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ABSTRACT 

Background: Children who had chronic kidney disease (CKD) could 

be usually at high risk of disturbances in bone mineral metabolism, 

that could impair growth and increase fracture risk. Dual-energy X-

ray absorptiometry (DEXA) could be considered as the gold standard 

evaluation tool for bone mineral density (BMD) among these patients. 

This study aimed to assess bone mineral density and body 

composition in children who had CKD and undergoing hemodialysis 

using DEXA. 

Methods: This cross-sectional study involved 39 children with CKD 

on regular hemodialysis at Zagazig University Children’s Hospital. 

All participants underwent comprehensive clinical assessment, 

laboratory investigations for mineral metabolism (calcium, 

phosphorus, parathyroid hormone (PTH), vitamin D, and DEXA 

scans of the lumbar spine and whole body.  

Results: The mean lumbar spine BMD was 0.63 ± 0.1 g/cm², with a 

median Z-score of +0.6; 43.6% had osteopenia (Z ≤ –1) and 7.7% had 

osteoporosis (Z ≤ –2.5). Higher PTH and phosphorus were 

significantly associated with lower BMD (p < 0.01), while higher 

calcium and vitamin D were associated with greater BMD (p < 0.05). 

Older age and longer dialysis duration correlated with higher BMD (p 

< 0.05).  

Conclusion: Metabolic factors, especially serum calcium, 

phosphorus, vitamin D, and PTH, were the strongest determinants of 

BMD in pediatric dialysis patients, outweighing demographic factors 

or dialysis duration. Regular DEXA screening and early management 

of mineral disturbances may help reduce fracture risk and improve 

bone health in this vulnerable group. 

Keywords: Dual-Energy X-ray Absorptiometry, Bone Densitometry, 

Chronic Kidney Disease, Hemodialysis. 

INTRODUCTION 

hronic kidney disease (CKD) is 

considered a long-term condition where 

there is either structural or functional 

damage to the kidneys that lasts for at least 

three months. Usually, functional problems 

in CKD show up as a steady drop in the 

estimated glomerular filtration rate (eGFR), 

or constant protein in the urine, or 

sometimes both of these issues [1]. 

Problems with bone metabolism, which used 

to be called renal osteodystrophy, are very 

common among CKD patients. Nearly 

everyone with moderate to severe kidney 

problems develop some kind of bone 

disorders, and they have a much greater risk 
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of bone fractures compared to people 

without kidney disease [2–4]. Dual-energy 

X-ray absorptiometry is considered the gold 

standard method to check bone mineral 

density because it’s accurate, quick, and 

uses very low doses of radiation [5,6]. 

It’s now well-recognized that changes in 

minerals among CKD patients are strongly 

correlated to bone disease and can also lead 

to harmful calcification outside of the bones. 

For this reason, the Kidney Disease 

Improving Global Outcomes (KDIGO) 

group suggested a more comprehensive 

term, chronic kidney disease-mineral and 

bone disorder (CKD-MBD), to better 

describe these complications in CKD [7]. 

CKD-MBD refers to a group of problems: 

unusual blood levels of calcium, parathyroid 

hormone (PTH), phosphate, as well as 

vitamin D; bone changes like short stature, 

poor mineralization, and higher risk of 

fractures; and calcium building up in places 

outside the skeleton [8,9]. In children with 

CKD, these mineral changes can weaken the 

bones, cause pain and deformities, and 

increase the chances of fractures [10,11]. 

While many studies explored bone problems 

in adults with CKD, there is still a lack of 

research focused on children, especially 

regarding the use of DEXA to assess bone 

mineral density and body composition in 

pediatric CKD patients on hemodialysis. 

Also, the relationship between DEXA 

results and biochemical markers of bone 

disease in children is not well studied. This 

gap highlights the need for more research in 

this specific group. So, this research aimed 

to assess bone mineral density as well as the 

body composition among children with 

CKD undergoing hemodialysis utilizing 

DEXA, and to explore the possible 

correlations between DEXA findings with 

biochemical markers of renal 

osteodystrophy. 

METHODS 

This cross-sectional study was conducted at 

the Pediatric Nephrology Unit of Zagazig 

University Children’s Hospitals from June 

2024 to June 2025 after obtaining approval 

from the Institutional Review Board (IRB 

:328/28-April) and written informed consent 

from all cases' relatives. The research was 

conducted under the World Medical 

Association’s Code of Ethics (Helsinki 

Declaration) for human research.  

The sample size was determined based on 

the number of children with CKD receiving 

regular hemodialysis at the pediatric 

nephrology unit at Zagazig University 

Children’s Hospitals during a six-month 

period, which were total of 48 children. A 

sample size of 39 was calculated using the 

OpenEpi program with a confidence interval 

of 95% and a power of 80%. 

Children were included if they had a 

confirmed diagnosis of chronic renal failure 

and were on hemodialysis, regardless of sex, 

and were aged up to 16 years. All included 

patients had been receiving hemodialysis 

treatment for at least three months. Children 

were excluded if the patients not undergoing 

dialysis treatment or if either the child or 

their parents refuse to participate in the 

study, or if they had other diseases known to 

affect bone mineral density or increase 

fracture risk. 

All participants underwent a detailed 

medical history review, which included 

information such as age, sex, comorbid 

conditions, time since CKD diagnosis and 

initiation of hemodialysis, frequency of 

hemodialysis per week, medication use, and 

family history of kidney disease. A thorough 

physical examination was performed to 

evaluate general health, with attention to 

vital signs including heart rate, blood 

pressure, and respiratory rate. 

Anthropometric measurements were taken 

for each child. Weight was measured using a 

digital scale and rounded to the nearest 

kilogram, while height (for ambulatory 
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children) or length (for non-ambulatory 

children) was measured and recorded in 

centimetres. Body mass index (BMI) was 

calculated as weight (kg) divided by height 

squared (m²). 

Laboratory investigations were conducted 

for all patients including CBCs (involving 

red blood cells, hemoglobin, white blood 

cells, and platelets) were analyzed using the 

Sysmex XN-1000 analyzer (Japan). Serum 

creatinine and urea were measured with the 

Biosystem A15 autoanalyzer (Biosystems, 

Barcelona, Spain). Biochemical assessments 

for serum calcium, phosphorus, and alkaline 

phosphatase were performed using the same 

autoanalyzer, four milliliters of blood were 

drawn from each child, split into two tubes: 

2 ml in an EDTA tube for complete blood 

count analysis and 2 ml in a plain tube for 

serum analysis. The blood in the plain tube 

was allowed to clot at room temperature, 

then centrifuged, serum was separated, 

aliquoted and stored at less than 20°Cfor 

later chemical assays. 

Serum parathyroid hormone (PTH) levels 

were assessed using commercially available 

ELISA kits (Cat. No.: MBS263675, 

MyBioSource, San Diego, CA, USA), with 

levels below 88 ng/L considered normal and 

levels of 88 ng/L or higher considered 

elevated. Serum vitamin D was also 

measured using ELISA kits (Cat. No.: 

MBS580159, MyBioSource, San Diego, 

CA, USA). Vitamin D status was considered 

sufficient (≥ 30 ng/mL), insufficient (20–29 

ng/mL), or deficient (< 20 ng/mL). 

For bone mineral density (BMD) 

assessment, all children underwent DEXA 

scanning of the lumbar spine (L2–L4) using 

a Challenger Envision osteodensitometer 

(DMS, England). The scans were performed 

by an experienced technician with the child 

lying still and flat on the examination table. 

The lumbar spine BMD assessed trabecular 

bone density, while whole-body 

measurements (excluding the head) were 

used to reflect cortical bone, following 

recommendations from the International 

Society for Clinical Densitometry (ISCD) 

2019 [13]. BMD values were recorded in 

grams per square centimeter. Z-scores for 

BMD were calculated according to age, sex, 

and height-matched normative data, using 

the formula: Z-score = (BMD [g/cm²] of the 

patient − BMD predicted for age and sex) / 

standard deviation (SD) for BMD (age, sex, 

and height matched). BMD values were 

classified as normal (Z-score ≥ −1.0), 

osteopenia (Z-score between −1.0 and −2.5), 

or osteoporosis (Z-score ≤ −2.5), in 

accordance with World Health Organization 

(WHO) criteria [14]. 

Statistical Analysis 

We used SPSS version 27 to examine the 

data. The chi-square test was used to 

compare categorical variables, which were 

shown as frequencies. This was determined 

by the Shapiro-Wilk test. Mean ± standard 

deviation or median (IQR) were used to 

summarize quantitative data where 

appropriate. Depending on the distribution 

of the data, the independent samples t-test or 

the Mann-Whitney U-test were utilized for 

group comparisons. Whenever possible, we 

used Pearson's or Spearman's coefficients to 

assess the strength of the relationships. An 

independent variable that might be predicted 

using linear regression was the dependent 

variable. The threshold for statistical 

significance was P<0.05, and a value of 

P≤0.001 was regarded as highly significant. 

RESULTS 

The studied pediatric group (N = 39) 

comprised slightly more males (22 males, 

56.4%) with a mean age of 10.6 years and a 

wide range in anthropometric data. 

Glomerular disease was the most common 

etiology (38.5%), laboratory findings 

showed moderate anemia (mean hemoglobin 

10.06 g/dl), elevated creatinine (mean 

6.52 mg/dl), and BUN (mean 51.08 mg/dl). 

BMD of L1 to L4 ranged from 0.3 to 1.33 
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with mean value 0.63 G/cm2 and median Z 

score was 0.6 and 43.6% had osteopenia. 

However, three patients had osteoporosis 

(7.7%). BMD of pediatric whole body 

ranged from 0.2 to 1.28 with mean value 

0.71 G/cm2 and median Z score was 0.4 and 

28.2% had osteopenia. However, three 

patients had osteoporosis (5.1%) (Table 1). 

Increasing age (unstandardized β=0.046, 

p<0.001), IPTH (unstandardized β=-0.001, 

p<0.001) and duration of dialysis 

(unstandardized β=0.024, p=0.049) were 

significantly independently associated with 

total L1 – L4 bone mineral density (Table 

2). Increasing calcium level and size of filter 

were significantly and independently 

associated with whole body bone mineral 

density in children (Table 3). 

Patients with osteopenia, compared to those 

with normal bone mineral density, were 

significantly older, had lower serum calcium 

and vitamin D levels, higher phosphorus, 

elevated alkaline phosphatase, and higher 

iPTH. There were no significant differences 

between the two groups regarding gender, 

BMI, or filter size (Table 4). 

Both lumbar and whole-body BMD were 

positively associated with age, disease 

duration, size of filter, serum calcium, and 

vitamin D while significant negative 

correlations were observed with serum 

phosphorus and iPTH (Table 5, Figure 

1&2). 

 

Table 1:  Baseline Demographic, Clinical, Laboratory, and Densitometry Data of Studied 

Pediatric Group (N = 39) 

Variable (Unit) Value Range/IQR N (%) 

Gender    

- Female   17 (43.6%) 

- Male   22 (56.4%) 

Age (years) 10.6 ± 2.82 2 – 15  

BMI (kg/m²) 18.23 ± 4.38 12.9 – 35  

Systolic blood pressure (mmHg) 114.87 ± 6.74 100 – 130  

Diastolic blood pressure (mmHg) 78.72 ± 6.86 70 – 95  

Etiology    

- Glomerular disease   15 (38.5%) 

- Unknown   14 (35.9%) 

- Tubule-interstitial disease   8 (20.5%) 

- Cystic disease   1 (2.6%) 

- Vascular disease   1 (2.6%) 

Family History    

- Negative   33 (84.6%) 

- Positive   6 (15.4%) 
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Variable (Unit) Value Range/IQR N (%) 

Ascites    

- Absent   30 (76.9%) 

- Present   9 (23.1%) 

Size of filter (micron) 5.03 ± 1.06 3 – 7  

Duration of disease (years) 3 (2–4) 1 – 10  

Hemoglobin (g/dl) 10.06 ± 1.25 8 – 14  

Creatinine (mg/dl) 6.52 ± 2.01 1.34 – 10.7  

BUN (mg/dl) 51.08 ± 14.34 25 – 81  

Calcium (mg/dl) 8.23 ± 1.44 5.8 – 10  

Phosphorus (mg/dl) 5.4 ± 1.47 3 – 9  

Magnesium (mg/dl) 2.54 ± 0.53 1.5 – 3.6  

Alkaline Phosphatase (IU/L) 140 (120–300) 90 – 440  

Vitamin D (ng/ml) 23 (16–29) 10 – 33  

IPTH (pg/ml) 100 (30–200) 20 – 400  

L1–L4 BMD (g/cm²) 0.63 ± 0.21 0.3 – 1.33  

Z score L1–L4 -0.6 (-1.7, 0.4) -3.5, 1.7  

- Normal   22 (56.4%) 

- Osteopenia/Osteoporosis   17 (43.6%) 

Whole body BMD (g/cm²) 0.71 ± 0.21 0.2 – 1.28  

Z score whole body 0.4 (-1.1, 2.5) -3.5, 4.5  

- Normal   28 (71.8%) 

- Osteopenia/Osteoporosis   11 (28.2%) 

SD: Standard deviation; IQR: Interquartile range; BMI: Body mass index; BUN: Blood urea 

nitrogen; TLC: Total leukocyte count; BMD: Bone mineral density; IPTH: Intact parathyroid 

hormone; IU/L: International units per liter; g/dl: grams per deciliter; ng/ml: nanograms per 

milliliter; pg/ml: picograms per milliliter; mmHg: millimeters of mercury; cm: centimeters; kg: 

kilograms. All continuous variables are expressed as Mean ± SD or Median (IQR) as 

appropriate. Categorical data are presented as number and percentage. 
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Table 2: Linear stepwise regression analysis of factors associated with total L1-L4 BMD among 

studied patients 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t P 

95% Confidence 

Interval 

β Std. Error Beta Lower Upper 

(Constant) 0.161 0.08  2.015 0.05 -0.001 0.323 

Age (year) 0.046 0.009 0.62 5.29 <0.001** 0.029 0.064 

IPTH -0.001 0.0 -0.438 -4.406 0.001** -0.001 0.0 

Duration of 

dialysis (y) 

0.024 0.012 0.235 2.042 0.049* .0 0.049 

*p<0.05 is statistically significant  **p≤0.001 is statistically highly significant 

 

Table 3: Linear stepwise regression analysis of factors associated with pediatric whole body 

BMD among studied patients 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t P 

95% Confidence 

Interval 

β Std. Error Beta Lower Upper 

(Constant) -0.145 0.191  -0.757 0.454 -0.533 0.243 

Calcium 

(mg/dl) 

0.068 0.019 0.476 3.485 0.001** 0.028 0.107 

Size of filter 0.058 0.026 0.302 2.21 0.034* 0.005 0.111 

*p<0.05 is statistically significant  **p≤0.001 is statistically highly significant 

 

Table 4: Comparison between patients with and without osteoporosis regarding Baseline , 

Clinical and Laboratory data: 

 Normal Osteopenia χ
2
 p 

N= (%) N= (%) 

Male gender 

Lumbar 

Whole body 

 

13 (59.1%) 

15 (53.6%) 

 

8 (47.1%) 

6 (54.5%) 

 

0.559 

0.003 

 

0.455 

0.956 

 Mean ± SD Mean ± SD t p 

Age (year) 

Lumbar 

Whole body 

 

9.48 ± 2.94 

10.05 ± 2.96 

 

12.06 ± 1.87 

12.0 ± 1.9 

 

-3.151 

-2.017 

 

0.003* 

0.051 

BMI (kg/m
2
) 

Lumbar 

Whole body 

 

18.45 ± 3.59 

18.3 ± 3.49 

 

17.95 ± 5.33 

18.06 ± 6.32 

 

0.344 

0.147 

 

0.733 

0.884 

 Normal Osteopenia t p 

 Mean ± SD Mean ± SD   

Size of filter 

Lumbar 

Whole body 

 

4.77 ± 1.19 

4.93 ± 1.15 

 

5.35 ± 0.79 

5.27 ± 0.79 

 

-1.734 

-0.97 

 

0.091 

0.307 

 Median (IQR) Median (IQR) Z p 

Duration (year)     
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 Normal Osteopenia χ
2
 p 

Lumbar 

Whole body 

3(1.75 – 4.25) 

3(2 – 4) 

3(2 – 4.5) 

4(2 – 5) 

-1.08 

-1.523 

0.28 

0.16 

 Normal  Osteopenia  t p 

 Mean ± SD Mean ± SD   

Calcium (mg/dl) 

Lumbar 

Whole body 

 

9.1 ± 0.88 

8.73 ± 1.27 

 

7.15 ± 1.26 

7.0 ± 1.06 

 

5.591 

3.976 

 

<0.001** 

<0.001** 

Phosphorus (mg/dl) 

Lumbar 

Whole body 

 

3.73 ± 1.29 

4.41 ± 1.94 

 

6.59 ± 1.93 

6.5 ± 1.86 

 

-5.186 

-3.062 

 

<0.001** 

0.004* 

Magnesium (mg/dl) 

Lumbar 

Whole body 

 

2.65 ± 0.52 

2.54 ± 0.57 

 

2.41 ± 0.53 

2.56 ± 00.45 

 

1.448 

-0.146 

 

0.156 

0.885 

 Median (IQR) Median (IQR) Z p 

Alkaline phosphate  

Lumbar 

Whole body 

 

120(110 – 136.25) 

121.5(110 – 250) 

 

300(250 – 375) 

300(250 – 370) 

 

-4.097 

-3.198 

 

<0.001** 

<0.001** 

Vitamin D 

Lumbar 

Whole body 

 

27(22.5 – 30) 

25.5(18.25 – 30) 

 

16(11.5 – 17.5) 

16(12 – 17) 

 

-3.068 

-3.241 

 

<0.001** 

<0.001** 

IPTH 

Lumbar 

Whole body 

 

40(30 – 62.5) 

42.5(30 – 177.75) 

 

210(130 – 335) 

210(110 – 340) 

 

-3.95 

-3.069 

 

<0.001** 

<0.001** 

t Independent sample t test   Z Mann Whitney test, χ
2
Chi square test 

 

Table 5: Correlation between L1_L4 BMD& pediatric whole Body BMD and the studied   

                  parameters 

   

 Lumbar  Whole body 

r p r p 

Age (years) 0.661 <0.001** 0.273 0.092 

BMI(Kg/m2) 0.168 0.306 0.007 0.965 

Duration (year) 0.541 <0.001** 0.181 0.271 

Size of filter  0.615 <0.001** 0.4 0.012* 

Calcium (mg/dl) 

 

0.586 <0.001** 0.362 0.028* 

Vitamin D 0.643 <0.001** 0.333 0.038* 

Phosphorus (mg/dl) -0.536 <0.001** -0.362 0.024* 

Magnesium (mg/dl) 0.268 0.099 0.127 0.442 

Alkaline phosphate  -0.296 0.067 -0.572 <0.001** 

IPTH -0.635 <0.001** -0.343 0.032* 

Pearson correlation coefficient  *p<0.05 is statistically significant  **p≤0.001 is statistically 

highly  significant 



                                                                                                                     
https://doi.org/10.21608/zumj.2025.404927.4057                           Volume 31, Issue 9  September. 2025 

Ramadan, et al                                                                                                                                    4336 |  P a g e
 

 
Figure 1: Scatter dot plot showing significant negative correlation between Z score of L1-L4 and 

IPT and phosphorus and positive correlation between it and both vitamin D and calcium 

 

 

 
Figure 2: Scatter dot plot showing significant negative correlation between Z score of whole 

body and IPT and phosphorus and positive correlation between it and both vitamin D and 

calcium 

DISCUSSION 

The gold standard for evaluating BMD in 

children with chronic kidney disease (CKD) 

is DEXA scan due to its accuracy, speed, 

and minimal radiation exposure [12]. The 

relationship between mineral imbalances 

and bone changes in CKD is increasingly 

recognized, which led KDIGO to define 

CKD-mineral and bone disorder (CKD-

MBD), as disturbances among calcium, 

phosphate, PTH, bone deformities, vitamin 

D, and extra-skeletal calcifications [13,14]. 

In pediatric CKD, these metabolic 

disturbances can impair growth, cause bone 

pain, and increase fracture risk [15]. 

In our study, children ranged in age from 2 

to 15 years, with a mean age of 10.6 years, 

closely matching the age profiles reported 
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by Masalskienė et al. [16], who found means 

between 9.5 and 10.8 years. Our cross-

sectional study included 22 males (56.4%) 

and 17 females (43.6%), which is similar to 

the distribution reported by Masalskienė et 

al. [16], who noted a slight male majority 

and a male-to-female ratio ranging from 

1.05:1 to 1.32:1. 

The mean BMI of our patients was 18.23 

kg/m², within the normal range for school-

aged children. This aligns with Prytuła et al. 

[17], who found most pediatric CKD 

patients can maintain normal 

anthropometrics with proper care, though 

short stature is common. In contrast, Karava 

et al. [18] reported both undernutrition and 

obesity patterns among children with CKD, 

possibly due to differences in patient 

demographics, intensity of nutritional 

management, socioeconomic factors, or 

CKD severity. Our patients’ normal BMI 

likely reflects regular nutritional monitoring 

and support. 

Blood pressures in our patients were normal 

for age, and most of these children were 

receiving antihypertensive medications as 

part of their management. In contrast, 

Masalskienė et al. [16] found that over 60% 

of children with CKD had hypertension. 

Such differences may reflect variations in 

reporting style, use of antihypertensive 

drugs, or the distribution of CKD stages 

across studies. 

Glomerular disease was the leading CKD 

cause in the studied group, followed by 

unknown and tubulointerstitial etiologies. 

However, other cohorts more often report 

congenital anomalies of the kidney and 

urinary tract (CAKUT) as most common: 

Masalskienė et al. [16] found CAKUT in 

38% of cases and Geleta et al. [19] reported 

similar rates. These variations likely reflect 

regional and referral differences. 

A positive family history of kidney disease 

was present in 15% of our cohort, consistent 

with Sawaf et al. [20], who noted genetic 

factors (e.g., nephronophthisis, Alport 

syndrome) play a significant role in pediatric 

CKD. However, few epidemiological studies 

report family history in detail, limiting 

comparisons. 

The mean dialysis filter size in our study 

was 5.03 microns, but this parameter is 

rarely detailed in published literature, 

limiting direct comparisons. CKD durations 

ranged from 1 to 10 years, with a median 

dialysis duration of 3 years, similar to the 

Egyptian cohort by El-Gamasy et al. [21], 

who found a mean of just over 3 years, and 

Levy Erez et al. [22], who reported a median 

of 1.5 years. 

Regarding laboratory results, the mean 

hemoglobin in our study was 10.06 g/dL, 

indicating mild anemia. This aligns with 

data from the Lithuanian registry, which 

reported that more than 73% of children 

with advanced CKD were anemic [16]. 

Similarly, El-Hawy et al. [23] also found 

that hemoglobin levels were significantly 

lower in CKD patients compared to healthy 

controls. 

The current study revealed that the mean 

serum calcium was slightly below the 

normal pediatric range. This finding 

coincides with Sharba et al. [24], who 

revealed that children with CKD on 

hemodialysis had significantly lower 

calcium levels compared to both non-

dialysis CKD patients and healthy controls, 

highlighting the challenges in mineral 

metabolism control in various settings. In 

contrast, Ketteler et al. [25] reported that 

pediatric CKD patients, regardless of 

dialysis status, maintained comparable mean 

calcium levels (around 9.2 mg/dL) when 

standardized dialysate calcium and vitamin 

D supplementation were used. Such 

differences likely result from variability in 

clinical practices, including dialysate 

calcium concentration, vitamin D therapy, 

and dietary intake. Evenepoel et al. [26] 

further emphasized that well-managed 
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dialysis can lead to normal or elevated 

calcium, depending on supplementation and 

therapy. 

Our patients’ serum phosphorus was 

elevated, with a mean of 5.4 ± 1.47 mg/dL, 

which is consistent with many studies 

reporting that hyperphosphatemia becomes 

more common as kidney function declines. 

Jung et al. [27] showed that 

hyperphosphatemia prevalence rises with 

advancing CKD stage, reaching up to 41% 

in stage V. Sharba et al. [24] also confirmed 

higher phosphate levels in children on 

dialysis compared to non-dialysis CKD and 

healthy controls. Such findings underscore 

the difficulty of controlling phosphate 

balance in pediatric CKD, especially on 

dialysis. 

The present study revealed that alkaline 

phosphatase (ALP) was mildly elevated, 

with a median of 140 IU/L (IQR: 120–300) 

and a range from 90 to 440 IU/L, reflecting 

increased bone turnover a recognized feature 

in advanced CKD. Schini et al. [28] also 

documented rising bone turnover markers, 

including ALP, with CKD progression. 

Similarly, Sharba et al. [24] observed higher 

ferritin in CKD patients on dialysis, 

supporting the link between mineral 

disturbance and altered bone and iron 

metabolism. 

Vitamin D deficiency was prevalent among 

our patients, with a median 25(OH)D level 

of 23 ng/mL. This finding is consistent with 

several reports noting widespread vitamin D 

insufficiency in pediatric CKD. Parra-

Ortega et al. [29] found similar results in a 

cross-sectional analysis, reporting a mean 

25(OH)D level of 22.5 ng/mL in pediatric 

dialysis patients. 

The mean intact parathyroid hormone 

(iPTH) level in our study was moderately 

elevated at 100 ± 104.7 pg/mL, consistent 

with secondary hyperparathyroidism in 

CKD. Jung et al. [27] reported similar 

patterns, with iPTH increasing as CKD 

progresses. Such elevations are typical and 

reflect disrupted mineral metabolism. 

Focusing on bone outcomes, mean lumbar 

spine BMD in the current study was 0.63 

g/cm² with a median Z-score of +0.6. 

Osteopenia and osteoporosis were observed 

in 43.6% and 7.7% of cases, respectively, 

indicating a significant burden of low bone 

mass. This is consistent with Jung et al. [27], 

who showed progressively lower DEXA Z-

scores in children as CKD stage advanced. 

Hauge et al. [30] reported that dialysis 

groups frequently have high rates of low 

BMD than healthy cohorts. 

Whole-body BMD measurements followed a 

similar pattern, with slightly lower 

prevalence of low BMD compared to the 

spine. Other studies, such as Magallares et 

al. [31], also reported that whole-body 

DEXA tends to show better Z-scores than 

the spine, but a substantial minority of 

children still have low values. Site-specific 

variation is expected, as trabecular bone 

(like the spine) is more susceptible to early 

loss in CKD. 

The rates of osteopenia and osteoporosis in 

the present study were in line with the 

recognized burden of CKD–MBD among 

children who were on dialysis. 

Ananvutisombat et al. [32] and LeBoff et al. 

[33] also reported high frequencies of ―low 

BMD‖ in similar populations, although 

inter-study differences can stem from patient 

characteristics, CKD duration, and 

differences in how low BMD is defined. 

We found that older age and longer duration 

of dialysis, with a median of 3 years (IQR: 

2–4 years), were associated with higher 

BMD in both the spine and whole body. 

This likely reflects normal skeletal growth, 

as bone mass accrues with age. Zhu et al. 

[34] noted that pediatric bone mass increases 

with growth, and Iseri et al. [35] found that 

longer dialysis duration correlated with 

better bone turnover and growth. This 

finding contrasts with adult studies, where 
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prolonged dialysis is linked to bone loss 

potentially due to children’s ongoing growth 

and differences in management strategies 

[36]. Lalayiannis et al. [15] also found that 

longer dialysis was linked to better bone and 

growth outcomes in pediatric CKD. 

In the present study, higher iPTH levels 

(mean 100 ± 104.7 pg/mL) were strongly 

associated with lower lumbar and whole-

body BMD. This is consistent with 

Lalayiannis et al. [15], who found that in 

children on dialysis, elevated PTH and 

alkaline phosphatase predicted lower 

cortical bone density, with multivariate 

models showing PTH (β=–0.43, p<0.0001) 

and ALP (β=–0.36, p<0.0001) as significant 

negative predictors of bone mass. Similarly, 

our osteopenic patients had significantly 

higher PTH and ALP levels. 

Conversely, Hajizadeh et al. [37] reported a 

positive correlation between PTH and 

DEXA BMD Z-scores in children with 

CKD, and Elsayed et al. [38] also observed 

that higher PTH correlated with higher 

BMD Z-scores. These conflicting findings 

may reflect differences in patient 

populations (CKD stage, nutritional status), 

or how bone turnover is influenced by 

treatment regimens. 

Higher serum phosphorus in our study was 

associated with lower BMD, matching 

established physiology where persistent 

hyperphosphatemia impairs bone 

mineralization. However, Elsayed et al. [39] 

reported that children with the lowest BMD 

actually had lower serum phosphate—a 

result that might reflect more intensive 

phosphate binder therapy in those with more 

severe bone disease or confounding by high 

bone turnover. These paradoxical findings 

could also occur if increased PTH in 

advanced CKD temporarily buffers 

phosphate. 

We observed that higher serum calcium and 

higher 25(OH) vitamin D levels were linked 

to better BMD and Z-scores. Lalayiannis et 

al. [15] also demonstrated a positive 

correlation between serum calcium and 

cortical BMD in children with CKD, and 

Elsayed et al. [38] found that children with 

low BMD had significantly lower serum 

calcium and vitamin D. This fits with 

broader pediatric data that adequate calcium 

and vitamin D intake supports bone health, 

and that vitamin D sufficiency enhances 

bone mineralization [38]. 

Notably, we found a novel association: 

larger dialyzer filter surface area was 

independently associated with higher whole-

body BMD. While there are no previous 

pediatric studies focusing on dialyzer 

membrane size, this finding likely reflects 

the confounding effect of body size, as 

larger children require bigger filters and 

have greater bone mass. It is also possible 

that larger filters, with increased dialysis 

efficiency, contribute to improved removal 

of uremic toxins that impact bone health. 

Limitations of study 

The cross-sectional design limits causal 

interpretation and tracking of BMD changes 

over time. The relatively small, single-center 

sample may reduce generalizability and 

statistical power. Lack of bone biopsy 

means we could not distinguish bone 

turnover states. Finally, because DEXA was 

not size-adjusted, BMD may be 

underestimated in smaller children. 

Conclusion 

In pediatric dialysis patients, better bone 

health was mainly linked to higher calcium 

and vitamin D, while elevated PTH and 

phosphate were harmful. Older age, longer 

dialysis, and larger filter size also related to 

higher BMD, but metabolic factors had the 

strongest effect. Routine DEXA, correcting 

mineral imbalances, and personalized 

dialysis may help reduce fracture risk and 

support healthy growth. 
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Figure legend 

Figure 1: Scatter dot plot showing significant 

negative correlation between Z score of L1-L4 and 

IPT and phosphorus and positive correlation between 

it and both vitamin D and calcium. 

Figure 2: Scatter dot plot showing significant 

negative correlation between Z score of whole body 

and IPT and phosphorus and positive correlation 

between it and both vitamin D and calcium.
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