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Purpose: There was a strong correlation between adrenal adenoma and osteoporosis, the primary objective of this research was to 
establish and authenticate a radiomics nomogram using CT scan of adrenal adenoma to screen abnormal bone mineral density (BMD) 
opportunistically.
Methods and Materials: A total of 161 patients with adrenal adenomas who underwent thoracoabdominal CT and quantitative CT 
(QCT) were enrolled retrospectively. The radiomics features were chosen from the cross-sectional CT images of adrenal adenomas and 
the nomogram models that including patient’s clinical and radiomics features were then established. The receiver operating 
characteristic (ROC) curve was performed to evaluate the performance of the model and the decision curve analysis (DCA) was 
used to assess the clinical usefulness.
Results: To build a radiomics model, 11 radiomics features based on CT scans of adrenal adenomas were selected and showed good 
performance in distinguishing abnormal BMD from normal BMD. Moreover, the radiomics nomogram model demonstrated excellent 
ability to identify abnormal BMD of adrenal adenoma patients with area under the curve (AUC) of 0.87 (95% CI, 0.80–0.93) in 
training cohort and 0.85 (95% CI, 0.74–0.96) in validation cohort. The accuracy, sensitivity, specificity of the nomogram model were 
79.7%, 78.3%, 81.1% in training cohort, and 72.9%, 67.7%, 82.4% in validation cohort respectively.
Conclusion: The radiomics nomogram based on clinical and radiomics features of adrenal adenoma CT images had a satisfying 
predictive ability and can be an opportunistic effective tool for identifying bone mass change.
Keywords: osteoporosis, adrenal adenoma, QCT, radiomics, nomogram

Introduction
During abdominal cross-sectional imaging, adrenal tumors are frequently detected incidentally with a prevalence ranging 
from 5% to 7%.1 Non-functioning adrenal tumors (NFAT) are the most common incidental tumors of the adrenal gland, 
followed by adenomas that usually exhibit with mild autonomic cortisol secretion (MACS).2,3 The diagnosis of MACS is 
based on an abnormal cortisol level (>1.8 µg/dL) after an overnight 1 mg dexamethasone suppression test (DST) in 
a patient without overt features of hypercortisolism.3 This condition is associated with a higher incidence of metabolic 
comorbidities, including bone diseases.4–6

The primary factor contributing to the development of secondary osteoporosis is steroid-induced osteoporosis (SIOP), 
which can be categorized into two forms, an exogenous form resulting from prolonged glucocorticoid administration as 
an adverse effect, and a rare endogenous form associated with potential endocrine disorders.7,8 MACS serves as the 
primary reason of endogenous SIOP.9 Patients with MACS are exposed to long-term abnormal cortisol secretion, while 
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those with NFAT are exposed to a lesser degree, which all have detrimental effects on trabecular and cortex of bone.10,11 

Numerous studies conducted on various populations have shown that individuals diagnosed with MACS experienced 
decreased BMD and there was a significant occurrence of vertebral fractures without symptoms, ranging from 56% to 
82%, which surpassing the rates observed in those suffering from primary osteoporosis.12,13 Conversely, some researches 
have indicated that the occurrence of asymptomatic vertebral fractures in NFAT individuals are comparatively less 
frequent than in MACS, yet still fall within the range of 21%-46%.1,13,14 Additionally, two small-scale longitudinal 
studies involving approximately twenty participants each over a period of twenty-four month, revealed an incidence rate 
for new vertebral fractures at around 48–52% among MACS patients and 9–13% among NFAT patients.12,15

In recent times, radiomics has become as a promising technique in computerized quantitative imaging analysis, 
attracting increased attention.16–18 This approach involves extracting a wide range of image-related features, which are 
then analyzed to support decision-making processes and develop models for quantitatively analyzing the heterogeneity of 
lesions.19 Radiomics has been widely used in tumor analysis, which can objectively and quantitatively analyze the 
comprehensive data information co-determined by physiological, pathological, genetic and other factors hidden in 
images, holding significant clinical relevance. A study on adrenal adenomas showed that radiomics analysis can aid in 
the decision-making process, helping clinicians determine whether to opt for follow-up monitoring or proceed with 
a histopathological diagnosis for an adrenal lesion.20 However, as far as we know, there was a dearth of studies on the 
relationship between adrenal adenomas and osteoporosis basing on CT images radiomics analysis.

Therefore, the primary objective of this research was to establish and authenticate a nomogram model that integrated 
radiomics features of adrenal adenomas based on CT imaging with clinical risk factors and aimed to distinguish bone 
mass change in those individuals opportunistically. This study offered a new perspective for further exploring the 
relationship between the intrinsic biological features of adrenal adenomas and osteoporosis.

Materials and Methods
Patients
This study was approved by the Institutional Ethics Committee on Biomedical Research (Decision Number, 2023- 
1-1-089) and the requirement to obtain informed consent was waived. The cohort consisted of patients diagnosed with 
adrenal adenomas who underwent thoracoabdominal CT scans at our institution between June 2023 and January 2024. 
Data were obtained from the institutional Picture Archiving and Communication System (PACS) database. Exclusion 
criteria include adrenocortical carcinoma, pheochromocytoma, Cushing’s syndrome requiring adrenalectomy, the use of 
drugs to affect bone metabolism, and risk factors associated with secondary osteoporosis, such as glucocorticoid 
management, osteogenesis imperfecta, hyperparathyroidism, rheumatoid arthritis, diabetes, chronic liver disease, mal
nutrition, celiac disease, vitamin D deficiency. The workflow of this study was presented in Figure 1.

CT Images and QCT Acquisition
All patients included in the study underwent thoracoabdominal CT scans using a 256-slice CT scanner (Brilliance ICT, 
Philips Healthcare, Cleveland, USA), which used a tube voltage set at 100 kVp and a noise index maintained at 12, as 
well as a automatic measurement consisted of tube current modulation. Finally slices thickness and interval of 1.25 mm 
were obtained.

All data were obtained by performing QCT (United Imaging Healthcare Co.,Ltd China) scans. The reconstructed data 
were then transferred to the QCT Pro workstation. The BMD was measured the mean value from T11 to L2 in all 
patients. The volume of interest (VOI) was manually positioned at the center of the target vertebrae, covering 
approximately two-thirds of the entire vertebrae on the axial image. Special attention was given to avoid interference 
from basivertebral veins and cortical bone during placement. To ensure quality assurance, the same scanning parameters 
were used for asynchronous calibration model scanning every week (Model 4, Mindways Software, Inc).

Finally, 161 patients were divided into two different cohorts based on BMD levels from QCT scans,21 a normal BMD 
cohort (BMD>120 mg/cm3) and an abnormal BMD cohort (BMD≤120 mg/cm3).
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Clinical Data
To gather comprehensive clinical information, medical records were utilized to obtain data on various factors including 
gender, age, BMI (Body Mass Index), smoking and drinking habits, lipid profile, glucose metabolism, renal function, and 
serum calcium levels. Detailed specifics pertaining to adrenal adenomas such as size (maximum tumor diameter) and 
laterality were extracted from radiology images. The thoracoabdominal CT scans were retrieved via the PACS system and 
stored in Digital Imaging and Communications in Medicine (DICOM) format.

ROI Segmentation
The DICOM images were imported into ITK-SNAP software (version 3.6.0) and the ROI (region of interest) on axial CT 
images were manually outlined. To ensure reliable segmentation, two senior radiologists manually delineated the ROI 
corresponding to the adrenal adenoma on a cross-sectional image, paying particular attention to its maximum appearance 
(Figure 2). In cases where uncertainty arose regarding the ROI, re-segmentation was only performed after both 
individuals reached mutual agreement. Subsequently, NIFTI format was used to save the images containing ROI 
information for subsequent feature analysis.

Figure 1 The workflow of this study.
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To quantitatively evaluate the stability and reproducibility of ROI delineation in this study, an inter-observer 
agreement analysis was conducted. We randomly selected CT images from 50 patients, and two senior radiologists 
independently performed manual ROI segmentation without knowledge of each other’s results. Subsequently, using 
R software, a two-way random-effects model was employed for absolute agreement testing to calculate the intraclass 
correlation coefficient (ICC) of the Radscore generated from ROI delineated by two radiologists, thereby evaluating the 
consistency of segmentation results between the two radiologists.

Radiomics Features Extraction
To eliminate potential data variability caused by differences in scanning equipment or parameters, we have performed 
a series of standardization steps prior to feature extraction. First, all CT images were resampled to a uniform voxel size 
(1mm×1mm×1mm) using linear interpolation to ensure the spatial scale consistency of radiomic features. Second, to 
minimize the batch effects introduced by different scanners, we applied the ComBat harmonization method to the 
extracted radiomic features, thereby correcting for data variations arising from non-biological sources.

Pyradiomics (version 3.0.1) and AK software (version 3.2.0, GE Healthcare, China) were used for features extraction. 
The image was preprocessed, the gray value was discretized, the width was 25, and the gray value was normalized by μ±3σ 
method. Then, based on the original image, wavelet transform image and Sigma 2,3 Gaussian filter image Laplace operator, 
a total of 6 sets of features (first-order features, gray level co-occurence matrix, gray level run length matrix, gray level size 
zone matrix, gray level dependence matrix and neighboring gray tone difference matrix) were extracted from the original 
image.

Features Selection
In this research, to eliminate redundant and uncorrelated features, the minimum-Redundancy Maximum-Relevancy 
(mRMR) method was employed initially. Subsequently, the parameter λ was fine-tuned and evaluated through 10-fold 
cross-validation using least absolute shrinkage and selection operator (LASSO) regression. Finally, the optimal value of λ 
corresponding to the model with minimum variance was selected as the most suitable choice and determined the most 
valuable radiomics features. By assigning weights to these selected features, a Radscore was derived.

All patients diagnosed with adrenal adenoma were randomly divided into a training cohort (n = 113) and a validation 
cohort (n = 48), with a split ratio of 7,3. The training cohort was utilized for developing and training the predictive 

Figure 2 Manual rendering of the ROI for adrenal adenoma on a cross-sectional image, adrenal adenoma was usually selected at the largest level of appearance. The red area 
was the extracted ROI of adrenal adenoma, the blue line was the positioning line.
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model, while the validation cohort verified the model. The AUC of the ROC and the sensitivity, specificity and accuracy 
of the corresponding model were calculated. To rigorously evaluate the model’s stability and risk of overfitting, we 
performed internal validation using 1000 iterations of Bootstrapping resampling on the training cohort (n = 113).

Statistical Analysis
All Statistic analysis were performed using R software. To statistically evaluate the adequacy of the sample size in this 
study, we conducted a post hoc power analysis in R software. Clinical data were analyzed by Shapiro–Wilk (S-W) Test. 
Quantitative data obeying normal distribution were expressed as mean ± standard deviation (SD). Categorical data were 
expressed as percentages. Normal distribution variables were analyzed by two-sample t-test. Categorical variables were 
compared between groups using chi-square test. Finally, a radiomics nomogram was established by combining radiomics 
features with independent clinical risk factors. The discriminative ability of these models was evaluated using the 
DeLong test. In addition, calibration curve analysis and the Hosmer-lemonade test were used to assess the predictive 
accuracy of the assessment model and the fit of the combined nomogram. DCA was used to evaluate the clinical 
application value of the model. P<0.05 was considered to indicate a statistically significant difference.

Results
Patients Features
A total of 161 patients diagnosed with adrenal adenomas, aged between 36 to 60 years (median age, 53 years), were 
enrolled in this study. Among them, 77 cases had normal BMD while the remaining 84 cases had abnormal BMD. The 
training cohort consisted of 113 patients, whereas the validation cohort included 48 patients. The post hoc power analysis 
revealed a Cohen’s d value of 1.45 (a large effect size), calculated based on the Radscore—a core variable differentiating 
the normal BMD group (n = 77) from the abnormal BMD group (n = 84). Using this effect size (Cohen’s d= 1.45) and the 
total sample size (n = 161), a power analysis performed in R software yielded a statistical power of 0.83, exceeding the 
0.80 threshold. Table 1 presented a detailed overview of patients’ features in both cohorts. No significant differences 
were observed between genders, adrenal adenoma size, lipid profile, glucose metabolism, renal function, and serum 

Table 1 Clinical Features of Patients with Adrenal Adenomas

Features Training Cohort (n = 113) Validation Cohort (n = 48)

Normal Abnormal P Normal Abnormal P

Patients 53 60 24 24

Gender (%)

Male 27 (50.9) 36 (60.0) 14 (58.3) 17 (70.8)
Female 26 (49.1) 24 (40.0) 0.437 10 (41.7) 7 (29.2) 0.546

Age (years) 50.7±6.6 53.4±4.9 0.016* 52.3±5.1 54.1±3.8 0.178

BMI (kg/m2) 24.6±1.8 25.8±3.3 0.014* 25.3±1.9 27±2.2 0.005*
Maximum tumor diameter (cm) 1.6±0.6 1.7±0.5 0.261 1.7±0.7 1.9±0.6 0.583

Laterality (%)

Left 28 (52.8) 36 (60.0) 10 (41.7) 18 (75.0)
Right 25 (47.2) 24 (40.0) 0.564 14 (58.3) 6 (25.0) 0.040*

Smoking habit (%)

No 24 (45.3) 23 (38.3) 12 (50.0) 3 (12.5)
Yes 29 (54.7) 37 (61.7) 0.578 12 (50.0) 21 (87.5) 0.013*

Drinking habit (%)

No 27 (50.9) 25 (41.7) 13 (54.2) 4 (16.7)
Yes 26 (49.1) 35 (58.3) 0.425 11 (45.8) 20 (83.3) 0.016*

CHOL (mmol/L) 4.6±0.5 4.6±0.7 0.921 4.5±0.5 4.6±0.6 0.390

TG (mmol/L) 1.3±0.3 1.3±0.4 0.87011 1.3±0.2 1.3±0.4 0.305

(Continued)
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calcium levels within each cohort. However, there were notable variations in BMI between the normal and abnormal 
BMD cohorts across both cohorts. Age was found to be statistically significant only in the training cohort but not in the 
validation cohort. Factors such as laterality of adrenal adenoma as well as smoking and drinking habits did not exhibit 
statistical significance within the training cohort, however they were statistically significant within the validation cohort.

Radscore Building and Validation
The optimal value of λ (λ = 0.039) corresponding to the model with minimum variance was selected as the most suitable 
choice (Figure 3). A total of eleven subsets containing non-zero coefficients were identified (Figure 4), and their 
respective coefficients were computed accordingly. By assigning weights to these selected features, a Radscore was 
derived, which was shown below:

Radscore=0.185*wavelet_LLL_gldm_DependenceEntropy-0.629*wavelet_LHH_glcm_MaximumProbability 
+0.149*original_glcm_Correlation-0.209*wavelet_LLH_firstorder_Minimum- 
0.134*wavelet_LHH_glszm_GrayLevelNonUniformityNormalized- 
0.173*wavelet_HHH_glrlm_ShortRunHighGrayLevelEmphasis- 
0.173*wavelet_HHH_glrlm_HighGrayLevelRunEmphasis-0.28*wavelet_HLH_firstorder_Mean- 
0.076*wavelet_HLH_glszm_SizeZoneNonUniformityNormalized-0.201*wavelet_HHH_glcm_MCC 
+0.148*original_glcm_Imc2 + 0.117

The inter-observer agreement analysis showed good consistency between the two observers. Using a two-way 
random-effects model for absolute agreement, the ICC for the Radscore obtained from ROIs delineated by two 
radiologists was 0.8120 (F = 9.55, P<0.05).

The boxplots indicated that the radiomics features of adrenal adenomas in patients with abnormal BMD exhibited 
significantly higher values in the training cohort and the validation cohort, compared to those with normal BMD 
(Figure 5). The radiomics model demonstrated an AUC of 0.86 (95% Confidence Interval [CI], 0.79–0.93) in the 
training cohort and 0.82 (95% CI, 0.70–0.94) in the validation cohort, with corresponding accuracy rates of 78.8% and 
75.0%, sensitivity rates of 73.3% and 83.3%, as well as specificity rates of 84.9% and 66.7% (Figure 6 and Table 2). 
These findings suggested that radiomics features of adrenal adenomas exhibited effective discrimination between normal 
BMD and abnormal BMD.

Construction of Combined Nomogram Model
Through clinical and radiomics features, we established a combined nomogram model (Figure 7). Nomoscore = 
(Intercept)* - 3.793 + Age* 0.052 + BMI * 0.038 + Radscore * 1.855. The training cohort of the nomogram model 
exhibited a high performance, with an AUC, accuracy, sensitivity and specificity of 0.87 (95% CI, 0.80–0.93), 79.7%, 
78.3% and 81.1% respectively. Similarly, the validation cohort also demonstrated good predictive ability with an AUC of 

Table 1 (Continued). 

Features Training Cohort (n = 113) Validation Cohort (n = 48)

Normal Abnormal P Normal Abnormal P

HDL (mmol/L) 1.5±0.1 1.4±0.2 0.485 1.4±0.1 1.4±0.2 0.841

LDL (mmol/L) 2.6±0.3 2.6±0.3 0.506 2.7±0.3 2.6±0.4 0.498
Glu (mmol/L) 5.1±0.3 5.2±0.5 0.402 5.3±0.4 5.1±0.5 0.269

sCr (umol/L) 65.4±7.8 65±11.1 0.820 63.8±8.8 66.6±11.5 0.342

Ca (mmol/L) 2.3±0.1 2.3±0.1 0.879 2.3±0.1 2.3±0.1 0.134

Abbreviations: CHOL, Cholesterol; TG, Triglycerides; HDL, High-Density Lipoprotein; LDL, Low-Density Lipoprotein; Glu, 
glucose; sCr, Serum creatinine; Ca, Calcium.
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0.85 (95% CI, 0.74–0.96), and the accuracy was found to be 72.9%, while sensitivity and specificity were observed at 
levels of 67.7% and 82.4% respectively (Figure 6 and Table 2).

The overfitting risk assessment (Bootstrapping) results showed that the apparent AUC of the model on the original 
training set was 0.80. After 1000 iterations of bootstrap validation, the calculated optimism-corrected AUC was 0.78.

The nomogram calibration curve demonstrated the predicted probability between normal and abnormal BMD in the 
training cohort, which coincided well with the expected probabilities (Figure 8). The P of Hosmer-Lemeshow test for both 
the training and validation cohorts were greater than 0.05. The DCA was used to evaluate the clinical application value of the 
model (Figure 9). By conducting DeLong test, we observed significant distinctions of AUC between the clinical model and 
both the radiomics model as well as the nomogram model within the training cohort. In addition, there were notable 
variations in AUC between the nomogram model and radiomics model within the validation cohort (Table 2).

Figure 3 Feature selection was performed using mRMR and LASSO. The optimum value for λ was 0.039.
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Figure 4 The histogram of the Radscore, the y-axis represented 11 radiomics that were selected, while the x-axis denoted the coefficients associated with these radiomics.

Figure 5 The boxplots indicated that the radiomics features of adrenal adenomas in patients with abnormal BMD exhibited significantly higher values in the training cohort 
(left) and the validation cohort (right), compared to those with normal BMD. “0” represented the normal BMD cohort, while “1” represented to the abnormal BMD cohort.
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Discussion
The aim of this research was to establish and authenticate a combined nomogram model using CT images of adrenal 
adenomas for screening abnormal BMD opportunistically. Initially, we assessed both conventional radiomics and clinical 
features extracted from CT scans and clinical data. Subsequently, We integrated radiomics and clinical features to 
develop a nomogram model. Our results showed that the training cohort and validation cohort exhibited AUC of 0.87 and 
0.85, which indicated that the nomogram model basing on adrenal adenomas had the potential to aid clinicians and 
radiologists in distinguishing between normal BMD and abnormal BMD effectively. The overfitting risk assessment 
(Bootstrapping) results revealed a minimal difference of only 0.02 between the apparent AUC value of the model on the 
original training set and the optimism-corrected AUC value calculated after 1000 bootstrap validation iterations. This 
strongly indicates that our model exhibits very low optimism bias, effectively controls the risk of overfitting, and 
demonstrates stability with strong generalization potential. As far as we know, this study was one of the few 
opportunistic models that incorporated CT scans of adrenal adenomas for osteoporosis diagnosis.

Figure 6 Evaluation of the AUC for 3 models in the training cohort (left) and the validation cohort (right). The green line represented the clinic model, the blue line 
represented the radiomics model, and the red line represented the nomogram model.

Table 2 Diagnostic Validity of Clinical Factors, Radiomics and Nomogram Models in the Training and Validation Cohorts

Model Accuracy 
(95% CI)

Sensitivity 
(95% CI)

Specificity 
(95% CI)

AUC (95% CI) P of DeLong Test

(%) (%) (%) vs Radiomics vs Nomogram

Clinics Training 67.26 (57.79–75.79) 61.67 (51.21–71.31) 73.58 (62.13–83.02) 0.70 (0.60–0.79) 0.002 <0.001

Validation 62.50 (47.35–76.05) 66.67 (49.05–81.41) 58.33 (38.95–76.12) 0.71 (0.57–0.86) 0.315 0.164

Radiomics Training 78.76 (70.07–85.89) 73.33 (62.52–82.41) 84.91 (75.51–91.93) 0.86 (0.79–0.93) – 0.336

Validation 75.00 (60.40–86.36) 83.33 (67.22–93.61) 66.67 (46.05–83.44) 0.82 (0.70–0.94) – 0.043

Nomogram Training 79.65 (71.04–86.64) 78.33 (72.28–87.19) 81.13 (75.12–90.36) 0.87 (0.80–0.93) 0.336 –

Validation 72.92 (58.15–84.72) 67.74 (60.72–84.41) 82.35 (62.61–95.35) 0.85 (0.74–0.96) 0.043 –
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Figure 7 A nomogram model was created in the training cohort by integrating age, BMI and Radscores values.

Figure 8 The calibration curves of the training cohort (left) and the validation cohort (right) demonstrated the relationship between prediction and reality value. The 
model’s predictive ability was inversely proportional to the difference between the solid line and dotted line.

Figure 9 The DCA of the different models. The results demonstrated incorporating radiomics nomogram in predicting abnormal BMD provided greater clinical value 
compared to using only clinical models. The gray line represented the net benefit achieved by utilizing the radiomics nomogram, while the yellow line represented that of the 
clinical model. “All” indicated the hypothesis that patients had abnormal BMD, whereas “None” represented none of them had abnormal BMD.
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Steroid-induced osteoporosis (SIOP) is the leading contributor to secondary osteoporosis, which is caused by steroid 
use. Adrenal adenomas often lead to dysregulated hormone levels, particularly abnormal secretion of cortisol. However 
in some cases, adrenal adenomas may also require hormone replacement therapy with cortisol.22 Cortisol is well-known 
for inhibiting bone formation and calcium absorption in the intestines. Recurrent findings from extensive studies indicate 
that there is a strong correlation between adrenal adenoma and osteoporosis, a prevalent age-related ailment.23 

Furthermore, recent large-scale investigations have demonstrated an elevated susceptibility to fragility fractures among 
individuals with this condition.24,25 Meanwhile, a related research indicates a reduction in bone mass among women with 
adrenal adenomas exposed to even slight degrees of cortisol excess.8 And a case report has highlighted the presentation 
of insufficiency fractures of the feet in individuals with adrenal adenomas.26 Consequently, while adrenal adenomas 
warrant attention, it is equally crucial to monitor the bone health of affected patients.

In this study, we employed QCT to evaluate the BMD of patients with adrenal adenomas and categorized them 
according to the BMD measurement. While dual-energy X-ray absorptiometry (DXA) is widely recognized as the 
conventional technique for assessing BMD, which employs a two-dimensional (2D) measurement method that is prone to 
being influenced by factors such as bone hypertrophy and calcification, leading to false-negative results. In addition, 
DXA solely quantifies bone quantity and lacks precision in providing insights into bone integrity and 
microarchitecture.27,28 On the other hand, QCT represents a three-dimensional (3D) imaging modality for assessing 
BMD. By directly measuring BMD, QCT offers multiplanar images free from the influence of surrounding soft tissues, 
enabling direct quantification of bone volume expressed as bone density.29 Furthermore, QCT possesses the capability to 
distinguish between trabecular and cortical bones while assessing bone morphology.27 Importantly, when evaluating 
BMD in the lumbar spine region using QCT measurements, it can remain unaffected by an individual’s body size unlike 
DXA measurements, which are influenced due to their surface-based nature. Therefore, QCT can be used as a superior 
tool for assessing BMD in children, young adults with varying statures or extreme BMI values.30

Radiomics, a technique leveraging quantitative computerized imaging analysis, has garnered increasing attention in 
recent years for aiding disease diagnosis.31,32 Radiomics features can capture features of tissues and lesions, such as 
shape and heterogeneity.33 In this research, we utilized radiomics features extracted from CT scans of adrenal adenomas 
to facilitate a precise distinction through a comprehensive quantitative analysis of image features. We utilized the LASSO 
technique to minimize regression coefficients for the creation of radiomics features. Afterwards, we computed the 
Radscore by assigning weights to the total sum of coefficients obtained from eleven chosen features. And among these 
features, wavelet_LLH_glcm_MaximumProbability proved to be the most predictive feature. The radiomics model, 
which was developed using CT imaging of adrenal adenomas, demonstrated a significant ability to distinguish bone mass 
change in the training cohort (AUC = 0.86) and also showed promising predictive performance in the validation cohort 
(AUC = 0.82). As a result, this model has potential for identifying abnormal BMD in patients with adrenal adenomas 
opportunistically, thus playing a crucial role in ensuring optimal bone health for these individuals in the future.

The gender, adrenal adenoma size, lipid profile, glucose metabolism, renal function and serum calcium did not exhibit 
statistically significant in either the training or validation cohorts. These findings indicated that there were no discernible 
difference in these parameters between individuals with abnormal BMD and those with normal BMD in patients with 
adrenal adenomas. Although age did not reach statistical significance within the validation cohort analysis, however it 
was found to be significant within the training cohort analysis. Furthermore, the laterality of adrenal adenoma as well as 
smoking and drinking habit showed no statistical significance within the training cohort; nevertheless they exhibited 
significance within the validation cohort. In light of the impact of these clinical factors, we established a nomogram 
model combining clinical and radiomics features. Ultimately, the nomogram model demonstrated excellent discrimina
tory ability with the highest AUC of 0.87 and 0.85 in the training and validation cohorts respectively. The performance of 
the nomogram model, as measured by its AUC, surpassed both the radiomics and clinical models in both the training and 
validation cohorts. These findings indicated that our combined nomogram model was more effective in distinguishing 
abnormal bone mass change in patients with adrenal adenomas. Moreover, the DCA demonstrated that utilizing this 
nomogram could yield greater net benefits compared to relying solely on the clinical model. Therefore, implementing our 
developed nomogram may promise as an assisting tool for radiologists in screening bone mass change in patients with 
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adrenal adenomas opportunistically. This was of great value to further discover the relationship between the intrinsic 
biological features of adrenal adenomas and the changes of bone microenvironment in clinical practice.

This study had certain limitations. Firstly, this was a retrospective study conducted at a single center without an external 
evaluation set. Moreover, the number of patients included in the study was relatively small. In future investigations, efforts 
should be made to address and overcome these limitations. Additionally, the lack of routine MRI for subclassification of 
lipid-poor adenomas may have influenced the radiomic feature selection. Future studies incorporating chemical-shift MRI 
could provide further insights into the heterogeneity of adrenal adenomas. Lastly, a single 2D segmentation of adrenal 
adenoma on cross-sectional CT images was used for analysis. It is worth considering the use of 3D segmentation in the next 
study when delineating the ROI, as it may offer a more comprehensive analysis of the tumor’s internal features.

Conclusion
In summary, this study offered initial support for the potential of utilizing a radiomics diagnostic model based on CT 
imaging of adrenal adenoma to predict bone mass change. This had the potential to serve as an opportunistic effective 
tool for clinicians and radiologists to distinguish abnormal BMD in patients with adrenal adenomas.
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