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Abstract
OBJECTIVES: This study aimed to evaluate the associations of preoperative 
vitamin D status with postoperative outcomes in geriatric hip fracture patients 
managed within an integrated orthogeriatric pathway.
MATERIALS AND METHODS: This retrospective observational cohort 
study included 549 patients (aged ≥ 60 years) who underwent surgery for 
fragility hip fractures at Bangkok Hospital Headquarters between 2016 and 
2025. A sub-analysis was conducted on 334 patients with available                          
preoperative serum 25-hydroxyvitamin D (25(OH)D) levels. Key variables 
included age, Charlson Comorbidity Index (CCI), and prefracture frailty 
assessed using the Clinical Frailty Scale (CFS). The primary outcome was 
overall postoperative complications.
RESULTS: The mean age was 79.9 years, and 69.0% of participants were 
female. Frailty assessment showed that 48.8% were fit (CFS ≤ 3), 31.1% 
were vulnerable (CFS 4–5), and 20.0% were frail (CFS ≥ 6). Among 334 
patients with available preoperative 25(OH)D measurements, vitamin D 
deficiency (VDD; < 20 ng/mL) was present in 46.4%. Overall postoperative 
complications occurred in 184 patients (55.1%), including 93/155 (60.0%) 
in the VDD group and 91/179 (50.8%) in the non-deficient group (p = 0.117). 
Lower vitamin D levels were significantly associated with higher comorbid-
ity burden (p = 0.033) and greater frailty (p = 0.012), but not with overall 
postoperative complications or delirium (all p > 0.05).
CONCLUSION: While frailty remains an important clinical consideration 
in early postoperative vulnerability, preoperative vitamin D status may serve 
as a biochemical marker of underlying physiological vulnerability. The lack 
of association between VDD and short-term outcomes in this cohort suggests 
that vitamin D status alone may not predict acute postoperative outcomes. 
Nevertheless, routine assessment and correction of vitamin D remain important 
for long-term musculoskeletal health, mobility recovery, and secondary 
fracture prevention within the Fracture Liaison Service (FLS) framework.

Keywords: fragility hip fracture, Clinical Frailty Scale (CFS), vitamin D 
deficiency (VDD), orthogeriatric pathway, postoperative complications.

Fragility hip fractures represent the most severe complication of 
osteoporosis and constitute a global public health crisis, characterized 
by profound morbidity, functional decline, and excess mortality 

in the older population.1-3 Projections suggest that 1 in 3 women and 1 
in 6 men will sustain a hip fracture by their ninth decade, with the                
incidence rising exponentially after age 75.3 While standardized                     
orthogeriatric pathways have been implemented internationally to                 
improve multidisciplinary care and contemporary outcome data from 
mature systems, particularly in Thailand, remain limited.1,3

	 The prognosis for these patients is not determined by chronological 
age alone but is primarily governed by frailty, defined as a state of reduced 
physiological reserve and increased vulnerability to stressors.4,5                       
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The Clinical Frailty Scale (CFS) has emerged as a robust tool 
for risk stratification, with higher scores consistently                                 
predicting 30-day survival, postoperative complications, and 
institutionalization.5 Furthermore, surgical timing is a critical 
modifiable determinant; procedures delayed beyond 48 hours 
are significantly associated with an increased incidence of 
postoperative complications and delirium, which remains a 
frequent and severe neurological complication in this                      
population.6,7

	 Vitamin D plays a foundational role in the pathophysiology 
of hip fractures through its classical function in maintaining 
calcium homeostasis and bone mineralization.8,9 Beyond its 
skeletal effects, vitamin D exerts pleiotropic actions on the 
musculoskeletal system due to the wide distribution of vitamin 
D receptors throughout skeletal muscle tissue.10,11                                    
Consequently, VDD is directly linked to myopathy, impaired 
postural balance, and an increased risk of falls, all of which 
serve as immediate precursors to skeletal fractures.10-12

	 The prevalence of VDD in the geriatric population is             
increasingly recognized as a “stealthy epidemic”.13 Reported 
rates of deficiency range from 60% to over 80% in patients 
presenting with acute hip fractures.3,13 Even in tropical regions 
such as Thailand, where sunlight is abundant, data indicate a 
high prevalence of vitamin D insufficiency reaching 38.7% 
among elderly nursing home residents, underscoring that 
geographical location does not grant immunity from                              
deficiency due to age-related physiological vulnerabilities.14 

This is partly explained by age-related physiological changes, 
such as a four-fold reduction in the skin’s capacity for vitamin 
D synthesis compared to younger individuals.11

	 VDD is one of the most common yet potentially modifiable 
risk factors for osteoporosis and fragility hip fractures in 
older adults.9,15 Aging is associated with reduced cutaneous 
vitamin D synthesis, limited sunlight exposure, inadequate 
dietary intake, impaired intestinal absorption, declining renal 
activation of vitamin D, obesity, chronic kidney disease, liver 
disease, and the use of medications such as glucocorticoids 
and anticonvulsants, all of which contribute to low serum 
25(OH)D concentrations. VDD results in secondary                                
hyperparathyroidism, accelerated bone loss, impaired muscle 
strength, and an increased risk of falls and fractures. Globally, 
VDD affects approximately one billion people, with older 
adults representing one of the highest-risk population.16,17 

Among patients presenting with fragility hip fractures, the 
prevalence of VDD has consistently been reported between 
46% and 92%, while a recent Thai study demonstrated VDD 
(< 20 ng/mL) in 57.4% and vitamin D inadequacy (< 30 ng/mL) 
in 86.1% of elderly patients with osteoporotic hip fractures 18, 
highlighting the substantial burden of hypovitaminosis D in 
this population. This study aimed to evaluate the associations 
of preoperative vitamin D status with postoperative outcomes 
in geriatric hip fracture patients managed within an integrated 
orthogeriatric pathway.

Materials and methods

	 This retrospective observational cohort study included 
consecutive patients aged ≥ 60 years who underwent surgery 
for fragility hip fractures at Bangkok Hospital Headquarters, 
Thailand, between January 1, 2016, and December 31, 2025. 
Hip fractures were identified using ICD-10 codes S72.0, S72.1, 
and S72.2 as inclusion criteria. Patients with high-energy 
trauma, pathological or periprosthetic fractures, non-operative 
management, previous surgery at another institution, or               
incomplete records were excluded. The study was approved 
by the Institutional Review Board, and the requirement for 
informed consent was waived due to the retrospective use of 
anonymized data.

	 Clinical data were retrospectively extracted from the     
electronic medical record, hospital fracture registry, picture 
archiving and communication system (PACS), and anesthesia 
information system. Of the total cohort, preoperative serum 
25(OH)D data were available for 334 patients (60.8%), who 
formed the sub-analysis group for vitamin D-related outcomes.
Collected variables included age, sex, fracture type, Charlson 
Comorbidity Index (CCI), pre-fracture frailty assessed using 
the 9-point Clinical Frailty Scale (CFS) within 48 hours                      
of admission, and admission serum 25(OH)D level.19,22                          
Postoperative outcomes and complications were retrospectively 
identified using the corresponding ICD-10 diagnostic codes 
recorded in the electronic medical record. The primary outcome 
was at least one postoperative complication during the index 
hospitalization. Secondary outcomes included postoperative 
delirium, individual postoperative complications, length of 
hospital stay and one-year mortality.

	 Statistical analyses were performed using RStudio.                    
Continuous variables were summarized as mean ± standard 
deviation or median (interquartile range), and categorical 
variables as frequencies and percentages.

	 Group comparisons were performed using the Wilcoxon 
rank-sum or Kruskal–Wallis test for continuous variables and 
the chi-square test for categorical variables. Statistical                      
significance was defined as a two-sided p value < 0.05.

Results

	 Among 549 patients who underwent surgery for fragility 
hip fractures, the mean age was 79.9 years (range, 60–100 
years), and 71.4% were aged ≥75 years. Women accounted for 
69.0% of the cohort. High comorbidity burden (CCI ≥6) was 
present in 45.0% of patients, while frailty assessment showed 
that 48.8% were classified as fit (CFS ≤3), 31.1% as                         
vulnerable (CFS 4–5), and 20.0% as frail (CFS ≥ 6). Femoral 
neck fractures treated with arthroplasty accounted for 57.0% 
of cases, whereas 43.0% underwent fixation for trochanteric 
fractures. The mean length of hospital stay was 12.3 ± 12.9 
days as seen in Table 1.
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Table 1: Baseline Characteristics of Surgical Geriatric Hip 
Fracture Patients (2016–2025) (n = 5491).

Age (years)
Mean
Min-Max

Age group (years)
< 65
65 - 74
75 - 84
≥ 85

Sex
Female
Male

Charlson Comorbidity Index (CCI) 
Low: ≤ 3 
Moderate: 4 – 5 
High: ≥ 6 

Clinical Frailty Scale (CFS) 
Fit: ≤ 3 
Vulnerable: 4 – 5 
Frail: ≥ 6 

Fracture & Operation Type
Neck (Arthroplasty)
Trochanteric (Fixation)

Length of stay (days)
Mean ± SD
Min - Max

Characteristic n (%)
	

79.9
60 - 100

26 (4.7)
131 (23.9)
208 (37.9)
184 (33.5)

379 (69.0)
170 (31.0)

79 (14.4)
223 (40.6)
247 (45.0)

268 (48.8)
171 (31.2)
110 (20.0)

313 (57.0)
236 (43.0)

12.3 ± 12.9
2-125

Note: 1Continuous variables: mean ± SD  | median (IQR). CFS = Clinical 
Frailty Scale (1–9; higher = frailer)

	 Overall postoperative complications occurred in 280 of 
549 patients (51.0%). Postoperative complications included 
urinary tract infection (33.7%) as the most frequent, followed 
by delirium (19.1%), pneumonia (8.4%),  pressure sores (3.5%), 
In-hospital mortality occurred in 0.7% of patients, and 1-year 
mortality occurred in 1.6%. Overall postoperative complication 
rates increased across age groups, as shown in Table 2.

	 Vitamin D measurements were available in 334 patients. 
Nearly half of this study (46.4%) had VDD (<20 ng/mL), while 
53.6% had serum vitamin D levels ≥ 20 ng/mL. The mean serum 
calcium concentration was 8.5 ± 0.8 mg/dL as Table 3.

	 The mean serum vitamin D level was 22.2 ± 11.3 ng/mL. 
Vitamin D levels did not differ significantly across age groups 
(p = 0.054). However, levels were significantly lower among 
patients with higher comorbidity burden (p = 0.033) and differed 
across frailty categories (p = 0.012), with the lowest mean level 
observed in patients with CCI ≥ 6 (20.6 ± 11.0 ng/mL) and those 
with CFS 4–5 (20.2 ± 11.0 ng/mL) as seen in Table 4.

	 Compares postoperative outcomes according to vitamin D 
status. No significant differences were observed between  
patients with and without VDD in overall postoperative                
complications, delirium, urinary tract infection, pneumonia, 
pressure sores, length of hospital stay, in-hospital mortality, 
or 1-year mortality (all p > 0.05), as seen in Table 5.

Discussion

	 This study evaluated the associations of frailty and                     
preoperative vitamin D status with postoperative outcomes in 
older adults undergoing fragility hip fracture surgery within 
an integrated orthogeriatric pathway. The principal findings 

Overall complication
UTI
Delirium
Pneumonia
Pressure sore
Length of stay, days
In-hospital mortality
1-Year mortality

280 (51.0%)
185 (33.7)
105 (19.1)

46 (8.4)
19 (3.5)

12.3 ± 12.9
4 (0.72)
9 (1.64)

7 (26.9%)
2 (7.7)
1 (3.8)
2 (7.7)
0 (0.0)

14.5 ± 16.0
0 (0.0)
0 (0.0)

46 (35.1%)
34(26.0)
4 (3.1)
8 (6.1)
3 (2.3)

13.0 ± 18.8
1 (0.76)
0 (0.0)

104 (50.0%)
67 (32.2)
44 (21.2)

9 (4.3)
6 (2.9)

10.9 ± 7.2
2 (0.96)
3 (1.44)

123 (66.8%)
82 (44.6)
56 (30.4)
27 (14.7)
10 (5.4)

12.9 ± 12.1
1 (0.54)
6 (3.26)

< 0.001*
< 0.001*
< 0.001*
  0.002*
 0.281

  0.047*
 0.933
 0.129

Characteristic Overall  
n = 5491

< 65  
n = 261

65 - 74  
n = 1311

75 - 84  
n = 2081

≥ 85  
n = 1841

p-value2

Table 2: Postoperative Complications and Outcomes by Age Group

Note: 1n (%); Mean ± SD, 2Pearson’s Chi-squared test; Kruskal-Wallis rank sum test

Table 3: Vitamin D status (n=334). 

Deficient (< 20 ng/mL)
Non-deficiency (≥ 20 ng/mL)
Calcium, mg/dL (8.5 to 10.5)

Vitamin D status, n (%)
155 (46.4)
179 (53.6)
8.5 ± 0.8

Note: Vitamin D deficiency defined as < 20 ng/mL (Endocrine Society guidelines).
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Overall
Age group

CCI category

Clinical Frailty Scale

	
< 65 years

65 – 74 years
75 – 84 years

≥ 85 years
≤ 3 (Low)

4 – 5 (Moderate)
≥ 6 (High)
CFS ≤ 3

CFS 4 – 5
CFS ≥ 6

22.2 ± 11.3
30.5 ± 15.8
21.7 ± 11.4
22.9 ± 10.4
20.9 ± 11.3
24.2 ± 12.5
23.4 ± 11.1
20.6 ± 11.0
24.0 ± 11.6
20.2 ± 11.0
21.3 ± 10.7

3.5 – 75.5
10.6 – 65.4
3.5 – 75.1
6.3 – 48.5
4.7 – 75.5
6.6 – 75.1
3.5 – 65.4
4.5 – 75.5

—
—
—

—
0.054

0.033*

0.012*

Variable Category Vitamin D (ng/mL)
mean ± SD

Min–max p-value

Table 4: Serum vitamin D levels according to age group, comorbidity burden, and frailty status

Overall complication
Delirium
UTI
Pneumonia
Pressure sore
Length of stay(days)
In-hospital mortality
1-Year mortality

93 (60.0)
42 (27.1)
63 (40.6)
16 (10.3)

4 (2.6)
13.2 ± 13.6

1 (0.6)
4 (2.6)

91 (50.8)
36 (20.1)
62 (34.6)
12 (6.7)
5 (2.8)

12.1 ± 13.2
1 (0.6)
2 (1.1)

   0.117
   0.169
   0.309
   0.321
> 0.999
   0.790
> 0.999
   0.554

Characteristic Deficient (< 20 ng/mL)  
n = 155 (n (%))

Non-deficiency (≥ 20 ng/mL)  
   n = 179, (n (%))

p-value2

Table 5: Vitamin D Status and Outcomes (n = 334)

were threefold. First, frailty was associated with early                 
postoperative complications. Second, although VDD was 
common (46.4%), it was not associated with short-term                
postoperative outcomes. Third, vitamin D levels were                        
associated with frailty and comorbidity burden, suggesting 
that vitamin D may reflect underlying physiological                               
vulnerability.

	 Frailty represents reduced physiological reserve and is 
clinically relevant in older adults undergoing hip fracture 
surgery. In this cohort, 51.2% of patients were classified as 
vulnerable or frail according to the Clinical Frailty Scale (CFS 
≥ 4), highlighting a substantial burden of pre-fracture                       
vulnerability. Serum vitamin D levels differed significantly 
across frailty categories (p = 0.012); however, the                                             
observational design precludes causal inference. 

	 Frailty has been consistently associated with adverse 
postoperative outcomes after hip fracture surgery, including 
complications, delirium, prolonged hospitalization,                          
functional decline, and mortality.5,20 Incorporating the CFS 
into routine preoperative assessment may therefore help              
identify patients who require comprehensive geriatric                       
assessment and individualized perioperative planning.20,22 In 
the present study, the observed postoperative outcomes should 
be interpreted alongside patients’ baseline frailty and                         
comorbidity burden. Prospective studies with standardized 
outcome assessment are needed to clarify the independent 
association between CFS category and postoperative outcomes 
in this population.

The Clinical Paradox of Vitamin D Prevalence

	 In contrast to the strong prognostic value of frailty,                     
preoperative vitamin D status presented a clinical paradox. 
The reported prevalence of VDD in our study was 46.4%.
While significantly lower than the 70% to 87% rates                          
documented in many Western cohorts (e.g., 87% in Germany, 
80% in the Netherlands) and other Asian hip fracture                        
populations, this confirms that VDD remains a substantial 
clinical challenge even in tropical, sun-rich regions.21 We 
observed a significant inverse association where vitamin D 
levels tracked with frailty severity and comorbidity burden. 
These findings suggest that vitamin D status may serve as a 
biochemical marker of underlying physiological vulnerability.21

Short-Term Outcomes and the Role of Optimized Care 

	 Our study found no significant association between VDD 
and short-term postoperative complications, delirium, or                 
in-hospital mortality in the unadjusted comparisons. This                  
null finding aligns with results from other high-quality                      
orthogeriatric studies, such as a large French cohort of 1,197 
patients, which similarly reported that comorbidities and 
functional status—rather than vitamin D—are the primary 
determinants of acute outcomes.21 This suggests that system-level 
care quality may be more critical than individual biochemical 
parameters in determining acute outcomes. These findings 
should be interpreted within the context of an integrated                
orthogeriatric pathway with standardized perioperative care 
and complication prevention.22
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	 Conversely, several international studies have reported 
positive associations between VDD and acute morbidity. For 
instance, a Norwegian registry study identified VDD as a risk 
factor for delirium and 30-day medical readmissions23,  while 
an Austrian study reported that preoperative 25(OH)D levels 
< 30 ng/mL were associated with a higher risk of early                   
postoperative complications.24 These discrepancies likely  
reflect methodological differences, including varying                      
deficiency thresholds and the quality of perioperative care, 
which may modify the clinical expression of VDD.21

Long-Term Functional Recovery and Mortality 

	 While vitamin D may not drive acute surgical events, 
external literature demonstrates more consistent associations 
with long-term functional and survival trajectories—domains 
not captured in our short-term analysis.21,25 Meta-analyses and 
rehabilitation studies indicate that sufficient vitamin D levels 
are important for bone healing and mobility recovery.25,26                
Low levels have been linked to poorer 6-month Parker                    
Mobility Scores and lower Barthel Index scores at                                     
discharge.21,26

	 Furthermore, the impact on mortality appears more                   
pronounced over longer time horizons. Studies from Brazil 
and the UK have documented that preoperative VDD is                      
independently associated with increased 1-year and 2-year 
mortality risks.27,28 These long-term effects are biologically 
plausible; VDD triggers secondary hyperparathyroidism, 
which accelerates bone loss, and impairs muscle function 
through vitamin D receptors (VDR) distributed throughout 
skeletal muscle tissue.30,31 This dual impact increases the risk 
of subsequent falls and secondary fractures.30,32

Clinical Implications for Orthogeriatric Management 

	 The results of this study support a paradigm where system-
level care quality is more critical for short-term outcomes than 
individual biochemical parameters.21 However, the high 
prevalence of deficiency—even in tropical regions—and its 
established link to long-term musculoskeletal health                             
underscore the clinical importance of assessment.18,32,34                   
Correction of VDD should remain an important component of               
fracture liaison services (FLS) to support bone health and                
secondary prevention beyond the acute perioperative                          
period.32,34 Although vitamin D levels may not directly impact 
short-term clinical outcomes, routine assessment remains 
highly recommended. Evaluating baseline vitamin D, calcium 
homeostasis, and underlying comorbidities is essential prior 
to initiating anti-osteoporosis therapy. This comprehensive 
approach facilitates robust secondary prevention of osteoporosis, 
which should be integrated with structured rehabilitation and 
fall prevention programs to effectively mitigate the risk of 
recurrent fractures. Future research should integrate frailty 
assessment with long-term functional monitoring to clarify the 
role of personalized supplementation strategies for this                   
high-risk population.

	 Based on our study findings indicating that preoperative 
vitamin D levels were not significantly associated with acute 
complications within our integrated Orthogeriatric Pathway, 
the research team posits that serum 25(OH)D assessment                 
remains “essential” and should be standard practice for all 
elderly individuals presenting with hip fractures. This                      
evaluation can be initiated during the preoperative phase or 
upon early admission to establish the patient’s baseline                   
status.22,32,33 Although abnormal vitamin D levels do not                 
constitute an acute contraindication to surgery, if                                             
insufficiency or deficiency is detected, the team emphasizes 
the critical importance of implementing systematic replacement 
therapy and longitudinal follow-up in conjunction with                 
postoperative physical therapy and rehabilitation.22,32                             

Consequently, the correction of VDD should be integrated as 
a primary objective within the Fracture Liaison Service (FLS) 
framework to enhance skeletal muscle mass, improve                       
postural stability, and mitigate the risk of recurrent falls.33,34 

Ultimately, vitamin D status has been associated with long-term 
survival and functional ambulatory recovery (over 1–2 years) 
in these patients, rather than merely with short-term acute 
outcomes.26-28 The correction of vitamin D status should be 
established as an important objective of Fracture Liaison                       
Services (FLS) to support long-term bone health and                           
secondary fracture prevention, regardless of its limited                       
association with immediate surgical recovery.

	 In conclusion, frailty severity is an important clinical 
consideration in the assessment of early postoperative                         
vulnerability after fragility hip fracture surgery. Preoperative 
vitamin D status may serve as a marker of biological                           
vulnerability, although it was not associated with short-term 
postoperative outcomes in this cohort. Vitamin D assessment 
remains clinically important because of its established role in 
bone health, muscle function, and long-term recovery. These 
findings support the routine integration of frailty assessment 
for perioperative risk stratification, while emphasizing vitamin 
D screening and correction as key components of fracture  
liaison services and long-term secondary fracture prevention. 
Future prospective multicenter studies with long-term                    
functional follow-up are warranted to clarify the interaction 
between frailty, vitamin D status, and patient outcomes.

Limitation

	 This study has several limitations. Preoperative serum 
25(OH)D levels were available for only 334 patients, primarily 
because of practical barriers related to payment and insurance 
coverage, particularly among patients for whom vitamin D 
testing was not covered as part of urgent fracture care.                    
Seasonal variation in 25(OH)D concentrations could not be 
evaluated because the timing of blood collection was not 
consistently available. In addition, the limited number of 
participants with severe VDD and acute outcome events                 
precluded reliable analyses using alternative thresholds or 
modelling 25(OH)D as a continuous variable.
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	 Patients who underwent vitamin D testing may not have 
been fully representative of the overall study population,  
potentially resulting in selection bias and underestimation of 
the true prevalence of VDD. Information on postoperative 
vitamin D supplementation, rehabilitation adherence,                          
nutritional status, and other factors that could affect long-term 
recovery was also unavailable. Finally, given the observational 
design, the association between vitamin D status and                      
postoperative outcomes should not be interpreted as causal.

Conclusion

	 Frailty was a common clinical feature among older adults 
undergoing surgery for fragility hip fractures, whereas VDD 
was not significantly associated with postoperative outcomes 
in this cohort. Despite the study limitations, the large cohort, 
standardized orthogeriatric care pathway, and routine frailty 
assessment provide useful real-world data on preoperative 
frailty, vitamin D status, and postoperative outcomes after 
fragility hip fracture surgery.
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