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Background: We aimed to explore the association between lipids and the survival and walking ability of hip fractures in geriatric 
patients after surgery.
Methods: Restricted cubic spline (RCS) was established to explore the nonlinear relationship between lipids and 1-year mortality of 
hip fractures, and the cut-off points were also determined by RCS. Then, the patients were divided into three groups: low, middle, and 
high levels of LDL-c. Then, the survival and walking ability of patients from different groups were compared, and the Cox regression 
and Logistics regression were used to identify the relationships between lipids and the survival and walking ability of hip fractures.
Results: The patients with middle levels of LDL-c had a significantly high survival probability than those with low or high levels of 
LDL-c (p < 0.001). The patients with low levels of LDL-c and with high levels of LDL-c may have a poor prognosis compared with 
patients with middle levels of LDL-c in 6-month mortality, 6-month free walking ability, 1-year mortality, and 1-year free walking 
ability (All p < 0.05).
Conclusion: Low and high levels of LDL-c may both relate to the poor survival and walking ability of hip fractures.
Keywords: hip fractures, LDL-c, lipid, dyslipidemia, prognosis

Introduction
Hip fracture has become a severe health problem for older patients in the increasingly severe aging society due to its high 
mortality and disability.1 In most cases, the direct causes of hip fractures were low-energy injuries, such as falls and 
slips.2 However, the decrease in bone density mass (BMD) was the root cause of hip fractures in older adults.3 

Osteoporosis may not only affect the incidence of fragility fracture but also the prognosis of fractures. The poor bone 
regeneration ability in older patients with osteoporosis may have a much longer stay in bed even after surgery, and this 
may contribute to the development of complications and even death.4

Many factors may associate with bone metabolism and the rehabilitation of hip fractures, such as nutrition status, 
oxidative status, muscle mass and function, and so on.5–7 These factors may predict the prognosis of hip fractures by 
indicating the bone metabolism ability and the status of the whole body. Blood lipids, one of the most comprehensive and 
common clinical biochemistry tests, were proven to reflect bone metabolism status and were widely used to evaluate 
body function.8–10 However, the relationship between lipids and bone metabolism was still controversial: many studies 
indicate that the increase of triglyceride (TG) and low-density lipoprotein cholesterol (LDL-c) may be related to 
decreasing of BMD, and this interaction may be achieved via regulating the vitamin D.11 On the contrary, many 
researchers believed that lipids may relate to nutritional status and then be a potentially protective factor against the 
decrease in BMD.12 Many studies reported that the association of lipids and incident bone fractures may be nonlinear, 
while few studies discussed the relationship between lipids and the outcomes of hip fractures.13 Lipids play significant 
roles in bone metabolism, immune responses, oxidative stress, and regulation of inflammation, and all these physiological 
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and pathological processes have been proven to relate to the prognosis of hip fractures.14–16 Therefore, we hypothesize 
that lipids may be implicated in the prognosis of elderly patients with hip fractures through the mechanisms described 
above. In this study, we aimed to explore the relationship between lipids and the survival and walking ability of hip 
fracture in geriatric patients and identify the potential nonlinear relationship between them by establishing the restricted 
cubic spline (RCS).

Materials and Methods
Study Design
Our study was a retrospective study performed in Emergency Trauma Center, Nanyang Second People’s Hospital. We 
declare that this study, as an observational study, was conducted in accordance with the Declaration of Helsinki, and 
approved by the Ethics Committee of Nanyang Second People’s Hospital (ID: 2013 Research Review No. 21). All the 
information about patient privacy was well protected, and informed consent was obtained from patients or their direct 
relatives. The inclusion criteria in this study were set as below: A. 50 years of age or older; B. Hip surgeries conducted 
for hip fractures. The exclusion criteria were set as below: A. Hip fractures caused by high energy; B. Pathological 
fractures. All patients with hip fractures in our department between January 2014 and January 2021 who met the criteria 
mentioned above were enrolled in our study.

Variables
Baseline features, including sex, body mass index (BMI), type of fracture, fracture history, smoking history, alcoholism 
history, polytrauma, surgical procedures, anesthesia, and time from injury to surgery, were collected and summarized. 
The fracture types were summarized as femoral neck fracture and intertrochanteric fracture, and the surgical procedures 
were divided into internal fixation and arthroplasty. The hospital examination including electrocardiogram, chest radio-
graph, triglycerides (TG), low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c), red 
blood count (RBC), hemoglobin (Hb), blood glucose (GLU), and albumin (ALB) was also collected. According to the 
Chinese Expert Consensus on Management of Dyslipidemia in the Elderly, patients with hypertriglyceridemia, with 
abnormal levels of LDL-c, and with abnormal levels of HDL-c were identified (Hypertriglyceridemia: TG ≥ 2.3 mmol/L; 
Abnormal levels of LDL-c: LDL-c ≥ 4.1 mmol/L; Abnormal levels of HDL-c: HDL-c < 1.0 mmol/L). To evaluate the 
comorbidities of patients, the Charlson comorbidity index (CCI) according to the patient’s comorbidities data.17

Follow-Up and Outcomes
All the patients enrolled in our study were followed up for 1 year via telephone. Death in this study was identified as all- 
cause death, and the free walking ability was identified as the ability that patients were able to complete daily activities 
without assistance. The primary outcomes were mortality rates at 3 months, 6 months, and 1 year after surgery, and 
the second outcomes were the free walking abilities at 3 months, 6 months, and 1 year.

Nonlinear Analyses
To explore the nonlinear relationships between lipids and the survival and walking ability of hip fractures, RCSs with 
four knots based on different Cox models and adjusted for different variables were established. Based on the RCS for the 
relation between LDL-c and 1-year mortality, the LDL-c cutoff points were decided according to the intersection of the 
95% confidence interval (CI) and the Hazard Ratio (HR) = 1. Then, the patients were divided into three groups: patients 
with low levels of LDL-c, patients with middle levels of LDL-c, and patients with high levels of LDL-c.

Statistical Analyses
Continuous variables were expressed as mean ± standard deviation and analyzed by Independent Student’s T-tests for 
normally distributed data and by Wilcoxon rank-sum tests for non-normally distributed data. Categorical variables were 
presented as count (percent) and assessed using Chi-squared tests or Fisher’s exact test. Bonferroni Correction was applied 
for multiple tests to control the probability of committing a type I error at α = 0.05. Kaplan–Meier curves were established 
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and the Log rank test was used to compare the survival between groups. Then, the univariate Cox models were established 
and the significant variables were included in Cox model 1 and Cox model 2. Cox model 1 was adjusted for only one type of 
lipid variable (LDL-c, HDL-c, or TG), while Cox model 2 was adjusted for all types of lipid variables (LDL-c, HDL-c, and 
TG). To reduce the bias caused by co-variables, logistics analyses were also performed to identify the predictive value of 
LDL-c for 6-month and 1-year mortality and walking ability. All analyses were conducted using R software version 4.2.2 (R 
Foundation for Statistical Computing, Vienna, Austria), and some analyses were visualized using GraphPad Prism version 
8.0.1 (GraphPad Software, San Diego, CA). The null hypothesis was rejected for values of P < 0.05.

Results
Baseline Characteristics
Finally, a total of 688 individuals who underwent hip surgeries in our department between January 2014 and 
January 2021 and met the inclusion criteria were included in our study. The detailed inclusion and exclusion 
number of patients could be found in Figure 1. Then, the baseline features of patients with different 1-year 
survival statuses were compared and summarized in Table 1. Of the overall 688 individuals, 122 died within 
1 year, and in the comparison of baseline characteristics between patients with survival time ≤1 year and patients 
with survival time >1 year, patients who survived more than 1 year had significantly lower ages (70.90 ± 10.18 vs 
81.19 ± 6.54, p < 0.001), while there was no significant difference in LDL-c, HDL-c, and TG (Table 1).

Nonlinear Analyses
According to the results of the comparison of baseline characteristics, age as a co-variable was adjusted in RCS models. As 
shown in Figure 2, the nonlinear relationships between lipids (LDL-c, HDL-c, and TG) and 1-year mortality were calculated 
and visualized. There were significant U shapes between LDL-c and 1-year mortality in the unadjusted model (p < 0.001) and 
the model adjusted for age (p < 0.001), while there were no significant nonlinear relationships for HDL-c and TG.

To further explore the nonlinear relation between LDL-c and the prognosis of hip fractures, the patients were divided 
into three groups according to the results of RCS adjusted for age. The two cutoff points were decided: A: 3.49 mmol/L 
(95% CI: 0.998–0.999); B: 4.16 mmol/L (95% CI: 0.521–0.985). The three groups were identified as low levels of LDL- 
c: with levels of LDL-c < 3.49 mmol/L; middle levels of LDL-c: with levels of LDL-c between 3.49 mmol/L and 4.16 
mmol/L; high levels of LDL-c: with levels of LDL-c > 4.16 mmol/L.

Outcomes
The survival and walking ability of patients were compared according to their lipid levels. The Kaplan–Meier curves 
showed that the patients with middle levels of LDL-c had a significantly high survival probability than those with low 
or high levels of LDL-c (p < 0.001, Figure 3A), while there was no significant difference between the patients with 
normal LDL-c and with abnormal LDL-c, as well as HDL-c and TG (all p > 0.05, Figure 3B-D). The relationships 
between lipids and mortality and walking ability are shown in Figure 4 and Table 2. The patients with middle levels of 
LDL-c may have a significantly better prognosis than those with low or high levels of LDL-c in both survival and free 
walking abilities (Figure 4A and B). Figure 4C and D showed the mortality and walking ability in patients with 
normal LDL-c and with abnormal LDL-c, and interestingly, the patients with abnormal LDL-c may have 
a significantly poor 3-month and 6-month free walking rate, while the other outcomes between them were not 
significantly different. The comparison of mortality and walking ability for patients grouped by levels of HDL-c 
and TG is shown in Table 2.

Relationships Between Lipids and Prognosis
The direct comparison between survival and walking ability of patients in different groups may miss the impact of co- 
factors and lead to bias. Therefore, the Cox models and Logistics models were established to identify the relationships 
between lipids and prognosis. In both Cox models and Logistics models, Model 1 was adjusted by age, and all the lipid 
factors were included in the models independently, while Model 2 was adjusted by LDL-c, HDL-c, and 
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hypertriglyceridemia together. To better explore the nonlinear relationships between LDL-c and prognosis, LDL-c was 
transformed into three types of variables: continuous LDL-c, normal or abnormal levels of LDL-c, and low, middle, or 
high levels of LDL-c. Each type of LDL-c was included in models independently. The results of Cox analyses are shown 
in Table 3, and in all models, compared to middle levels of LDL-c, the patients with low and high levels of LDL-c may 
have a significantly high risk of 1-year mortality. Moreover, in the Cox model 2, patients with hypertriglyceridemia may 
also face a higher risk of 1-year mortality than those without hypertriglyceridemia (Table 3).

The results of Logistics regression are summarized in Table 4. In both Model 1 and Model 2, the patients with low levels of 
LDL-c and with high levels of LDL-c may have a poor prognosis compared with patients with middle levels of LDL-c in 

Patients with hip fractures between January 2014 
and January 2021 in our hospital (n=1546)

Exclusion:

Age <50 years (n=148)
High-energy fractures (n=46)
Pathological fractures (n=5)
No surgical procedures conducted (n =223)

Exclusion:

Loss to follow up (n=148)
Unavailable data (n=288)

Individuals enrolled (n=1124)

Analysis (n=688)

Analysis 

High level of LDL-c (n = 118)

Restricted Cubic Spline 

Middle level of LDL-c (n = 225)Low level of LDL-c (n = 345)

Figure 1 Flowchart of our study. 
Abbreviation: LDL-c, low-density lipoprotein cholesterol.
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6-month mortality, 6-month free walking ability, 1-year mortality, and 1-year free walking ability (All p < 0.05). Moreover, the 
abnormal levels of LDL-c may also be a risk factor for 6-month free walking ability (Table 4).

Discussion
Blood lipid is a general term for neutral fats (triglycerides) and lipids (phospholipids, glycolipids, sterols, steroids) in 
plasma, which are widely present in the human body and essential substances for the basic metabolism of cells.18 

However, dyslipidemia, one of the most common chronic diseases featured by increased total cholesterol, increased 
LDL-c, increased TG, and decreased HDL-c in older adults, has been proven to relate to many diseases, especially to 
cardio-cerebral vascular diseases.19

In this study, we explored the relationships between blood lipids and the prognosis of hip fractures. Hip fracture is 
a common geriatric fracture with high mortality and disability, and in the clinic, many older patients may also face hip 
fracture and dyslipidemia.20 Therefore, identifying the associations between them may provide better sights and 
predictive tools in the treatment of hip fractures. To avoid the bias caused by co-factors, multi-variable regression 
analyses were performed and our study indicated that the LDL-c may relate to the survival and walking ability of hip 
fracture, while the other lipids, such as HDL-c and TG, were not significantly associated with the survival and walking 
ability of hip fractures. To calculate and visualize the relationships between LDL-c and the prognosis of hip fractures, the 
RCS was performed. RCS was one of the most common methods for analyzing nonlinear relationships and was widely 

Table 1 Baseline Chart of Our Study

Variables Overall (n=688) Survival > 1 Year (n=566) Survival ≤ 1 Year (n=122) p value

Demographic characteristics
Sex (female) 457 (66.42%) 378 (66.78%) 79 (64.75%) 0.745

Age (years) 72.72 ± 10.41 70.90 ± 10.18 81.19 ± 6.54 <0.001

BMI (kg/m2) 21.75 ± 4.22 21.72 ± 4.21 21.91 ± 4.26 0.746
Fractures history (yes) 98 (14.24%) 77 (13.60%) 21 (17.21%) 0.373

Smoking history (yes) 76 (11.05%) 60 (10.60%) 16 (13.11%) 0.427

Alcoholism history (yes) 38 (5.52%) 32 (5.65%) 6 (4.92%) >0.999

Surgery-related variables
Location of fracture (femoral neck) 348 (50.58%) 286 (50.53%) 62 (50.82%) >0.999

Surgical procedures (arthroplasty) 316 (45.93%) 264 (46.64%) 52 (42.62%) 0.479

Anesthesia (spinal) 5 (0.73%) 5 (0.88%) 0 (0.00%) 0.592
Time from injury to surgery (days) 4.88 ± 0.93 4.87 ± 0.96 4.93 ± 0.81 0.500

CCI score (>4) 169 (24.56%) 135 (23.85%) 34 (27.87%) 0.413

Electrocardiogram (abnormal) 397 (57.70%) 336 (59.36%) 61 (50.00%) 0.072
Chest radiograph (abnormal) 342 (49.71%) 286 (50.53%) 56 (45.90%) 0.408

Hypertension (yes) 393 (57.12%) 333 (58.83%) 60 (49.18%) 0.064

Polytrauma (yes) 104 (15.12%) 83 (14.66%) 21 (17.21%) 0.566

Laboratory findings

RBC 4.43 ± 0.50 4.43 ± 0.50 4.46 ± 0.49 0.608
Hb (g/L) 95.26 ± 14.03 95.35 ± 14.24 94.86 ± 13.04 0.662

ALB (g/L) 38.14 ± 8.99 38.38 ± 9.07 37.01 ± 8.59 0.154

GLU (mmol/L) 6.20 ± 1.40 6.21 ± 1.39 6.15 ± 1.43 0.716
TG (mmol/L) 1.72 ± 1.00 1.73 ± 1.01 1.69 ± 0.95 0.783

LDL - c (mmol/L) 3.46 ± 0.81 3.47 ± 0.75 3.41 ± 1.04 0.064

HDL-c (mmol/L) 1.14 ± 0.15 1.14 ± 0.14 1.16 ± 0.16 0.274
Abnormal levels of LDL-c (yes) 141 (20.49%) 111 (19.61%) 30 (24.59%) 0.266

Abnormal levels of HDL-c (yes) 136 (19.77%) 111 (19.61%) 25 (20.49%) 0.923

Hypertriglyceridemia (yes) 135 (19.62%) 106 (18.73%) 29 (23.77%) 0.252

Notes: Continuous variables were expressed as mean ± standard deviation and categorical variables were presented as count (percent). 
Abbreviations: BMI, body mass index; Hb, Hemoglobin; RBC, red blood count; TG, triglyceride; GLU, blood glucose; ALB, albumin.
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Figure 2 Nonlinear relationships between lipids and 1-year mortality. 
Notes: (A) RCS adjusted for LDL-c; (B) RCS adjusted for LDL-c and age; (C) RCS adjusted for HDL-c; (D) RCS adjusted for HDL-c and age; (E) RCS adjusted for TG; (F) 
RCS adjusted for TG and age.
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used in many population studies.21,22 Interestingly, the relationships between LDL-c and the prognosis of hip fracture 
were fitted by RCS as a nonlinear U shape, which means both the low levels of LDL-c and high levels of LDL-c were the 
risk factors for geriatric hip fractures. Based on the results of RCS, the cutoff points of LDL-c were also generated, and 
the patients were divided into three groups according to the cutoff points for further tests. Compared with the two-groups 
-division by abnormal cutoff points, the three-groups-division may better indicate the U-shape associations. Moreover, to 
avoid the interaction between different lipids in the multivariable models, two kinds of models were established to better 
understand the association of lipids with the prognosis of hip fractures.

Consistent with our study, a population study that followed almost six thousand people showed the significantly 
nonlinear U-shaped relationships between LDL-c and hip fractures: the patients with the lowest and highest quintiles of 
LDL-c may have a significantly higher hip fracture risk, and similarly, the TG was not associated with the risk of hip 
fractures.23 Moreover, a retrospective study showed that patients with high levels of LDL may have a high risk of 
developing chronic non-malignant pain after the primary total hip arthroplasty for femoral neck fractures.24 Similarly, 
a study that reported the relationship between avascular necrosis of the femoral head and dyslipidemia for patients with 
low-energy femoral neck fractures after the treatment of cancellous screws showed that the patients with avascular 
necrosis of the femoral head tend to have a higher LDL-c and lower HDL-c than those without avascular necrosis of the 
femoral head.25 However, in the previous studies, the lipids were always studied and grouped by the abnormal values in 

Figure 3 Kaplan–Meier analyses of 1-year survival for patients grouped by different types of lipids. 
Notes: (A) Patients grouped by low, middle, and high levels of LDL-c; (B) patients grouped by normal and abnormal levels of LDL-c; (C) patients grouped by normal and 
abnormal levels of HDL-c; (D) patients grouped by hypertriglyceridemia.
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the guidelines, which may ignore the nonlinear relationships between them. A more subdivided way of grouping may 
better reveal the association of lipids with outcomes of hip fractures.

Our study was an observational population study, and how to explain the findings was still a controversial question.26 

Bone regeneration ability was one of the major factors for the rehabilitation of geriatric hip fractures: patients with strong 
bone regeneration abilities can get out of bed and exercise more quickly, reducing their bedridden time and consequently 
decreasing the risk of postoperative complications such as blood clots, pneumonia, and bedsores.27,28 As a result, they 
have a better prognosis. The LDL-c may relate to the mortality and walking ability of hip fractures by influencing bone 
metabolism. The negative relationship between LDL-c and BMD had been proved by a Mendelian randomization 
study.29 This conclusion was also reported in some population studies.30,31 However, some studies indicate that there 
might be no significant relationship between BMD and LDL-c.32 Many mechanisms might be used to understand the 
negative relationships between lipids and bone metabolism. In the most direct part, the increased cholesterol may inhibit 
the differentiation of osteoblasts and enhance the activity of osteoclasts, which may contribute to poor bone formation 
ability.33,34 Moreover, the LDL-c may promote arterial calcification, and their accumulation in the subendothelial space 
of skeletal bone arteries may inhibit bone formation.35 Dyslipidemia may also affect bone metabolism by increasing fat 
accumulation, reducing bone vascularization, and regulating oxidative stress which might cause a poor prognosis of 
fractures.36

Figure 4 Mortality and walking ability of patients grouped by different levels of LDL-c. 
Notes: (A) Comparison of mortality between patients with low, middle, and high levels of LDL-c; (B) comparison of free walking rate between patients with low, middle, 
and high levels of LDL-c; (C) comparison of mortality between patients with normal and abnormal LDL-c; (D) comparison of free walking rate between patients with normal 
and abnormal LDL-c. *p-value <0.05; **p-value <0.01; ***<0.001. 
Abbreviation: ns, not significant.
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These mechanisms linking the LDL-c and bone formation may explain the poor survival and walking ability of 
patients with high levels of LDL-c. However, low levels of LDL-c may also associate with poor prognosis of hip 
fractures by revealing the positive relation between LDL-c and all-cause mortality.37 A prospective study conducted in 
South Korea reported that patients with LDL-c < 1.81 mmol/L may face a higher risk of both all-cause mortality and 
cardiovascular disease mortality than those with LDL-c 2.59–3.34 mmol/L.38 Another cohort study showed similar 
results: for participants with a higher risk of coronary events, LDL-c <1.81 mmol/L is associated with increased all-cause 
mortality when compared with LDL-c ≥1.81 mmol/L.39 The association between LDL-c and all-cause mortality may also 
be in patients with hip fractures. LDL-c plays a significant role in the synthesis of cellular membranes and steroid 
hormones, and LDL-c is also one of the most sensitive predictors of malnutrition.40–42 These mechanisms may 
potentially explain why low levels of LDL-c were a protective factor for the prognosis of hip fracture.

Our study has several limitations. Firstly, due to the nature of the observational study, some data of patients and the 
follow-up may be lost, and this may cause bias in our study. Secondly, the results of the test of lipids were the first blood 
test when patients were admitted to our department, and the levels of lipids may be fluctuant, and the time of the test may 
affect the results of our study. Thirdly, as a retrospective study, our study was not able to establish the causality between 

Table 2 Outcomes of Patients Grouped by Different Levels of HDL-c and TG

Outcomes Patients with Normal Levels of  
HDL-c (n=552)

Patients with Abnormal Levels of  
HDL-c (n=136)

p-value

3-month mortality 20 (3.62%) 4 (2.94%) >0.999

6-month mortality 48 (8.70%) 8 (5.88%) 0.368

1-year mortality 97 (17.57%) 25 (18.38%) 0.923
3-month independent walking rate 128 (23.19%) 29 (21.32%) 0.726

6-month independent walking rate 307 (55.62%) 78 (57.35%) 0.788

1-year independent walking rate 396 (71.74%) 103 (75.74%) 0.408

Outcomes Patients without hypertriglyceridemia 
(n=553)

Patients with hypertriglyceridemia 
(n=135)

p-value

3-month mortality 16 (2.89%) 8 (5.93%) 0.112
6-month mortality 39 (7.05%) 17 (12.59%) 0.053

1-year mortality 93 (16.82%) 29 (21.48%) 0.252

3-month independent walking rate 126 (22.78%) 31 (22.96%) >0.999
6-month independent walking rate 307 (55.52%) 78 (57.78%) 0.705

1-year independent walking rate 405 (73.24%) 94 (69.63%) 0.463

Note: Categorical variables were presented as count (percent). 
Abbreviations: TG, triglyceride; HDL-c, high-density lipoprotein cholesterol.

Table 3 Cox Models of 1-Year Mortality Adjusted for Different Factors

Variables Univariate Models Models 1 Models 2

HR (95% CI for HR) p value HR (95% CI for HR) p value HR (95% CI for HR) p value

Middle levels of LDL-c (ref) – – – – – -
Low levels of LDL-c 4.046 [2.291, 7.148] <0.001 3.689 [2.087, 6.522] <0.001 4.310 [2.403, 7.730] <0.001

High levels of LDL-c 4.676 [2.479, 8.819] <0.001 4.574 [2.424, 8.630] <0.001 4.883 [2.582, 9.233] <0.001

LDL-c (continuous) 0.916 [0.729, 1.152] 0.454 0.939 [0.748, 1.179] 0.589 0.902 [0.713, 1.142] 0.393
Abnormal levels of LDL-c (yes) 1.317 [0.872, 1.989] 0.190 1.344 [0.890, 2.030] 0.159 1.302 [0.858, 1.974] 0.215

Abnormal levels of HDL-c (yes) 1.039 [0.670, 1.613] 0.863 1.045 [0.673, 1.623] 0.844 1.043 [0.670, 1.623] 0.852

Hypertriglyceridemia (yes) 1.348 [0.889, 2.045] 0.160 1.373 [0.904, 2.085] 0.137 1.856 [1.203, 2.863] 0.005

Notes: Models 1 were adjusted by age, and all the lipid factors were included in the models independently. Models 2 were adjusted by LDL-c, HDL-c, and 
hypertriglyceridemia together. 
Abbreviations: LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol.
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lipids and the prognosis of fracture. Lastly, though most of the co-factors were included in our multivariable models, 
some of the variables, such as the use of lipid-lowering drugs, were not available, which might cause bias in our results.

In conclusion, the nonlinear U-shape relationships between LDL-c and the prognosis of hip fractures were observed 
in our study: the low and high levels of LDL-c may both relate to the poor survival and walking ability of hip fractures. 
Our findings may provide potential strategies for patients with hip fractures, especially those with dyslipidemia at the 
same time. The potential mechanism behind our findings was still controversial, and further experimental studies may be 
performed to provide more high-grade evidence.

Table 4 Logistics Models of 6-Month and 1-Year Mortality and Free Walking Ability

Variables 6-month mortality

Models 1 Models 2

OR (95% CI) p value OR (95% CI) p value

Middle levels of LDL-c (ref) – – – –
Low levels of LDL-c 8.177 [2.873, 34.401] 0.001 10.780 [3.671, 46.286] <0.001

High levels of LDL-c 11.521 [3.663, 50.932] <0.001 12.245 [3.849, 54.567] <0.001

LDL-c (continuous) 1.072 [0.760, 1.505] 0.691 0.972 [0.676, 1.387] 0.877
Abnormal levels of LDL-c (yes) 1.693 [0.875, 3.153] 0.105 1.536 [0.784, 2.895] 0.195

Variables 6-month free walking ability

Models 1 Models 2

OR (95% CI) p value OR (95% CI) p value

Middle levels of LDL-c (ref) – – – –

Low levels of LDL-c 0.640 [0.450, 0.906] 0.012 0.646 [0.451, 0.922] 0.016

High levels of LDL-c 0.424 [0.267, 0.668] <0.001 0.421 [0.265, 0.665] <0.001
LDL-c (continuous) 0.891 [0.737, 1.075] 0.229 0.874 [0.719, 1.060] 0.172

Abnormal levels of LDL-c (yes) 0.554 [0.380, 0.806] 0.002 0.536 [0.365, 0.784] 0.001

Variables 1-year mortality

Models 1 Models 2

OR (95% CI) p value OR (95% CI) p value

Middle levels of LDL-c (ref) – – – –

Low levels of LDL-c 4.483 [2.455, 8.720] <0.001 5.090 [2.734, 10.105] <0.001
High levels of LDL-c 5.866 [2.860, 12.539] <0.001 5.990 [2.910, 12.865] <0.001

LDL-c (continuous) 0.932 [0.716, 1.209] 0.596 0.895 [0.680, 1.172] 0.421
Abnormal levels of LDL-c (yes) 1.438 [0.853, 2.387] 0.165 1.384 [0.815, 2.314] 0.220

Variables 1-year free walking ability

Models 1 Models 2

OR (95% CI) p value OR (95% CI) p value

Middle levels of LDL-c (ref) – – – –

Low levels of LDL-c 0.314 [0.197, 0.488] <0.001 0.287 [0.178, 0.453] <0.001

High levels of LDL-c 0.268 [0.153, 0.461] <0.001 0.261 [0.149, 0.451] <0.001
LDL-c (continuous) 1.096 [0.887, 1.357] 0.395 1.126 [0.905, 1.404] 0.288

Abnormal levels of LDL-c (yes) 0.773 [0.512, 1.179] 0.225 0.781 [0.515, 1.197] 0.250

Notes: Models 1 were adjusted by age, and all the lipid factors were included in the models independently. Models 2 were adjusted by 
LDL-c, HDL-c, and hypertriglyceridemia together. 
Abbreviation: LDL-c, low-density lipoprotein cholesterol.
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Conclusion
Low and high levels of LDL-c may both relate to the poor survival and walking ability of hip fractures.
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