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Abstract
Background and objectives: Hip fracture in older adults is associated with substantial morbidity, mortality, and

healthcare utilization. Prolonged hospital length of stay (LOS) after hip fracture surgery is clinically important
because it may reflect delayed recovery, increase resource use, and be associated with poorer outcomes.
However, evidence on potentially modifiable predictors of prolonged LOS in general hospitals in Thailand
remains limited. This study aimed to identify prognostic factors associated with prolonged hospital LOS in
elderly patients undergoing hip fracture surgery at Mae Sot Hospital. Secondary objectives were to evaluate the
association of prolonged LOS with hospitalization cost and 1-year mortality.

Methods: This retrospective cohort study included patients aged 60 years or older who underwent surgery for
hip fracture at Mae Sot Hospital between January 2018 and December 2023. Prolonged LOS was defined as a
hospital stay of more than 10 days. Demographic, clinical, perioperative, and rehabilitation-related variables
were an alyzed. Univariable and multivariable regression analyses were performed to identify factors associat-
ed with prolonged LOS. Additional analyses were conducted to examine the association of prolonged LOS with
hospitalization cost and 1-year mortality.

Results: A total of 223 patients were included. Delayed surgery of more than 3 days was independently
associated with prolonged LOS, whereas early rehabilitation was associated with a reduced likelihood of
prolonged LOS. Prolonged LOS was also associated with increased hospitalization cost. In univariable analysis,
prolonged LOS was associated with higher 1-year mortality.

Conclusions: In this general hospital setting, delayed surgery and lack of early rehabilitation were important
factors associated with prolonged hospitalization after hip fracture surgery. Prolonged LOS was also associated
with higher hospitalization cost and worse 1-year survival. These findings support efforts to improve early

surgical access and timely postoperative rehabilitation in elderly hip fracture care.

Keywords: hip fracture, length of stay, mortality, elderly and cost
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Introduction

Hip fractures are a significant public health
concern, particularly among the elderly population.
Hip fractures are associated with a high level of
morbidity and are known to significantly impact
patient outcomes, healthcare costs, and resource
utilization. Of particular concern is the issue of
prolonged hospitalization in hip fracture patients,
which has been linked to a range of adverse
outcomes, including increased healthcare costs and
higher mortality rates.

In elderly patients who experience prolonged
hospital stays, there is a higher likelihood of
complications and increased mortality rates,
particularly in cases of hip fractures. A study conducted
in Sweden [1,2] reached the conclusion that patients
with hip fractures who had hospital stays exceeding
10 days had a significantly higher mortality rate
compared to those with shorter hospitalizations. This
finding aligns with Lucas’ study [3], which demonstrated
that patients who experienced hospital stays of 11-14
days due to hip fractures had a 32% higher likelihood
of mortality within 30 days after discharge. These
findings appear to differ from those reported by
Atthakomol et al. [4]. One possible explanation is that
their study included patients who did not undergo
surgery, whereas the present study included only
surgically treated patients.

Numerous factors contribute to post-operative
complications and mortality rates in elderly patients
with hip fractures. The most common factor is
post-operative pneumonia. Previous studies [5,6] have
indicated that post-operative pneumonia in patients
is associated with an increased mortality rate, as
highlighted in the following data. The timing of surgery
[7-10] for hip fractures is a critical factor that can
significantly impact patient outcomes. The goal is to
perform surgery as soon as possible after the fracture
to optimize results. The optimal timing can vary
depending on the specific clinical circumstances, but
the general guideline is to operate within 48 hours of

admission. Other factors, of equal significance,

affecting hospital stays are medical comorbidities:
cardiovascular diseases (CVD), respiratory diseases
(esp. COPD), diabetes mellitus (DM), neurological
underlying, renal impairment and age [3,11-13].
The examples mentioned are just a few common
instances. In reality, there are numerous additional
factors [1,4,10,14-18] that influence the subject under
further investigation.

Early postoperative rehabilitation is an
important component of recovery in hip fracture
patients. Prior studies have shown that early
mobilization after surgery can reduce length of
hospital stay and improve functional recovery [19,20].
However, in resource-limited settings, delays in
rehabilitation remain common and may contribute
to prolonged hospitalization and poorer long-term
outcomes.

However, evidence regarding factors associated
with prolonged hospital length of stay in elderly hip
fracture patients remains limited in Thailand,
particularly in general hospitals. A better understanding
of these factors may help improve perioperative care
pathways, optimize resource utilization, and support
better outcomes in this vulnerable population. We
hypothesized that delayed surgery and delayed
initiation of rehabilitation are associated with
prolonged hospital length of stay in elderly patients
with hip fractures. Therefore, the primary objective of
this study was to identify prognostic factors associated
with prolonged hospital length of stay (LOS) in
elderly patients undergoing hip fracture surgery at
Mae Sot Hospital. The secondary objectives were to
evaluate the association of prolonged LOS with

hospitalization cost and 1-year mortality.

Methods

Study design and participants
This retrospective study included patients aged
60 years or older were included, as this age group
represents the typical population affected by fragility
hip fractures who underwent surgery for hip fracture

at Mae Sot Hospital between January 2018 and
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December 2023. The study focused on hip fractures
resulting from low-energy trauma, such as a fall from
standing height, which is typical of fragility fractures
in older adults. Patients were excluded if they had
pathological fractures, high-energy trauma, multiple
traumatic injuries involving other anatomical regions,
incomplete essential clinical data, or died before
surgery. This study was approved by the Ethics
Committee of Mae Sot Hospital, Thailand (Approval
No. MSHP 32/2568). Patient data were retrieved from
medical record and anonymized prior to analysis. All
data were handled in accordance with institutional
guidelines, and patient confidentiality was strictly
maintained. No identifiable personal information was

included in the dataset.

Data collection and study variables

Clinical data were retrieved from the hospital
medical record system and related databases. The
collected variables included demographic characteristics,
comorbidities, preoperative laboratory results,
perioperative factors, rehabilitation timing, length of
hospital stay, hospitalization cost, and 1-year mortality.
Demographic and clinical variables included age, sex,
ambulatory status, American Society of Anesthesiologists
(ASA) classification, DM, hypertension (HT), CVD, COPD,
renal impairment or chronic kidney disease (CKD), and
preoperative anemia. Operative variables included
type of surgery, time from admission to surgery, and
time from surgery to initiation of rehabilitation.
Multi-comorbidity was defined as the presence of two
or more comorbid conditions in the same patient,
including DM, HT, CVD, CKD, and COPD, based on
available medical records.

Rehabilitation initiation was defined as the first
postoperative mobilization, including sitting at the
bedside, standing, or assisted ambulation, as recorded
in the medical record. Early rehabilitation was defined
as initiation of rehabilitation within 72 hours after
surgery. Variables were categorized into patient-related
factors (e.g., age, sex, comorbidities, nutritional status,

dementia) and treatment-related factors (e.g., time

to surgery, type of surgery). Hospitalization cost was
defined as the total direct medical cost incurred
during the index admission, from admission to
discharge, obtained from the hospital billing system.
Indirect and non-medical costs were not included.
The analysis was conducted from the healthcare

provider perspective.

Outcomes

The primary outcome of this study was
prolonged hospital length of stay (LOS), defined as
more than 10 days. This cutoff was chosen based on
previous literature demonstrating that hospital stays
beyond 10 days are associated with poorer clinical
outcomes, including increased mortality [1], and
provides a clinically meaningful threshold for
identifying prolonged hospitalization in routine clinical
practice. Factors associated with prolonged LOS were
evaluated. Secondary outcomes were hospitalization

cost and 1-year mortality.

Statistical analysis

Categorical variables were presented as
frequencies and percentages, while continuous
variables were summarized as mean + standard
deviation or median with interquartile range, as
appropriate. Comparisons between groups were
performed using the chi-square test or Fisher’s exact
test for categorical variables, and the independent
t-test or Mann-Whitney U test for continuous
variables, as appropriate.

Univariable analysis was first performed to
identify factors associated with prolonged LOS.
Variables considered clinically relevant, together with
those showing significance in univariable analysis, were
entered into the multivariable model. Multivariable
logistic regression was used to identify independent
factors associated with prolonged LOS, and
Multivariable logistic regression analysis was
performed, and adjusted odds ratios (aORs) with 95%

confidence intervals were reported.
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For secondary outcomes, multivariable linear
regression was used to evaluate factors associated
with hospitalization cost. For 1-year mortality,
univariable logistic regression was performed because
mortality was analyzed as a binary outcome at 1 year
after surgery. Results for mortality analysis are
presented as odds ratios with 95% confidence intervals.

A p-value of less than 0.05 was considered statistically

Table 1 Baseline characteristics of the study population

significant. All statistical analyses were performed
using Stata version 14.1 (StataCorp, College Station,
TX, USA).

Results
Baseline characteristics
Baseline demographic and clinical characteristics

of the study population are summarized in Table 1.

Total (n = 233)

LOS <10 days LOS >10 days

Variables p-values
n (%) (n=184) (n=39)
Age, years (mean + SD) 75.48 + 9.67 74.53+9.62 79.97+8.70 0.001
Sex, Female 153 (68.61) 130 23 0.15
ASA classification, n (%)

High (lll-IV) 161 (72.20) 126 35 0.007
DM 48 (21.52) 35 13 0.048
HT 141 (63.23) 114 27 0.39
CVvD 21(9.42) 15 6 0.16
COPD 25(11.21) 20 5 0.73
Renal impairment or CKD 179 (80.27) 142 37 0.012
Multi-comorbidity (>2) 84 (37.67) 62 22 0.008
Type of surgery

Hip replacement 77 (34.53) 58 19 0.04
Internal fixation 146 (65.47) 126 20
Time to surgery (day) 2.58 + 2.99 2.13+2.61 4.74+3.68 <0.001
Time surgery to rehab (day) 3.46 + 6.41 2.67+4.73 7.29+10.82 <0.001
LOS (day) 8.08 + 8.71 5.79+1.93 18.84+16.75 <0.001
Cost (Baht) 69142.32 + 38645.13  59249.53+16781.56  115816+68256.9  <0.001

Factors associated with prolonged length of
hospital stay (LOS) (>10 days)

Among the 223 patients, 59 (26.5%) experienced
prolonged LOS (>10 days). In univariable analysis, age,
high ASA classification (lll-IV), multi-comorbidity (>2),

delayed surgery of more than 3 days, and absence of

early rehabilitation were significantly associated with
prolonged LOS. Procedure type, diabetes mellitus,
and kidney dysfunction also showed significant
associations in univariable analysis, while intraoperative

hypotension showed a borderline association (Table 2).
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Table 2 Univariable analysis for factors associated

with prolonged LOS

Factors p-values
Age 0.0013
ASA high 0.007
Multi-comorbidity >2 0.008
Time to surgery >3d <0.001
Early rehabilitation <0.001

Procedure type (arthroplasty vs fixation) 0.04
DM 0.048

Kidney dysfunction 0.012

In multivariable logistic regression analysis,
delayed surgery of more than 3 days remained a
strong independent factor associated with prolonged
LOS (OR 13.11, 95% Cl 4.69-36.60, p < 0.001). Early
rehabilitation was associated with a lower likelihood
of prolonged LOS (OR 0.16, 95% Cl 0.06-0.44,
p < 0.001). Older age was also independently
associated with prolonged LOS (OR 1.07, 95%
Cl11.01-1.13, p = 0.017) (Table 3).

Table 3 Multivariable logistic regression analysis for predictors of prolonged LOS (AOR, 95% ClI)

Factors AORs (95% ClI) p-values
Age 1.07 (1.01-1.13) 0.017
ASA high 1.16 (0.30-4.48) 0.83
Procedure (arthroplasty) 1.14 (0.47-2.74) 0.77
Time to surgery >3d 13.11 (4.69-36.60) <0.001
Early rehabilitation 0.16 (0.06-0.44) <0.001
Multi-comorbidity >2 2.02 (0.85-4.74) 0.11

Factors associated with hospitalization cost
Hospitalization cost was further analyzed as a
secondary outcome. In multivariable linear regression
analysis, each additional hospital day was associated
with a 2.12% increase in total hospitalization cost
(95% Cl 1.70%-2.55%, p < 0.001). High ASA

classification (ll-IV) was also independently associated
with a 19.5% increase in hospitalization cost (95% Cl
8.8%-30.2%, p < 0.001). Procedure type was
significantly associated with increased cost, whereas
multi-comorbidity was not significantly associated
with cost in the final model (Table 4).

Table 4 Factors associated with increased hospitalization cost (multivariate linear regression analysis)

Factors % increase in cost 95% Cls p-values
LOS (per 1 day) 2.12 1.70 - 2.55 <0.001
ASA high (llI-IV) 19.5 8.8 - 30.2 <0.001
Multi-comorbidity >2 2.39 -5.16 - 9.95 0.535
Procedure (arthroplasty vs Fixation) 35.44 25.42 -45.45 <0.001
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Association between prolonged LOS and 1-year
mortality

During the 1-year follow-up period, 32 patients
(14.3%) died. In univariable analysis, prolonged LOS
(>10 days), older age, and lower preoperative
hemoglobin were associated with 1-year mortality,
whereas kidney dysfunction and high ASA classification
were not statistically significant in univariable analysis,
prolonged LOS (>10 days) was significantly associated
with increased 1-year mortality (OR 3.05, 95% Cl
1.33-7.01, p = 0.009).

Discussion

This retrospective cohort study identified
several factors associated with prolonged hospital
length of stay (LOS >10 days) in elderly patients
undergoing hip fracture surgery at Mae Sot Hospital.
Delayed surgery of more than 3 days and the absence
of early rehabilitation were the most important factors
associated with prolonged LOS [9]. However,
implementation in general hospitals may be more
challenging than in large centers because of
differences in staffing, operative capacity, referral
patterns, and rehabilitation resources. Compared with
studies from tertiary or high-volume centers, our
findings suggest that system-level factors, such as
resource availability and workflow efficiency, may play
a more prominent role in general hospital settings. In
contrast, while previous studies have reported a
stronger impact of comorbidities on length of stay,
this effect was less pronounced in our cohort. This
difference may reflect variations in patient
characteristics, care pathways, and healthcare system
constraints in resource-limited settings. For this
reason, our findings may be especially useful for
hospitals working under similar real-world limitations.

Our multivariable model for prolonged LOS was
designed to focus on clinically relevant and practically
applicable factors. In this context, variables such as
time to surgery and rehabilitation timing were retained
not only because of their statistical association, but

also because they are potentially modifiable and have

been consistently emphasized in previous studies
[3,19,21]. This is particularly important in a general
hospital setting, where improvements in coordination
and process of care may be more feasible than
expanding highly specialized services.

From a cost-analysis perspective, each
additional day of hospital stay was associated with a
2.12% increase in hospitalization cost. High ASA class
(I-1V) also contributed significantly to increased cost,
and procedure type was associated with greater
expenditure. These findings are consistent with prior
economic evaluations indicating that prolonged LOS
is a key cost driver in hip fracture care [20,22-24]. In
Thailand’s public health system, where resources are
constrained, this finding supports the practical value
of reducing avoidable delay while maintaining
quality of care. In general hospitals, where bed
turnover and staffing limitations directly affect service
delivery, shortening unnecessary LOS may be
particularly relevant for everyday hospital management.

This study has several important strengths. First,
it was conducted in a general hospital setting, which
may better reflect real-world clinical practice
compared with studies from tertiary or high-volume
centers. In addition, our findings highlight the role of
modifiable perioperative factors, particularly surgical
delay and early rehabilitation, as key determinants of
prolonged length of stay. These factors represent
practical targets for improving patient outcomes in
resource-limited settings. Furthermore, to our
knowledge, this is one of the few studies focusing on
this patient population in a non-tertiary hospital
context in our region, providing data that may be
more applicable to similar healthcare systems.

A crude association between prolonged LOS
and 1-year mortality was observed in univariable
analysis. This finding should be interpreted cautiously.
Although prolonged LOS was associated with 1-year
mortality in univariable analysis, this finding should
be interpreted with caution, as it may reflect
underlying patient factors rather than a direct causal

relationship. Prolonged LOS may reflect greater
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frailty, perioperative complexity, postoperative
complications, or a higher burden of illness among
patients requiring longer hospitalization, rather than
LOS itself being the sole explanation for mortality risk
[1,4,25-27]. In contrast, higher hemoglobin levels were
protective [4], suggesting that perioperative anemia
may still be clinically relevant. Because mortality was
a secondary outcome in this study, the observed
association is better interpreted as a clinically relevant
signal than as definitive evidence of an independent
prognostic effect.

These results suggest that hospital administrators
and clinicians should focus on practical system-level
improvements, particularly timely surgical access and
early rehabilitation. Such measures may be especially
valuable in general hospitals, where workflow
constraints and resource limitations differ substantially
from large referral centers. These findings suggest that
optimizing timely surgery and early rehabilitation may
be important targets for improving outcomes in
general hospital settings. In addition, the study was
conducted at a single general hospital, which may
limit generalizability to other settings, especially large
tertiary or university hospitals with different infrastructure
and care pathways. However, this may also be
considered a strength, as the findings are likely to
reflect real-world practice in general hospitals more
directly. Furthermore, although hospitalization cost
and 1-year mortality were evaluated as secondary
outcomes, the study was primarily designed to
identify factors associated with prolonged LOS. Future
research should explore whether improvement of
perioperative care pathways can reduce LOS and

improve efficiency in similar hospital settings.

Conclusion

This study identified delayed surgery (>3 days)
and absence of early rehabilitation as key factors
associated with prolonged hospital length of stay in
elderly patients undergoing hip fracture surgery. These
findings emphasize the importance of timely surgical

management and early postoperative mobilization as

potentially modifiable targets in general hospital
settings. Further studies are warranted to evaluate
whether optimizing these factors can translate into

improved patient outcomes.
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