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Objective: This study aimed to investigate the relationship between body fat percentage (BFP) and postoperative outcomes, including mortality and free ambulation rates, in older adults following hip fracture surgery over a 1-year follow-up period.

Methods: An observational cohort study was conducted at a single trauma center in China from January 2014 to January 2022, enrolling 895 patients (299 males, 596 females) aged ≥50 years with surgically treated hip fractures. BFP was measured via bioimpedance analysis (BIA) at admission. Cox proportional hazards and logistic regression models were employed to assess associations between BFP and outcomes, adjusting for confounders. Restricted cubic splines identified optimal BFP thresholds.

Results: A non-linear relationship between BFP and mortality was observed in both sexes. Optimal BFP ranges were 19.49–27.28% for males and 25.39–32.64% for females. Deviations from these ranges significantly increased mortality risk (adjusted HR for high vs. middle BFP: males 2.27, 95% CI 1.16–4.43; females 2.00, 95% CI 1.15–3.46) and reduced free ambulation rates (p < 0.05). Sex-specific differences emerged: high BFP independently predicted poorer outcomes in males, while both low and high BFP were detrimental in females.

Conclusion: Extremes in BFP—either low or high—are associated with elevated mortality and impaired functional recovery after hip fracture surgery, underscoring the dual role of adiposity in postoperative prognosis.
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Background

Hip fractures are a significant cause of morbidity and mortality in older adults, with the global incidence of osteoporotic fractures, particularly hip fractures, projected to increase dramatically (1). The aging population is particularly vulnerable to hip fractures, which often lead to long-term disability, reduced quality of life, and increased healthcare costs (2). Previous studies have identified numerous risk factors associated with hip fractures, including advanced age, low bone mineral density, history of falls, and comorbidities such as osteoporosis and arthritis (3, 4). Understanding the factors that influence the outcomes of hip fractures is crucial for developing effective prevention and treatment strategies.

Body fat is an important component of body composition that has been shown to influence bone health and fracture risk (5). The relationship between body fat and bone health is complex and multifaceted, involving both mechanical and metabolic factors. Body fat can increase mechanical loading on the skeleton, particularly in weight-bearing bones such as the hips and spine, which can stimulate bone formation and increase bone mineral density (6). Additionally, adipose tissue is a significant source of estrogen, particularly in postmenopausal women, which can have a protective effect on bone density (7). Conversely, low BFP in older adults is often associated with poor bone metabolism, muscle atrophy, and reduced bone density, which can compromise recovery from hip fractures (8). Furthermore, low BFP may indicate underlying nutritional deficiencies or systemic illnesses that further weaken bone structure and delay healing processes (9).

However, high BFP is also associated with an increased risk of comorbidities such as diabetes, cardiovascular disease, and metabolic syndrome, which can negatively impact the outcomes of hip fracture surgery (10). Obesity, as indicated by high BFP, can lead to increased surgical site infections, venous thromboembolism, and other postoperative complications, thereby worsening the prognosis of hip fracture patients (11). Additionally, high BFP can impair bone regeneration and healing following fractures due to the negative effects of inflammation and oxidative stress on osteoblast function and bone matrix formation (12). Additionally, high BFP can lead to a pro-inflammatory environment characterized by elevated levels of cytokines such as TNF-α and IL-6, which disrupt normal bone remodeling and contribute to osteoporosis (13, 14). The presence of these inflammatory markers not only affects bone health but also increases the risk of surgical complications and reduces the overall success rate of hip fracture surgery (15). High BFP also increases the risk of thromboembolism by promoting a hypercoagulable state and impairing venous return, which is particularly dangerous in post-surgical patients who are already at an elevated risk of developing blood clots (16, 17).

Given the complex and multifaceted relationship between BFP and hip fracture outcomes, it is essential to conduct well-designed studies on the relationship between BFP and the prognosis of hip fracture patients. This study aims to investigate the relationship between BFP and the outcomes of hip fractures in older adults over a 1-year follow-up period, with a particular focus on postoperative mortality and free ambulation rates. To capture the nature of this relationship, we employed Restricted Cubic Splines (RCS), a statistical tool that allows for flexible modeling of multiple types of associations by dividing the range of a variable into segments and fitting a smooth curve across these segments (18). By understanding the role of BFP in hip fracture outcomes, we can develop more effective strategies for the prevention and management of hip fractures in older adults.



Methods


Study design

This research comprised an observational investigation carried out at the Emergency Trauma Center of Nanyang Second People’s Hospital, Nanyang, Henan Province, China. The study was conducted in accordance with the tenets delineated in the Declaration of Helsinki and obtained approval from the Ethics Committee of Nanyang Second People’s Hospital (ID: 2013 Research Review No. 21). Stringent measures were implemented to safeguard patient confidentiality and explicit written consent was procured from all individuals enrolled in the study. The patients who were admitted to our department due to hip fractures (femoral neck fractures or intertrochanteric fractures) between January 2014 and January 2022 and met the inclusion and exclusion criteria were preliminarily enrolled in this study. The inclusion criteria were: A. with femoral neck fractures or intertrochanteric fractures; B. treated with surgery; C. with available and adequate data. The exclusion criteria were: A. younger than 50 years old; B. with pathological fractures; C. with high-energy fractures. The patients who were lost to follow-up were also excluded (Figure 1). To avoid the bias caused by the BFP of different sex, all the analyses in this study were performed by males and females, separately.
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FIGURE 1
 Flow chart of our study.




Data collection

Data were retrieved from electronic medical records and included demographic characteristics (age, sex, height, weight), fracture-related features (fracture location, type, history), surgical details (procedures, anesthesia type, time from injury to surgery), comorbidities (hypertension, diabetes, chronic obstructive pulmonary disease, etc.), and laboratory findings (hemoglobin, albumin, glucose, and so on). Charlson comorbidity index (CCI) was employed to assess the presence and impact of these comorbid conditions (19). Electrocardiogram and chest radiograph results were classified as abnormal if they had an impact on hip fracture outcomes. Assessments were independently conducted by two senior physicians, with discrepancies resolved by another senior physician. BFP was measured by using bioimpedance analysis (BIA) based on InBody BWA2.0 (InBody Co. Ltd. China, Shanghai) when patients were admitted to our department.



Outcomes

The primary outcomes were all-cause mortality at 3 months, 6 months, and 1 year after surgery. Secondary outcomes included free walking abilities at 3 months, 6 months, and 1 year. Free walking ability was defined as the ability to perform activities of daily living without assistance. The enrolled participants were followed up via telephone once a month to collect their survival data. All patients were followed up for 1 year from the date of admission, with no further follow-up conducted beyond this period. Mortality was first ascertained through telephone and confirmed after a review of death records.



Statistical analysis

Continuous variables were presented as mean ± standard deviation (SD), and categorical variables were expressed as counts (percentages). The CCI was transformed into a binary variable using a cutoff of 4. Normally distributed variables were compared using independent Student’s t-tests, while non-normally distributed variables were analyzed using Wilcoxon rank-sum tests. Categorical data were compared using chi-square tests or Fisher’s exact tests.

Cox proportional hazards models were used to explore the association between BFP and mortality, adjusting for potential confounders. Restricted cubic splines with 4 knots were employed to assess the nonlinear relationships between BFP and outcomes (20), and optimal cutoff points were determined based on hazard ratios (HRs) and confidence intervals (CIs). Patients were divided into groups according to the cutoff points and analyzed using Kaplan–Meier survival analysis and log-rank tests. Multivariate logistic regression analysis was conducted to evaluate the impact of BFP on mortality and free walking ability. All statistical analyses were performed using R software version 4.1.1. A p-value <0.05 was considered statistically significant, and for multiple tests, the Bonferroni method was used to adjust the p-values.




Results


General information

A total of 895 patients were finally included in the analysis (Figure 1), with 299 males and 596 females. The mean age of males was 72.44 ± 10.33 years, and that of females was 72.49 ± 10.51 years. Of all patients, 160 males (53.51%) and 253 females (42.45%) underwent hip arthroplasty, with the remaining patients treated with internal fixation. The overall 1-year mortality rate was 21.07% in males and 16.61% in females. The baseline characteristics of the patients are summarized in Table 1. The mean BFP of males was 24.83% ± 7.19%, and in females it was 29.94% ± 7.73%. In the comparison between the patients of survival > 1 year and survival ≤ 1 year, no significant differences in BFP were identified in both males and females. Therefore, we inferred the existence of a nonlinear relationship between BFP and outcomes.



TABLE 1 Demographic characteristics of males and females with hip fractures stratified by survival status (survival > 1 year vs. survival ≤ 1 year).
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Nonlinear relationships

Based on Cox models, we established the restricted cubic spline models and adjusted the models by baseline variables with significant differences (Figure 2). Restricted cubic spline analysis revealed a U-shaped relationship between BFP and 1-year mortality in both males and females. In males, the lowest death risk was observed at a BFP of 22.90%, with increased risks at both lower and higher BFP levels (Figure 2A). After adjusting for age, the U-shaped relationship remained significant (Figure 2B). In females, the lowest death risk was observed at a BFP of 29.11% (Figure 2C). After adjusting for age and hypertension, the U-shaped relationship was still evident, with higher risks at both lower and higher BFP levels (Figure 2D). According to the curves, the cutoff values were identified (for males: low BFP: ≤ 19.49%; middle BFP: 19.49–27.28%; high BFP: ≥27.28%; for females: low BFP: ≤ 25.39%; middle BFP: 25.39–32.64%; high BFP: ≥32.64%). This U-shaped relationship indicates that there is an optimal BFP range associated with the best post-surgical outcomes. Deviations from this range, either too low or too high, are associated with increased mortality and reduced functional recovery, highlighting the importance of maintaining BFP within the identified optimal range for improving prognosis following hip fracture surgery.
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FIGURE 2
 Restricted cubic splines (RCS) based on Cox proportional hazards models. (A) non-adjusted models based on males; (B) models adjusted for age based on males; (C) non-adjusted models based on females; (D) models adjusted for age and hypertension based on females.




Outcomes

Based on the RCS cutoff values, individuals were categorized into three BFP groups: low BFP, middle BFP, and high BFP. Moreover, they were also divided into quartiles (Q1-Q4). Kaplan–Meier survival analysis showed significant differences in survival rates between different BFP groups. In males, the high BFP group had a lower survival probability compared to the middle BFP group (p = 0.011), while no significant difference was found between low BFP and middle BFP (p = 0.113) or low BFP and high BFP (p > 0.999). When analyzed by quartiles (Figure 3B), significant differences were observed between BFP Q2 vs. BFP Q4 (p = 0.003) and BFP Q3 vs. BFP Q4 (p = 0.022), indicating that higher BFP was associated with lower survival rates (Figure 3B). In females, the middle BFP group had a higher survival probability compared to the low BFP group (p < 0.001) and the high BFP group (p = 0.027). When analyzed by quartiles (Figure 3D), significant differences were observed between BFP Q1 vs. BFP Q2 (p < 0.001), BFP Q1 vs. BFP Q3 (p < 0.001), BFP Q2 vs. BFP Q4 (p = 0.002), and BFP Q3 vs. BFP Q4 (p = 0.005), indicating that both lower and higher BFP were associated with lower survival rates.
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FIGURE 3
 Kaplan–Meier survival curves comparing survival probabilities among different groups. Log-rank tests were used to compare survival differences, and p-values were corrected by the Bonferroni method. (A) grouped by low, middle, and high BFP based on males; (B) grouped by BFP quartiles (Q1 to Q4) based on males; (C) grouped by low, middle, and high BFP based on females; (D) grouped by BFP quartiles (Q1 to Q4) based on females.


For males, as shown in Figures 4A,B, there were significant differences in 1-year survival rates and free walking rates across different BFP categories (for 1-year survival rates: high BFP vs. middle BFP, BFP Q2 vs. BFP Q4, BFP Q3 vs. BFP Q4; for 1-year free walking rates: high BFP vs. middle BFP, BFP Q2 vs. BFP Q4, all p < 0.05). Similarly, for females (Figures 4C,D), significant differences were observed in survival rates and free walking ability. The females with high BFP and low BFP have significantly lower survival rates at 3 months, 6 months, and 1 year after surgery compared with those with middle BFP (all p < 0.05). Moreover, similar differences were also proven in the patients grouped by BFP quartiles (Figure 4D). The baseline variables of patients categorized by different categories were summarized in Supplementary Tables 1, 2.
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FIGURE 4
 Comparison of survival and free walking ability rates at 3 months, 6 months, and 1 year post-surgery across different BFP groups (low BFP, middle BFP, high BFP) and BFP quartiles (Q1 to Q4). (A) males grouped by low, middle, and high BFP; (B) males grouped by BFP quartiles; (C) males grouped by low, middle, and high BFP; (D) males grouped by BFP quartiles.




Predictive values of BFP

The predictive values of BFP for outcomes were analyzed using Cox proportional hazards models and logistic regression models. The results of univariate Cox and logistic models were summarized in Supplementary Tables 3–5, and the significant factors in univariate models were included in multivariate models.

In the Cox models (Table 2), for both males and females, no significance of continuous BFP was proven. In the multivariate logistic models based on males, high BFP was significantly associated with high mortality risk compared with middle BFP, while low BFP was not significant. Similarly, compared with BFP Q2, only BFP Q4 was proven to be a significant risk factor. For females, both low and high BFP, as well as BFP Q1 and BFP Q4, were estimated to be significant risk factors.



TABLE 2 Cox regression for mortality of BFP.
[image: Table2]

The results of multivariate logistics models were summarized in Table 3. For males, BFP (continuous) was significantly associated with 1-year mortality and 1-year free walking ability. Similar to the results of Cox models based on males, instead of low BFP, high BFP was estimated to relate to a high risk of 1-year mortality and a low risk of 1-year free walking ability compared with middle BFP. These results were similar in quartile BFP. For females, no significance of continuous BFP was detected. Low and high BFP showed a significant trend for 6-month mortality and 1-year mortality. BFP Q1 and Q4 were associated with a significant increase in 6-month and 1-year mortality and with a significant decrease in 6-month and 1-year free walking ability compared with BFP Q2.



TABLE 3 Logistic regression analysis for free walking ability at 6 months and 1-year post-surgery of BFP.
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Discussion

Our study revealed a non-linear relationship between BFP and 1-year mortality in older adults following hip fracture surgery, with optimal BFP ranges identified at 19.49–27.28% for males and 25.39–32.64% for females. Both lower and higher BFP levels were associated with increased mortality risk and reduced free ambulation rates. These findings underscore the dual role of body fat in post-fracture outcomes, where extremes in adiposity—either insufficient or excessive—may independently compromise recovery through distinct mechanisms. This may be due to the fact that low BFP is often linked to malnutrition, which can lead to muscle atrophy and reduced bone density, making it difficult for patients to recover from surgery and increasing the risk of complications (21, 22). On the other hand, high BFP is frequently associated with a higher incidence of comorbidities, such as diabetes, cardiovascular disease, and metabolic syndrome (23, 24). These conditions can negatively impact the outcomes of hip fracture surgery, increase the risk of postoperative complications, and impair bone healing and functional recovery (25). Therefore, maintaining an appropriate BFP level is crucial for improving the prognosis of hip fracture patients.

Notably, sex-specific differences emerged in our analysis. While females exhibited a broader optimal BFP range (25.39–32.64%) compared to males (19.49–27.28%), both sexes shared a nonlinear mortality risk pattern. This divergence may reflect hormonal influences, as adipose-derived estrogen in postmenopausal women could partially mitigate bone loss and inflammation, whereas males with high BFP face heightened metabolic dysregulation (26). Pana et al. conducted a prospective population cohort study involving 14,129 participants from the EPIC-Norfolk study, with a median follow-up of 16.4 years (5). They found that higher BFP was associated with a lower risk of hip fractures in women, while in men, higher BFP (above 23%) was associated with an increased risk of hip fractures. This study highlighted the gender differences in the relationship between BFP and fracture risk, suggesting that the protective effect of higher BFP in women may be attributed to increased bone mineral density (BMD) due to greater mechanical loading and hormonal influences. Moayyeri et al. conducted a prospective population study involving 25,639 participants, examining the relationship between body fat mass and osteoporotic fractures (7). They found that body fat mass was a significant predictor of fracture risk in women but not in men. This study further emphasized the importance of body composition in understanding fracture risk and highlighted the need for more detailed assessments of body fat distribution and its impact on bone health.

The secondary outcome of free walking rates further emphasized the clinical relevance of BFP. High BFP in males and both low and high BFP in females predicted reduced mobility, likely due to sarcopenia-driven frailty or obesity-related functional limitations. This aligns with evidence that excess adiposity impairs physical performance, while sarcopenia diminishes resilience to rehabilitation (27, 28).

The distinct optimal BFP ranges identified for males and females (19.49–27.28% vs. 25.39–32.64%) highlight the influence of biological differences on post-fracture outcomes. Males within this range had a significantly lower BFP compared to females (23.12 ± 1.96 vs. 29.10 ± 2.00, p < 0.001). Females, particularly postmenopausal women, benefit from adipose tissue as a source of estrogen, which may help counteract bone loss and reduce inflammation, thereby potentially explaining the broader BFP range associated with better outcomes in this group (29). In contrast, males with higher BFP may experience greater metabolic dysregulation and inflammation, leading to worse surgical outcomes. These findings align with previous research indicating that hormonal factors play a significant role in bone health and fracture risk, emphasizing the need for sex-specific considerations in managing hip fracture patients (30, 31).

Our study advances the current understanding of the relationship between body fat and hip fracture outcomes by providing novel evidence on sex-specific optimal BFP ranges and their differential associations with mortality and functional recovery. These findings offer valuable insights for tailoring postoperative care and developing targeted interventions to improve the prognosis of hip fracture patients based on their BFP status and sex. Nutritional interventions to prevent sarcopenia in low-BFP patients and weight management strategies for high-BFP individuals may optimize recovery. Additionally, rehabilitation programs should address both muscle strengthening and metabolic health, particularly in males with elevated BFP.

This study has several limitations. First, its observational design precludes causal inferences, and residual confounding (e.g., dietary patterns, fat distribution, or muscle quality) may influence outcomes. Second, BFP was measured via BIA, which is less precise than DXA, potentially introducing measurement error. Third, the single-center cohort limits generalizability, and selection bias may exist due to the exclusion of patients lost to follow-up. Finally, the cross-sectional assessment of BFP at admission does not account for dynamic changes in body composition during recovery.

Prospective studies should validate BFP thresholds in diverse populations and explore mechanisms linking adiposity to bone health, such as inflammation, hormonal pathways, and fat-muscle crosstalk. Interventions targeting osteosarcopenia—concurrent osteoporosis and sarcopenia—warrant evaluation, as combined resistance training and nutritional supplementation may synergistically improve musculoskeletal health (32, 33). Additionally, advanced imaging techniques to differentiate visceral and subcutaneous fat could elucidate site-specific risks, as visceral adiposity may uniquely drive metabolic dysfunction (34).



Conclusion

In conclusion, BFP demonstrates a U-shaped relationship with mortality and functional outcomes following hip fracture, emphasizing the need to avoid extremes in adiposity. Integrating body composition analysis into clinical practice could refine risk stratification and guide targeted interventions, ultimately improving survival and mobility in this vulnerable population.
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