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Skeletal muscle index based on CT at the 12th thoracic spine level can predict osteoporosis and fracture risk: a propensity score-matched cohort study
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Background: Multiple studies have shown that skeletal muscle index (SMI) measured on abdominal computed tomography (CT) is strongly associated with bone mineral density (BMD) and fracture risk as estimated by the fracture risk assessment tool (FRAX). Although some studies have reported that SMI at the level of the 12th thoracic vertebra (T12) measured on chest CT images can be used to diagnose sarcopenia, it is regrettable that no studies have investigated the relationship between SMI at T12 level and BMD or fracture risk. Therefore, we further investigated the relationship between SMI at T12 level and FRAX-estimated BMD and fracture risk in this study.

Methods: A total of 349 subjects were included in this study. After 1∶1 propensity score matching (PSM) on height, weight, hypertension, diabetes, hyperlipidemia, hyperuricemia, body mass index (BMI), age, and gender, 162 subjects were finally included. The SMI, BMD, and FRAX score of the 162 participants were obtained. The correlation between SMI and BMD, as well as SMI and FRAX, was assessed using Spearman rank correlation. Additionally, the effectiveness of each index in predicting osteoporosis was evaluated through the receiver operating characteristic (ROC) curve analysis.

Results: The BMD of the lumbar spine (L1-4) demonstrated a strong correlation with SMI (r = 0.416, p < 0.001), while the BMD of the femoral neck (FN) also exhibited a correlation with SMI (r = 0.307, p < 0.001). SMI was significantly correlated with FRAX, both without and with BMD at the FN, for major osteoporotic fractures (r = −0.416, p < 0.001, and r = −0.431, p < 0.001, respectively) and hip fractures (r = −0.357, p < 0.001, and r = −0.311, p < 0.001, respectively). Moreover, the SMI of the non-osteoporosis group was significantly higher than that of the osteoporosis group (p < 0.001). SMI effectively predicts osteoporosis, with an area under the curve of 0.834 (95% confidence interval 0.771–0.897, p < 0.001).

Conclusion: SMI based on CT images of the 12th thoracic vertebrae can effectively diagnose osteoporosis and predict fracture risk. Therefore, SMI can make secondary use of chest CT to screen people who are prone to osteoporosis and fracture, and carry out timely medical intervention.
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Introduction

The loss of bone mass and skeletal muscle is often one of the important triggers of falls and prolonged bed rest in the elderly population (1, 2). Studies have shown that the body loses muscle mass at a rate of 1% per year by the age of 40 and older (3). Sarcopenia is an age-related decline in overall muscle mass and strength or physical muscle function—a degenerative disease resulting in a marked decrease in balance and mobility (4). The primary diagnostic approach for sarcopenia in clinical guidelines involves assessing participants’ skeletal muscle index (SMI) using methods like dual-energy X-ray absorptiometry (DXA) and bioelectrical impedance analysis (BIA) (5). In addition, many studies have shown that SMI can be well reflected by calculating the area of a single chest or abdominal CT image (6–8). Shen et al. (6) demonstrated that SMI based on T12 levels can predict in-hospital mortality in elderly patients. In addition, Tan et al. (7) demonstrated that SMI of the T12 thoracic vertebrae contributes to the diagnosis of sarcopenia in the Chinese population. Based on the above studies, SMI at the T12 level may be a potential indicator to predict osteoporosis and fracture risk propensity.

Osteoporosis is a bone metabolic disorder in which the loss of bone mass causes changes in the microstructure of bone, resulting in decreased mechanical structural properties and increased fragility of bone (9, 10). Risk factors for osteoporosis include aging, sex (more common in women), family genetics, poor diet, lack of exercise, and certain chronic diseases (11). Similarly, these risk factors are strongly associated with changes in muscle mass (12). Bone mineral density (BMD) assessment via DXA serves as the gold standard for diagnosing osteoporosis (13). The Fracture risk assessment tool (FRAX) is often applied to predict the risk of osteoporotic fracture in individuals, such as a femoral neck (FN) fracture in the elderly, using risk factors associated with osteoporosis (14, 15). In addition, FRAX is widely used worldwide because of the reliability and ease of use of its predictive results.

There have been several studies showing that osteoporosis is strongly associated with sarcopenia (16, 17). Multiple studies have shown that SMI measured on abdominal computed tomography (CT) is strongly associated with BMD and fracture risk (18, 19). Although the authors demonstrated that SMI measured on CT images at the level of the 12th thoracic vertebra (T12) can be used to diagnose sarcopenia (7), no subsequent studies have delved into the correlation between SMI and BMD at the T12 level, or the connection between SMI and fracture risk. In addition, chest CT has been more and more widely used in physical examination and hospitalization, such as follow-up of lung nodules and screening of lung cancer.

In summary, in this study, our team explored the relationship between SMI and BMD at the T12 level and the relationship between SMI and fracture risk. When patients undergo a chest CT examination (for other clinical reasons), clinicians have the opportunity to use these imaging data to screen for osteoporosis and fracture risk.



Methods


Study participants

With the approval of the review board of Affiliated Yueqing Hospital of Wenzhou Medical University, patients who completed DXA and chest CT examinations in the database of the Yueqing Hospital of Wenzhou Medical University from January 1, 2023 to December 1, 2023 were retrospectively collected. The inclusion criteria for this study were (1) Unenhanced chest CT scan was performed, (2) DXA was performed, and (3) Complete medical records. The exclusion criteria for this study were (1) The interval between DXA and chest CT examination was >3 months, (2) Artifacts on CT images, and (3) Lack of medical records. A total of 349 subjects were enrolled in this study, and 162 of them were finally included after propensity score matching (PSM) analysis. Table 1 presents the demographic and clinical baseline characteristics of the study participants.



TABLE 1 Comparison of clinical characteristics between two groups: before and after the propensity matching score.
[image: Table1]



SMI measurements

A 120 kV, 250 mA, 5 mm slice thickness picture archiving and communication system was used to collect CT image data. Moreover, the CT images were obtained within 3 months after DXA examination to keep bone mass and muscle mass data in the same period as possible. Skeletal muscle cross-sectional area at the middle level of the T12 vertebral body was calculated using Image J (NIH Image J version 1.52c) software (Figure 1). Relevant studies (20) have shown that the skeletal muscle threshold ranges from −29HU to 150HU, and the skeletal muscle area was measured within this threshold range in this study. SMI was derived by dividing the calculated area value by the square of the patient’s height (m2).

[image: Figure 1]

FIGURE 1
 Measurement of the skeletal muscle index using computed tomography at the T12 level. T12 the 12th thoracic vertebra.




BMD and diagnosis of osteoporosis

BMD at the entire lumbar (lumbar spine 1–4, L1-4) and FN were measured by DXA. According to relevant clinical guidelines, patients with osteoporosis are diagnosed based on the T or Z scores of the femoral neck and lumbar spine measured by DXA.



The FRAX tool

A questionnaire survey on the risk factors of fracture was conducted by face to face or telephone. History of fractures, secondary osteoporosis, glucocorticoid use, parents with hip fractures, excess alcohol intake, gender, current smoking, age, systemic rheumatoid arthritis, height, weight, and FN of BMD were included. Through the https://www.sheffield.ac.uk/FRAX/?lang=chs website login Chinese version FRAX model, and the clinical data of patients after PSM is applied to the model. The 10-year probability of osteoporotic fracture was calculated on whether to include FN BMD in the FRAX model.



Statistics

The Shapiro–Wilk test assessed data distribution. Subject baseline characteristics were described using medians (interquartile range), means ± standard deviations, frequencies, and percentages. Nonparametric tests were employed for non-normally distributed or heteroscedastic data. Categorical variables were analyzed using the Pearson Chi-squared test. Spearman rank correlation was used to assess the correlation between SMI and BMD, as well as SMI and FRAX. The receiver operating characteristic curve (ROC) was utilized to evaluate the predictive efficacy of each index for osteoporosis. Statistical analyses were conducted using SPSS software (version 26.0; SPSS Inc., Chicago, IL, United States).

Propensity Score Matching (PSM) is frequently employed in observational studies to address covariate imbalances between groups. It involves employing specific statistical methods to screen the experimental and control groups, facilitating a more equitable comparison between them (21). In addition, some studies have shown that the results of PSM analysis are close to those of prospective random cohort studies (22). Nine covariates were included in this study, including age, height, hypertension, weight, diabetes, body mass index (BMI), hyperlipidemia, gender, and hyperuricemia. On the basis of these covariates, using propensity scores based on logistic regression, the nearest neighbor matching was applied to generate pairs of subjects in the osteoporosis and non-osteoporosis groups. A preset caliper width of 0.1 was used and no cases were replaced. PSM was calculated using Statistical Package for Social Science software version 26.0 (SPSS, Chicago, Illinois, United States).




Results

Table 1 displays clinical characteristics data for the eligible patients. This study included 349 subjects, with 249 in the non-osteoporosis group and 100 in the osteoporosis group. Significant differences were observed between the two groups in terms of age, gender, height, weight, BMI, and diabetes (p-values were all <0.05). However, there were no significant differences in hypertension, hyperlipidemia, and hyperuricemia between the two groups. After PSM analysis, 162 subjects were enrolled in the study, including 81 in the non-osteoporosis group and 81 in the osteoporosis group. Furthermore, age was the only significant difference between the two groups (64 versus 68 p = 0.028), while height, weight, BMI, sex, hypertension, hyperlipidemia, diabetes, and hyperuricemia were not. Patients obtained from PSM analysis were evaluated for fracture risk, and their fracture risk factors are shown in Table 2. Among the 162 patients, 22 had a history of brittle fractures, 18 had a history of smoking, 3 had a history of parental hip fractures, 4 had a history of systemic glucocorticoid use, 4 had a history of rheumatoid arthritis, 27 had a history of risk factors for secondary osteoporosis, and 13 had a history of excess alcohol intake.



TABLE 2 Prevalence of factors associated with the FRAX after propensity score matching analysis
[image: Table2]

The measurement results after propensity score matching analysis are presented in Table 3. The SMI was 32.46 ± 6.64 cm2/m2. L1-4 and FN BMD were 0.91 ± 0.13 g/cm2 and 0.74 ± 0.11 g/cm2, respectively. Moreover, the probability of major osteoporotic fractures was 6.59 ± 5.14% and 2.33 ± 3.55% for hip fractures when the femoral neck BMD was included. The probability of major osteoporotic fractures was 6.63 ± 4.11% and 2.48 ± 3.61% for hip fractures when the femoral neck BMD was not included.



TABLE 3 The measurement results after propensity score matching analysis
[image: Table3]

The BMD of L1-4 exhibited a strong correlation with SMI (r = 0.416, p < 0.001, as shown in Figure 2A). Additionally, BMD of the FN showed a correlation with SMI (r = 0.307, p < 0.001, as depicted in Figure 2B). SMI also displayed correlations with FRAX, both with and without BMD at the FN. For major osteoporotic fractures, these correlations were as follows: r = −0.431, p < 0.0001, and r = −0.416, p < 0.001, respectively. For hip fractures, the correlations were: r = −0.311, p < 0.001, and r = −0.357, p < 0.001 (refer to Figure 3). Furthermore, Figure 4A illustrates that the SMI of the non-osteoporosis group was significantly higher than that of the osteoporosis group (p < 0.001). SMI proved to be an effective predictor of osteoporosis, with an area under the curve of 0.834 (95% confidence interval 0.771–0.897, p < 0.001). In order to visualize the prediction performance of SMI, the ROC curve was drawn, as shown in Figure 4B.
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FIGURE 2
 The correlation between skeletal muscle index and (A) bone mineral density of L1-4 and (B) bone mineral density of femoral neck. BMD (g/cm2), bone mineral density; SMI (cm2/m2), skeletal muscle index; L1-4, lumbar spine 1–4.
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FIGURE 3
 The correlation between skeletal muscle index and risk of (A,C) major osteoporotic fractures and (B,D) hip fractures (with or without BMD of the femoral neck). BMD (g/cm2), bone mineral density; SMI (cm2/m2), skeletal muscle index; FRAX, fracture risk assessment tool.


[image: Figure 4]

FIGURE 4
 (A) Skeletal muscle index according to the presence of osteoporosis. (B) Receiver operating characteristic analysis of skeletal muscle index’s ability to diagnose osteoporosis. AUC, area under the curve; SMI, skeletal muscle index.




Discussion

Our findings indicate that SMI, measured at the T12 level, demonstrates a robust correlation with both lumbar spine and femoral neck (FN) BMD. Moreover, SMI serves as a reliable predictor of osteoporosis. Additionally, our results show a strong association between SMI and fracture risk as calculated by FRAX.

Osteoporosis is closely related to skeletal muscle; the two interact to make older people prone to falls and brittle fractures. Reduced muscle mass, strength, and function increase the risk of osteoporosis, and similarly, reduced bone mass increases the risk of sarcopenia (23). The bone and skeletal muscle relationship is not just a simple mechanical one. Bone and muscle are endocrine target organs and secretory organs interacting with each other through paracrine and endocrine signals. The skeletal muscle is the largest endocrine organ in the human body, secreting factors that regulate bone metabolism. These muscle-secreting factors mainly include myostatin, β-aminoisobutyric acid and irisin, and so on. In addition, circadian rhythm s, nutritional deficiencies, aging, and nervous system networks also affect bone and muscle (24–26). Therefore, maintaining skeletal muscle mass can prevent sarcopenia and osteoporosis. In this study, SMI based on T12 was closely related to BMD of the FN and lumbar spine. Similar to previous studies, SMI measured by DXA or BIA was strongly associated with BMD (27, 28). In addition, we found that low-quality SMI was effective in predicting osteoporosis, with moderate predictive power after ROC analysis. These results further support the close relationship between SMI and BMD.

Due to the lack of awareness of osteoporosis in the general population, the first diagnosis of osteoporosis is usually found at the time of fracture using DXA examination. However, when patients develop osteoporotic fractures, they have a poorer prognosis and higher mortality than non-osteoporotic fractures (29, 30). Therefore, more and more research is devoted to using a more convenient method to detect osteoporosis, treat osteoporosis in time and prevent osteoporosis fractures. Among them, Kajiki et al. (18) proved that psoas muscle index, as measured by abdominal CT, is strongly associated with the BMD and is a valuable predictor of osteoporosis. However, most patients do not have a specific reason to undergo abdominal CT. Chest CT has been more and more widely used, especially for the follow-up of lung nodules and screening of lung cancer in middle-aged and elderly people. This study found that SMI based on chest CT measurements can predict osteoporosis, providing a new way to more easily screen for osteoporosis. Therefore, when patients undergo chest CT examination (for other clinical reasons), doctors have the opportunity to use these image data for osteoporosis screening, thereby reducing the waste of medical resources to a certain extent.

In this study, SMI exhibited a strong association with fracture risk, as evaluated using FRAX. This outcome aligns with previous research findings that demonstrated a higher fracture risk assessed by FRAX in individuals with low muscle mass (31–33). FRAX effectively improves patient lifestyles and prevents fractures, reducing fracture-related mortality (34). Our study suggests that SMI can be used as an indicator to assess a patient’s risk of fracture. SMI based on chest CT measurement is helpful for early detection of high-risk patients and timely intervention.

This study found that SMI based on chest CT measurements can be used to predict osteoporosis and fracture risk. With the development of medical technology, chest CT has been widely used, especially in routine physical examination. With clinicians’ secondary use of these chest CT images to detect osteoporosis early through SMI, patients can benefit from timely intervention and improved management, potentially reducing the risk of fractures and other related complications. Patients can both improve their quality of life and reduce subsequent medical costs.


Limitations

This study mainly has the following limitations. First of all, the study is a retrospective study, so there may be a series of selection and recall biases. However, this study used PSM analysis, which can effectively reduce these biases and may even approximate the results of prospective studies. Secondly, the PSM analysis method was used, which resulted in a small number of participants in this study. Therefore, large-scale prospective cohort studies are needed to further support this study. Third, although the FRAX score was used in this study as a predictor of osteoporotic fractures, the relationship between SMI and actual osteoporotic fractures has not been elucidated. Therefore, relevant research is urgently needed in the future.




Conclusion

SMI based on CT images of the 12th thoracic vertebrae can effectively diagnose osteoporosis and predict fracture risk. Therefore, SMI can make secondary use of chest CT images to screen people who are prone to osteoporosis and fracture, and carry out timely medical intervention to reduce the waste of medical resources to a certain extent.
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Height (cm) 161(156-168) 156(153-161) <0.001 157(153-162) 156(153-161) 0.672
Weight (kg) 63.60+8.96 57194931 <0.001 60.2348.86 59.26£8.58 0.153
BMI (kg/m?) 24294358 23174363 0010 24124353 23584347 0320
Gender <0001 0,693
Female, n(%) 137(55.0) 84(34.0) 64(79.0) 66(81.5)
Male, n(%) 112(45.0) 16(16.0) 17(21.0) 15(18.5)
Hypertension, n(%) 159(63.9) 59(59.0) 0397 47(58.0) 51(63.0) 0520
Diabetes, n(%) 238(97.9) 84(92.3) 0033 79(97.5) 78(96.3) 1000
Hyperlipidemia, 147(59.0) 56(56.0) 0,603 51(63.0) 48(59.3) 0629
n(%)
Hyperuricemia, 30012.0) 7(7.0) 0.166 5(6.2) 5(6.2) 1000
n(%)

BMI, body mass index.
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ct related factor
Prior fragility fracture
Parental hip fracture
Smoking
Systemic glucocorticoid use
Rheumatoid arthritis
Other cases of secondary osteoporosis
Excess alcohol intake

FRAX, Fracture Risk Assessment Tool.
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cteristic Value

SMI (em*/m?) 3246+6.64
BMD (g/cm’)

Li-L4 091£0.13
Femoral neck 074£0.11

FRAX (10-year probability of fracture), %

Major osteoporotic fracture (with BMD at 659%5.14
femoral neck)

Hip fracture (with BMD at femoral neck) 233+355
Major osteoporotic fracture (without BMD 663411
at femoral neck)

Hip fracture (without BMD at femoral 2484361
neck)

BMD, bone mineral density; SMI, skeletal muscle index; FRAX, Fracture Risk Assessment
Tool.
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