Fletcher et 
al. showed that hand X-rays was a poor sensitive (47%), 
but a high specific (92%) method for detection of 
hyperparathyroidism bone disease and the non-invasive 
markers were unable to distinguish between patients 
with low turnover, mild hyperparathyroidism and 
patients with normal histology. However, the 
measurement of serum iPTH (with a sensitivity of 81% 
and a specificity of 66%) is a useful screening tool for 
the detection of hyperparathyroidism bone disease, 
which can be confirmed by the finding of a raised serum 
BAP or parathyroid enlargement (21). In another study 
conducted by Gerakis et al. was determined that 
diagnosis of hyperparathyroidism bone disease and 
adynamic bone is difficult based on iPTH, especially 
when bone aluminum deposition is prevalent. 
Nevertheless, using the biochemical marker in 
combination with other markers helps to the exclusion 
of these lesions (22). Despite some contradictory 
findings in a few studies, the present study like some 
other studies provides a good evidence to support the 
high diagnostic value of the biochemical and 
radiographic markers in the diagnosis of different 
subtypes of ROD in patients with ESRD and under 
hemodialysis that these findings had a great match with 
pathologic assessment of bone biopsy specimens. 
Therefore, these non-invasive methods can be 
recommended as alternative and safe methods in the 
diagnosis of such bone diseases. In this study, because 
the precise control of the patients’ medications which 
affect the disease protests was not completely possible, 
this factor should be considered as a limitation of the 
study.
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