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Background: Vitamin D deficiency is a common comorbidity in geriatric hip fracture patients. However, there is still an ongoing 
debate regarding the influence of preoperative Vitamin D status on postoperative mortality in hip fracture patients.
Methods: Elderly patients (≥60 years) who underwent surgical interventions for unilateral hip fracture from 2015 to 2020 in our 
center were included. We retrospectively retrieved the demographic data from the electronic medical database. Preoperative serum 
total 25-hydroxy-Vitamin D was set as the independent variable and patients were classified as the Vitamin D deficiency (<20ng/mL) 
and the control groups consequently. Clinical outcomes include all-cause mortality, walking ability, and major postoperative 
complications in the first postoperative year. Propensity score matching (PSM) was performed in a ratio of 1:1 in the two groups 
for further comparison.
Results: A total of 210 patients were included and 121 patients (57.6%) were diagnosed with Vitamin D deficiency. Patients in the 
Vitamin D deficiency group were much older and therefore preferred peripheral nerve block, and had significantly higher proportions 
of females, preoperative dementia, higher ASA grade, and lower baseline serum albumin level. Overall, 79 patients were identified in 
the Vitamin D deficiency and control groups after PSM, respectively. Patients diagnosed with Vitamin D deficiency showed 
a significantly higher one-year mortality (21.5% vs 6.3%, P=0.011) and a much lower one-year independent walking rate (67.1% 
vs.84.8%, P=0.016) after the matching. Regarding the dataset before PSM and after PSM, the AUC for serum Vitamin D for predicting 
one-year mortality was 0.656 (P=0.006) and 0.695 (P=0.002), respectively.
Conclusion: Our retrospective PSM-design study provides new evidence that Vitamin D deficiency was associated with 
a significantly higher mortality and poor walking ability in the first year after surgical intervention based on southern Chinese 
populations.
Keywords: vitamin D deficiency, mortality, hip fracture, propensity score match, Chinese population

Introduction
Geriatric hip fracture is a global public health problem, which affects approximately 4.5 million people per year 
worldwide.1 Due to the well-proven efficiency of surgical interventions, hip fracture patients typically require urgent 
operative treatment unless contraindicated by severe medical instability.2 Although several significant advances in 
anesthesia and surgical procedures were reported recently, hip fracture patients are still at substantial risk for a worse 
prognosis.3 It was reported that 7%4 and 16.6%5 of the hip fracture patients died within 30 days and the first year after 
surgery, respectively. As poor prognosis is related to a high risk of medical dispute,6 identifying patient-specific risk 
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factors of death and walking disability is conducive to more reasonable and cost-effective preoperative clinical decision- 
making.

Vitamin D deficiency is a common comorbidity in geriatric hip fracture patients, with the incidence varying from 46% 
to 77.8%.7–9 Vitamin D deficiency is associated with many clinical outcomes including type of hip fracture, risk of falls, 
and cognitive status in hip fracture patients.10,11 However, there is still an ongoing debate when concerning the influence 
of preoperative Vitamin D status on postoperative mortality in hip fracture patients. Although there have been nearly 
a dozen retrospective studies investigating this issue,7–9,12–18 it is difficult to reach a consensus due to the conflicting 
results caused by the heterogenization of study design and statistical method, variable methods of Vitamin 
D measurement, as well as different follow-up time. Additionally, the quality of evidence in most of the previously- 
mentioned studies is largely limited by the selection bias due to the retrospective design. We previously reported that 
there were some major risk factors (ie, age, gender, serum albumin (ALB), anesthesia procedure, etc.) of increased 
postoperative mortality in hip fracture patients,19,20 which might be a potential cause of the conflicting results in 
previously-mentioned studies.

Consequently, the present study aimed to further investigate the influence of preoperative Vitamin D deficiency on 
one-year mortality in Chinese geriatric hip fracture patients via a retrospective propensity score matching (PSM) design, 
with the inclusion of almost all the currently known confounding factors.

Methods and Materials
Study Design
The present study was approved by the institutional review board of Guangdong Provincial People’s Hospital (KY2020- 
621-01) and was conducted following the ethical principles of the Helsinki declaration. The institutional review board of 
our hospital waived the informed consent procedure for our study due to the retrospective nature of the review. All the 
authors confirmed that the data used in our study was maintained with confidentiality. The electronic medical records of 
our hospital were reviewed and patients who met the following criteria were included in the present study: 1) aged ≥60 
years, 2) diagnosed with a low-energy mechanism femoral neck or intertrochanteric fracture at our center between 
January 1, 2015, and December 31, 2020, 3) underwent surgical intervention. The exclusion criteria included those: 1) 
without intact data of Vitamin D, 2) with a previous history of trauma or surgery in the involved hip, 3) diagnosed with 
a peri-prosthetic, pathological or open fracture, and 4) diagnosed with severe multiple injuries that required non- 
orthopedic-related emergency surgeries.

Data Collection
Demographic data including age, gender, marital status, medical insurance, history of fragility fracture, preoperative 
dementia, as well as smoking and alcohol abuse history of selected patients were retrospectively retrieved from the 
medical data center. Clinical-related variables such as time from admission to surgery, diagnosis, Charlson comorbidity 
index (CCI), American Society of Anesthesiologist (ASA) grade, vital signs, serum total Vitamin D level, hemoglobin 
(HGB), and albumin (ALB) at the admission date, type of anesthesia and surgery, and results of electrocardiograph and 
chest radiography were also collected.

CCI was calculated to obtain an overall assessment of preoperative comorbid conditions.21 As we previously 
reported,19 CCI was transformed into a binary variable with the median of CCI (4) set as the cutoff. An abnormal 
vital sign was defined according to the criteria of Zanker’s study.22 Results of electrocardiogram and chest radiograph 
were classified as “Abnormality” only when they were considered to be clinically significant by the correspondent 
authors.

The independent variable in our study was the preoperative total serum Vitamin D level. Serum total 25-hydroxy-VD 
(t-25OHD) is currently the most widely used indicator of Vitamin D status,14 and Vitamin D deficiency was defined as 
<20ng/mL.9 Serum t-25OHD level was quantified by an electrochemiluminescence kit (Vitamin D total, Roche 
Diagnostics GmbH, Mannheim, Germany). The coefficient of variation percent (CV%) of intra- and inter-assay were 
8.0% and 5.2%, respectively. The primary outcome was all-cause mortality in the first postoperative year, and the causes 
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of death were also recorded. Secondary outcomes included walking ability, major postoperative complications within the 
first year, length of stay (LOS), and cost of hospitalization.

All-cause mortality, walking ability, and major postoperative complications in the first postoperative year were 
obtained from telephone follow-up by a well-trained staff with uniformed questionnaire. Patients were classified as 
“independent walking” when they scored ≥5 points in the locomotion section according to the functional independence 
measure scoring system.23 As we previously described,20 patients who died within the first year after surgery were 
defined as “walking ability impairment.” Major complications included pulmonary infection, deep venous thrombosis in 
the lower limbs, pulmonary embolism, craniocerebral events, prosthetic joint infection, periprosthetic fracture, and 
dislocation.

Statistical Analysis
Continuous data were expressed as mean ± standard deviation or median with an interquartile range. Categorical data 
were presented as percent (count). Baseline characteristics between the Vitamin D deficiency group and the control group 
were summarized and compared using bivariate tests (Mann–Whitney U, χ2, or Fisher’s exact tests). Patient demo-
graphics and baseline clinical data that possibly affect postoperative morbidity and mortality were included, followed by 
a PSM analysis with a ratio of 1:1. The detailed protocols of PSM for retrospective studies have been well described in 
Malhas et al’s study.24 Briefly, the propensity score was calculated by logistic regression analysis using patient 
demographics and baseline clinical data to examine the association of baseline Vitamin D level with one-year post-
operative mortality. We used calipers of width equal to 0.2 of the standard deviation of the logit of the propensity score 
during PSM as recommended.25 The predictive abilities of preoperative serum Vitamin D level for one-year mortality in 
the entire data set (before PSM) and PSM set were further tested via area under the curve (AUC) analysis. Receiver 
operating characteristic (ROC) curves were performed to establish the cut-off values. Two-tailed tests were used, and 
differences were considered significant if P<0.05. SPSS 20.0 statistical software (Chicago, IL, USA) was used for the 
analysis.

Results
Demographic Data
A total of 820 patients who underwent surgical treatment due to femoral neck fracture or intertrochanteric fracture from 
January 1st, 2015, to December 31, 2020 in our center were identified. Only 245 of them (29.9%) had intact data of 
serum total Vitamin D level, and 210 patients were enrolled after exclusion (Figure 1). One hundred and twenty-one 
patients (57.6%) were diagnosed with Vitamin D deficiency, while there were 89 patients (42.4%) in the control group, 
with the mean serum Vitamin D level being 13.55 (10.86, 17.12) ng/mL and 26.02 (22.91, 30.73) ng/mL, respectively. 
The details of baseline demographic and clinical data of the entire data set, control group, and Vitamin D deficiency 
group are shown in Table 1.

Before matching, patients diagnosed with Vitamin D deficiency were older (80 yrs. vs 75yrs. P<0.001) and 
therefore preferred peripheral nerve block (53.7% vs 34.8%, P=0.013),20 and had higher proportion of female 
(80.2% vs 64.0%, P=0.014), preoperative dementia (16.5% vs 3.4%, P=0.005), higher ASA grade (43.8% vs 28.1%, 
P=0.029), lower baseline serum ALB level (33.62 ± 4.21 g/L vs 35.01 ± 4.51 g/L, P=0.024). Seventy-nine patients 
were identified in Vitamin D deficiency group and control group after PSM, respectively. No significant difference was 
found in the baseline demographic and clinical data between the two groups after matching. Notably, the rate of anti- 
osteoporotic treatment during stay of the entire data set was relatively low (25.7%), which did not differ in the two 
groups both before and after matching. Nevertheless, all enrolled patients were recommended daily supplements of 
vitamin D (0.5ug, Calcitriol) and calcium (600mg, Caltrate D) after discharge, and their compliance was confirmed by 
telephone follow-up.
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Clinical and Health Economics Outcomes
The all-cause one-year mortality of the entire data set was 14.8% (Table 2). The detailed causes of all the 31 deaths are 
shown in Table 3. Patients diagnosed with Vitamin D deficiency showed significantly higher one-year mortality both 
before (20.7% vs 6.7%, P<0.001) and after the matching (21.5% vs 6.3%, P=0.011).

As shown in Figure 2, the AUC for serum Vitamin D for predicting one-year mortality in the entire data set (before 
PSM) was 0.656 (P=0.006, 95% CI: 0.555–0.757). The best cut-off value of serum Vitamin D was 16.21 ng/mL, with the 
specificity and the sensitivity being 64.2% and 67.7%, respectively. Before PSM, there were 85 patients with a serum 
Vitamin D lower than 16.21 ng/mL, who showed 3.77 times the risk of one-year mortality when compared with the 
others (P=0.002, 95% CI: 1.67–8.51).

As for the data set after PSM, the AUC for serum Vitamin D for predicting one-year mortality was 0.695 (P=0.002, 
95% CI: 0.578–0.811, Figure 3). The best cut-off value of serum Vitamin D was 17.80 ng/mL, with the specificity and 
the sensitivity being 64.0% and 72.7%, respectively. After PSM, those with a serum Vitamin D lower than 17.80 ng/mL 
showed 3.82 times the risk of one-year mortality when compared with the others (P=0.001, 95% CI: 1.58–9.23).

There was a significantly lower one-year independent walking rate in the Vitamin D deficiency group both before 
(65.3% vs 85.4%, P<0.001) and after the matching (67.1% vs.84.8%, P=0.016), which is shown in Table 2. Although 
a higher risk of major complications was still found in the Vitamin D deficiency group after PSM, it did not reach 
a significant level (10.1% vs 3.8%, P=0.177). Sixteen major complications within the first postoperative year were 
reported in surviving patients of the entire data set. Details of the major complications are listed in Table 4 and 
pulmonary infection was the most common complication (43.8%) in the present study. The hospitalization costs and 
LOS did not differ between the two groups.

Figure 1 Flowchart of the present study.
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Discussion
Vitamin D deficiency is a common and important condition in geriatric hip fracture patients but is often underestimated 
by orthopedic surgeons. In the Mediterranean region, the prescription of vitamin D supplements is only 30–35% in 
patients before and after a hip fracture.26 Only 15% of hip fracture patients had a vitamin D concentration measurement 

Table 1 Baseline Demographic and Clinical Data

Items Entire Data Set 

(n=210)

Before PSM After PSM

Control 

(n=89)

VitD Deficiency 

(n=121)

P-value Control 

(n=79)

VitD Deficiency 

(n=79)

P-value

Serum vitamin D (ng/mL), median 

(quartile)

18.53  

(13.14, 24.31)

26.02 

(22.91, 30.73)

13.55  

(10.86, 17.12)

< 0.001 25.81 

(22.83, 30.71)

13.4  

(10.62, 16.22)

< 0.001

Age (years), median (quartile) 78 (68,84) 75 (63, 83) 80 (72, 85) <0.001 75 (64, 83) 78 (70, 83) 0.101

Gender (male), N (%) 56 (26.7%) 32 (36.0%) 24 (19.8%) 0.014 26 (32.9%) 20 (25.3%) 0.381

Marriage (with spouse), N (%) 162 (77.1%) 70 (78.7%) 92 (76.0%) 0.779 62 (78.5%) 61 (77.2%) 1.000

Medical insurance (no), N (%) 71 (33.8%) 32 (36.0%) 39 (32.2%) 0.677 28 (35.4%) 32 (40.5%) 0.623

History of fragility fractures (no), N (%) 173 (82.4%) 73 (82.0%) 100 (82.6%) 1.000 65 (82.3%) 67 (84.8%) 1.000

Smoking history (no), N (%) 196 (93.3%) 84 (94.4%) 112 (92.6%) 0.808 75 (94.9%) 74 (93.8%) 1.000

Alcohol abuse history (no), N (%) 205 (97.6%) 88 (98.9%) 117 (96.7%) 0.398 78 (98.7%) 77 (97.5%) 1.000

Preoperative dementia (no), N (%) 187 (89.0%) 86 (96.6%) 101 (83.5%) 0.005 76 (96.2%) 73 (92.4%) 0.495

*Wait time (≤2 days), N (%) 48 (22.9%) 23 (25.8%) 25 (20.7%) 0.473 22 (27.8%) 14 (17.7%) 0.184

Diagnosis (FNF), N (%) 146 (69.5%) 61 (68.5%) 85 (70.2%) 0.909 54 (68.4%) 57 (72.2%) 0.728

CCI (≤4), N (%) 109 (51.9%) 53 (59.6%) 56 (46.3%) 0.078 47 (59.5%) 45 (57.0%) 0.872

ASA grade (≤II), N (%) 132 (62.9%) 64 (71.9%) 68 (56.2%) 0.029 56 (70.9%) 52 (65.8%) 0.608

Baseline HGB (g/L), mean (SD) 108.28 (22.17) 110.76 (20.32) 106.45 (23.44) 0.157 111.46 (20.57) 109.83 (22.94) 0.637

Baseline ALB (g/L), mean (SD) 34.21 (4.37) 35.01 (4.51) 33.62 (4.21) 0.024 34.74 (4.41) 33.74 (4.58) 0.161

Vital sign (normal), N (%) 197 (93.8%) 81 (91.0%) 116 (95.9%) 0.249 74 (93.7%) 76 (96.2%) 0.719

Electrocardiograph (normal), N (%) 77 (36.7%) 36 (40.4%) 41 (33.9%) 0.406 32 (40.5%) 25 (31.6%) 0.320

Chest radiography (normal), N (%) 60 (28.6%) 31 (34.8%) 29 (24.0%) 0.117 28 (35.4%) 21 (26.6%) 0.302
#Anti-osteoporotic treatment (yes), N (%) 54 (25.7%) 28 (23.1%) 26 (29.2%) 0.404 22 (27.8%) 22 (27.8%) 1.000

Type of anesthesia, N (%) 0.013 0.389

GA 32 (15.2%) 19 (21.3%) 13 (10.7%) 17 (21.5%) 12 (15.2%)

SA 82 (39.1%) 39 (43.8%) 43 (35.5%) 33 (37.1%) 41 (51.9%)

PNB 96 (45.7%) 31 (34.8%) 65 (53.7%) 29 (36.7%) 26 (32.9%)

Surgical procedures, N (%) 0.115 0.647

BHA 68 (32.4%) 22 (24.7%) 46 (38.0%) 21 (26.6%) 28 (35.4%)

THA 70 (33.3%) 34 (38.2%) 36 (29.8%) 29 (36.7%) 26 (32.9%)

PFNA 61 (29.1%) 26 (29.2%) 35 (28.9%) 23 (29.1%) 21 (26.6%)

CS 11 (5.2%) 7 (7.9%) 4 (3.3%) 6 (7.6%) 4 (5.1%)

Notes: *Time from admission to surgery. #Anti-osteoporotic supplementation during stay, including zoledronate, alendronate, and teriparatide. 
Abbreviations: PSM, propensity score matching; SD, standard deviation; FNF, femoral neck fracture; CCI, Charlson comorbidity index; ASA, American Society of 
Anesthesiologists; GA, general anesthesia; SA, spinal anesthesia; PNB, peripheral nerve block; BHA, bipolar hemiarthroplasty; THA, total hip arthroplasty; PFNA, proximal 
femoral nail antirotation; CS, cannulate screw; HGB, hemoglobin; ALB, albumin.

Table 2 Clinical and Health economics Outcomes

Items Entire Data Set 

(n=210)

Before PSM After PSM

Control  

(n=89)

VitD Deficiency 

(n=121)

P-value Control  

(n=79)

VitD Deficiency 

(n=79)

P-value

One-year mortality, n (%) 31 (14.8%) 6 (6.7%) 25 (20.7%) <0.001 5 (6.3%) 17 (21.5%) 0.011

One-year independent walking, n (%) 155 (73.8%) 76 (85.4%) 79 (65.3%) <0.001 67 (84.8%) 53 (67.1%) 0.016

One-year major complication, n (%) 16 (7.6%) 3 (3.4%) 13 (10.7%) 0.069 3 (3.8%) 8 (10.1%) 0.177

Hospitalization costs (CNY), 

median (quartile)

51,832  

(45,167, 69,584)

54,628  

(43,752, 69,580)

51,461  

(45,529, 68,738)

0.831 54,153  

(43,924, 70,450)

51,602  

(44,693, 69,166)

0.975

Hospital stays (days), median (quartile) 9 (7,12) 9 (7, 11) 10 (7, 12) 0.178 9 (7, 11) 10 (7, 13) 0.121
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in the perioperative period according to an earlier published study.27 Similarly, there was a comparable low Vitamin 
D measurement rate in our study (29.9%). In our study, the one-year mortality rate of geriatric hip fracture patients before 
and after PSM was 14.8% and 13.9%, respectively. Our data of one-year mortality in hip fracture patients after surgery 
was comparable to the results of a recently published study involving patients with similar age and treatment strategies.5 

Of note, the large-scale study involving 269,535 patients in Asian population reported that 14.5% of hip fracture patients 
who had surgery died within 1 year, which was also consistent with the one-year mortality we found in our center.28 

Thus, we suggest that our involved patients were representative and the potential selection bias was limited.
In the current study, patients in the Vitamin D deficiency group had a significantly higher one-year mortality both 

before and after the matching, which indicated that preoperative Vitamin D deficiency is one of the risk factors for one- 
year mortality in geriatric hip fracture patients. As far as we know, there were five studies regarding the one-year 
mortality rate in geriatric hip fracture patients. Being consistent with our study, previous reports using multivariate Cox 
regression or univariate analysis showed that vitamin D deficiency (<20 ng/mL) was associated with greater one-year 
mortality after hip fractures.17,18 Survival analysis indicated that the t-25OHD showed a tendency to predict survival, as 
the one-year mortality rate increased from 8% to 14% when comparing the t-25OHD deficiency group (≤16 ng/mL) and 
the control group.14 In addition, a retrospective, total cohort study including 30,552 patients found that Vitamin 
D supplementation showed a moderate but significant influence on postoperative mortality in hip fracture patients,29 

Table 3 Causes of Death in the First Postoperative Year 
of the Entire Data Set

Causes n

Unknown causes, n (%) 8 (25.8%)

Multiorgan failure, n (%) 3 (9.7%)

Pulmonary infection, n (%) 3 (9.7%)
Cardio cerebrovascular disease, n (%) 3 (9.7%)

Malignant tumor, n (%) 2 (6.5%)

Unwilling to disclose, n (%) 12 (38.7%)

Total 31

Figure 2 Results of AUC for serum Vitamin D for predicting one-year mortality in the entire data set (before PSM).
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which is in favor of our findings. However, the opposite side claimed that the four groups classified by quartiles of serum 
25(OH)D did not differ in the one-year mortality of geriatric hip fracture patients.12 A recent study also reported no 
statistically significant relationship between vitamin D deficiency and one-year mortality, although there is a slightly 
higher incidence of one-year mortality in the vitamin D deficiency group (25% vs 21%).9 Of note, we found that different 
vitamin D measurement methods were performed among the studies. For instance, liquid chromatography-tandem mass 
spectrometry was performed in Ingstad’s study, while an electrochemiluminescence kit was performed in our study.9 

Given the different accuracy and precision of different techniques, we speculated the variation in vitamin D measurement 
methods could be one of the potential biases that led to this conflicted conclusion. In addition, the heterogenization of 
study design, sample size, and statistical method of the previously-mentioned studies could also contribute to the 
conflicted conclusion. Collectively, the majority of studies support that preoperative vitamin D deficiency is closely 
associated with increased one-year mortality in hip fracture patients, which is consistent with our finding.

As far as we know, we are the first to use PSM to minimize selection bias when investigating the potential 
relationship between Vitamin D and postoperative mortality in hip fracture patients. Our PSM model included almost 
all the well-known preoperative indicators for postoperative mortality that were described in previous studies,22 such as 
gender, age, CCI, residence, ALB, anesthesia procedure, anti-osteoporotic treatment, and preoperative ECG results. As it 
was reported that data after PSM presumably approximates what a prospective randomized data set would have shown,30 

we suggest that our study likely has a higher standard of evidence than other retrospective studies.

Figure 3 Results of AUC for serum Vitamin D for predicting one-year mortality in the data set after PSM.

Table 4 Details of the One-Year Major Complications in 
Survival Patients of the Entire Data Set

Major Complication n

Pulmonary infection, n (%) 7 (43.8%)
Prosthesis dislocation, n (%) 3 (18.7%)

Preprosthetic joint infection, n (%) 3 (18.7%)

Cardio-cerebral vascular accidents, n (%) 2 (12.5%)
Preprosthetic fracture, n (%) 1 (6.3%)

Total 16
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It is widely accepted that Asian countries will contribute more to the pool of hip fractures in the coming years.1,31 

However, all the five studies we mentioned before were conducted at medical centers in Europe and our study 
represented the first time to investigate this issue in south Chinese populations. As significant differences in hip fracture 
prevalence, bone mineral density, and bone geometry were found between the Asian and Caucasian populations,32,33 we 
propose that our study could provide additional evidence of the influence of Vitamin D on long-term prognosis in hip 
fracture patients from southern China.

Currently, there is no consensus on the optimal cut-off values of t-25OHD for predicting clinical outcomes and the 
definition of adequate vitamin D status due to the different racial background.14,34 Based on the results of an observa-
tional, cross-sectional analysis, which was conducted in healthy South Asian populations who were aged from 40 to 69 
years, 92% of the patients (5918 in 6433) were classified as Vitamin D deficiency (<20 ng/mL) according to the criteria, 
which were primarily set based on Caucasian populations.35 Consistently, we also found that the best cut-off values 
(16.21 ng/mL before PSM and 17.80 ng/mL after PSM) for predicting one-year mortality in south Chinese geriatric hip 
fracture patients were slightly lower than the commonly used cut-off thresholds of Vitamin D deficiency. Thus, we 
propose that the optimal cut-off value of Vitamin D for predicting clinical outcomes should be lower in Chinese 
populations, but more evidence is strongly needed.

Vitamin D status is one of the predictors of postoperative walking ability recovery in geriatric hip fracture patients.36 

In the current study, significantly lower long-term (1 year) independent walking rates were found in Vitamin D deficiency 
patients both before and after the matching. Similarly, it was reported that there was a worse short-term (30 and 60 days) 
mobility in patients with Vitamin D <12 ng/mL.7 Vitamin D is crucial in maintaining and improving muscle strength as 
well as physical performance.37 It was also reported that older people with vitamin D deficiency might be at risk of 
sarcopenia, a geriatric syndrome characterized by the progressive loss of skeletal muscle mass and strength, which is 
often complicated by adverse events, such as falls and even death.38 Furthermore, Vitamin D was identified as an 
independent risk factor for in-hospital postoperative medical complications (pneumonia, thromboembolic events, and 
poorer cognitive status).39 Thus, we suggest that Vitamin D deficiency-related muscle strength decrease might be one of 
the major causes of reduced postoperative mobility, higher mortality, and increased risk of prolonged bed rest related- 
complications.

Our study has a few limitations. Firstly, it is a single-center, retrospective study with a relatively small sample size. 
Large-scale prospective studies are needed to further validate our conclusion, although PSM was performed to minimize 
the potential influence of selection bias in the current study. Nevertheless, the serum Vitamin D levels were measured in 
the same way by the same laboratory throughout the period in our study due to the single-center design. Secondly, the 
outpatient follow-up was largely limited by the COVID-19 issue. Only a very small proportion of patients have the 
results of vitamin D at the third month after surgery, details of which we have provided in Supplementary Figure 1. 
However, the long-term Vitamin D status was unavailable in the present study, which might cause potential bias for the 
one-year clinical outcomes.

Conclusion
The present study provides new evidence that Vitamin D deficiency was associated with a significantly higher mortality 
and poor walking ability in the first year after surgical intervention based on southern Chinese populations.
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