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Abstract 
Background: To evaluate bone-mineral-density-BMD determined by dual- 
energy X-ray absorptiometry-DEXA and bone turnover markers in chron-
ic-kidney-disease-CKD patients. Method: An observational-clinical study of 
all patients who were scanned by DEXA-scan in 2018. All patients with low- 
bone-density or osteoporosis-based on World-Health-Organization-WHO defi-
nition were included. Results: 505 patients with abnormal-BMD, 87.3% were 
in early-stage CKD-stage I - II, 8.5% were in CKD-stage III - V and 4.2% did 
not have renal tests. 95 (18.8%) were male with a mean age of 57.0 years and 
410 (81.2%) were females with a mean age of 55.8 years. Patients of ≥65 years 
had lower T-score than those who were younger than 65 years-old. Among CKD 
patients, those with late-CKD (stage III - V) had less BMD-measurements 
and lower T-score than those with early-CKD (stage I - II). A significant pos-
itive correlation exists between parathyroid hormone-PTH-level and the low-
er T-score. Female had a worse T-score at the lumbar-region whereas male 
had a worse T-score at the femoral-region. There was no significant differ-
ence between males and females for the T-score at hip-region. Conclusion: 
We observed a distribution of abnormal BMD among different age, sex and 
CKD groups. Measurements of BMD by DEXA might be a useful test to di-
agnose osteoporosis in CKD patients. Femoral and total hip areas were more 
affected, however DEXA might not be able to detect osteoporosis in the lum-
bar area of CKD patients. T-scores are lower in patients with more severe 
CKD and lower in elderly patients. PTH level is associated proportionally to 
the degree of bone loss. Early intervention and proper management must be 
implemented early among CKD patients with multidisciplinary team approach 
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strategy. More studies are needed to determine if DEXA techniques are enough 
to distinguish the quantity of bone loss between different stages of CKD. 
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1. Introduction 

Chronic kidney disease (CKD) is a well-established risk factor for loss of bone 
mineral density (BMD) [1] [2] [3] [4] [5]. Metabolic changes, such as secondary 
hyperparathyroidism, elevated phosphate levels, impaired synthesis of 1,25- 
dihydroxyvitamin D, persistent metabolic acidosis, affect bone mineralization 
and cause abnormal BMD in patients with chronic kidney disease [6] [7]. Bone 
loss may vary between different stages of CKD. Renal osteodystrophy is the tra-
ditional term for bone lesions in conjunction with CKD and is now considered a 
part of the CKD-BMD. Bone turnover and bone volume may both be classified 
as high, normal or low [8]. Bone mineralization may be categorized as normal or 
abnormal [8]. Osteoporosis is characterized basically by decreased bone mass 
and it begins to appear in the pre-dialysis period [9] [10].  

The work group of the Kidney Disease: Improving Global Outcomes (KDIGO) 
recommended in 2006 the use of the term chronic kidney disease-mineral 
and bone disorder (CKD-MBD) to describe a systemic disorder that incorpo-
rates these abnormalities [11] [12]. CKD-MBD includes abnormalities of calcium, 
phosphorus parathyroid hormone (PTH), fibroblast growth factor 23 (FGF23), 
and vitamin D metabolism. It includes abnormalities as well in bone turnover, 
mineralization, volume linear growth, or strength and Extra-skeletal calcifica-
tion. The term “renal osteodystrophy” is now exclusively used to define altera- 
tions in bone morphology associated with CKD based upon bone biopsy [13] 
[14] [15]. 

Dual-energy X-ray absorptiometry (DEXA) is a standard method to deter-
mine BMD loss in patients with healthy kidney function [13] [16] [17]. On the 
other hand there is controversy, whether DEXA scan can assess BMD loss in pa-
tients with CKD [13] [16] [17]. A study conducted by Nickolas et al. reported 
that bone loss in patients with CKD cannot be discriminated by DEXA scan [18]. 
However, researchers have recommended to combine DEXA with biochemical 
and bone turn-over markers to yield better results in osteoporosis diagnosis in 
patients with end-stage kidney disease (ESKD) [15]. 

It has been noted that various factors including serum calcium, phosphate, 
parathyroid hormone (PTH), bone specific alkaline phosphatase (serum AP) in-
terplay in the turnover bone disease in patients with CKD [19]. 
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PTH is elevated progressively when function of kidney deteriorates, conse-
quently elevated PTH levels make cortical bone more prone to catabolic effects 
while anabolic effects take rule in trabecular bone [20] [21]. Hence, the net effect 
results are increased turnover and occurrence of thickened and irregular bone. 

In Oman, a recent survey found that of those aged 40 years and over, one per-
cent of 40,000 participants had a severe kidney dysfunction, 9% had moderate 
kidney dysfunction and 29% had a mild kidney dysfunction [22] [23]. Hence, 
this study is investigating the BMD by DEXA among CKD patients with various 
serum biochemical markers. 

2. Methods 

This is a cross-sectional study in patients referred for DXA scanning during 
2018. The paper aims at describing BMD and biochemical biomarkers according 
to stages of chronic kidney disease (CKD). 

All patients referred to DEXA scan with low bone density or osteoporosis- 
based on World Health Organization (WHO) definition were included for fur-
ther analysis but excluded pediatric population. 

As so, five hundred and five patients were enrolled in the study.  
The regions of interest (ROI) that we measured were the left proximal femur 

(neck and trochanter), total hip and lumbar spine. 
The T-score and Z-score, which is usually calculated for young ages < 50 years, 

were studied. Variables including age, gender, different biochemical markers in-
cluding calcium, alkaline phosphatase,, parathyroid hormone, and vitamin D 
level were studied. 

We divided parathyroid hormone according to the international reference (Roch 
method insert) to >6.9 pmol/L as high and ≤6.9 pmol/L as normal. 

Laboratory tests of serum creatinine and estimated glomerular filtrations 
(eGFR) rate, if reported, were taken for all included patients, then were classified 
to different renal stages based on the international guideline group Kidney Dis-
ease Improving Global Outcomes (KDIGO) where the eGFR is calculated by 
MDRD equation. The presence of either proteinuria or microscopic hematuria 
with eGFR > 90 ml/min/m2 was used to define stage I CKD as per KDIGO 
guidelines. CKD stage II defined as eGFR < 90 to 60 ml/min/m2. CKD III is de-
fined as eGFR < 60 - 30 whereas CKD IV is <30 to 15 ml/min/m2. CKD V is de-
fined as eGFR < 15 ml/min/m2. In addition to the history of malignancy, radia-
tion and hormonal therapy that could influence bone metabolism, we took into 
consideration the history of taking glucocorticoid, calcium, and vitamin D sup-
plements. 

The study was approved by the local ethics committee of Royal hospital (RH) 
in Muscat, Oman. The RH has an excellent medical record system where data is 
computerized and had received a well-recognized international certificate of ex-
cellence for the electronic medical system called “Al Shifaa”. All data including 
clinical, laboratory and radiological data are collected prospectively in the Al- 
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Shifaa.  
A GE Lunar DPX–NT bone densitometry device was used for detection of 

BMD. The sections for detection included the anteroposterior lumbar spine (LS) 
(L2-L3-L4), left proximal femur (neck and troch) and total hip. 

Diagnosis of osteoporosis is established by event of a fragility fracture or 
WHO value of T-score of <−2.5 at the lumbar spine, the femoral neck and total 
hip scores for patients who had no history of fragility fractures [13] [17]. T-score 
was defined as the number of SDs a person’s BMD lies below the mean BMD for 
a sex-matched young healthy population. 

According to the WHO criteria, patients were categorized into normal BMD 
(T-score ≥ −1.0), low bone density (T-score = −1.0 to −2.5) and osteoporosis 
(T-score < −2.5). 

Z-score was used to represent the SD below the mean BMD value that was 
normalized for an age-matched and sex-matched healthy population.  

Those with Z-score were included in the study if the Z-score was less or equal 
to −2.0 and it was considered as low bone density rather than osteoporosis un-
less there is history of fragility fracture. The coefficient of variation for the DEXA 
machine was 0.7% in the LS and 1.0% in the proximal femur.  

CKD patients were divided into two categories: standard group-early stage- 
CKD (stages 1 - 2) and late CKD (stages 3 - 5). 

Age was categorized firstly into two categories: ≥65 years or <65 years to dis-
criminate between old age vs non old age as conventionally, “elderly” has been 
defined as a chronological age of 65 years old or older in most of the developed 
countries. In parallel: it was then categorized into two categories ≥ 50 years or 
<50 years to discriminate between menopause vs non-menopause, as the uni-
versal experience in women’s aging, is the culmination of some 50 years of 
reproductive aging. In addition, men older than 50 years might have low tes-
tosterone levels with functional abnormalities at multiple levels of the hypotha-
lamic-pituitary-testicular axis leading to hypogonadism and subsequent osteopo-
rosis. 

Statistical Analysis 

SPSS (Statistical Package for Social Sciences) V.9.0 software was used for the sta-
tistical analysis. Student’s t test was performed for the comparison of data be-
tween the two groups. One-way analysis of variance test was performed for the 
comparison of parameters between groups. The relationship between parameters 
was evaluated by Pearson correlation analysis. P value of <0.05 was considered 
statistically significant. All results were expressed as the mean ± SD. 

3. Results  

During the period of the study, there were 505 patients with abnormal BMD 
aged 55.8 (16.0). Of which, 95 (18.8%) were males aged with mean (SD) of 57.0 
(20.5) years and 410 (81.2%) were females with mean (SD) age of 55.4 (14.8) 
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years. 
Among all patients with abnormal BMD: there were 270 (53.5%) patients with 

CKD stage I, 171 (33.86%) patients in CKD stage II, 35 (6.9%) patients in CKD 
stage III, and 8 (1.58%) patients in CKD stage IV and V. 

The mean estimated GFR for patients who were <65 years was 89.1 (12.4) 
ml/min/m2, while the mean eGFR for patients ≥ 65 years was 73.5 (21.0) ml/ 
min/m2 (P < 0.01).  

The mean eGFR of patients with low bone density patients was 82.2 (14.6) 
ml/min/m2, while the mean eGFR in osteoporotic patient was 78.8 (18.8) ml/ 
min/m2 (P = 0.039). 

The mean ALP in low bone density patients was 95.9 (59.3) iU/L, while the 
mean ALP in osteoporotic patients was 93.5 (59.6) iU/L with no statistically sig-
nificant difference between the two groups. 

Females had a worse T-score at lumbar region whereas males had a worse T- 
score compared to females at femoral region whereas there was no significant 
difference at total hip region, as shown in Table 1. 

Patients of 65 years and older had more lower T-score than those who were 
younger than 65 years old in both femoral and total hip T-scores (P = 0.001), as 
shown in Table 2.  

Femoral T-score was worsening in patients who were 65 years or older in late 
CKD compared to early CKD at the same age category (P = 0.034), as shown in 
Table 3.  

 
Table 1. Shows the T-score for lumbar, femoral and hip among male and female CKD 
patients. 

T-score Sex Mean (SD) P value 

lumbar 
Male −1.251 (−1.43) 

0.001 
Female −1.745 (−1.04) 

Femoral 
Male −1.585 (−1.28) 

0.030 
Female −1.305 (−0.95) 

Total Hip 
Male −1.001 (−1.24) 

0.429 
Female −0.892 (−1.05) 

P < 0.05 is significant. 
 
Table 2. Shows the bone mineral density of lumbar, femoral and hip in CKD patient (<50 years compared to ≥50 years). T-score 
at lumbar, femoral and total hip of patient ≤65 years vs. >65 years old. 

BMD 
g/cm2 

<50 ≥50 
P-value T-score 

<65 ≥65 
P-value 

Mean SD Mean SD Mean SD Mean SD 

Lumbar 0.851 0.123 0.90 0.139 0.000 Lumbar −1.660 1.021 −1.856 1.020 0.097 

Femoral 0.862 0.116 0.871 0.116 0.090 Femoral −1.120 0.992 −1.849 0.909 0.000 

Total Hip 0.827 0.128 0.863 0.114 0.059 Hip −0.694 1.023 −1.369 0.082 0.000 

BMD, Bone mineral density. P < 0.05 is significant. 
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Table 3. Shows the T-score of early (stage I - II) CKD and the late (III - V) stage CKD among patients < 65 years vs ≥65 years. 

T-score 

<60 

P-value 

≥65 

P-value Early CKD Late CKD Early CKD Late CKD 

Mean SD Mean SD Mean SD Mean SD 

Lumbar −1.658 1.026 −1.767 1.084 0.087 −1.757 1.272 −1.792 1.486 0.091 

Femoral −1.070 0.699 −1.633 1.233 0.056 −1.763 0.947 −2.196 0.739 0.034 

Total Hip −0.691 1.021 −0.785 1.206 0.074 −1.334 1.103 −1.648 0.994 0.104 

CKD, chronic kidney disease, P < 0.05 is significant. 
 

Femoral BMD was lower in patients who were 50 years or older (P = 0.100), 
however BMD lumbar measurements were higher in those who were also older 
than 50 years (P = 0.000), as shown in Table 2. 

Patients with late CKD (stage III - V) had less BMD measurements and more 
lower T-score than those with early CKD (stage I - II) in both femoral and total 
hip, P values of 0.007 and 0.027, as shown in Table 4. 

There was a trend towards statistical significance among Z-score between ear-
ly (I - II stage) versus late (III - V) CKD, as shown in Table 5. The mean (SD) of 
T-score for lumbar, femoral and total hip among CKD patients with PTH ≤ 6.9 
pmol/L versus > 6.9 pmol/L, there were a significant positive correlation be-
tween PTH level and the lower T-score in both femoral and total hip, P values 
0.003 and 0.008, respectively. There was a trend towards a statistically significant 
negative relationship between PTH level and the lumbar T-score, as shown in 
Table 6. 

4. Discussion 

This study evaluated BMD among CKD patients who underwent DEXA scan. 
The population were of variable ages, majority were female, in early stage of 
CKD with eGFR of 82.2 (14.6) ml/min/m2 among patients with low bone density 
patients and 78.8 (18.8) ml/min/m2 in osteoporotic patients. Females had a 
worse T-score at lumbar region whereas males had a worse T-score compared to 
females at femoral region. 

Also, this study showed that patients of 65 years and older had more lower 
T-score than those who were younger than 65 years old in both femoral and to-
tal hip T-scores. Femoral T-score was worsening in patients who were 65 years 
or older in late CKD compared to early CKD at the same age category. 

In addition, the study showed that late CKD (stage III - V) had less BMD 
measurements and lower T-score than those with early CKD (stage I - II) in both 
femoral and total hip. There was a significant positive correlation between PTH 
level and the lower T-score in both femoral and total hip but non-significant 
negative relationship between PTH level and the lumbar T-score.  

Hence, early management at early stages is of paramount importance even at 
early stages of CKD and at a younger age [24]. Osteoporosis is a metabolic bone  
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Table 4. Shows the bone mineral density (BMD) and T-score of early (CKD I - II) versus late (III - V) stage CKD. 

BMD 
g/cm2 

Early CKD Late CKD 
P-value T-score 

Early CKD Late CKD 
P-value 

Mean SD Mean SD Mean SD Mean SD 

Lumbar 0.885 0.133 0.932 0.147 0.034 Lumbar −1.688 1.105 −1.343 1.331 0.070 

Femoral 0.782 0.116 0.731 0.112 0.007 Femoral −1.273 1.010 −1.948 0.994 0.000 

Total Hip 0.838 0.133 0.789 0.188 0.027 Hip −0.879 1.084 −1.238 1.179 0.050 

BMD, Bone mineral density. CKD, chronic kidney disease. P < 0.05 is significant. 
 
Table 5. Shows the Pearson correlation coefficient of the Z-score and CKD stages (95% 
Confidence Interval of the Difference). 

Z-score Renal Stage Mean score SD P value 

lumbar 
Early CKD −1.554 4.984 

0.079 
Late CKD −1.679 1.362 

Femoral 
Early CKD −0.754 0.979 

0.066 
Late CKD −0.824 1.213 

Total Hip 
Early CKD −0.635 1.048 

0.078 
Late CKD −0.656 1.408 

CKD, chronic kidney disease. P < 0.05 is significant. 
 
Table 6. Shows the T-score for lumbar, femoral and hip among patients with PTH ≤ 6.9 
versus > 6.9 pmol/L. 

T-score PTH Mean SD P value 

lumbar 
≤6.9 −1.000 0.707 

0.072 
>6.9 −1.331 0.814 

Femoral 
≤6.9 0.000 1.414 

0.003 
>6.9 −2.228 0.826 

Total Hip 
≤6.9 1.110 1.131 

0.008 
>6.9 −1.372 1.102 

PTH, parathyroid hormone. P < 0.05 is significant. 
 
disease of wide spectrum in CKD. Kanis JA had evaluated the “arguments that 
osteoporosis is in part due to either a defective 1 alpha-hydroxylase occurring at 
menopause or in later life or to target tissue resistance to calcitriol; some argue 
that disturbances in vitamin D metabolism are irrelevant to osteoporosis, being 
either a consequence of aging or a result, not a cause, of osteoporosis itself” [25]. 
Since vitamin D compounds can be targeted relatively late in the natural history 
of bone loss, and the effects on hip fracture appear to be marked, the use of vi-
tamin D or alfacalcidol has a favorable cost-effectiveness ratio, which is in-
creased markedly by the use of screening techniques to target interventions. 
However, E. Michael Lewiecki has argued that “more data are needed to better 
define the bone disease in patients with end-stage CKD, with or without di-
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abetes, and determine whether pharmacological interventions can reduce frac-
ture risk with a favorable balance of benefit and risk” [26]. 

Abrahamsen et al. argued that managing osteoporosis, given reduced kidney 
function, is a major challenge in the bone clinic [27]. They, as well, concluded 
that additional data is crucial on the effectiveness and safety of bisphosphonates 
in the late stages-CKD and clinicians should reevaluate the low use of DXA in 
patients with the loss of kidney function in view of the existence of various op-
tions of managements availability [27]. Also, the high prevalence of secondary 
hyperparathyroidism and the high incidence of moderate impairment of kidney 
function suggests that more widespread use of these agents could make a sub-
stantial impact in the treatment of osteoporosis in the elderly [25] [28]. Bernard 
Cortet, also, stated that the central justification for this contraindication is the 
scarcity of data about using bisphosphonates for this population, as many phase 
III trials have excluded patients with low GFR and kidney-function. “Because of 
the age-related decline in kidney function, it is not unusual for elderly patients to 
have GFR (CrCl) below these cut-offs” [29]. 

The Bone strength is based on bone quantity and bone quality. The quality 
depends on physical composition, architecture, turnover, damage accumulation 
and mineralization whereas the bone density is determined by peak bone mass 
and amount of bone loss. Bone fracture risk is increased with osteoporosis. BMD 
as a predictor of fracture risk in non-renal population, CKD II and III is good. 
However, it is a moderate predictor for risk in CKD IV and V but quite variable 
among dialysis population. 

Bone fracture risk is increased with osteoporosis. DEXA is the most widely 
used method in measuring BMD [17]. It is short scan time, cost-effective, and 
carries low radiation dose. Previous studies showed that DEXA gives good bone 
mass quantification and it enables measuring BMD in CKD patients. Others 
showed that DEXA obtaining BMD measurements is able to predict bone loss 
and risk of fracture in CKD patients, whether bone mass measurement can as-
sess fracture risk in patients with CKD is still controversial [17]. This is because 
of different complex etiology as patients with CKD suffer from fractures due to 
impairments in bone quantity, bone quality, bone turnover markers and abnor-
malities of neuromuscular function particularly in stage IV and V. 

A new term has emerged called CKD-MBD (mineral and bone disorder), 
where PTH and ALP increased , bone loss more at cortical bone, bone formation 
will be either very low in adynamic bone disease or sometimes very high, and it 
is strongly associated with vascular calcification [6] [11] [30]. All of this cause 
BMD to be weakly associated with fracture risk in patients with advanced CKD 
[14] [25]. Moreover, renal osteodystrophy can interfere with diagnosis of osteo-
porosis. Nevertheless, this concept is not yet conclusive. In our findings it was 
clearly shown that patients with late CKD i.e. stage IV and V had worsening 
BMD measurements. 

CKD has been found to be associated with osteoporotic changes and fracture 
risk, which are increasing proportionally with the severity of the CKD and with 
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the associated morbidity and mortality [13]. The duration of impaired kidney 
function could be considered as a risk factor for low BMD. The association be-
tween BMD obtained by DEXA and the severity of impaired kidney function 
have been investigated. Researchers found that femur and spine BMD is de-
creased as chronic kidney disease stages advanced [31] [32]. Other studies dem-
onstrated the association between the loss of BMD and the eGFR deterioration 
[32]. 

Asian patients were studied by researchers, who reported that BMD of lumbar 
and femoral neck was positively associated with degree of CKD III and IV [26]. 
Similar findings were reported by others, who reported an association between 
abnormal BMD and kidney function impairment. Some studies showed that 
BMD is also lower in pre-dialysis as well as dialysis-dependent patients who 
fracture compared to those who do not [26] [28]. 

Our study demonstrated a significant relationship between lower BMD in the 
femur and total hip and the degree of CKD. This is in contrary to lumbar BMD 
which showed negative correlation with degree of CKD. The explanation of this 
is that DEXA cannot distinguish between cortical and cancellous bone, and it 
cannot assess bone microarchitecture or bone turnover as compared to the 
Magnetic resonance [33] [34]. 

A review of the literature in patients with CKD stage V is suggesting the same 
as well and shows that bone density in the cortical bone of the hip is generally 
lower compared with normal reference ranges by about one to two standard 
deviations, Whereas, in the spine bone (lumbar) density tends to be closer to the 
average expected values 

In patients with advanced CKD, the bone density using DEXA measurements 
is lost primarily from the cortical bone (hip), and it may be increased in the 
cancellous bone (lumbar, spine) [13] [16] [17] [32] [35] [36]. In general, our 
findings corresponds to the concept that Bone density of CKD patients in the 
cortical bone of the hip is generally lower compared with the normal reference 
range, but the spine bone density (cancellous or trabecular bone) may be within 
the normal range or even increased [5] [13] [16] [17] [32] [35] [36]. Moreover, 
our findings showed that late CKD patients were more likely to have osteoporo-
sis than early CKD patients and these were more noticeable in the BMD of fe-
moral and hip. However, we did not compare each stage of CKD individually 
due to sample size.  

Using the cut off age of 50 years which is usually used to obtain Z-score in 
young patients and in predicting bone loss in hypogonadism male patients [1] 
[37] [38], our study demonstrated that bone loss was more prominent after the 
age of 65 years than after age of 50 years. However, in both categories there was 
observed ongoing bone loss and noticeable lower BMD measurements with age 
advance. There was no correlation between Z-score and degree of CKD, which 
could be attributed to the fact that Z-score is meant for normal population who 
are below 50 years, i.e. it is not necessarily reflecting bone loss in patient with 
risk factors such as those with CKD, donating T-score could be more reliable test 
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in patient with CKD regardless of age [1] [37] [38]. 
Our study demonstrated that femoral and total hip BMD measurements 

showed more correlation with age than the lumbar BMD. This could be ex-
plained by the fact that the lumbar BMD is affected by age sclerotic changes 
which could underestimate the BMD findings when age advances [39] [40] [41]. 
Though an older patient with CKD and low BMD and/or a fragility fracture may 
have osteoporosis or another bone and mineral disorder related to CKD (eg, 
hyperparathyroidism, adynamic bone disease, osteomalacia) , this study showed 
significant decline in bone mass and femoral T-score in CKD patients when the 
age of the patients had been counted. The mean T-score in patients who were 
older than 65 years with late CKD was −2.2 while it was −1.8 in patients who 
were older than 65 years but with normal kidney function or early CKD. Similar 
picture was showed in total hip T-score when age advances i.e. older than 65 
years but with less extent than that seen in femoral T-score. It has been showed 
that BMD provides information on risk for fracture in older individuals with or 
without moderate CKD [42] [43]. 

Identifying fracture risk by monitoring laboratory biomarkers is still has clin-
ical limitations. In patients with CKD, however, raised levels of some biomarkers 
might be utilized with CKD stages [11] [19] [44]. In present study once abnor-
mal BMD has been identified, the mean Alkaline phosphatase was not corres-
ponding with degree of bone loss among osteoporotic versus low bone mass pa-
tients. However, it is not studied in this research whether ALP is a predictor risk 
tool for diagnosis of osteoporosis or fracture risk. Also, it was not studied if ele-
vated ALP was associated with osteoporosis in patients with CKD. 

It was reported in previous studies that bone specific alkaline phosphatase 
(BSAP) is the most sensitive and specific marker of bone remodeling in patients 
with CKD [29]. Interestingly, parathyroid hormone is associated proportionally, 
with significant P value, with bone loss when CKD advances. It is found in our 
study that elevated PTH is a good biomarker for the degree of bone loss mainly 
in femoral and total hip. These findings correspond to similar results in some 
previous studies: one has reported that PTH and 25 (OH)-Vit D could provide 
early diagnose of osteoporosis in patients with CKD [1]. Also, it has been shown 
that secondary higher levels of serum PTH was associated with decreased BMD. 
Similarly, others reported that higher PTH levels were associated with increased 
risk of BMD loss [6] [10]. 

Curtis et al., found that men with “higher PTH levels had approximately a 
2-fold greater rate of BMD loss compared with men with lower PTH levels, ir-
respective of estimated glomerular filtration rate and 25(OH) vitamin D” [45]. 
The ability of serum PTH to predict adynamic bone disease is predicated on the 
basis that the PTH synthesis is not being blunted by any pharmacologic agent 
(eg, vitamin D analogues, or cinacalcet). KDIGO (Kidney Disease Improving 
Global Outcomes) suggests using PTH trends rather than absolute targets to 
guide treatment decisions, although this strategy has not been tested specifically 
for distinguish osteoporosis from other elements of CKD-MBD, including renal 
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osteodystrophy [11] [12]. 

5. Limitations  

This is a single centre study. Also, this study did not examine whether DEXA 
scan can distinguish the quantity of bone loss between different stages of CKD. 
In addition, BSAP was not obtained in present study. Moreover, present study 
did not differentiate between pre-dialysis and dialysis patients in relation to 
BMD.  

This study is lacking comparison between normal vs abnormal BMDs, as it 
included exclusively low bone density or osteoporotic patients only, i.e. we did 
not obtain similar data in a healthy control group. Regarding Z-score we need 
more research if it is useful for osteoporosis diagnosis in CKD patients in cor-
respond to age and gender. Also, a single determination of BMD or T-scores, do 
not necessarily represent “bone loss”. The BMD value could simply represent a 
low genetically pre-determined peak bone mass; however, this would be applica-
ble to all the patients and not necessarily CKD people alone. 

6. Conclusions 

In this population, femoral BMD is lower at the hip in CKD, and patients with 
CKD have lower bone loss than a reference population. Subsequently, it may 
demonstrate that in CKD patients, the impact of bone loss could be higher in 
femoral area than lumbar, and relatively both femoral and total hip areas are 
having more bone loss in CKD patients.  

In general: BMD measurements obtained by DEXA and several biochemical 
markers of skeletal formation and resorption, PTH in our study, are useful in the 
diagnosis of bone status in CKD patients mainly in the femoral and hip areas. 
On the other hand, because of lack of information DEXA cannot distinguish 
bone loss quantity between different stages of CKD, which can restrict its use in 
these patient groups. There is a need for further studies on novel BMD measure-
ment techniques and novel serum bone-turnover markers to determine bone 
loss quantity in patients with CKD. 
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