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Abstract
Introduction: The existence of a relationship between the level of serum parathyroid hormone (PTH) and bone density can be a
warning sign in hemodialysis patients.
Objectives: In the studies conducted so far, the relationship between these two factors has not been specifically investigated. Hence,
this study was aimed to exclusively evaluate the levels of serum PTH hormone and bone density.
Patients and Methods: In this cross sectional study, 85 eligible chronic hemodialysis patients aged over 18 years old who underwent
hemodialysis a minimum of two times a week for at least 6 months were enrolled in the study. Serum intact PTH, 25 OH-vitamin
D3, CBC, calcium (Ca), phosphorus (P), alkaline phosphatase (ALP), albumin (Alb), and VBG were measured. Additionally, lumbar
radiographic profile and densitometry tests were conducted for patients.
Results: The mean age of patients was 52.9 years (20 to 86 years old). Of them, 43 patients were male (50.58%). There was a significant
correlation between age and the decrease in bone density (P = 0.004). There was a significant relationship between different groups
of bone density and serum vitamin D3 level (P < 0.05). Based on the results of Z standard, a significant difference between the mean
levels of intact PTH in different groups of bone density was seen (P = 0.037).
Conclusion: The prevalence of osteopenia and osteoporosis in hemodialysis patients is high. In addition, the decrease in bone
density is associated with high levels of PTH. While this association is mainly associated with Z score, it is necessary to investigate
the secondary causes of this condition.
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Introduction
End-stage renal disease (ESRD) is a costly and debilitating
disease, which its incidence has decreased in recent
decades. In this stage of chronic kidney disease (CKD),
the accumulation of toxins which normally are excreted
by kidney, leads to uremic syndrome. This condition is
a fatal condition unless the toxins and waste materials
should be excreted and an electrolyte balance would be
achieved by either dialysis or kidney transplant (1).
Over recent decades, the incidence and prevalence of the
disease has increased. According to a report by the ESRD
Medicare-funded program, the proportion of patients
with ESRD increased from around 10 000 people in 1973
to 86 354 people in 1983, and later it increased to 27 283
people on December 31, 2007. This increase in proportion
of patients is due to the increase in the incidence of the
disease, increase in the proportion of patients who
used alternative treatment methods, and increase in the

survival rate of patients with end-stage renal failure (2).
The prevalence of this condition, which is known as the
fifth stage of CKD in the United States, is equal to 0.2% of
the total population of the United States (3). According to
the latest statistics published by the ministry of health and
medical education, around 32 000 dialysis patients exist in
Iran. The number of patients with chronic kidney failure
is estimated to be 10 times more than the aforementioned
number of dialysis patients (4).
Even after the application of alternative treatment methods,
the disease is associated with many complications and
problems for the patients. Bone disorders that are caused
due to the changes in the parathyroid hormone (PTH)
and disturbances in electrolyte and acid and base system
of the body are among the most important complications
of CKD. CKD not only increases the cost and burden of
disease due to additional treatments, but also leads to the
disability and debilitation of the patients and have a heavy
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In an investigation on 85 chronic hemodialysis patients aged
over 18 years old, we found, the prevalence of osteopenia and
osteoporosis in hemodialysis patients is high. In addition,
the decrease in bone density is associated with high levels of
serum parathormone.

impact on patients’ quality of life (1). The prevalence of
bone disorders in dialysis patients at the global level is
reported to be between 33% and 67% (5).
As the patients with osteoporosis and other bone disorders
are at risk of different types of bone fractures and other
disabilities, during treatment it is tried to prevent such
complications, diagnosis the affected people and try to
control the problems.
Methods to examine bones are two types: qualitative
methods (bone biopsy) and quantitative method
(densitometry) (6). Dual x-ray absorptiometry (DXA)
is recognized as the best method to assess bone density
worldwide. Although bone densitometry is one of the best
methods to assess the bone system of the patients, it has
some limitations such as its high cost. On the other hand,
bone densitometry can detect patients only when some
changes have occurred in the bone of patients (6).
It seems that PTH, as an important factor in bone changes,
plays an important role in the condition of patients with
chronic renal failure (1). PTH is the most important
physiological regulator of calcium. PTH acts directly on
the bone where it induces bone resorption. In addition,
it stimulates calcium absorption and the synthesis of
vitamin D (1).
Objectives
Given that the level of PTH is checked every six months in
dialysis patients and as the kidney failure is a costly disease
which imposes a very high burden on the family and
health system, and finally given the fact that patients who
undergo alternative treatments suffer from many physical
and psychological problems, hence in case of findings a
clear connection between the level of serum PTH and bone
density, the PTH levels can be used as an early alarming
sign indicating the need for conducting early bone
densitometry and then it will prevent the drastic changes
in bones. It can also reduce the risk of severe changes in
bone and its subsequent fractures, as well as the negative
mental and psychological effects on patients. In case of the
presence of a significant relationship between serum PTH
levels and bone density, PTH can be used as a warning
sign indicating the need for using early densitometry in
hemodialysis patients.
The studies which have been conducted so far have
assessed the factors which contribute to the reduction of
bone density. PTH is one of these contributing factors.
However, no study has specifically investigated the
relationship between these two items. Considering the
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above mentioned issues, it seems logical and necessary to
find a solution to evaluate patients by a low-cost method.
Patients and Methods
Study population
In this cross-sectional study, which was conducted on 85
chronic hemodialysis patients aged over 18 years old. The
eligible patients who underwent hemodialysis a minimum
of two times a week for at least six months were enrolled
in the study.
Exclusion criteria were; coronary artery diseases or
cerebrovascular accident, orthopedic disorders and
chronic lung diseases.
In addition, oral explanations were provided for all
patients. The required data collected from patients were
recorded in a pre-designed form.
Laboratory assessments
Fasting samples from venous blood were obtained to
measure levels of intact PTH (iPTH), T4, Thyroidstimulating hormone (TSH), follicle-stimulating hormone
(FSH), testosterone, 25 OH-vitamin D3, CBC, calcium
(Ca), phosphorus (P), alkaline phosphatase (ALP),
albumin (Alb) and magnesium (Mg) and VBG.
Intact PTH, T4, TSH, FSH, and testosterone tests were
assessed by IRMA method, using Immunotech kit
(manufactured in the Czech Republic and an automatic
gamma counter 1272 apparatus manufactured in
Finland). Serum vitamin D measured by enhanced
chemiluminescence (ECL) method, using Rosh kit
manufactured in Germany with ELEXSYS™ apparatus.
Additionally, CBC was tested using Sysmex KX-21N™
apparatus and the other tests were performed by Hitachi
2009 apparatus and Pars test kits. The VBG was also
checked as well. A radiographic lumbar profile was
conducted to assess the fractures in all the patients.
Bone density assessment
The densitometry of all patients was measured using
Norland apparatus. All the patients were evaluated for 1
year at Emam hospital in Ahvaz.
Ethical issues
1) The research followed the tenets of the Declaration
of Helsinki. 2) Informed consent was obtained. 3) This
study was approved by the Ethics Committee of Ahvaz
Jundishapur University of Medical Sciences (Ethical
issue # 295). The goals of the study were explained to
participants and all of them accepted to participate
and were assured consider the confidentiality of their
individual information as well as the voluntary nature of
participating in the study.
Statistical analysis
After collecting the data and entering the data into the
database, the statistical analysis was conducted by SPSS
16.0 software and P value less than 0.05 was considered
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as significant. To assess the relationships, the Pearson’s
correlation test was used and to compare the PTH
levels, ANOVA test was conducted. The regression
logistic analysis was applied to assess the impact of other
variables on bone density. To determine the accuracy of
iPTH compared to BMD, sensitivity and specificity were
calculated.

and the level of decreased bone density (P = 0.004), thus,
the increase in the mean age of patients was associated
with decreased level of bone density (Tables 1 and 2).
The mean age of patients with normal T score of femoral
was 40 years, while in patients with osteopenia was 48.33
years and in patients with osteoporosis was 54.56 years.
Based on the results of T score, there was no significant
relationship between age and decreased level of femoral
neck bone density (P = 0.08).
Based on the results of T score, the mean age of the group
with normal lumbosacral was 54.96 years, in patients
with osteopenia was 50.51 years, and in patients with
osteoporosis was 60.22 years. There was no significant
relationship between age and decreased level of bone
density (P = 0.117).
The mean age of the patients who had a Z score of total
femur more than (-2) and less than (-2) was 47.92 years
and 54.49 years, respectively. There was a significant
relationship between age and the decreased level of bone
density, hence with an increase in age, the bone density
decreased (P = 0.013). The mean age of the patients who
had a Z score more than (-2) and less than (-2) was 55.78
years and 46.5 years, respectively. Therefore, a significant
relationship between age and decreased level of bone
density was detected. Therefore, lower age was associated
with decreased level of bone density (P = 0.03).
The mean age of the patients who had a Z score of spinal
cord less than (-2) and more than (-2) was 53.35 years and
44.45 years, respectively. Hence, a significant relationship
between age and decreased level of bone density was
found. Likewise, lower age was associated with decreased
level of bone density (P = 0.047).
Patients were evaluated for the effects of confounding
factors (Ca, P, Mg, albumin, ALP, TSH, T4, FSH,
testosterone and vitamin D3 levels). No significant
correlation between bone density and the above

Results
In this study, 85 dialysis patients admitted to Imam
Khomeini hospital in Ahvaz who underwent dialysis two
times a week for at least six months were studied.
The mean age of the patients was 52.9 years (20-86
years). Of them, 43 patients were male (50.6%) and 42
patients were female (49.4%). According to the results of
densitometry and based on the T scores of femoral neck,
3of 85 patients (3.5%) were normal, 15 patients (17.6%)
had osteopenia, and 67 patients (78.8%) had osteoporosis.
Based on the results of T scores of total femur, five patients
(5.9%) were normal, 34 patients (40%) had osteopenia,
and 46 patients (54.1%) had osteoporosis. Based on the
results of T score of the spine, 27 patients (31.76%) were
normal, 49 patients (57.6%) had osteopenia, and nine
patients (10.6%) had osteoporosis. Based on the results of
Z score of femoral neck, the Z score was more than (-2) in
50 patients (58.8%) and was less than (-2) in 32 patients
(37.6%). The Z score of total femur was more than (-2)
in 26 patients (30.6%) and less than (-2) in 59 patients
(69.4%). The Z score of lumbosacral was more than (-2)
in 71 patients (83.5%) and less than (-2) in 11 patients
(12.9%). Moreover, T scores of total femur for different
age groups were as follows; the mean age of the patients
who had normal densitometry and T score was 44.6 years,
the mean age of patients with osteopenia was 47.64 years,
and the mean age of patients with osteoporosis was 57.56
years. There was a significant relationship between age

Table 1. Mean and standard deviation of age and gender distribution in different states of osteoporosis in the studied subjects
Normal

Osteopenia

Osteoporosis

Total

Mean ± SD
No. (%)

55.3 (12.04)
27 (31.76)

50.43 (14.68)
49 (57.64)

58.37 (17.88)
9 (10.6)

52.82 (14.16)
85(100)

Mean ± SD

46.75 (9.8)

48.06 (2.2)

56.9 (2.1)

52.82 (14.16)

No. (%)
Male (%)
Female (%)

5 (5.87)
2 (2.35)
3 (3.52)

34 (40)
13 (15.29)
21 (24.70)

46 (54.1)
28 (32.94)
18 (21.17)

85 (100)
43 (100)
42 (100)

Score spine
Age
T score total
Age
Gender

In osteoporosis group the mean age has a significant difference (P < 0.05).

Table 2. Frequency distribution of the subjects based on the state of osteoporosis in different studies areas of the body

Studied area, No. (%)

Neck
Spine

Normal
3 (3.5)
27 (31.8)

T score
Osteopenia
15 (17.6)
49(57.6)

Osteoporosis
67 (78.8)
9 (10.6)

Total
85(100)
85 (100)

There was no statistically significant difference between the groups.
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mentioned factors was detected. According to the total
femur T scores, the relationship between serum vitamin
D3 levels and the changes in bone density was as follows;
the level of serum vitamin D3 levels in normal group was
62.03 ng/mL, while in osteopenia group it was 27.25 ng/
mL, and in osteoporosis group was 28.70 ng/mL. Overall
serum vitamin D3 levels were 29.6 ng/mL. A significant
relationship between different groups of bone density and
the levels of vitamin D3 was seen. Thus, with a decrease in
bone density, the level of vitamin D3 decreased (P < 0.05)
(Table 3).
The mean level of PTH in groups with different bone
density was evaluated using Z scores. We found serum
iPTH level in the group with a Z score more than (-2)
and less than (-2) was 400.79 ρg/mL and 598.95 ρg/mL,
respectively, while the overall mean level of iPTH was
478.1 ρg/mL. Hence a significant difference between
the two groups (P = 0.018) was seen. As a result, with an
increase in iPTH levels, the bone density decreased. Mean
levels of iPTH the group with total femur Z score of more
than (-2) and less than (-2) was 350.20 ρg/mL and 531.33
ρg/mL, respectively, and the overall mean level of iPTH
was 475.92 ρg/mL. We found a significant difference
between the groups while, with a decrease in bone density,
the level of iPTH increased (P = 0.037).
Accordingly, the frequency of bone density in various
states of iPTH level were classified in the three groups
of adynamic (iPTH <100 ρg/mL), hyperparathyroidism
(iPTH >450 ρg/mL) and normal (iPTH = 100-450 ρg/mL).
Accordingly, 13 patients (15.3%) were in the adynamic
group, 21 patients (24.7%) were in the normal group, and
51 patients (60%) were in hyperparathyroidism group.
The frequency distribution of patients based on their total
femur T scores and in terms of different levels of iPTH was
as follows. In patients with iPTH <100 ρg/mL; two patients
were normal, nine patients had osteopenia, and two
patients had osteoporosis (total; 13 patients). In patients
with iPTH = 100-450 ρg/mL, one patient was normal, six
patients had osteopenia, and 14 patients had osteoporosis
(total; 21 patients). In patients with iPTH> 450 ρg/mL,
two people were normal, 19 patients had osteopenia, and

30 patients had osteoporosis (total; 51 patients). There
was a significant relationship between groups. Thus
with an increase in the levels of iPTH, the prevalence of
osteoporosis increased significantly (P = 0.03, r = 0.035).
Based on the lumbosacral and femoral neck T scores, no
significant relationship between iPTH levels and bone
density was seen. In patients with iPTH <100 ρg/mL, the
total femur Z score in eight patients was more than (-2)
and in five patients was less than (-2). In patients with
iPTH = 100-450 ρg/mL, the Z score was more than (-2) in
six patients and less than (-2) in 15 patients. In patients
with iPTH >450 ρg/mL, the Z score was more than (-2)
in 12 patients and less than (-2) in 39 patients. There was
a significant association between the groups. Therefore,
with an increase in the levels of iPTH, the prevalence of
osteoporosis increased significantly (P = 0.037, r = 0.029).
In patients with iPTH<100 ρg/mL, the femoral neck
Z score was more than (-2) in 12 patients and less than
(-2) in one patient. In patients with iPTH = 100-450 ρg/
mL, the Z score was more than (-2) in 13 patients and less
than (-2) in six patients. In patients with iPTH >450 ρg/
mL, the Z score was more than (-2) in 25 patients and less
than (-2) in 25 patients. Similarly a significant association
between the groups was detected. While, with an increase
in levels of iPTH, the prevalence of osteoporosis increased
significantly (P = 0.008, r = 0.015).
Based on the results of lumbosacral Z scores, in patients
with iPTH <100 ρg/mL, the Z score was more than (-2)
in 13 patients while in none of the patients it was less
than (-2). In patients with iPTH= 100-450 ρg/mL, the Z
score was more than (-2) in 18 patients and less than (-2)
in one patient. In patients with iPTH>450 ρg/mL, the Z
score was more than (-2) in 40 patients and less than (-2)
in 10 patients. Likewise, a significant association between
the groups was seen. While, with an increase in the
levels of iPTH, the prevalence of osteoporosis increased
significantly (P = 0.034, r = 0.083) (Tables 4, 5 and 6).
To calculate the sensitivity and specificity of iPTH
compared with patients’ densitometry, the patients
divided into two groups based on the T scores; a T score
less than or equal to 2.5 and a T score more than 2.5. In

Table 3. Mean and standard deviation of blood parameters based on the state of osteoporosis in the studied subjects

Blood parameters
Mean ± SD (n)

Ca
Vitamin D3
P
Alp
Mg
Alb
FSH
Testosterone
T score spine
FSH
Testosterone

Normal
8.72 ±1.3
37.47 ± 17.46
5.23 ± 1.16
272.75 ± 122.58
2.42 ± 0.68
3.87 ± 0.41
11.95 ± 11.19 (2)
3.66 ± 0.62 (2)

T score Total
Osteopenia
Osteoporosis
8.66 ± 1.05
8.19 ± 1.05
29.6 ± 26.3
30.12 ± 18.48
5.92 ± 1.94
5.89 ± 1.71
454.16 ± 405.49
652.26 ± 735.41
2.56 ± 0.59
2.73 ± 0.61
4.09 ± 0.47
3.96 ± 0.43
77.77 ± 78.45 (20)
81.72 ± 70.99 (16)
3.22 ± 1.86 (11)
3.43 ± 1.6 (27)

Total
8.00 ± 1.03
29.92 ± 21.55
5.9 ± 1.8
547.96 ± 604.31
2.65 ± 0.60
4.03 ± 0.47
77.21 ± 69.4 (38)
3.39 ± 1.62 (40)

61.23 ± 71.08 (11)
2.83 ± 1.82 (15)

82.36 ± 64.39 (21)
3.67 ± 1.47 (23)

77.21 ± 69.4 (38)
3.39 ± 1.62 (40)

There was no statistically significant difference between the groups.
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Table 4. Mean and standard deviation of PTH levels based on the state of osteoporosis in the studied subjects

Studied area
Mean± SD

Normal

Osteopenia

Osteoporosis

Total

Neck

132.6 ± 108.7

402.41 ± 395.42

519.58 ± 384.73

497.77 ± 391.26

Spine

438.76 ± 400.87

472.11 ± 328.62

770.81 ± 545.9

497.77 ± 391.26

Total

211.05 ± 198.36

471.18 ± 381.85

532.47 ± 395.45

4977.77 ± 391.26

There was no statistically significant difference between the groups.
Table 5. Mean and standard deviation of iPTH levels based on the state of osteoporosis by sex and age in the studied subjects

Normal

Osteopenia
Osteoporosis
Total
T score spins
Male (%)
351.2 ± 331.49
396.93 ± 314.83
508.45 ± 327.17
385.35 ± 315.29
Gender
Female (%)
558.15 ± 469.82
554.46 ± 330.95
858.26 ± 599.25
610.18 ± 429.84
Total (%)
438.76 ± 400.87
472.11 ± 328.62
770.81 ± 545.9
497.77 ± 391.26
<45
377.4 ± 148.1 (3)
602.81 ± 349.09 (14)
333.05 ± 266.5 (2)
538.82 ± 320.5 (24)
45-55
562.74 ± 512.96 (12)
495.18 ± 408.32 (9)
1239.9 ± 707.24 (2)
622.26 ± 5013.6 ( 23)
Age group
Mean±SD (n)
56-65
400 ± 346.05 (2)
348.35 ± 285.33 (15)
-- ± -- (1)
343.77 ± 267.05 (18)
>65
302.51 ± 272.39 (9)
441.95 ± 146.04 (6)
914.5 ± 477.57 (3)
450.98 ± 342.98 (18)
T score total
Male (%)
124.55 ± 120.13
246.17 ± 204.82
461.38 ± 336.14
385.35 ± 315.29
Gender
Female (%)
297.55 ± 271.45
594.93 ± 403.38
652.44 ± 466.45
610.18 ± 429.84
Total (%)
211.05 ± 198.36
471.18 ± 381.85
532.47 ± 395.45
497.77 ± 391.26
<45
349.5 ± 197.98 (2)
572.87 ± 338.39 (9)
547.85 ± 340.37 (8)
538.82 ± 320.5 (19)
45-55
482.22 ± 484.62 (12)
779.72 ± 510.51 (10)
622.26 ± 5013.6 ( 23)
Age group
Mean ± SD (n)
56-65
376.75 ± 288.27 (8)
328.83 ± 274.47 (10)
343.77 ± 267.05 (18)
>65
325.05 ± 290.83 (2)
495.2 ± 346.92 (15)
450.98 ± 342.98 (18)
In the osteoporosis group (spin T score) the difference was significant (P < 0.05), in the other cases there was no statistically significant difference
between the groups.
Table 6. Relative and absolute frequency distribution of the studied subjects based on the state of osteoporosis (T score spin and total) and iPTH

Adynamic bone disease
Normal
Hyperparathyroidism
Total

T score total, No. (%)
T score spine, No. (%)
T score total, No. (%)
T score spine, No. (%)
T score total, No. (%)
T score spine, No. (%)
T score total, No. (%)
T score spine, No. (%)

Normal
2 (2.6)
6 (7.7)
1 (1.3)
7 (9)
1 (1.3)
13 (16.7)
4 (5.1)
26 (33.3)

Osteopenia
7 (9)
5 (6.4)
6 (7.7)
12 (15.4)
18 (23.1)
27 (34.6)
31 (39.7)
44 (56.4)

Osteoporosis
2 (2.6)
0 (0)
13 (16.7)
1 (1.3)
28 (35.9)
7 (9)
43 (55.1)
8 (10.3)

Total
11 (14.1)
11 (14.1)
20 (25.6)
20 (25.6)
47 (60.3)
47 (60.3)
78 (100)
78 (100)

There was no significant relationship between the state of osteoporosis and T score spin.
Considering P ≤ 0.05, there was a statistically significant relationship between osteoporosis and T score total.

addition, the patients were also divided into two groups
based on the Z scores; a Z score less than or equal to 2 and
a Z score more than 2. Patients were divided into three
groups based on their iPTH: patients with iPTH <100 ρg/
mL, patients with iPTH = 100-450 ρg/mL, and patients
with iPTH >450 ρg/mL. In both groups, the low and high
levels were compared with the normal group. In adynamic
cases, the sensitivity and specificity of iPTH compared
with lumbosacral T score was 0% and 95%, respectively. In
hyperparathyroidism cases, the sensitivity and specificity
of iPTH compared with lumbosacral T score was 21% and
95%, respectively. In adynamic cases, the sensitivity and
specificity of iPTH compared with femoral neck T score
was 19% and 46%, respectively. In hyperparathyroidism
cases, the sensitivity and specificity of iPTH compared
with femoral neck T score was 19% and 82%, respectively.

In adynamic cases, the sensitivity and specificity of iPTH
compared with total femur T score was 33% and 15%,
respectively. In hyperparathyroidism cases, the sensitivity
and specificity of iPTH compared with total femur T score
was 30% and 60%, respectively.
In adynamic cases, the sensitivity and specificity of iPTH
compared with lumbosacral Z score was 0% and 94%,
respectively. In hyperparathyroidism cases, the sensitivity
and specificity of iPTH compared with lumbosacral Z
score was 94% and 30%, respectively. In adynamic cases,
the sensitivity and specificity of iPTH compared with
femoral neck Z score was 68% and 7%, respectively. In
hyperparathyroidism cases, the sensitivity and specificity
of iPTH compared with femoral neck Z score was 68%
and 50%, respectively. In adynamic cases, the sensitivity
and specificity of iPTH compared with total femur Z score
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was 28% and 38%, respectively. In hyperparathyroidism
cases, the sensitivity and specificity of iPTH compared
with total femur Z score was 28% and 68%, respectively.
Discussion
End-stage renal failure is a costly and debilitating disease,
which its incidence has decreased in recent decades.
Nowadays, there is limited data available about the effects
of hemodialysis on bone density in patients with end-stage
renal failure. Most of the available studies are conducted
on pre-dialysis patients and kidney transplant patients;
the studies conducted on dialysis patients usually have
assessed the factors which are involved in the reduction
of bone density in dialysis patients and they seldom
have specifically investigated the relationship between
parathormone and bone density. On the other hand, in
most studies densitometry is limited to specific areas and
they rarely use densitometry tests for various part of the
body. Given that different parts of the body have different
bone structure which can be affected by numerous factors,
it is necessary to examine various parts of the body. In
this study, we evaluated the lumbosacral, total femur, and
femoral neck areas of the body.
The prevalence of end-stage renal failure, which is known
as the fifth stage of CKD in the United States of America,
is equal to 0.2% of the total population of this country
(3). The proportion of patients with chronic renal failure
in Iran, according to the latest statistics published was
32,686 people. Of them, 15 957 patients are treated by
hemodialysis (4).
The prevalence of osteoporosis in hemodialysis patients
is different and depends on various factors, including the
method of dialysis, the place of measurement, and gender.
However, most studies show a decrease in bone density in
patients undergoing hemodialysis.
The prevalence of osteoporosis in lumbosacral region is
reported to be 13% to 29%, while in femoral neck region
it is reported to be 16% to 20% (1). In our study, of all
the 85 dialysis patients, 78.8% had osteoporosis and 17.6%
had osteopenia in the femoral neck region, 54.1% had
osteoporosis and 40% had osteopenia in the total femur
region. Additionally, around 10.6% had osteoporosis and
57.6% had osteopenia in the lumbosacral region.
In the femoral neck region 37.6% had a Z score less than
-2 and in the lumbosacral 10.6% had a Z score less than
-2. These results suggest the need for further studies on
the secondary causes.
In a cross sectional study by Huang et al at the University
of Taiwan, various factors involved in the reduction of
bone density in 63 patients with ESRD was evaluated.
They found, 51 patients had a score less than (-1) and eight
patients (13%) were osteoporotic. The results showed that
femoral neck was more involved. They found, an inverse
relationship between the old age, low level of albumin,
high level of ALP, high level of PTH, and bone density in
femoral neck and lumbar spine regions (7). In our study,
a significant relationship between patients’ age and bone
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density measured by the total femur T score, femoral neck
Z score, and lumbosacral Z score was detected. Therefore,
with increasing age, the bone density decreased and with
increasing the level of PTH, the prevalence of osteoporosis
increased significantly accordingly.
In a meta-analysis by Jamal et al, based on studies
conducted between 2006-1999, the relationship between
bone fractures and reduced levels of bone density was
investigated. They showed bone density in patients
with stage 5 CKD led to fewer cases of bone fractures.
The authors suggested that further investigation on
the relationship can be helpful to determine the risk of
fractures in the future. For example, in the five studies
which had evaluated the relationship between bone
density and vertebral fractures it was found that pooled
standardized mean difference was -0.44 (95% CI: -0.800.08) (8).
In the cross-sectional study conducted on 70 patients at the
University of Paris, Urena et al evaluated the relationship
between bone density and biochemical markers and
fractures in hemodialysis patients. They concluded that in
patients undergoing hemodialysis, the Z score reduced in
the mid-radius area and the decline was associated with
an increased levels of PTH, while it was not associated
with fractures [Mean Z score in mid-radius (-2.75 ± 1.25),
femoral neck (-0.42 ± 1.13) and lumbar spine (-0.02 ±
2.13)] (9).
Furthermore, Marianne et al evaluated the relationship
between Bone mineral density (BMD) and biochemical
markers related to bone turn over in pre-dialysis CKD
patients. The study was conducted on 128 patients at
the University of Copenhagen, Denmark (1999). They
concluded that skeletal changes occur in the early stages of
CKD. In addition bone density was significantly reduced
in the patients, compared with the control group [BMD
spine (-6.3%), femur (12.1%), forearm (-5.7%), total
body (-4.2%)]. Furthermore, a relationship between bone
density and the increase in PTH levels and biochemical
markers which are involved in bone resorption and
formation of bone was seen (P < 0.05 to P < 0.001) (10).
Moreover, the study conducted by Gupta et al at the
University of Kuwait showed that the hemodialysis
patients had lower BMD compared with the control group
[BMD hip (0.81 ± 0.11 versus 0.92 ± 0.16), spine (0.84
± 0.12 vs0.92 ±0.16), P < 0.001]. In addition, the risk of
fracture was more in hemodialysis patients (11).
In addition, in the study by Ambrus et al (12), which was
conducted at the University of Koranyia, the relationship
between BMD and parathyroid performance in
hemodialysis patients was examined. The results showed
no significant difference between the mean Z scores of the
group with low PTH (iPTH <100 ρg/mL) compared with
the group at the target iPTH level (100-300 ρg/mL). The
relationship between BMD and PTH in patients with iPTH
>100 ρg/mL was negative (rho = -0.255, -0.275, - 0.251 for
LS, FN and DR, P < 0.001). However in patients with iPTH
<100 ρg/mL, was no relationship between PTH and BMD
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was found. In addition, no relationship between markers
of bone metabolism and PTH was detected. However, in
low iPTH group these markers were negatively correlated
with BMD (12).
In fact, numerous studies mentioned a relationship
between the increases of PTH with the decrease in bone
density in hemodialysis was mentioned. In our study,
concerning the iPTH level, 15.3% of patients were placed
in the adynamic group, 24.7% in the normal group, and
60% in the hyperparathyroidism group. We found, a
significant relationship between the groups regarding of
total femur T score, total femur Z score, femoral neck Z
score, and lumbosacral Z score, while with increasing the
levels of iPTH, the bone density decreased.
In our analysis, a significant relationship between age and
bone density regarding of total femur T score, femoral neck
Z score, and lumbosacral Z score was seen. Hence, with
increasing age, the bone density decreases. In our study,
we assessed the sensitivity and specificity of PTH and we
compared it with the results of densitometry tests. The
results showed that in patients with iPTH >450 ρg/mL the
sensitivity and specificity were 82% and 19%, respectively.
For femoral neck T score it was 60% and finally 30% for
total femur Z score. In other cases the sensitivity of the
test was low.
Conclusion
Finally it was concluded that the prevalence of osteopenia
and osteoporosis in hemodialysis patients is high and is
associated with high levels of PTH. As they are mainly
associated with Z score, it seems necessary to investigate
the secondary causes of this condition.
Limitations of the study
This investigation was conducted on a limited proportion
of patients. Thus, larger studies on this feature of
hemodialysis patients are necessary.
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