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Prevalence and risk factors of osteopenia in adults with short bowel syndrome: a retrospective longitudinal cohort study
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Background: Metabolic Bone Disease (MBD) is common in patients with short bowel syndrome (SBS). This study was to investigate the incidence and risk factors of osteopenia in adult SBS patients.

Methods: Hospital records from January 2010 to December 2019 were used to identify all eligible patients. Logistic regression and a nomogram were used to analyze the data.

Results: A total of 120 patients with SBS were included in this study, and 76 patients (63.3%) developed osteopenia during the 10-year observation period, The multivariate analysis using the logistic regression model demonstrated that age (OR = 1.070; 95%CI: 1.016–1.126, p = 0.010), female (OR = 5.098; 95%CI: 1.211–21.456, p = 0.026), tumor history (OR = 4.481; 95%CI: 1.125–17.854, p = 0.033), duration of SBS (OR = 1.0862; 95%CI: 1.022–1.103, p = 0.002) and remnant ileum (OR = 4.260; 95%CI: 1.210–15.002, p = 0.024) were independent risk factors for osteopenia in adults with SBS. The area under the curve (AUC) for the joint model (age, female, tumor history, duration of SBS, remnant ileum) was 0.848 and the corresponding sensitivity and specificity were 0.855 and 0.705, respectively. The C-index was 0.849 (95% CI: 0.778–0.917); thus, the predictions made by the model were close to the actual outcomes. In the decision curve analysis, the nomogram performed well and was feasible to make beneficial clinical decisions.

Conclusion: This study reveals the high prevalence of osteopenia in SBS patients and highlights the importance of early identification and treatment of osteopenia. A nomogram may provide personalized prediction and guidance for medical intervention.
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Introduction

Short bowel syndrome (SBS) is a clinicopathological condition characterized by malabsorption and malnutrition following the surgical removal of a section of the small intestine. This condition leads to an inadequate capacity for the gut to absorb nutrients, often necessitating the reliance on parenteral nutrition (PN) for many SBS patients to maintain adequate nutrition supplement (1, 2). PN involves the continuous infusion of nutritional preparations through veins to meet the patient’s energy demands, making it a life-sustaining treatment for SBS patients (3). However, long-term use of PN or an inappropriate oral diet can lead to complications such as liver injury, kidney stones, and osteoporosis in SBS patients (4, 5).

The pathogenesis of metabolic bone disease (MBD) is likely associated with underlying conditions such as disease, malabsorption, inflammation, and certain medications like corticosteroids. PN treatment can also impact bone health (6), with factors like aluminum toxicity, vitamin D effects, and hypercalciuria. Micronutrient deficiencies or toxicities may contribute, but currently, there is no conclusive evidence linking abnormal micronutrient levels to MBD in patients on HPN (4). In a study conducted by ESPEN in 2002 with 165 patients, the prevalence of MBD was assessed using dual-energy X-ray absorptiometry (DXA). This study found that 138 patients (84%) met the criteria for osteopenia, while osteoporosis was present in 41% of the patients (7). The pathogenesis of osteopenia involves various complex factors, including those related to PN treatment, underlying diseases, and general lifestyle factors (8). Patients with SBS who have PN have an increased susceptibility to MBD, which is due to altered calcium and phosphate metabolism, vitamin D deficiency, and other nutritional deficiencies that impair bone formation and resorption. Osteopenia significantly increases the risk of fractures, impacting the quality of life for patients with SBS (9). Therefore, early identification and management of bone health issues are important for SBS patients.

This study aims to provide long-term, comprehensive data on the occurrence of osteopenia in a cohort of adult SBS patients and to identify risk factors for osteopenia early enough to prevent its development. Patients at risk of bone loss should be encouraged to take appropriate calcium and vitamin D supplements, increase their sunlight exposure, and consider milk supplementation as early as possible.



Materials and methods


Study design

The study utilized a database detailed in previous published studies (10) and was approved by the ethics committee of the Jinling Hospital, which followed the ethical guidelines outlined in the 1964 Helsinki Declaration and its subsequent revisions. From January 2010 to December 2019, the hospital records database in this study was used to retrospectively identify all patients with SBS who were admitted to the Intestinal Failure Clinical Nutrition Center. A remaining small intestine length of 200 cm or less was generally agreed upon as fitting the criteria for SBS (11). The study included patients with or without a history of PN use and waived informed consent since it was a retrospective study.

The patient inclusion criteria for this study were adult patients diagnosed with SBS who had regular bone mineral density (BMD) monitoring once a year. Exclusion criteria were: (1) patients aged over 80 years (Physical decline and coexistence of multiple underlying diseases), (2) prior history of bone disorders or bone loss before the diagnosis of SBS, (3) patients with active cancer or acquired immunodeficiency syndrome, (4) primary hyperparathyroidism, and (5) a history of long-term hormone use.



Demographic and clinical variables

The study collected the following patient information based on the date of BMD assessment: sex, age, body weight, height, body mass index (BMI), drinking/smoking history, presence of diabetes mellitus, presence of hypertension, patient-generated subjective global assessment (PG-SGA) grade, nutritional risk screening 2002 (NRS-2002) score, and some laboratory blood examinations. Furthermore, the duration of SBS, causes of SBS, remaining length of the small intestine, and PN-dependence were also recorded.



Diagnosis of osteopenia

BMD was measured at the double femur and lumbar spine using dual-energy X-ray absorptiometry (GE Medical Systems Lunar Prodigy). Before measurement, ensure DEXA is calibrated and its ray output stability checked. Explain the process to the patient to relieve anxiety and have them remove metal items to prevent measurement interference. Position the patient based on the measurement site. For the lumbar spine, the patient lies supine with knees bent. For the hip joint, the patient lies supine with legs straight and slightly internally rotated. Set parameters and scanning range according to the patient’s situation. After scanning, check data, calculate T- and Z-values against reference values, and generate a report with basic info, measurement values, interpretations, and clinical suggestions to assist doctors in decision-making. The WHO criterion was used to classify patients’ bone mass. For teenagers, men <50 years, and premenopausal women, a Z-score > −2.0 indicated that the patient’s BMD range was normal as compared to peers, while a Z-score ≤ −2.0 indicated that the patient had lower BMD range than his peers. For postmenopausal women and men older than 50, the T-score was recommended. A T-score > −1.0 indicated normal bone mass, while a T-score from −1.0 to −2.5 indicated reduced bone mass (osteopenia). A T-score ≤ −2.5 indicated severely reduced bone mass (osteoporosis) and severe osteoporosis could be diagnosed when there is low BMD with a clear evidence of a fragility fracture (8, 12). For convenience in statistical analysis, the study divided patients into the non-osteopenia group (Z-score > −2.0 or T-score > −1.0) and the osteopenia group (Z-score ≤ −2.0 or T-score ≤ −1.0).



Statistical analysis

Continuous variables were presented as mean ± standard deviation, while categorical variables were expressed as absolute counts and percentages. To ensure normality, the Kolmogorov–Smirnov test was used. Proportions were compared using Chi-squared or Fisher’s exact tests, while the student t-test or Mann–Whitney U-test was used for continuous variables when appropriate. Logistic regression was used to assess potential risk factors associated with osteopenia in adults with SBS, and the results were presented in terms of odds ratio (OR) with 95% confidence intervals (CI). The R package ‘rms’ was used to generate nomograms of multivariable models, and the accuracy of the nomogram was evaluated using the receiver-operating characteristic (ROC) curve (13). In addition, the predictive performance of the model was validated by repeating bootstrap resampling 1,000 times. Model fitting, nomogram display, model validation, and prediction effectiveness evaluation were carried out using R 4.1.1 programming software.

All tests were two-sided, and statistical significance was set at p < 0.05. SPSS (version 23.0; IBM Corp, Armonk, NY, United States) was used for statistical analysis.




Results


Demographic and clinical characteristics of the study population

A total of 385 patients with SBS were assessed, of which 265 were excluded due to various reasons, including 225 without BMD assessments, 21 with known bone disorders, 13 aged under 18 years, and six aged over 80 years. Ultimately, 120 SBS patients were enrolled, with 76 patients in the osteopenia group and 44 in the non-osteopenia group (Figure 1).
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FIGURE 1
 Flow diagram of patients with short bowel syndrome included in the study.


The main demographic characters and the results of some laboratory tests for the included patients are shown in Table 1. The mean age of the patients was 53.6 ± 13.8 years with 68.3% of them being male. The differences in height and weight were as expected, and unexpectedly, we found no significant difference in BMI. Hypertension and diabetes were present in 23.5 and 5% of patients, respectively. Most patients (93.3%) suffered moderate to severe malnutrition (mean NRS-2002 score 4.1, 112 patients had PG-SGA grades B and C). A history of malignant tumors was reported by one-third of patients (30.8%), and just under half required HPN (40.8%). The median duration of SBS was 47 months. Nutritional indicators and relevant hematological results can be found in Supplementary Tables 1, 2, whereas underlying diseases in adult patients with SBS are shown in Supplementary Table 3.



TABLE 1 Demographic and laboratory tests for the study population.
[image: Table1]

In the study of intestinal anatomy among SBS patients, the results showed that 44 patients (36.7%) had a jejunostomy (type I), 31 (25.8%) had a jejunocolic anastomosis (type II), and 45 (37.5%) had a jejunoileal anastomosis (type III). Of the patients in the osteopenia group, 34.2% had type III, while 31.8% of non-osteopenia group patients had type I. The mean length of the remaining small intestine was 93.2 ± 53.8 cm. In total, of 69 patients (57.5%) had a predominantly jejunum residual small intestine, 65% had an intact ileocecal valve, and 73.3% had colon integrity (Table 2).



TABLE 2 The intestinal anatomy of adult patients with SBS with and without osteopenia.
[image: Table2]



The prevalence of osteopenia in patients with SBS

Kaplan–Meier curve shows the cumulative incidence of osteopenia (Supplementary Figure 1). The incidence of osteopenia in SBS patients was 63.3% (76/120) over an observation period of 10 years. With increased duration of SBS, the incidence rate of bone disease goes up progressively. Patients were divided into the osteopenia group (n = 76) and the non-osteopenia group (n = 44) according to the BMD assessment. Significant differences were found in age, gender, tumor history, and duration of SBS between groups (p < 0.05; Table 1).The osteopenia group had a mean age of 57.2 ± 13.2 years with 29 (38.2%) of them being male and 30 (39.5%) with a tumor history. The average duration of SBS was 50.6 months according to our data. The two groups also differed significantly in nutritional and mineral indicators, such as albumin, HDL, GH, and zinc (p < 0.05; Supplementary Table 1). The remaining small intestine type, as a feature of intestinal anatomy, was significantly different between the groups; the proportion of patients with remnant ileum in the osteopenia group was higher than that in the non-osteopenia group [41 (53.9%) vs. 10 (22.7%), p = 0.001] (Table 2).



The risk factors for osteopenia in SBS patients

We modeled the probability of developing osteopenia using univariable exact logistic regression and multivariable logistic regression. Univariable analysis showed a significant relationship between the risk of developing osteopenia and age, sex, tumor history, duration of SBS, remaining small intestine type, Zn, and Alb. These factors were further assessed in the multivariable model, where age (OR = 1.070; 95%CI: 1.016–1.126, p = 0.010), being female (OR = 5.098; 95%CI: 1.211–21.456, p = 0.026), tumor history (OR = 4.481; 95%CI: 1.125–17.854, p = 0.033), duration of SBS (OR = 1.0862; 95%CI: 1.022–1.103, p = 0.002), and remnant ileum (OR = 4.260; 95%CI: 1.210–15.002, p = 0.024) were identified as independent risk factors for developing osteopenia (Table 3). Supplementary Tables 4, 5 provide information about BMD*T- and Z-scores in adult patients with SBS with and without osteopenia, sorted by bone mass, sex, and age. Regardless of the age - and - gender - based grouping, significant differences in bone mineral density (BMD) are observed.



TABLE 3 Univariate and multivariate analysis of the independent variables associated with osteopenia in the entire population of patients with SBS study.
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Model development for the prediction of osteopenia in SBS patients

The logistic regression analysis results allowed us to create a joint model using all identified independent risk factors (age, being female, tumor history, duration of SBS, and remnant ileum) to predict osteopenia in patients with SBS. A nomogram illustrating the predictive variables and corresponding point scales is displayed in Figure 2 (14). Meanwhile, The ROC curve, calibration curve, decision curve analysis, and clinical impact curve for the nomogram are shown in Figure 3. The calibration of the model was assessed with calibration curves, which measure the relationship between the outcomes predicted by the model and the observed outcomes in the cohort. The calibration curve would lie on the diagonal 45-degree line in an ideal nomogram. The dashed line indicates the performance of an ideal nomogram, and the solid line indicates the performance of the present nomogram. The joint model’s area under the curve was 0.848, with corresponding sensitivity and specificity values of 0.855 and 0.705, respectively. We conducted a multiple bootstrap procedure (n = 1,000 bootstraps) to estimate the significance of these analyses, and the C-index was 0.848 (95% CI: 0.778–0.917). The decision curve analysis indicated that the nomogram was useful for making beneficial clinical decisions.

[image: Figure 2]

FIGURE 2
 Nomogram for the prediction of osteopenia. As an example, an adult patient with SBS, 55 years old, scored 55 points; a female patient scored 25 points; a tumor history scored 22.5 points; the rest of the small intestine was mainly ileum, scored 30 points; 100 months history of SBS, scored 82.5 points; the total score was 215 points; therefore, the possibility of bone loss was greater than 99%.


[image: Figure 3]

FIGURE 3
 Evaluation of nomogram model. (A) ROC curve for the nomogram evaluation. The cut-off value was 0.178 with an area under the curve of 0.848. (B) Calibration curves of the nomogram. (C) DCA for the nomogram. Using multivariate combined nomographs to predict osteopenia has a higher net benefit than treating either no or all patients. (D) CIC for the nomogram. The red curve (the number of individuals at high risk) indicates the number of persons who are classified as positive (high risk) by the prediction model at each threshold probability; the blue curve (the number of individuals at high risk with osteopenia) is the number of true positives at each threshold probability. Two light colored lines represent a 95% confidence interval.





Discussion

The present study is the first to investigate osteopenia in adult patients with short bowel syndrome (SBS). Through analysis of clinical data, several variables, including age, duration of SBS, and sex, were identified as impacting the loss of bone mass in individuals with intestinal failure (IF). Using these risk factors, a nomogram was developed to identify osteopenia as early as possible. This tool has the potential to improve the management and treatment of osteopenia in patients with SBS, particularly by enabling earlier intervention to prevent the development of more severe bone deficiencies.

According to a previous study, the frequency of bone loss in patients with an ostomy due to inflammatory bowel diseases was 29.4% and was attributed to an average age of 45 years old (15). However, our study showed a higher frequency of bone loss at 63.3%, with an average age of 53.6 years. In a multicenter study, 84% of patients receiving home parenteral nutrition (HPN) had bone disease according to the bone mineral density (BMD) T-score, and 62% according to the BMD Z-score, with half of these patients classified as having severe osteopenia (7). Patients with SBS at a rate of 40% also exhibited osteopenia. In these patients, osteopenia was associated with a tendency toward prolonged PN treatment compared to normal patients (11.58 vs. 2.39, p = 0.094) (16). Weaning rates from PN among individuals with IF range from 20 to 50% after 2 years (17). Our study found that 40.8% (49/120) of patients were PN-dependent, and among them, 46.1% (35/76) had osteopenia. A follow-up study of patients with IF showed no link between HPN and a decrease in BMD; instead, BMD was negatively correlated with being female and older age (18). Similarly, the results of our study showed that PN-dependency was not the primary influencing factor (p = 0.128). However, subsequent investigations involving comparatively large patient cohorts suggest that prolonged HPN is not necessarily linked to a reduction in BMD, and in certain instances, bone density may actually rise during HPN treatment (18).

A randomized controlled trial of growth hormone (GH) showed a significant increase in blood osteocalcin levels after 12 weeks of treatment (+62%; p < 0.05) (19) However, our study did not find a statistically significant difference. While GH may promote calcium absorption, bone development, and anabolic activity, it may not be the main factor influencing bone mass in patients with SBS. Instead, an imbalanced distribution of nutrients, particularly mineral insufficiency resulting from reduced dietary intake and impaired absorption of metallic elements, may contribute to increased bone loss and deterioration of bone microstructure in elderly patients. This could be the primary factor in the pathophysiological mechanism of osteopenia (20). Micronutrients such as iron, zinc, and copper play a significant role in the development and transformation of new bones, and their levels in the body can affect the synthesis of bone matrix and bone minerals (21). Our study showed no significant differences in minerals between the two groups, except for Zn (p = 0.03), which is an essential micronutrient for bone formation and maintenance of homeostasis. Imbalances in iron metabolism can increase osteoblast development and death, while inhibiting osteoblast proliferation and differentiation, leading to osteoporosis (22). However, our research revealed no such differences, which may be attributed to the poor nutritional status of our patients. The integrity of the colon is essential for compensatory absorption of triglycerides and fatty acids released from bacterial breakdown in patients with SBS, providing energy production (16). Our results showed no significant differences in BMD between SBS patients with or without colonic integrity, suggesting that while the colon may play a role in calorie clearance, it does not have a significant impact on BMD. Certain researchers hypothesize that ileectomy may contribute to bone loss, as this area is vital for the absorption of vitamin D and the synthesis of glucagon-like peptide 2 (GLP-2), which has been demonstrated to enhance bone mineral density (BMD) in certain patients (23). Moreover, long-term use of HPN may also lead to complications such as cholestasis, affecting the absorption of fat-soluble vitamins (such as vitamins A, D, E, and K). The application of antidiarrheal drugs may also affect the metabolism of nutrients such as calcium and other essential minerals in the body, thereby having a negative impact on bone density (5).

Risk factors for osteopenia in SBS patients can be identified by obtaining comprehensive bone health history, monitoring laboratory values, and conducting nutrition-focused physical examinations. Based on the results, it is advisable for all SBS patients to undergo DXA follow-ups every 1–3 years (24). When oral medication is needed for the prevention or treatment of osteoporosis, special consideration should be given to the high incidence of impaired gastrointestinal absorption. Direct injection is recommended for patients with impaired gastrointestinal absorption (25).

Despite the identification of independent risk factors for osteopenia in SBS patients and the provision of helpful aids for clinical decision-making, our study still has some limitations. Firstly, our sample population consists of older individuals, which may introduce bias as age itself is closely related to BMD. Additionally, sex also plays a role in osteopenia, particularly in post-menopausal women. Subgroup analyses by gender and age were not conducted, but the stability of our model was ensured through bootstrap sampling. The objective of this study was to identify risk factors for osteopenia in patients with SBS and provide data from China on this condition. Secondly, data on vitamin D (102/120) and parathyroid hormone (34/120) only partially available, there may be bias in the results, and we will continue to pay attention to the effect of PTH on BMD in the follow-up. Studies indicate that deficiencies in vitamin D impact calcium and phosphorus metabolism, bone mineralization, and the attainment of peak bone mass. Even slight deficiencies in vitamin D are linked to skeletal homeostasis and/or the inability to achieve peak bone mass (26, 27). But, when vitamin D less than <20 ng/mL was defined as deficiency, the percentage of vitamin D deficiency was 87% (89/102) in our study. By this standard, vitamin D insufficiency or deficiency is globally widespread, accounting for about 50 to 80 percent of the total population (28, 29). Surveys in Chinese cities at different latitudes have shown that vitamin D insufficiency or deficiency is common in the population (30, 31). Vitamin D is synthesized in the skin under ultraviolet radiation B (UVB) from sunlight or comes from food (natural and fortified). SBS patients are at high risk of vitamin D insufficiency/deficiency due to poor intake, absorption, and lack of UVB. They need more vitamin D supplements or sunlight (32). We tried to analyze that in the non-osteopenia group 13.79 ± 5.60 ng/mL, 13.24 ± 4.51 in Osteopenia group with a p value of 0.58, there was no significant difference between the two groups. Therefore, most patients have vitamin D deficiency, and vitamin D may not be a key factor in the reduction of bone mass in patients with short bowel syndrome, which may be more related to age, parenteral nutrition-related factors, and the condition of the intestinal tract itself. A prospective study by Shengxian fan (6) found vitamin D deficiency in 95% (57/60) of patients with short bowel syndrome. L. Ellegard et al. investigated 78 patients with intestinal failure vitamin D and bone mineral density, there was no significance association between vitamin D deficiency and low BMD (6, 33). We speculate that due to individual differences, some populations may have low detection values, but their vitamin D receptors on bone cells function well and can efficiently utilize limited vitamin D to regulate processes such as bone remodeling are still functional and can effectively utilize scarce vitamin D to regulate processes like bone remodeling (34). Genetic factors can promote traits that help keep bone density normal, even with low vitamin D levels. This can lessen the harmful effects of vitamin D deficiency on bone density (35). Furthermore, Mendelian randomization analysis also revealed no genetic causality between vitamin D and BMD (36). Finally, future studies involving larger sample sizes are required. Hence, timely detection of osteopenia in patients is crucial, and appropriate supplementation of trace elements based on the patient’s condition should be considered to prevent further deterioration. Intramuscular injection of vitamin D and zoledronic acid may also be considered as preventive measures. Furthermore, our aim is to gather more relevant data to validate the accuracy of our model and provide further valuable insights for SBS research.



Conclusion

SBS in adult patients is associated with a significantly high risk of developing osteopenia. Independent predictors for osteopenia include the type of residual small intestine, age, sex, duration of SBS, and a history of tumors. In order to minimize the adverse effects of osteopenia, close monitoring and preventive interventions are recommended.
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