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Abstract

Purpose Osteoporotic hip fractures are increasing in preva-
lence with the growing elderly population. Morbidity and
mortality remain high following osteoporotic hip fractures de-
spite advances in medical and surgical treatments. The asso-
ciated costs and medical burdens are increased with a re-
admission following hip fracture treatment. This study sought
to identify demographic and clinical values that may be a
predictive model for 30-day re-admission risk following op-
erative management of an isolated hip fracture.

Methods Between January 1, 2013 and April 30, 2015 all
patients admitted to a single academic medical centre for
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treatment of a hip fracture were reviewed. Candidate variables
included standard demographics, common laboratory values,
and markers of comorbid conditions and nutrition status. A
30-day, all-cause re-admission model was created utilizing
multivariate logistic regression.

Results A total of 607 patients with hip fractures were identi-
fied and met the inclusion criteria; of those patients, 67 were
re-admitted within 30 days. Univariate analysis indicates that
the re-admission group had more comorbidities (p < 0.001)
and lower albumin (p = 0.038) and prealbumin (p < 0.001).
The final, reduced model contained 12 variables and incorpo-
rated four out of five nutritional makers with an internally,
cross-validated C-statistic of 0.811 (95% CI: 0.754, 0.867).
Conclusion Our results indicate that specific nutritional labo-
ratory markers at the index admission may identify patients
that have a greater risk of re-admission after hip fracture. This
model identifies potentially modifiable risk factors and may
allow orthogeriatricians to better educate patients and better
treat post-operative nutritional status and care.

Keywords Hip fracture - Re-admission - Risk factors -
Electronic medical records - Prediction

Introduction

Osteoporotic hip fractures in the elderly are devastating inju-
ries, which often lead to a substantial decline in function and
independence [1-3]. Patients with osteoporotic hip fracture
are often malnourished and have diminished physiologic re-
serves from multiple pre-existing comorbidities [4]. These
comorbidities complicate post-operative recovery and may
lead to hospital readmission [5]. Early re-admission (within
30 days of discharge) nearly doubles the one year mortality of
patients who have undergone hip fracture treatment. Thus,
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there is substantial potential impact to outcomes if early re-
admission can be prevented [5].

A multidisciplinary approach to managing hip fracture pa-
tients improves outcomes [6—16]. Geriatric fracture centres
and orthogeriatric co-management by orthopedic surgeons
and geriatricians have improved outcomes by decreasing re-
admission rates, complications, length of stay, costs of care,
and in-hospital mortality [15—17]. Despite improvements in
care, the predictive factors associated with re-admission fol-
lowing a hip fracture are still largely unknown. Two risk
models have previously been published; one using a locally-
created ambulation score [18] and another examining the as-
sociation between comorbidity as determined by American
Society of Anesthesiologists Classification and outcomes
[19]. Niether of these models accounts for a comprehensive
evaluation of the patient’s admission status and identifies
modifiable risk factors for re-admission.

We sought to create a predictive model incorporating
markers easily collected through standard electronic medical
records (EMR) including demographic characteristics, comor-
bidities, and markers of nutrition. We hypothesized that easily
obtainable EMR variables could be used to predict risk of
re-admission. Such risk stratification through this prediction
model may then improve development of interventions and
allocation of finite resources to the most at-risk patients. The
authors also hypothesized that nutritional markers may add
predictive value and help identify patients who may benefit
from dietary intervention as a component of multidisciplinary
in-hospital care for discharge management.

Materials and methods

The current study received Institutional Review Board approval
and was performed in accordance with the ethical standards as
laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. All patients aged
50 and older admitted to our institution between January 1,
2013 and April 31, 2015 with a CPT procedure code (27,230,
27,232, 27,235, 27,236, 27,238, 27,240, 27,244, 27,245,
27,246, 27,248, 27,269) or International Classification of
Diseases (ICD)-9-CM primary diagnosis code indicative of a
hip fracture at the time of admission were retrospectively
reviewed. Data was extracted from patients identified in the
EMR with the following ICD-9 categories: “femoral neck
fracture” (820.00), “subcapital fracture of hip” (820.09), “hip
fracture, intertrochanteric” (820.21), “pathologic fracture of neck
of femur, osteoporotic” (733.14), “hip fracture subtrochanteric”
(820.22), and “other femoral hip fracture™ (all other 820 codes
not classified previously as these were not granular enough to
distinguish different fracture types without chart review). “Open
hip fractures” (820.9) were excluded. An index admission was
defined for each patient based upon the first admission with
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presence of hip fracture according to the previously mentioned
ICD-9-CM codes and inpatient or observational admission sta-
tus. The final cohort was comprised of 607 patients. Patients
were excluded from analysis if they did not have a primary
diagnosis of a hip fracture, who sustained multiple injuries, died
during index admission, or had a stay of less than one day.

Variables

All data were extracted from the EMR. The first variable identi-
fied confirmed if surgery occurred during the index hospitaliza-
tion. Length of stay of index admission was defined as number
of days between admission and discharge. Common demograph-
ic variables included age, gender, and race [20]. Median house-
hold income data from the 2013 American Community Survey
based on patient census block group linked by geocoded address
was incorporated as a marker of socioeconomic status. Smoking
status was assessed by indicating whether the patient had ever or
never smoked. Admission in the year prior to the index admis-
sion was coded dichotomously as experiencing or not experienc-
ing an admission. Derived variables included the Charlson co-
morbidity index (CCI) [21], Glomerular filtration rate (GFR)
[22], and body mass index (BMI) [20], which were calculated
on the date of discharge. The last laboratory value prior to dis-
charge was used as “baseline laboratory value” for each patient.
The following laboratory markers were used as indicators of
current health state at discharge: creatinine, haemoglobin, white
blood cell count, alanine aminotransferase, and aspartate amino-
transferase. Total protein, vitamin D, prealbumin, and albumin
were considered nutritional markers. Re-admission was defined
by the first all-cause observational or inpatient admission occur-
ring within 30 days of the index admission.

Statistics

Data processing and statistical analyses were performed in R
version 3.3.0. Missing data were imputed using the Multiple
Imputation by Chained Equations (MICE) package for R, and
included all predictors and outcomes variables used to build
the regression model [23]. The imputation process was repeat-
ed five times with replacement. Logistic regression was used
to model the 30-day all cause re-admissions. Continuous var-
iables were fit using restricted cubic splines with three knots to
relax normality assumptions [24]. The model that incorporat-
ed nutrition variables was reduced from 22 variables listed in
Table 1 via Harrell’s model approximation method to create
the most parsimonious model and to avoid overfitting [24].
This method ranks variables by order of importance, or con-
tribution to the model’s R?, and excludes the weakest predictor
until a set of predictors which account for 95% of the variance
are selected and is visualized in Fig. 1 and the final model
equation is provided as a Supplemental file. This model was
compared to an approximated model after omitting the
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Table 1  Baseline characteristics by readmission status

Variable Re-admitted within 30 days Not re-admitted within 30 days P value Missing % (n)
before impute
Total number 67 540
Demographics
Female (%) 40 (59.7) 326 (60.4) 1? NA
Median age (IQR) 79 (68,84) 79 (66,86) 0.923° NA
Race (%) 0.977°
White 60 (89.6) 483 (89.4) NA
Black 6(9) 47 (8.7) NA
Other 1(1.5) 10 (1.9) NA
Median income 2013 (IQR) 43,641 (31,839.5,57,807.5) 42,167 (31,033,54,494) 0.633° 36.2 (220)
Ever smoked (%) 10 (14.9) 61 (11.3) 0.503 * NA
Admitted in past year (%) 25(37.3) 138 (25.6) 0.057 NA
Median Charlson comorbidity index (IQR) 4(1.5,5) 2(0.8,3) <0.001° NA
Median Glomerular filtration rate (IQR) 76 .0 (48.9,94.6) 80.8 (62.3,91.7) 0.298° 9.7 (59)
Fracture type (ICD9 Code) 0.064 * NA
Intertrochanteric (820.21) 23 (34.3) 196 (36.3) NA
Other femoral neck 28 (41.8) 152 (28.1) NA
fracture (all other 820 codes)
Subcapital (820. 09) 13 (19.4) 127 (23.5) NA
Subtrochanteric (820.22) 0(0) 37 (6.9) NA
Pathologic neck-osteoprotic (733.14) 34.5) 28 (5.2) NA
Median Length of Stay (IQR) 6(5,9.5) 6(4,9) 0.195° NA
Surgery at index 60 (89.6) 489 (90.6) 0.966 * NA
Laboratory values
Median creatinine (IQR) 0.8 (0.6,1.1) 0.8 (0.6,1) 0.227° 9.7 (59)
Median platelets (IQR) 208 (164,328) 221 (162,303.2) 0.853° 10 (61)
Median white blood cell count (IQR) 8.6 (6.6,11.4) 8.8 (7,10.8) 0.602° 9.7 (59)
Median AST (IQR) 21 (15.5,28) 22 (17,30) 0.183° 37.9 (230)
Median ALT (IQR) 13 (9,18.5) 15 (11,23) 0.013° 37.9 (230)
Median hemoglobin (IQR) 9.3 (8.6,10.5) 9.4 (84,10.4) 0.955° 9.6 (58)
Nutritional markers
Median albumin (IQR) 32(2.83.7) 35(294) 0.038 ° 30.1 (183)
Median prealbumin (IQR) 25(20.8,28.1) 20.5 (15,24.9) <0.001° 77.1 (468)
Mean total protein (SD) 59 (1) 6.0 (1) 0.697¢ 38.4 (233)
Median vitamin D (IQR) 21.2 (14.8,29.5) 24.3 (16,33.8) 0324° 54.7 (332)
Median body mass index (BMI) (IQR) 25(22.3,27.8) 23.9 (21,28) 0315° 0.3(2)

Abbreviations: 1QR, interquartile range; SD, standard deviation; AST, aspartate aminotransferase; ALT, alanine aminotransferase

2 Chi-squared test; ® Wilcoxon rank-sum test of medians for non-parametric variables; ¢ Student’s t-test of means for parametric variables

nutritional variables to evaluate the importance of the nutri-
tional variables in terms of their impact on prediction accura-
cy. Bias-corrected performance metrics were calculated with
ten-fold cross validation. Model discrimination was evaluated
by calculating the concordance statistic and by plotting receiv-
er operating characteristic (ROC) curves. Calibration curves
were created by plotting predicted probabilities versus actual
incidences of the outcome. Loess regression was used to
smooth the calibration curves, which also included the calcu-
lation standard errors. In addition, the investigators calculated

the Brier score, which is an objective measure that incorpo-
rates discrimination and calibration metrics simultaneously.

Results

A total of 607 patients with hip fractures were identified and
met the inclusion criteria; of those patients, 67 (11%) were
readmitted within a 30-day period. A total of 24 (4%) patients
died within 30 days of index discharge.
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Fig. 1 Harrell’s approximation
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hospital surgery, median income, 1.00.
HGB, LOS, smoking status, AST,

Model Approximation for 30 Day All-Cause Readmission
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BMI, age, platelets, vitamin D,
creatinine, race, gender GFR,
CCI, protein, ALT, WBC count,
albumin, prealbumin, fracture
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Table 1 displays descriptive statistics and unadjusted uni-
variate analysis of the population by 30-day re-admission sta-
tus. If applicable, missing data prior to imputation is also
included for each variable. Median age (79), race (89%
Caucasian, 9% Black/African American, and 2% other), and
gender (60% female) did not differ between groups. The frac-
ture morphology did not significantly influence re-admission,
although subtrochanteric fracture was the only type of fracture
for which patients did not experience a re-admission within
this data set. Patients who were re-admitted had a greater CCI
(CCI of4 vs. 2, p<0.001) which indicates poor overall health
status. Albumin (3.2 g/dL in the re-admission group vs.
3.5 g/dL, p = 0.038) and prealbumin (20.5 mg/dL in the read-
mission group vs. 25 mg/dL p < 0.001) levels were statistical-
ly different between groups subsequent to imputation. Normal
reference values for nutritional status parameters used at our
institution can be found in Table 2.

Table 2 Normal

reference ranges for Nutritional markers Value

nutritional status

parameters Albumin (g/dl) 3.5-5.0
Prealbumin (mg/dl) 14.0-40.0
Total protein (g/dl) 6.0-8.3
Vitamin D (ng/ml) >30
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The final approximated model contained 12 variables with
an internally cross-validated C-statistic of 0.811 (95% CI:
0.754, 0.867). The C-statistic indicates that this model is a
good classifier and demonstrates superiority when compared
to an approximated model without nutritional variables (C-sta-
tistic 0.694, 95% CI 0.624-0.763). The ROC curves displayed
in Fig. 2 demonstrate an equivalent evaluation of the models’
discrimination in a graphical format. The Brier scores for the
model with and without nutritional variables were respectively
0.0823 and 0.0931. Predictors selected in the final model in
order of most to least importance were fracture type,
prealbumin, albumin, white blood cell count, alanine amino-
transferase, total protein, CCI, GFR, gender, race, creatinine,
and vitamin D. Variables selected in the model without nutri-
tional variables that underperformed with respect to the afore-
mentioned model were fracture type, CCI, white blood cell
count, alanine aminotransferase, and median income.

Discussion

The present study resulted in the derivation and validation of a
model for predicting 30-day re-admission of patients hospital-
ized sustaining a hip fracture. The final model contained 12
variables with fields available in the EMR, including total
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Fig. 2 The receiver operator 30 Day All-Cause Readmission ROC
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who are at high risk for re-admission. The calibration curves
appear (Fig. 3) to show that both models underestimate risk
among the highest risk patients, but the distributions of pre-
dicted risk are highly skewed to the left. The model likely
underestimates the risk in the highest risk subset of patients,
but both models appear to be sufficiently calibrated when
excluding the extremely high predicted risks in the right tail
of'the distribution. The ROC curve demonstrates that the mod-
el with nutritional variables better discriminates between those
who are re-admitted and those who are not. Our models high-
light the importance of nutritional status as risk factors for re-
admission. These are important modifiable risk factors be-
cause malnourished patients have substantially worse out-
comes [25]. A recent randomized control trial found that oral
nutritional supplementation to patients reduced post-operative
complications and may be used as a template for nutritional
supplementation [26]. While the nutritional laboratory
markers for re-admission we identified are not sensitive
enough to respond within a 30-day window, these values iden-
tify the high risk patients likely to benefit from a targeted and
comprehensive nutritional intervention.

Our results show that nutritional markers were important
variables in a 30-day re-admission prediction model for pa-
tients who suffered a hip fracture through selection by approx-
imation and outperformed a model that omitted these variables
on multiple measures. It may be that these variables are mod-
ifiable indicators of re-admission risk and that future models
should consider their inclusion for this population. The
models that omitted these variables had difficulty classifying
patients into higher probabilities and appeared to perform
poorly upon comparison.

Univariate analysis without adjustment shows that albumin
levels were statistically different among the patients who ex-
perienced a re-admission within 30 days and those who were
not re-admitted. Due to a long half-life (~20 days), albumin is
essentially an indicator of a patient’s prior nutritional status and
may predict if malnutrition might be a long-term issue prior to
hospitalization. Low albumin can indicate that the patient is
more severely ill and may need more aggressive attention after
discharge to prevent complications. Prealbumin was also sta-
tistically different between re-admission and non-re-admission
groups. Prealbumin is a better proxy for the patient’s status
during the index hospitalization as it is sensitive to short-term
nutritional changes and can identify acute malnutrition [27]. A
systematic review and meta-analysis evaluating the effect of
albumin levels on short-term mortality and post-operative
complications identified increased odds of short-term mortality
and post-operative complications with a lower serum albumin
(< 3.4 g/dL) at admission [28]. Furthermore, a retrospective
evaluation of a modified hip-multidimensional frailty score
(hip-MFS) incorporating malnutrition factors in 481 patients
more precisely predicted six month mortality and post-
operative complications in hip fracture patients than existing
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tools [29]. Additionally, a previous randomized trial has shown
that using a dietetic assistant in the care of hip fractures to
monitor and treat nutritional deficiencies led to a decrease in
mortality four months following surgical intervention [30].
However, it is important to note that the nutritional status
was only a component of the hip-MFS. Despite this, with the
combination of these findings and the established relationship
between mortality and early re-admission we postulate that
nutrition is a vital component of predicting early re-admission.

While we identified significant associations between nutri-
tional markers and 30-day re-admission risk, a previous report
0f490 hip fracture patients did not find a predictive correlation
with one-year survival after hip fracture fixation [19]. Our
findings do not disagree with the prior report as our study
was not designed to address causal inference, but sought to
identify modifiable risk factors likely to mitigate risk of re-
admission. Our patient populations also differed from
Donegan et al. [19] who included patients who were previous-
ly home-dwelling, ambulatory, and cognitively intact and ex-
cluded patients with significant comorbidities residing in
assisted care facilities. Our study included all osteoporotic
hip fractures. The most frequent reason for re-admission is
reported to be non-surgical, and we postulate that nutritional
status played a vital role in our investigation because co-
morbid conditions frequently lead to decreased nutritional sta-
tus [31].

Our study carries common limitations associated with
EMR review. The type of hip fracture was not analyzed sep-
arately; however, we sought to identify potentially modifiable
risk factors from the osteoporotic hip fracture population as a
whole. We evaluated patients who were readmitted to our
facility and may have missed patients admitted to a different
facility. In addition, the data used in this study was obtained
exclusively through structured fields in the patient’s medical
record and may miss additional information contained in notes
or free-text fields. Finally, previous investigations have iden-
tified risk factors for complications in older surgical patients
that were not evaluated in this study; however, the main end
point in those investigations was prevention of decubitus ul-
cers [32]. We do not believe that to be a relevant outcome in
our investigation. Previous studies have demonstrated this to
be associated with decreased reserves. Our local model re-
flects the operations of our hospital and the inherent charac-
teristics of the population served; however, internal validity is
salient, and it may serve to optimize patient risk stratification
in its local institution.

With regard to the application of this model at the point of
care, it is worth noting that a moderate percentage of patients
lack nutritional laboratory values and would not be considered
for risk stratification and contingent prioritization for interven-
tion without imputation. It is important to note that a model
omitting these variables did not perform as well in terms of
predictive accuracy and discrimination, so one must consider
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the tradeoff between accurate classification and the size of the
population to which this model may be applied. This can be
remedied by either changing hospital practice to integrate
widespread testing for the laboratory values included in the
current model or by further exploring modifiable nutritional
markers that are most readily available in the EMR and incor-
porating these into the model.

We sought to incorporate nutritional laboratory markers
into a model that is functional when applied to new cases in
our organization, and the authors provide the equation for
those who may have similar populations. Our results indicate
that laboratory markers at admission may allow us to predict
which patients are at a higher risk of early re-admission after
hip fracture and intervene accordingly, and that it may be
beneficial to capture these variables in the EMR more often
than is currently practiced. We suggest other institutions con-
sider building their own model to accommodate laboratory
values, hip fracture types, and patient demographics that
may be heterogeneous across organizations.

This model may provide the foundation to direct resource
intensive interventions toward high risk patients by leveraging
an accurate risk prediction model. We believe that using these
predictive markers, in conjunction with other established in-
dicators, may decrease early re-admission rates [33].
Continued investigation into the peri-operative management
of geriatric hip fractures utilizing similar strategies and models
may lead to a reduction in patient morbidity and mortality and
the healthcare expense burden.
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