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ABSTRACT

Background:

If functional decline after hip surgery can be predicted without
special assessment, the effects of new treatments and rehabil-
itation practices can be easily compared with previous cases or
those in other countries. The purpose of this study was to
develop and examine a formula for such prediction.

Methods:

Data of 3,120 patients older than 65 yr with hip fracture were
analyzed. The Barthel Index was used for evaluating activities of daily
living (ADL). Low ADL was defined as patients with a lower score at
discharge than the score at admission and patients with complete
dependence at admission that did not change until discharge. Three
models were developed in a training sample: Basic, Comorbidity,
and Laboratory & Vital Signs models were created by inputting basic
patient data, the basic data plus comorbidities, the basic data and
comorbidities plus 8 laboratory test results and 5 vital signs,
respectively. All potential variables with statistical significance < 0.2
on univariate analyses and some variables that may be clinically
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meaningful were included in multivariable models. The final model
was developed by stepwise logistic regression.

Results:

The c-statistic of the Laboratory & Vital Signs formula was 0.701
and the predictive value was 76.9%. The c-statistics of the Basic
and Comorbidity formulas were 0.643 and 0.664, respectively.
Applying the Laboratory & Vital Signs formula to the validation
sample, the c-statistic was 0.663.

Conclusions:

The formula developed from the medical data collected routinely
before surgery could predict low ADL following hip fracture
surgery in elderly patients.

Level of Evidence:
Vb
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ith the aging of the population and advances in

medical care, the frequency of surgery for the

elderly is increasing.”* The frequency of post-
operative functional decline in the elderly is higher than that
in younger generations.® Decreased patient function leads to
increased caregiver burden and social costs.*” In addition, an
interview survey of elderly people suffering from serious
illnesses reported that about 75% of patients who are
expected to have severe functional deterioration do not want
treatment even if the burden is light.® Preventing post-
operative functional decline in the elderly is very important
for patients, caregivers, and society.

Many studies have investigated factors that affect post-
operative mortality and complication rates.””'* However,
postoperative functional decline in elderly patients has not
received much attention yet.!*'® There are large individual
differences in the physical abilities of the elderly.'® The
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number of elderly patients in whom postoperative functional
decline can be prevented may be higher than expected.
Predictors of functional decline that have already been
reported often include factors that are laborious and time-
consuming to measure.'”'® For example, frailty is a major
factor in postoperative functional decline in the elderly, but it
cannot be evaluated without special tests such as of grip
strength and walking speed.'!'? These difficulties obstruct the
performance of large-scale or retrospective studies. If predictors
of functional decline that can be applied to almost all surgical
operations can be identified, it will be possible to compare data
with previous studies or studies performed in other geo-
graphical regions, which will be useful for improving rehabil-
itation and preventing postoperative functional decline.

Against this background, we developed formulas for
predicting elderly patients with low activities of daily living
(ADL) after hip fracture surgery. These formulas were created
using basic patient data, information on comorbidities,
preoperative vital signs, and the results of routine laboratory
tests. Subsequently, the usefulness and accuracy of the
predictive formulas were examined in a validation sample.
The purpose of this study is to create a predictive measure to
prevent postoperative functional decline in the elderly. We
hypothesized that data available in routine practice could be
used to develop a predictive formula for low ADL after hip
fracture surgery.

MATERIALS AND METHODS

This study was approved by the ethical review boards of our
hospital (2020-8; principal investigator, T.F.; date of appro-
val, June 2020) and the National Hospital Organization
(NHO). Following our ethical guidelines for human medical
research, which are based on the Declaration of Helsinki, the
study protocol was open to the general public via websites in
order to obtain patient objections. To protect patient privacy,
all personal identification data were encrypted in a security
room at the NHO Headquarters. The requirement for written
informed consent was waived by the ethical review boards.

Data Sources

This retrospective cohort study was conducted using data from
an administrative database. The research period was from
January 1, 2016, to December 31, 2019. Data from 80 NHO
hospitals were used. The data were obtained from the Diagnosis
Procedure Combination (DPC) administrative claims database.
The DPC database is a diagnosis-dominant, case-mix system
administered by Ministry of Health, Labour and Welfare, and it
is linked with a lump-sum payment system.>’

Selection of Patients and Variables

The inclusion criteria were: (1) male and female patients who
are older than 65 yr old; and (2) patients who underwent
surgery for a hip fracture during the research period.
The patients who died during hospitalization, for whom
incomplete data were available, or who were transferred to
another hospital at an early stage after surgery (< 7 days) were
excluded. The data on the remaining 3,120 patients of the
initial 15,744 were analyzed. The training sample was created

by randomly selecting approximately 80% of the final
dataset, resulting in 2,497 observations in the training
sample and 623 in the validation sample (Figure 1).

The data from the DPC database included age, sex, height,
weight, main diagnosis, surgery date, surgical procedure,
treatments before surgery, information of dwelling place
before admission, comorbidities and consciousness level data
on admission, and functional status, which was based on the
patient’s ability to perform tasks related to ADL before
admission and at discharge.

Body mass index (BMI) was calculated from height and
weight. Overweight is associated with ADL decline.”! How-
ever, most patients were relatively thin and in this study only
1.4% of subjects had a BMI > 30 kg/m?. Therefore, BMI was
divided into two groups: < 18.5 kg/m* and > 18.5 kg/m?.
Time from admission to surgery was categorized as either less
than or more than 48 hr.?> A modified Charlson Comorbidity
Index (CCI) score was calculated for each patient based on
Quan et al.’s coding algorithms.?® Functional status of ADL
includes the following parameters: (1) eating, (2) transferring,
(3) grooming, (4) toileting, (5) bathing, (6) walking on a flat
floor, (7) using stairs, (8) dressing, (9) defecating, and (10)
micturating.>* The Low-ADL group was defined as patients
with a lower score at discharge than the score at admission and
patients with a score of O (completely dependent) at admission
that did not change until discharge. The High-ADL group was
defined as patients with improved discharge scores compared
with their scores at admission and patients with high scores
(fully independent) at admission and discharge.

In each patient, 16 preoperative routine laboratory param-
eters and 4 vital signs (systolic and diastolic blood pressure,
heart rate, and body temperature) at admission were
collected using NHO Clinical Data Archives (NCDA). The
laboratory parameters were hemoglobin, hematocrit, white
blood cells (WBC), platelets (PIt), total serum protein,
albumin, alanine aminotransferase (ALT), aspartate amino-
transferase (AST), lactate dehydrogenase (LD), total bilirubin,
sodium, potassium, chlorine, creatinine (Cre), blood urea
nitrogen (BUN), and estimated glomerular filtration rate
(eGFR).

15 744 patients
(From Januaryl, 2016 to December 31, 2019)

Exclusion
* 214 cases (in-hospital death)

* 353 cases (< 65 years old)
* 4 968 cases (incomplete ADL data)
* 7 074 case (insufficient laboratory & vital data)

-

* 15 cases (< 7days hospitalization after surgery)

3 120 patients
2 378: High ADL group

742: Low ADL group

80¢ 20%
Training Sample l l Validation Sample

2 497patients 623 patients
1910: High ADL group 468: High ADL group

587: Low ADL group 155: Low ADL group

FIGURE 1. Flow diagram of patient inclusion and exclusion for the analysis
of postoperative activities of daily living.



187ZIMNZIDBPXZOBBAROATIAEIOPIASALLIAIPOOAEIEAHIOIN/AD AUMY TXOMADYOIAXFOHI

sqbZ3y1e+eyNIOITWNOTZTARYHASSHNAYG Ag 991noeldoipaedoylo-o/wod’ mm| sfeulnol//:dny wolj papeojumod

€202/62/80 uo

210 | www.c-orthopaedicpractice.com

Volume 34 ® Number 4 ® July/August 2023

Prediction Models

Three models for predicting functional decline were devel-
oped using the training sample: Basic, Comorbidity, and
Laboratory & Vital Signs. The Basic model was created by
inputting the following six variables: age, sex, body mass
index, fracture type, time to surgery, and dwelling place
before admission. The Comorbidity model was created by
inputting the above variables plus comorbidities (cerebro-
vascular disease and dementia). Finally, the Laboratory &
Vital Signs model was created by inputting all of the above
variables plus 8 laboratory test results before surgery
(hemoglobin, WBC, PIt, total protein, LD, sodium, Cre, and
BUN) and 5 vital signs at admission (consciousness level,
diastolic blood pressure (dBP), heart rate, body temperature,
and oxygen inhalation). For highly correlated pairs of
laboratory test variables, either one was selected based on
clinical importance (e.g., sodium and chlorine). The hemo-
globin threshold of <8 g/dL was used to categorize severe
anemia in line with WHO guidelines.”® Meanwhile, the
thresholds for total protein of <6 g/dL and sodium of
<135 mmol/L were applied based on previous studies.?®*’
Thresholds for other laboratory data were set based on
standard values of our country (WBC > 8,600 10°/uL, PIt >
34.8 10%/uL, LD > 222 U/L).?® Since eGFR of the Low-ADL
group was better than that of the High-ADL group, many
patients in the Low-ADL group were speculated to have low
muscle mass. Therefore, Cre was used as an indicator of
sarcopenia when it was lower than the standard value
(<0.46 mg/dL). BUN (> 20 mg/dL) was considered to be an
effective indicator of dehydration and was included in the
variables. Since there was no oxygen saturation in our vital
signs data, cases in which oxygen inhalation was required
before surgery were evaluated as involving a decrease in
oxygen saturation. The level of consciousness at the time of
admission was evaluated by a local coma scale (“alert” plus
nine other grades of lower alertness).? All cases other than
those with an alert status were evaluated as having impaired
consciousness.

Statistical Analysis

No power analysis was performed prior to the research because
all available data on the existing database were used. All
potential variables with statistical significance < 0.2 on
univariable analyses and some variables that may be clinically
meaningful were included in multivariable models to identify
independent factors associated with low ADL. The final model
was developed by stepwise logistic regression. The predictive
performance of the models was evaluated by receiver operat-
ing characteristic (ROC) analyses and c-statistics; the Hosmer-
Lemeshow goodness of fit test was used to assess model
performance. Three developed prediction formulas were
applied to the validation sample and it was calculated how
accurately low ADL can be predicted.

Basic data of the training and validation samples were
analyzed by the chi-square test and patient characteristics of
the training sample were analyzed by univariable logistic
regression analysis. Multivariable analysis was conducted by a
logistic regression model with ADL as a dependent variable. An
odds ratio (OR) with 95% confidence interval for each

predictive factor of low ADL was estimated. Predictive
probabilities for logistic models are given by exp(1/[1+exp{-h
(x)}]), where h is a linear function and x is a covariate vector.
Therefore, we provide h(x) as the formula in this manuscript.
A two-sided P-value < 0.05 was considered significant for
all statistical tests. Statistical analyses were performed using
SPSS software version 26 (IBM, Armonk, New York, USA).

RESULTS

Of the 15,744 elderly patients who underwent hip fracture
surgery, 12,624 were excluded from the study. Of these, 214
died in hospital, 353 were under the age of 65, 4,968 had
incomplete ADL data, 7,074 lacked necessary laboratory and
vital signs data, and 15 had been transferred to other
hospitals less than 7 days after surgery. Of the 2,497 patients
in the training sample, 587 (23.5%) had low ADL, while of
the 623 patients in the validation sample, 155 (24.9%) had
low ADL (Figure 1). There were no significant differences in
age, sex, BMI, fracture type, or dwelling place between the
two samples (Table 1).

Table 2 shows the characteristics of the patients with low
ADL and high ADL in the training sample. Compared with
the patients with high ADL, the patients with low ADL were
older, had a lower BMI, and were more likely to be men, to
have trochanteric fractures, and to live in an institution such
as a nursing home. Patients with low ADL had higher
diastolic blood pressure, heart rate, and body temperature
than those with high ADL. Among the low-ADL patients, the
proportions with impaired consciousness at admission,
requiring oxygen inhalation before surgery, and having
dementia were higher than those of high-ADL patients.
Patients with low ADL had lower hemoglobin, total protein,
albumin, and sodium than those with high ADL.

Table 3 shows the three formulas’ characteristics in the
training sample. The c-statistic of the Laboratory & Vital
Signs formula was 0.701 and the predictive value was 76.9%.
When 0.215 was used as a cut-off value for the Laboratory &
Vital Signs formula, its sensitivity and specificity were 68.7%
and 62.4%, respectively. The ROC curves of the three
formulas are shown in Figure 2. The c-statistics of the Basic,
Comorbidity, Laboratory & Vital Signs formulas were 0.643,
0.664, and 0.701, respectively.

Applying the Basic, Comorbidity, and Laboratory & Vital
Signs formulas to the validation sample, the c-statistics were
0.624, 0.642, and 0.663, respectively. The predictive scores of

TABLE 1. Basic data of training and validation samples

Validation
Variables Training sample sample P
N 2,497 623

Age 85+ 1,285 (51.5%) 305 (49.0%) 0.263

Male 564 (22.6%) 144 (23.1%) 0.779

BMI < 18.5 or 871 (34.9%) 220 (35.3%) 0.840
unknown

Trochanteric 1,155 (46.3%) 285 (45.7%) 0.820
Fracture

Institution 931 (37.3%) 244 (39.2%) 0.386

BMI, body mass index.
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TABLE 2. Patient characteristics of the training sample

Variables Low ADL High ADL OR 95%Cl P
N 587 1,910
Age 85.4+7.4 83.6+7.6 1.033 1.020-1.046 <0.001
85+ 339 (57.8%) 946 (49.5%) 1.393 1.156-1.679 0.001
Sex (M/F) (Male%) 136 / 451 (23.2%) 428 / 1,482 (22.4%) 1.044 0.838-1.301 0.700
Body Mass Index (kg/m?) 19.9+4.0 20.8+4.0 0.949 0.926-0.973 <0.001
<18.5 or unknown 253 (43.1%) 618 (32.4%) 1.584 1.310-1.914 <0.001
Fracture Type (trochanteric / cervical) 300 / 287 (51.1%) 855 /1,055 (44.8%) 1.290 1.072-1.552 0.007
Time to surgery (days) 52+3.8 5.0+3.9 1.010 0.987-1.033 0.411
>48 hr 330 (56.2%) 1,099 (57.5%) 0.948 0.786-1.142 0.572
Dwelling place (Institution / Home) 310/ 277 (52.8%) 621 /1,289 (32.5%) 2.323 1.924-2.804 <0.001
Vital sighns
Disturbance of consciousness at admission 181 (30.8%) 291 (15.2%) 2.480 2.000-3.075 <0.001
Systolic BP (mmHg) at admission 145+27 145+25 0.999 0.996-1.003 0.705
Diastolic BP (mmHg) at admission 80+15 78+14 1.009 1.003-1.016 0.005
Heart Rate (/min) at admission 86+15 83+14 1.014 1.008-1.020 <0.001
Body Temperature (°C) at admission 37.3+0.6 37.2+0.6 1.286 1.104-1.498 0.001
Oxygen inhalation before surgery 130 (22.1%) 284 (14.9%) 1.629 1.291-2.054 <0.001
Comorbidity (Charlson Comorbidity Index)
CCl 1 Myocardial Infarction 5 (0.9%) 27 (1.4%) 0.599 0.230-1.563 0.295
CCl 2 Cerebrovascular Disease 62 (10.6%) 161 (8.4%) 1.283 0.942-1.747 0.114
CCl 3 Congestive Heart Failure 66 (11.2%) 217 (11.4%) 0.988 0.738-1.324 0.937
CCl 4 Rheumatoid arthritis 11 (1.9%) 58 (3.0%) 0.610 0.318-1.170 0.137
CCl 5 Dementia 239 (40.7%) 427 (22.4%) 2.385 1.959 -2.904 <0.001
CCl 6 Diabetes uncomplicated 91 (15.5%) 345 (18.1%) 0.832 0.647-1.071 0.153
CCl 7 Mild Liver Disease 28 (4.8%) 84 (4.4%) 1.089 0.703-1.687 0.703
CCI 8 Peptic ulcer disease 12 (2.0%) 48 (2.5%) 0.810 0.427-1.534 0.517
CCl 9 Peripheral vascular disorders 10 (1.7%) 34 (1.8%) 1.046 0.514-2.130 0.902
CCI 10 Chronic pulmonary disorders 22 (3.7%) 86 (4.5%) 0.826 0.512-1.332 0.432
CCI 11 Any malignancy 28 (4.8%) 115 (6.0%) 0.782 0.512-1.194 0.255
CCl 12 Diabetes complicated 14 (2.4%) 62 (3.2%) 0.728 0.405-1.310 0.290
CCI 13 Hemiplegia or paraplegia 0 (0%) 3 (0.2%) 0 - 0.999
CCl 14 Renal diseasse 34 (5.8%) 126 (6.6%) 0.871 0.589-1.287 0.487
CCI 15 Metastatic solid tumor 0 (0.0%) 13 (0.7%) 0 0.999
CCl 16 Moderate or severe liver disease 4 (0.7%) 9 (0.5%) 1.449 0.445-4.723 0.538
CCl 17 AIDS/HIV 0 (0%) 2 (0.1%) 0 - 0.999
Hb: hemoglobin (g/dL) 10.8+1.8 11.2+1.8 0.901 0.856-0.949 <0.001
Ht: hematocrit (%) 32.6+5.4 33.6+5.1 0.964 0.947-0.982 <0.001
WBC: white blood cell (103/uL) 8,189 +2,893 7,979 +£2,950 1.000 1.000-1.000 0.131
Plt: platelet (10*/uL) 20.6 +8.1 20.0+7.1 1.011 0.998-1.023 0.087
Total protein (g/dL) 6.3+0.7 6.5+0.7 0.794 0.700-0.901 <0.001
Albumin (g/dL) 3.2+0.6 3.4+0.6 0.640 0.545-0.752 <0.001
ALT: alanine aminotransferase (U/L) 18.1+12.3 17.4+14.8 1.003 0.997-1.009 0.302
AST: asparate aminotransferase (U/L) 25.0+13.3 24.6+15.8 1.001 0.995-1.007 0.658
LD: lactate dehydrogenase (U/L) 248 +74 242 +65 1.001 1.000-1.003 0.059
Total-bilirubin (mg/dL) 0.8+0.4 0.8+0.5 0.875 0.704-1.087 0.229
Na: sodium (mmol/L) 138+5 139+4 0.967 0.946-0.989 0.004
Cl: chloride (mmol/L) 103+4 104 +4 0.969 0.948-0.990 0.005
K: potassium (mmol/L) 4.1+0.6 4.1+0.5 1.015 0.856-1.202 0.868
Cre: creatinine (mg/dL) 0.9+1.0 1.0+1.2 0.954 0.875-1.040 0.284
BUN: blood urea nitrogen (mg/dL) 21E8EE254 21.3+11.3 1.003 0.995-1.011 0.445
eGFR: estimated glemerular filtration rate (mL/min/ 69.0+32.8 66.0+28.2 1.003 1.000-1.007 0.031

1.73m?)

ADL, activities of daily living; BP, blood pressure; Cl, confidence interval; OR, odds ratio.

the Laboratory & Vital Signs formula in the validation sample
were sorted in ascending order and the proportion of low-ADL
patients was examined at 10% (62 or 63 patients) sample size
intervals. The percentage of low-ADL patients increased in
proportion to the increase in predictive score (Figure 3).

DISCUSSION

Although the Basic and Comorbidity formulas developed in
this study had difficulty predicting low ADL after hip fracture

surgery, the Laboratory & Vital Signs formula predicted the
occurrence of low ADL in elderly patients with a probability
of 76.9% and its c-statistic was 0.701. When this formula was
applied to the validation sample, the predictive rate was
75.6% and the predictive score, which was calculated based
on the Laboratory & Vital Signs formula, was proportional to
the probability of occurrence of low ADL. Along with
impaired consciousness at admission, dementia, and hospi-
talization from a location other than home, severe anemia
and low Cre were major predictive factors of low ADL.
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TABLE 3. Three formulas’ characteristics in the training sample

Nomogram c-statistics 95%CI Hosmer-Lemeshow
Basic 0.643 0.618-0.669 0.460
Comorbidity 0.664 0.639-0.689 0.594
Laboratory & Vital Sign 0.701 0.677-0.725 0.519

Basic formula: Age x 0.024 + BMI (< 18.5) x 0.379 + Trochanteric Fracture x 0.168 + Institution x 0.785 - 3.751.

Comorbidity formula: Age x 0.017 + Male x 0.167 + BMI (<18.5) x 0.373 + Trochanteric Fracture x 0.16 + Institution x 0.661 + Dementia x 0.627 - 3.387.
Laboratory & Vital Sign formula: Age x 0.014 + Male x 0.172 + BMI (< 18.5) x 0.321 + Trochanteric Fracture x 0.205 + Institution x 0.623 - Surgery Delay (>
48 hr) x 0.141 + Cerebrovascular Disease x 0.230 + Dementia x 0.550 + Hb (< 8) x 0.642 - Total Protein (< 6) x 0.269 + Na (< 135) x 0.317 + BUN (> 20) x 0.152 +
Cre (< 0.46) x 0.626 + Consciousness Disturbance x 0.541 + dBP x 0.011 + Heart Rate x 0.007 + Oxygen Inhalation x 0.328 - 4.831.

To our knowledge, the use of the Rothman Index>° is the
only approach similar to that developed in our study. This
index is used to evaluate patient status by inputting seven
routine laboratory test results, 7 vital signs, and 12 nursing
assessments. McLynn et al.*' reported that this index was
associated with postdischarge adverse events in patients with
hip fracture surgery. However, this index is not specific to hip
fracture. In addition, since the algorithm behind this index
was not disclosed, it could not be compared with the formula
developed in our study. Recent reviews have listed the
following as predictors of poor functional outcome after hip
fracture surgery: comorbidities, hypoalbuminemia, malnu-
trition, anemia, and dehydration, among others.?>3? How-
ever, to the best of our knowledge, no reports of studies
examining the combination of multiple laboratory test
results and vital signs have been published.

Although several reports cite albumin as a predictor,
total protein was more predictive of postoperative functional
decline than albumin in this study. In this study, albumin was
lower than the normal range in many patients in the High-
ADL group, but total protein was within the normal range in
about half of patients in that group. This difference may
explain why total protein was a better predictor in this study.

Low creatinine level was more predictive of low ADL than
high creatinine level in this study. However, this does not
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FIGURE 2. Receiver operating characteristic curve of the prediction score.
The c-statistics of the Basic, Comorbidity, and Laboratory & Vital Signs
formulas were 0.643, 0.664, and 0.701, respectively. Dotted line: Basic
formula, dashed line: Comorbidity formula, and solid line: Laboratory & Vital
Signs formula.

mean that renal dysfunction is not a predictor. Many older
people lose muscle mass. As a result, Cre and eGFR do not show
poor values even if renal function is reduced. However, when
renal function is severely reduced, urine cannot be concen-
trated or diluted, so hypernatremia and hyponatremia are more
likely to occur.®>>3® Hyponatremia was reported to increase
bone resorption, decrease bone formation, and decrease bone
mineral density.?” Patients undergoing hip surgery often have
hyponatremia.®® Hyponatremia was suggested to be more
effective as an indicator of decreased renal function than Cre
and GFRin elderly patients with hip fracture. Regarding BUN, it
was not clear whether it was related to low ADL, but it was
included as a variable in developing the Laboratory & Vital
Signs formula. The obtained results are consistent with a report
by Adunsky et al.*® stating that BUN is a better predictor of
adverse functional outcome than Cre or GFR.

Moreover, in this study, dBP, but not sBP, was a predictor of
low ADL. In clinical practice, if sBP is high, it is often
remeasured. There was no significant difference in sBP between
the Low-ADL group and the High-ADL group in this study. It
may be that dBP correctly represents the degree of hypertension.
Furthermore, diastolic hypertension was reported to be asso-
ciated with increased postoperative mortality.* Although some
exceptions to this depending on patient age were reported, dBP
is an important factor related to organ perfusion.*!
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Number of Low ADL patients
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FIGURE 3. Numbers of observed and predicted patients with low ADL in
the validation sample. The vertical axis shows the number of patients. The
horizontal axis shows cases sorted according to the size of the predictive
score, at 10% intervals. Columns: number of observed low-ADL patients.
Line graph: number of predicted low-ADL patients (mean+ SD).
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There is no clear evidence explaining why trochanteric
fractures are predictors of low ADL. In a CT analysis study,
bone mineral density in the trochanteric area was shown to
decrease with age, but was better maintained than that in the
cervical area.*? The reason for this is presumed to be that the
muscles attached to the trochanter may prevent bone loss in
the trochanter. If this is correct, it is presumed that people with
significantly reduced muscle mass are more likely to have
trochanteric fractures. Patients with trochanteric fractures may
be more prone to low ADL because they originally have lower
muscle mass. Delayed surgery of 48 hr or more has been
reported as a factor that worsens prognosis,**** but it was not
predictive of low ADL in this study. This result is consistent with
some previous studies.*>**

There are several limitations in this study. For example,
this study excluded cases with missing laboratory and vital
signs data. The proportion of patients with low ADL
increased by 3.6% after excluding such cases compared
with the proportion before such exclusion. Given that more
tests and measurements are performed on vulnerable
patients, there is a need for further verification to determine
whether the results of this study apply to all patients. In
addition, since no data on oxygen saturation were available
in this study, preoperative oxygen inhalation was used
instead. Oxygen saturation in patients requiring oxygen
inhalation was speculated to be less than 90%, but this
needs to be verified. Moreover, a local coma scale was used
to evaluate the level of consciousness. However, since the
level of consciousness is categorized as simply “normal” or
“abnormal” using this scale, this approach can be applied
even if other scales are used. It was also reported that
parathyroid hormone levels were effective at predicting
mortality.?” Since neither this hormone nor calcium
concentration is included in routine laboratory tests in
our country, their effects could not be investigated here,
which is another limitation of this study. Since most of the
patients in this study were from one country, it is unclear
whether the results of this study can be applied in other
countries.

CONCLUSIONS

In this study, using basic patient data, vital signs, and the
results of routine laboratory tests, a formula was created to
predict low ADL after hip fracture surgery. The usefulness
and accuracy of the prediction formula was confirmed in a
validation sample. Disorders of consciousness at admission,
dementia, hospitalization from a location other than home,
severe anemia, and low Cre values were closely associated
with functional decline after hip surgery in the elderly.
Further studies are needed to determine whether this
formula can help improve the actual prognosis.
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