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Introduction
Chronic renal failure (CRF) is associated with dysregulated 

calcium phosphate metabolism once the glomerular filtration 
rate falls below 60 ml/min. In addition, CRF disrupts many other 
functions, such as the regulation of blood pH or nutrition, and is 
involved to varying degrees in inflammatory phenomena, which  

 
are more or less bone-specific [1]. Renal osteodystrophy is the 
term used to describe the various skeletal symptoms and biological 
abnormalities of calcium phosphate metabolism observed during 
CRF. However, in 2006, the KDIGO (Kidney Disease Improving 
Global Outcomes) consensus meeting proposed the use of the term 
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Introduction: Chronic renal failure is a common pathology that causes early disturbance of phosphate and calcium metabolism, 
leading to secondary hyperparathyroidism, affecting bone and mineral metabolism, and bone loss is common and silent. It is 
characterized by osteopenia, deterioration of bone quality, and altered bone structure. Our work aims to determine bone status by 
examining the clinical, biological characteristics and bone mineral density (BMD) of hemodialysis patients at Constantine Military 
Hospital (CMH).

Methods: This was a prospective study involving all CMH hemodialysis patients. Biological assessment assesses bone damage 
and the elements used in current practice (calcemia, phosphate and parathyroid hormone) and two-photon absorptiometry (DXA) 
assesses BMD.

Results: This study involved 18 male and female patients with a sex ratio of 1 and a mean age of 50.94 ± 17.46 years who 
received hemodialysis for a mean treatment duration of 8.72 years. Hypocalcemia accounted for 44.4%, hyperphosphatemia 
accounted for 61.1%, and hyperparathyroidism accounted for 50%. The mean BMD for our entire population was 0.871 ± 0.174 g/
cm² in the lumbar spine and 0.679 ± 0.099 g/cm² in the left hip. Mean T-scores were -1.628 ± 1.197 SD for the lumbar spine and 
-1.861 ± 0.622 DS for the left hip. We found 33.3% osteoporosis (83.3% trabecular osteoporosis) and 66.7% osteopenia, including 
83.3% cortical osteopenia. 

Multivariate analysis could identify 03 risk factors for osteoporosis in a statistically significant manner, namely, duration of 
hemodialysis greater than 10 years, hypocalcemia, and hyperparathyroidism greater than 500 Pg/ml.

Conclusion: Disturbed calcium phosphate metabolism and its skeletal consequences are certain and common complications in 
hemodialysis patients. It has a greater effect on cortical bone. Early detection and preventive measures are necessary.

Keywords: Hemodialysis; secondary hyperparathyroidism; bone mineral density; osteoporosis

https://www.lupinepublishers.com/index.php
https://www.lupinepublishers.com/urology-nephrology-journal/
http://dx.doi.org/10.32474/JUNS.2022.03.000173


                                                                                                                                                          Volume 3 - Issue 5 Copyrights @ Mahmoud BOUSAKHRIAJ Urol Neph St

Citation: Mahmoud BOUSAKHRIA*, Djahid BENDJEDDOU, Nassim MEGUELLATI, Nacereddine REGUAIGUIA, Saïd DIAR, Mohamed 
NEZZARI and Laid SAHRAOUI. Study of Bone Mineral Density by Dual-Energy X-Ray Absorptiometry in Hemodialysis Patients: about 18 
Cases. J Urol Neph St 3(5)- 2022. JUNS.MS.ID.000173. DOI: 10.32474/JUNS.2022.03.000173

341

Chronic Kidney Disease-Mineral and Bone Disorder (CKD-MBD) to 
define the systemic disease of CKD that affects metabolism. Bone 
and minerals [2], including biological abnormalities of calcium 
phosphate metabolism, qualitative and quantitative abnormalities 
of bone, and vascular calcification.

In hemodialysis patients, bone complications are almost 
constant, either specific: secondary hyperparathyroidism, adynamic 
osteopathy, or non-specific: osteoporosis and osteomalacia 
[3]. These complications lead to an increased risk of fracture. 
Osteoporosis in patients with CRF is defined as a decrease in bone 
mineral density (BMD) or the occurrence of an osteoporotic fracture 
[4]. Biological assessments to assess skeletal involvement include 
elements used in current practice (calcemia, phosphataemia, total 
alkaline phosphatase, bone alkaline phosphatase, parathyroid 
hormone, and 25-OH vitamin D) and other Elements useful in 
complex clinical situations: markers of bone resorption (cross-
overlap) and markers of bone formation (osteocalcin, N-terminal 
propeptide of collagen type 1, P1NP) [5]. In imaging, dual X-ray 
absorptiometry (DXA), the reference method for measuring bone 
mass, has reported a decrease in BMD in dialysis patients [6]. 
Internationally, several studies have identified risk factors for 
bone loss in the general population. In hemodialysis patients, BMD 
could be affected by multiple factors that overlap. These factors 
are little studied and remain poorly understood by practitioners. 
Over the past few decades, BMD measurement has demonstrated 
its reliability in monitoring bone loss in hemodialysis-related 
osteoporosis. But its use in the evaluation of the bone status of 
uremic is not yet well established knowing that more than a third 
of hemodialysis patients present bone loss with a fracture risk four 
times greater than the general population.

Methods
This is a descriptive, prospective study, of interest to all chronic 

renal failure patients on hemodialysis at Constantine Military 
Hospital (CMH) in 2021. The data is collected prospectively and 

recorded on a data collection medium including age, sex, history 
and initial nephropathy. A biological assessment assessing bone 
damage and including elements used in current practice: calcaemia, 
phosphatemia and parathyroid hormone (PTH) and other 
assessments (hemoglobin, uric acid, erythrocyte sedimentation 
rate (ESR) and C-reactive protein). The bone densitometric study 
of the patients was carried out by DXA using a Hologic® Horison 
type device located in the nuclear medicine department. The data 
collected was entered into an Excel table and then exported in a 
format that could be analyzed by SPSS version 25. The qualitative 
variables are described according to their percentage distribution. 
For quantitative variables, we calculated the mean, 95% confidence 
interval, and standard deviation. The risk of alpha error is set at 5% 
and the p represents the degree of significance of the statistical test.

Results
Our study was conducted in 2021 in 18 chronic hemodialysis 

patients at CMH. There are 9 men and 9 women, with a sex ratio 
of 1. The average age is 50.94±17.46 years. The median is 49.5 
years with age extremes ranging from 26 to 88 years. Half of our 
patients are under 50 years old. The 31-40 age group is the most 
represented in 33.3% (Figure 1). Glomerular nephropathy is the 
leading cause of end-stage CRF in our patients in 44.4% (Figure 
2). The average duration of hemodialysis is 8.72 ± 3.878 years. 
According to the KDIGO 2009, the biological targets for calcium 
phosphate balance proposed for patients with CRF and on dialysis 
are total serum calcium between 2.1 and 2.55 mmol/l, serum 
phosphate towards the norm (0.8–1.45 mmol/l) and a serum PTH 
concentration two to nine times the upper limit (130–500 Pg/ml). 
Our patients have a correct calcemia in 50% and hypocalcemia in 
44.4%. Hyperphosphatemia is found in 61.1% and PTH greater than 
500 Pg/ml is found in 50% of cases (Figure 3). The inflammatory 
assessment finds: an accelerated ESR in 66.7% and a high C-reactive 
protein in 27.8%, anemia is found in 44.4% and uric acid is greater 
than 74 mg/l in 55.6% cases.

Figure 1: Distribution of hemodialysis patients by age group.
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Figure 2: Distribution of hemodialysis patients according to initial nephropathy.

Figure 3: Distribution of patients according to calcium phosphate balance.
Low PTH concentrations (below 130 Pg/ml), Normal PTH concentrations (130 – 500 Pg/ml), High PTH concentrations (above 

500 Pg/ml).

The measurement of BMD by dual X-ray absorptiometry finds 
an average BMD at the level of the spine is 0.871 ± 0.173 g/cm² 
with a maximum of 1.129 g/cm² and a minimum of 0.452 g/cm², 
and 0.679±0.099 g/cm² at the left hip with a maximum of 0.755 g/
cm² and a minimum of 0.582 g/cm² (Figure 4). The mean standard 
deviation T-scores, all sexes combined, is -1.628 ± 1.197 SD at the 
level of the spine and negative -1.861 ± 0.622 SD at the level of the 
left hip. (Figure 5). Patients with a T-score < -2.5DS at the hip or 
spine were classified as having had osteoporosis. The prevalence 

of osteoporosis is 33.3% (T-score <2.5) including 83.3% trabecular 
osteoporosis, while osteopenia is found in 66.7% including 83.3% 
osteopenia cortical (Figure 6). The multivariate analysis made 
it possible to note in a statistically significant way 03 risk factors 
of osteoporosis and which are the duration of hemodialysis 
superior to 10 years (p=0,026), the hypocalcemia (p=0,04) and the 
hyperparathyroidism greater than 500 Pg/ml (p=0.009). These risk 
factors are represented in the Table 1.

Table 1: Distribution of hemodialysis patients according to osteoporosis risk factors.

Osteoporosis risk factors p Relative Risk (RR)

Sex 0.6 1.7

Age over 65 0.3 1.45

BMI< 19 0.4 3

Diabetes 0.8 1.3

Arterial hypertension 0.65 1.8

Hemodialysis over 10 years 0.026 9
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Hypocalcemia 0.04 5

Hyperphosphatemia 0.2 2

PTH>9N(>500Pg/ml) 0.009 2.25

Accelerated ESR 0.48 2.5

High CRP 0.45 2.2

BMI: body mass index, PTH: parathyroid hormone, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein.

Figure 4: Bone densitometric results at the spine and hip.

Figure 5: Mean T-score BMD at the lumbar spine and hip.

Figure 6: bone mineral density result.
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Discussion
In our study, the results of bone densitometry by DXA showed 

that all hemodialysis patients have bone fragility, of which 33.3% 
of cases have osteoporosis. But they remain less obvious in 
comparison with the data of the literature. This could be explained 
by the small size of our sample and the relatively young age of 
our patients. Several studies have already found that BMD was 
decreased in dialysis patients [7]. In the Benhiba study [8], in 57 
hemodialysis patients, BMD revealed the existence of osteopenia 
in 12 patients (21.1%) and osteoporosis in 6 patients (10.5%) at 
the level of the lumbar spine. At the hip, osteopenia affected 15 
patients (26.3%) and four patients had osteoporosis (8.8%). While 
in the Ramirez study [9], the majority of hemodialysis patients 
present with low bone density BMD either at the level of the spine 
or the left hip. About half of these patients have at least a T-score 
<-2.5DS (osteoporosis). In the Gharsallah study in 2014 [10], in 
45 hemodialysis patients, he noted 33.3% osteoporosis, 37.8% 
osteopenia, and 28.9% normal bone status.

 In hemodialysis patients, the BMD is lowered, but it alone 
cannot account for the quality of the bone and its mechanical 
resistance. Thus, several elements must be taken into consideration 
when interpreting BMD results in this population. On the one hand, 
mineralization disorders are frequent in uremic patients, and we can 
no longer, then, assimilate bone mass to BMD. On the other hand, a 
decrease in BMD in a patient on dialysis does not necessarily mean 
pure bone loss, but may result, to varying degrees, from primary 
and secondary mineralization disorders. Furthermore, CRF affects 
the trabecular and cortical compartments differently. Finally, the 
measurement of the lumbar spine is an anteroposterior projection 
of the spine and therefore includes aortic calcifications in the 
results, which are frequent in patients with renal failure. It has been 
proposed that the wrist site is preferred because it is less biased 
in CRF [11], and that the Z-score be used instead of the T-score in 
the interpretation of the results [12]. These elements most likely 
account for the low prevalence of bone loss in this study. Indeed, 
apart from the size of the sample and the young age of the patients, 
this prevalence is underestimated by the frequency of osteoarthritis 
in the lumbar spine, the presence of aortic medical cosis and 
calcifications of the soft tissues due to phosphorus deposits. These 
elements make the BMD artificially increase a priori.

The multivariate analysis made it possible to note in a 
statistically significant way 03 risk factors of osteoporosis and 
which are the duration of hemodialysis higher than 10 years, the 
hypocalcemia and the hyperparathyroidism higher than 500Pg/ml. 
Our study did not show that advanced age is involved in bone loss 
in chronic hemodialysis patients, since our population at a young 
age, unlike other studies, they all concluded that the older the age 
of hemodialysis is higher the more the bone loss is important, in 
particular for the female sex. Thus, we did not find a link between 
sex and osteoporosis, knowing that multiple studies have found 
correlations between female sex and low BMD of the hip and 
lumbar spine and the risk of have a femoral neck fracture [13]. We 

now know that low weight and a BMI of less than 19 kg/m2 are 
considered risk factors for osteoporosis in ordinary people [14]. 
In chronic hemodialysis patients, studies have reported the same 
observation. Our study did not show this link. Several studies have 
found a positive correlation between BMI and BMD at the hip and 
lumbar spine. A study even reported that a low BMI is the most 
important factor of bone loss in subjects on hemodialysis [15].

The protective role of the high BMI can be explained by the 
importance of the fatty layer, particularly at the level of the points 
of impact such as the hip, which would play a role of shock absorber 
during falls, and the role of adipocytes that produce estrogen 
by aromatization of adrenal androgens after menopause [16]. 
Several studies have shown that the BMD of patients decreases 
with increasing duration of hemodialysis [17,18]. The relative 
hypocalcemia due to the decrease in renal tubular reabsorption and 
intestinal absorption of calcium as well as the use of calcimimetics or 
bisphosphonates, directly stimulates the synthesis of PTH mRNAs, 
as well as its secretion, by stimulation of the calcium-sensitive 
receptors (CaSR) of parathyroid cells, this increase in PTH induces 
bone loss. Hypocalcaemia, whatever the cause (calcium deficiency, 
vitamin D deficiency, use of calcimimetics or bisphosphonates) 
promotes bone mineralization disorders (osteomalacia). Although 
our patients had very high phosphate levels on average, we found 
no relationship with osteoporosis.

PTH greater than nine times the upper limit (> 500 Pg/ml) 
is considered a risk factor for osteoporosis by our work. In the 
literature, the various studies have been discordant as to the 
threshold of PTH favoring bone loss in subjects with hemodialysis. 
Some authors consider that a low PTH (less than 70 Pg/ml) is a 
risk factor [19]. On the other hand, many studies demonstrate the 
deleterious effect of a high level of PTH and alkaline phosphatase 
on the BMD of the hip and lumbar spine. Excess PTH affects the 
development of different bone cells and thus alters the quality 
of bone, especially cortical bone, by increasing the rate of bone 
remodeling. Finally, according to a last study, a PTH between 227 
and 538 pg/ml was protective compared to the other thresholds: 
this is the optimal level to respect [20]. The preventive therapeutic 
measures making it possible to avoid renal osteodystrophy in 
chronic hemodialysis patients are based on the prevention of 
phosphorus retention and hypocalcemia by the administration 
of a native or 25 hydroxylated vitamin D supplement, and by the 
contribution alkaline calcium salt which prevents the retention of 
phosphorus [21].

Conclusion
Disturbance of calcium phosphate metabolism and its 

consequences on the skeleton (bone loss) is a certain and frequent 
complication in hemodialysis patients. It affects more significantly 
the cortical bone. Kidney patients on hemodialysis are particularly 
at risk of osteoporosis. Our work revealed the existence of 
osteopenia in 12 patients (66.7%) including 83.3% cortical 
osteopenia and osteoporosis in 6 patients (33.3%) including 
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83.3% trabecular osteoporosis. Our study showed that among the 
risk factors for osteoporosis in chronic hemodialysis patients are 
a duration of hemodialysis greater than 10 years, hypocalcemia 
and hyperparathyroidism. It is therefore necessary to define a 
preventive strategy for these populations of patients aimed at 
identifying the patients most at risk of osteoporosis according to 
biological and especially radiological data by taking advantage of 
new bone imaging techniques, in particular bone densitometry. 
Early detection and preventive measures are necessary.
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