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Introduction: This study emphasizes the importance of investigation of gender-based variations in 
CT Hounsfield unit (HU) measurements of urinary stones composition which informs clinical 
management.
Objectives: To highlight gender disparities in stone types and composition specifically carbonate 
content in each stone type based on their CT Hounsfield unit. 
Patients and Methods: This cross-sectional study prospectively recruited 107 patients with renal 
stones at AL-Yarmok Teaching Hospital in Baghdad, Iraq (January 2023–June 2024) to investigate 
gender-specific differences in stone radiodensity (measured in HUs by non-contrast CT scans). 
Demographic and clinical data were collected through interviews and medical records. The non-
contrast computed tomography (CT) scan was performed to evaluate renal stone density quantified 
in HUs. The HU values were compared between male and female patients.
Results: The results demonstrated that 107 participants (36 females and 71 males) with a mean age 
of 47.47 ± 15.42 years were evaluated. The demographic and clinical data, such as age, mean body 
mass index (BMI), and stone size, failed to show significant correlations with HU measurements. 
In both unadjusted and adjusted linear regression analyses, male gender demonstrated a statistically 
significant positive association with HU measurements compared to the female gender (Unadjusted 
unstandardized regression coefficient [B] = 480.35 and adjusted B = 539.70).
Conclusion: Male gender represents as a potentially important determinant in the radiological 
characteristics of carbonate urinary calculi when compared with female. 

ABSTRACT

Implication for health policy/practice/research/medical education:
In this prospective cross-sectional study, we found that gender emerged as a factor demonstrating a statistically significant association with 
radiodensity measurements, and that male gender independently predicted higher Hounsfield unit (HU) measurements.
Please cite this paper as: Gheni TS, Mohammed NH, Rasheed Naji NA. Gender differences in Hounsfield unit values of carbonate urinary 
stones; a prospective cross-sectional analysis. J Nephropathol. 2026;15(1):e27671. DOI: 10.34172/jnp.2025.27671.

Introduction
Previous studies indicated an increasing prevalence of 
urinary stones over the past years (1). Carbonate apatite 
represents a significant component in urinary stone disease 
(2), accounting for approximately 10.2% of urinary calculi 
as the main constituent, while also frequently appearing 
in mixed stones with calcium oxalate monohydrate and 
calcium oxalate dehydrate (3,4). These stones are often 
associated with urinary tract infections, as they can result 
from the activity of urease-producing microorganisms, 
primarily from Proteus species (5). Recent epidemiological 

data suggest that the occurrence of carbonate apatite 
stones is increasing, particularly in highly developed 
countries, potentially related to dietary factors including 
the consumption of highly processed foods containing 
phosphoric acid and various preservatives (6). Notably, 
carbonate apatite stones demonstrate distinct aggregation 
properties compared to other stone types, which may 
contribute to their formation mechanism and growth 
characteristics (5). 

Hounsfield unit (HU) values derived from computed 
tomography (CT) scans have become essential in the 
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evaluation and management of urinary stone disease, 
providing valuable information about stone composition 
and predicting treatment outcomes (7). Studies utilizing 
low-dose dual-energy CT have demonstrated that 
different stone compositions exhibit characteristic HU 
values and dual-energy ratios that can reliably differentiate 
between uric acid, struvite, calcium oxalate, and carbonate 
apatite calculi (8). This non-invasive assessment method 
offers particular clinical relevance as stone density shows 
an inverse correlation with extracorporeal shock wave 
lithotripsy success rates, with optimal cut-off values for 
successful treatment ranging from 750 to 1000 HU (7). 
The ability to accurately characterize stone composition 
through HU measurement enables clinicians to make 
informed decisions regarding appropriate intervention 
strategies and predict treatment efficacy.

Gender differences in urolithiasis presentation and 
composition have been increasingly documented in 
recent literature, with significant implications for both 
diagnosis and management approaches. Epidemiological 
studies reveal that while urinary stone disease affects 
approximately 12% of the global population, recurrence 
rates differ substantially between sexes, with 70% in men 
compared to 47% in women (9). Compositional analyses 
demonstrate that calcium oxalate (75%) and uric acid 
stones (81%) occur more frequently in men (3), whereas 
carbonate apatite stones are disproportionately found 
in female patients; additionally, female patients with 
urolithiasis present with higher rates of comorbidities, 
including hypertension, diabetes, and dyslipidemia, and 
often require more complex surgical interventions such 
as percutaneous nephrolithotomy and ureteroscopic 
lithotripsy (10). These gender-specific patterns 
suggest underlying pathophysiological differences that 
warrant further investigation, particularly concerning 
the relationship between gender and the radiological 
characteristics of carbonate apatite stones.

Objectives
This study aimed to evaluate and quantify gender-specific 
variations in the HU values of carbonate urinary stones 
through prospective cross-sectional analysis. This research 
aims to determine whether significant differences exist 
between male and female patients in the radiodensity 
characteristics of carbonate stones as measured by non-
contrast CT, potentially providing insights into gender-
based pathophysiological mechanisms of stone formation 
and informing gender-specific diagnostic and therapeutic 
approaches for urolithiasis management.

Patients and Methods 
Study design and participants
In this prospective cross-sectional study, 107 patients 

diagnosed with renal stones were recruited from AL-
Yarmok teaching hospital in Baghdad, Iraq, from January 
2023 to June 2024. The study population comprised 
individuals referred to the hospital for evaluation and 
management of nephrolithiasis. 

Inclusion and exclusion criteria
The inclusion criteria for this study were adults aged 
18 years and older who were diagnosed with renal 
stones and referred to AL-Yarmok Teaching Hospital 
in Baghdad, Iraq, during the study period. Participants 
were required to provide informed written consent and 
be willing to undergo both demographic interviews 
and clinical assessments, including non-contrast CT 
scans for stone evaluation. Exclusion criteria included 
patients with a history of previous renal surgery, those 
with known congenital anomalies of the urinary tract, 
pregnant women, individuals with incomplete clinical 
or demographic data, and patients who declined or were 
unable to provide informed consent.

Data collection
Data collection for this study was divided into demographic 
and clinical data acquisition. Before enrollment, all 
participants received a thorough explanation of the study’s 
objectives and procedures, and informed written consent 
was obtained. Demographic information, including age, 
gender, and body mass index (BMI), was gathered through 
structured participant interviews and review of clinical 
records. For clinical assessment, non-contrast CT scans 
were performed to evaluate renal stone characteristics, 
with stone size measured in cubic millimeters (mm³) and 
stone density quantified in HUs, a standard radiodensity 
metric that aids in predicting stone composition and 
informing treatment strategies.

Measurement of Hounsfield units 
The HUs of urinary stones were quantified using a Siemens 
SOMATOM Definition AS+ 64-Slice CT scanner, which 
generated high-resolution axial images reconstructed into 
3D volumetric models to precisely determine stone size, 
shape, and density. This scanner operates at a maximum 
power of 100 kW, with a detector width of 64 mm, 
0.5-second rotation time, and 140 kV X-ray tube voltage, 
ensuring rapid imaging and reduced radiation exposure. 
Following radiological characterization, stones underwent 
chemical composition analysis at Al-Yarmouk Teaching 
Hospital’s clinical laboratory using BIOLABO SAS 
protocols. Each calculus was pulverized, and 50 mg of 
powdered sample was subjected to qualitative testing: a 
flame test distinguished organic (carbonization observed) 
from mineral components, while hydrochloric acid (1.65 
M HCl) induced effervescence to detect carbonate. 
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Subsequent mixtures (M1: stone powder + HCl; M2: 50 
µL M1 + 5 mL H₂O) enabled identification of calcium, 
oxalate, phosphate, uric acid, sodium, citrate, carbon, and 
magnesium via standardized analytical workflows. This 
dual-methodology approach integrated advanced imaging 
metrics with precise elemental profiling to correlate stone 
morphology with biochemical etiology (11,12).

Outcomes
The primary outcome of this prospective cross-sectional 
study is to evaluate and quantify gender-specific 
differences in the HU values of carbonate urinary stones as 
measured by non-contrast CT scan, aiming to determine 
whether significant radiodensity variations exist between 
male and female patients. Secondary outcomes include 
exploring the potential implications of these gender-
based differences in HU values for understanding 
the pathophysiological mechanisms underlying stone 
formation and assessing how these findings might inform 
gender-specific diagnostic and therapeutic strategies in 
urolithiasis management. 

Statistical analysis
Statistical analyses were conducted using SPSS version 
27 (IBM Corp., USA). The normality of quantitative 
data was evaluated with the Kolmogorov-Smirnov test. 
To examine the distribution of HU values, Spearman’s 
rank correlation coefficient was applied for quantitative 
variables such as age, BMI, and stone size, while the Mann-
Whitney U test was conducted to compare differences 
across the categorical variable of gender. Both univariate 
and multiple linear regression analyses were performed to 
assess the relationship between gender and HU values. 
The strength and direction of these associations were 
reported using unstandardized regression coefficients (B) 
along with their corresponding 95% confidence intervals 
(CIs). The significance level of the tests was considered at 
P<0.05.

Results
In this prospective cross-sectional study, a total of 107 
participants with a mean age of 47.47 ± 15.42 years were 
evaluated, comprising 36 females and 71 males. The 
demographic and clinical characteristics revealed a mean 
BMI of 27.77 ± 4.24 kg/m² and a mean stone size of 
159.10 ± 219.53 mm³. The radiodensity measurements 
demonstrated a mean HU value of 812.20±1049.26, 
exhibiting marked variability across the study population 
(Table 1).

In the correlation analysis of clinical-demographic 
factors and HU values in carbonate urinary calculi, gender 
emerged as the sole variable demonstrating a statistically 
significant association with radiodensity measurements. 

This finding suggests meaningful differences in the HU 
values between female and male patients with carbonate 
urinary stones. Conversely, other examined parameters, 
including age, BMI, and stone size, failed to show 
significant correlations with HU measurements (Table 2).

The results demonstrated that in both unadjusted 
and adjusted linear regression analyses, male gender 
demonstrated a statistically significant positive association 
with HU measurements compared to the female gender. 
The univariate model revealed a substantial unstandardized 
regression coefficient (B) of 480.35. After adjustment for 
confounding variables, including age, BMI, and stone 
size, the magnitude of this association further increased 
(B = 539.70). These findings suggest that male gender 
independently predicts higher HU measurements, 
with the effect size strengthening when accounting for 
additional variables in the multivariate analysis (Table 3).

Discussion
The results indicated that male gender demonstrated 
a statistically significant positive association with HU 
measurements compared to the female gender. Our 
finding that male gender demonstrated a statistically 
significant positive association with HU measurements 
compared to female gender aligns with several published 
studies examining bone density through CT imaging. 
This gender-based difference in bone density appears 
to have important age-dependent considerations. 
Particularly noteworthy is the observation by Wang et al, 
who reported that while females younger than 50 years 
exhibited higher cervical vertebral HU values than males, 
this pattern reversed after age 50, with males showing 
higher values and females experiencing significant 
decreases after age 60 (13). This age-dependent reversal 
likely reflects the accelerated bone mineral density loss in 
females following menopause. The study conducted by 
Togher et al indicated a statistically significant association 
between female gender and reduced bone mineral density. 
This conclusion was reached through the measurement of 
HUs, a quantitative assessment method used to determine 

Table 1. Demographic and clinical characteristics of study participants

Clinical-demographic data Frequency Percent

Gender

Female 36 33.6

Male 71 66.4

Quantitative data Mean SD

Age (year) 47.47 15.42

BMI (kg/m2) 27.77 4.24

Stone size (mm3) 159.10 219.53

HU 812.20 1049.26

BMI: Body mass index; SD: Standard deviation; HU: Hounsfield unit.
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bone density. Specifically, their findings demonstrated that 
individuals of the female gender, on average, exhibited a 
significantly lower bone mineral density as quantified by 
their HU scores compared to their male counterparts (14). 
Similarly, Qi et al observed that the standardized uptake 
value (SUV) max and SUV mean of normal vertebrae 
were markedly higher in males than females, further 
supporting gender-based differences in bone metabolism 
measurements (15). Complementary findings by Açikgöz 
et al confirmed statistically significant differences between 
T scores, lumbar total bone mineral density, and HU values 
according to age and sex (16), while normative studies 
have consistently documented sex-specific reference 
ranges for vertebral HU values (17). Moreover, in a study 
by Sakai et al, low HU screw trajectories were identified 
as a risk factor for pedicle screw loosening in women (18). 
The concordance between our results and these published 
findings reinforces the importance of incorporating 
gender-specific considerations when interpreting HU 
measurements in clinical practice, particularly for 
osteoporosis assessment, surgical planning, or fracture risk 
evaluation. These gender differences underscore the need 
for sex-specific reference ranges in diagnostic algorithms 
utilizing opportunistic CT assessment of bone quality.
Overall, these findings suggest the presence of gender-
specific differences in the radiodensity and potentially the 
composition of carbonate renal stones. Such differences 
may reflect underlying pathophysiological mechanisms 
unique to each gender and highlight the importance of 
considering gender as a relevant factor in the diagnostic 
evaluation and management of urolithiasis. Further 

research is warranted to explore the clinical implications 
of these findings and to assess whether gender-specific 
diagnostic and therapeutic strategies could improve 
outcomes in patients with urinary stone disease.

Conclusion
The findings highlight a robust and consistent association 
between male gender and elevated HU measurements, 
persisting even after adjusting for potential confounders. 
The strengthened effect size in the multivariate model 
underscores male gender as an independent predictor 
of higher HU values. These results suggest inherent 
biological or compositional differences in renal stones 
between genders, which may influence diagnostic and 
therapeutic strategies. The clinical relevance of this 
association warrants consideration in treatment planning, 
particularly for interventions where stone density plays a 
critical role in outcomes.

Limitations of the study
The single-center design at AL-Yarmouk teaching hospital 
may restrict generalizability to broader populations with 
different demographic and environmental characteristics. 
The study’s moderate sample size (n=107) may limit 
statistical power for detecting subtle gender-specific 
differences in stone characteristics. Technical limitations 
related to CT imaging include potential variability in HU 
measurements, as HU values can be significantly affected 
by CT scanner type, calibration status, reconstruction 
algorithms, and specific acquisition parameters such as 
tube voltage and current. Beam-hardening artifacts and 

Table 2. Correlation analysis of clinical-demographic factors and Hounsfield unit values in carbonate urinary calculi

Clinical-demographic data
HU

P value
Mean (812.20) SD (1049.26)

Gender 
Female (n = 36) 493.46 247.33

0.011*
Male (n = 71) 973.82 1248.13

Age (year) 47.47 15.42 0.469**

BMI (kg/m2) 27.77 4.24 0.359**

Stone size (mm3) 159.10 219.53 0.056**

BMI: Body mass index; SD: Standard deviation; HU: Hounsfield unit. *Mann-Whitney U; **Spearman coefficient.

Table 3. Gender as a predictor of Hounsfield unit measurements: Univariate and multivariate linear regression findings

Linear regression
HU

P value B
95% CI

Lower Upper

Unadjusted Gender
Female Ref (1)
Male 0.025 480.35 62.88 897.83

Adjusted Gender
Female Ref (1)
Male 0.020 539.70 87.41 991.98

HU: Hounsfield unit; B: Unstandardized regression coefficients; CI: Confidence interval; Ref: Reference.
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partial volume effects may have particularly influenced 
measurements of smaller stones, potentially introducing 
measurement bias. Additionally, the absence of 
information regarding the standardization of CT scanning 
protocols across participants introduces another source 
of potential measurement variability. Finally, while HU 
values provide insights into stone composition, the lack 
of confirmatory biochemical stone analysis represents 
a significant limitation, as HU values alone cannot 
definitively characterize stone composition without 
validation through direct chemical analysis.

Acknowledgments
The authors extend their sincere gratitude to the 
administration of AL-Yarmouk Teaching Hospital in 
Baghdad for their invaluable support in facilitating 
patient recruitment and data collection. Special thanks are 
owed to the 107 participants who generously contributed 
their time and clinical data, enabling this investigation 
into gender-specific carbonate urinary stone radiodensity 
variations. 

Authors’ contribution 
Conceptualization: Tamarah Saad Gheni and Nabaa A. 
Rasheed Naji.
Data curation: Tamarah Saad Gheni and Nabaa A. 
Rasheed Naji.
Formal analysis: Najeeb Hassan Mohammed.
Investigation: Tamarah Saad Gheni and Najeeb Hassan 
Mohammed.
Methodology: Tamarah Saad Gheni and Nabaa A. 
Rasheed.
Project management: Najeeb Hassan Mohammed and 
Nabaa A. Rasheed Naji.
Resources: All authors.
Supervision: Najeeb Hassan Mohammed and Nabaa A. 
Rasheed Naji.
Validation: Najeeb Hassan Mohammed.
Writing–original draft: Tamarah Saad Gheni and Nabaa 
A. Rasheed Naji. 
Writing–review and editing: Najeeb Hassan Mohammed  

Conflicts of interest 
The authors declare no conflict of interest.

Declaration of generative artificial intelligence (AI) 
and AI-assisted technologies in the writing process
While preparing this work, the authors utilized AI 
(Perplexity.ai and Grammarly.com) to refine grammar 
points and language style in writing. Subsequently, the 
authors thoroughly reviewed and edited the content as 
necessary, assuming full responsibility for the publication’s 
content.

Ethical issues
The study was conducted in accordance with the 
Declaration of Helsinki. Informed written consent was 
obtained from all participants. This research resulted 
from a research project by the department of radiology, 
approved by the Ethics Committee of the College of 
Medicine, University of Baghdad, Iraq (approval number 
#391b). Besides, the authors have ultimately observed 
ethical issues (including plagiarism, data fabrication, and 
double publication).

Funding/Support 
This study was conducted at AL-Yarmouk teaching 
hospital, Iraq, and supported by the Ethics Committee 
of the College of Medicine, University of Baghdad, Iraq.

References
1.	 Al Sunboli MHA, Ismail MB, Hameed RJ. A Comparative 

Study between Dusting and Fragmentation in Intracorporeal 
Laser Lithotripsy in Distal Ureteric Stone. J Fac Med Baghdad. 
2023;65:156–62. doi: 10.32007/jfacmedbagdad.2018. 

2.	 Tian Y, Han G, Zhang S, Ding Z, Qu R. The key role of 
major and trace elements in the formation of five common 
urinary stones. BMC Urol. 2024;24:114. doi: 10.1186/
s12894-024-01498-5. 

3.	 Siener R, Herwig H, Rüdy J, Schaefer RM, Lossin P, Hesse 
A. Urinary stone composition in Germany: results from 
45,783 stone analyses. World J Urol. 2022;40:1813–20. doi: 
10.1007/s00345-022-04060-w. 

4.	 Aierken Y, Ye E, Abudureyimu A, Li SX, Kadier A, Keyoumu 
H, et al. Analysis of the Components of 236 Cases of Urinary 
Stones in Xinjiang Uyghur Children. Eur J Pediatr Surg. 
2023;33:293–8. doi: 10.1055/s-0042-1757187. 

5.	 Prywer J, Sadowski RR, Torzewska A. Aggregation of 
struvite, carbonate apatite, and Proteus mirabilis as a key 
factor of infectious urinary stone formation. Cryst Growth 
Des. 2015;15:1446–51. doi: 10.1021/CG5018032. 

6.	 Prywer J, Mielniczek-Brzóska E, Torzewska A. Phosphoric 
Acid Versus Biogenic Mineralization of Hydroxyapatite 
and Carbonate Apatite in Relation to Infection-Induced 
Urinary Stones: Physical, Chemical and Microbiological 
Aspects. Chempluschem. 2025:e202400712. doi: 10.1002/
cplu.202400712. 

7.	 Garg M, Johnson H, Lee SM, Rai BP, Somani B, Philip 
J. Role of Hounsfield Unit in Predicting Outcomes of 
Shock Wave Lithotripsy for Renal Calculi: Outcomes of a 
Systematic Review. Curr Urol Rep. 2023;24:173–85. doi: 
10.1007/s11934-023-01145-w. 

8.	 Mahalingam H, Lal A, Mandal AK, Singh SK, Bhattacharyya 
S, Khandelwal N. Evaluation of low-dose dual energy 
computed tomography for in vivo assessment of renal/
ureteric calculus composition. Korean J Urol. 2015;56:587–
93. doi: 10.4111/kju.2015.56.8.587. 

9.	 Jamil MN, Shahzad M, Ashraf H, Islam EU. Medical Therapy 
to Facilitate Urinary Stone Passage. Pak J Med Health Sci. 
2023;17:6–. doi: 10.53350/pjmhs20231746. 

https://nephropathol.com
https://www.perplexity.ai/
https://grammarly.com/


Gheni TS et al

Journal of  Nephropathology, Vol 15, No 1, January 2026                                             https://nephropathol.com6

10.	 Chien TM, Lu YM, Li CC, Wu WJ, Chang HW, Chou 
YH. A retrospective study on sex difference in patients 
with urolithiasis: who is more vulnerable to chronic kidney 
disease? Biol Sex Differ. 2021;12:40. doi: 10.1186/s13293-
021-00382-3. 

11.	 Merticariu M, Rascu S, Anghelescu D-V, Merticariu 
C-I. Hounsfield Measurements for Detection of Stone 
Composition, Density, and Overall Hardness-A Brief Report. 
Surg Gastroenterol Oncol. 2022;27:152. doi: 10.21614/sgo-
478. 

12.	 Rodríguez-Plata IT, Medina-Escobedo M, Basulto-Martínez 
M, Avila-Nava A, Gutiérrez-Solis AL, Méndez-Domínguez 
N, et al. Implementation of a Technique Based on Hounsfield 
Units and Hounsfield Density to Determine Kidney Stone 
Composition. Tomography. 2021;7:606–13. doi: 10.3390/
tomography7040051. 

13.	 Wang Z, Zhong Z, Feng H, Mei J, Feng X, Wang B, et al. 
The impact of disease time, cervical alignment and range of 
motion on cervical vertebral Hounsfield unit value in surgery 
patients with cervical spondylosis. J Orthop Surg Res. 
2023;18:187. doi: 10.1186/s13018-023-03675-y. 

14.	 Togher CJ, Ferrise T, Sahli H, Sebag JA, Butterfield J, Shane 

AM, et al. Identifying the Potential Role of Regional Bone 
Mineral Density on the Degree of Malleolar Involvement in 
Acute Ankle Fractures. J Foot Ankle Surg. 2023;62:333–7. 
doi: 10.1053/j.jfas.2022.08.011. 

15.	 Qi N, Meng Q, You Z, Chen H, Shou Y, Zhao J. Standardized 
uptake values of (99m)Tc-MDP in normal vertebrae assessed 
using quantitative SPECT/CT for differentiation diagnosis 
of benign and malignant bone lesions. BMC Med Imaging. 
2021;21:39. doi: 10.1186/s12880-021-00569-5. 

16.	 Açikgöz G, Bora A, Nur S. Comparison of QCT and 
DEXA findings for lumbar vertebra in young adults 
and the elderly. Acta Radiol. 2024;65:759–64. doi: 
10.1177/02841851241257524. 

17.	 Patel SP, Lee JJ, Hecht GG, Holcombe SA, Goulet JA. 
Normative vertebral hounsfield unit values and correlation 
with bone mineral density. J Clin Exp Orthop. 2016;2:1–7. 
doi: 10.4172/2471-8416.100014. 

18.	 Sakai Y, Takenaka S, Matsuo Y, Fujiwara H, Honda H, 
Makino T, et al. Hounsfield unit of screw trajectory as 
a predictor of pedicle screw loosening after single level 
lumbar interbody fusion. J Orthop Sci. 2018;23:734–8. doi: 
10.1016/j.jos.2018.04.006. 

Copyright © 2026 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://nephropathol.com

