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BACKGROUND: Existing models developed to predict 30 days readmissions for pneumonia lack
discriminative ability. We attempted to increase model performance with the addition of variables
found to be of benefit in other studiess METHODS: From 133,368 admissions to a tertiary-care
hospital from January 2009 to March 2012, the study cohort consisted of 956 index admissions for
pneumonia, using the Centers for Medicare and Medicaid Services definition. We collected vari-
ables previously reported to be associated with 30-day all-cause readmission, including vital signs,
comor bidities, laboratory values, demographics, socioeconomic indicators, and indicators of hos-
pital utilization. Separate logistic regression models were developed to identify the predictors of
all-cause hospital readmission 30 days after discharge from the index pneumonia admission for
pneumonia-related readmissions, and for pneumonia-unrelated readmissions. RESULTS: Of the
965 index admissions for pneumonia, 148 (15.5%) subjects were readmitted within 30 days. The
variables in the multivariate-model that were significantly associated with 30-day all-cause re-
admission were male sex (odds ratio 1.59, 95% CI 1.03-2.45), 3 or mor e previous admissions (odds
ratio 1.84, 95% CI 1.22-2.78), chronic lung disease (odds ratio 1.63, 95% CI 1.07-2.48), cancer
(oddsratio 2.18, 95% CI 1.24-3.84), median income < $43,000 (oddsratio 1.82, 95% CIl 1.18-2.81),
history of anxiety or depression (odds ratio 1.62, 95% CI 1.04-2.52), and hematocrit < 30% (odds
ratio 1.86, 95% CI 1.07-3.22). The model performance, as measured by the C statistic, was 0.71
(0.66—0.75), with minimal optimism according to bootstrap re-sampling (optimism corrected C sta-
tistic 0.67). CONCLUSIONS: The addition of socioeconomic status and healthcare utilization vari-
ables significantly improved model performance, compared to the model using only the Centersfor
Medicare and Medicaid Servicesvariables. Key words: readmission; pneumonia; Centersfor Medicare
and Medicaid Services; CMS; socioeconomic status; healthcare utilization. [Respir Care
2014;59(2):199-208. © 2014 Daedalus Enterprises]

Introduction

Reduction in pneumonia-related readmission has been
identified as a marker for quality care. The Centers for
Medicare and Medicaid Services (CMS) Readmission Re-
duction Program? has challenged the healthcare system in
the United States to uncover novel ways to reduce re-
admission rates and maximize reimbursement by CMS.
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Over 2,000 hospitals have been levied penalties, ranging
from 0.01% to 1% of their CMS revenue in fiscal year
2013 for subpar readmission rates for heart failure, pneu-
monia, and heart attack, totaling approximately $280 mil-
lion in penalties paid back to CMS. There will be a sub-
stantial increase in the penalties in the next 2 years, to 2%
in fiscal year 2014, and to 3% in fiscal year 2015, so there
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is strong incentive to develop predictive algorithms to de-
termine which patients are at highest risk for readmission.

Despite this need to identify patients at risk for read-
mission, the applicability of available models is circum-
spect. A recent systematic review? of 26 models uncov-
ered: most models perform poorly, including the 3 CMS
models (pneumonia, heart failure, and myocardial infarc-
tion); only one clinical model successfully met the goals
set forth for clinical application and had what is consid-
ered acceptable discriminative ability when detecting re-
admission for heart failure3; the successful addition of
social or functional variables offer opportunities for im-
provement in model performance.45

There are few readmission models centered on pneu-
monia 30 day readmissions,®12 and only a few reported on
discriminative ability.61112 |n this single-center, retro-
spective analysis our intention was to leverage variables
shown to be significant in previously reported predictive
models and supplement the CMS medical record model®
with additional variables shown to be of benefit in other
models, in an effort to produce a model to identify before
discharge patients at high risk for readmission.

M ethods

This retrospective, observational study was carried
out at Hartford Hospital, an 800-bed teaching hospital
in Hartford, Connecticut. The Hartford Hospital institu-
tional review board approved the study (assurance
FWA000000601) and certified that it met the criteriafor a
waiver of the informed consent requirement.

Subjects

The subjects were derived from an electronic database
collected at Hartford Hospital. The CMS?%12 inclusion cri-
teriawere: CMS patients (enrolled in fee-for-service CMS
parts A and B) admitted to Hartford Hospital from January
2009 to March 2012 with principal diagnosis of pneumo-
nia (International Classification of Diseases, 9th Revision,
Clinical Modification codes 480.X X, 481, 482.X X, 483.X,
485, 486, and 487.0) as potential index pneumonia admis-
sions. We excluded patients < 65 year of age, who died in
the hospital, were transferred to another acute care facility,
and/or for whom data were incomplete. If a subject was
admitted more than once over a 30 day period, only the
first admission was counted as an index admission.

Outcomes
The primary outcome was 30-day al-cause readmis-
sion.*2 Hospital administrative data sources were used to

assessreadmissions. A pneumonia-related readmission was
defined using the CM St3.14 definition: pneumonia(480.X X,
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QUICK LOOK

Current knowledge

Hospital readmission for pneumonia is a common and
expensive complication. The Centers for Medicare and
Medicaid Services (CMS) Readmission Reduction Pro-
gram identified readmission for pneumonia as a quality
indicator for hospitals, with proposed financial penal-
ties for subpar performance.

What this paper contributes to our knowledge

The addition of variables including prior hospitaliza-
tion, median income, and depression significantly im-
proved the ability of the current CMS guidelines to
predict readmission. Readmission factors that are
outside of the hospital’s control include timely post-
discharge visit to a primary care provider, medication
adherence, and health literacy.

481, 482.XX, 483.X, 485, 486, 487.0) as the primary di-
agnosis, regardless of secondary diagnosis; or septicemia
(038.0—038.99) or respiratory failure (518.81 or 518.84)
as the primary diagnosis, with a secondary diagnosis of
pneumonia.

Variable Selection

The selection of candidate variables was based on the
CMS-developed Hierarchical Condition Category clinical
classification system selection algorithm,® and we used
the 35 variables in the final CMS medical record model.
Twenty-six of the CMSvariablesarelisted in Table 1 (see
column CMS). The 9 remaining variables were defined as
missing (yes/no) for: sodium, glucose, hematocrit, creati-
nine, white blood cell count, blood urea nitrogen, heart
rate, systolic blood pressure, and breathing frequency.
Briefly, using the Hierarchical Condition Category algo-
rithm, the > 15,000 International Classification of Dis-
eases, 9th Revision diagnosis codes are mapped to one of
189 clinically coherent condition categories. Of the 189,
35 were selected as potentially related to readmission out-
come based on: review of alist of variables used for val-
idating the National Quality Forum approved pneumonia
mortality measure; reviewing a list of variables from the
National PneumoniaProject set; and variables chosen based
on a systematic review of the literature. For each subject
the presence of the condition was assessed from the sec-
ondary diagnosis at the index admission.

The laboratory and vital signs were extracted from the
hospital electronic health record, where thefirst value after
admission was used. Age, sex, diagnosis, readmission from
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Table 1.  Univariate Predictors of 30-Day Readmission for Pneumonia

NOF Readmitted Entire
I?r?aing(t)tgi (n = 148) P Population cMs*
Demographics
Age, mean = SD years > 65 157+ 85 145+ 84 12 155+ 85 152+79
Stay, mean = SD d 53+ 4.0 6.2+ 49 .03 54+ 42
Male, % 121 49.3 .10 432 46.2
Nursing home resident, % 41.3 52.0 .02 43.0 17.7
Marital status, % A3
Divorced 10.5 9.5 14
Married 36.0 338 35.0
Single 115 14.9 12.0
Widowed 41.6 39.9 41.3
Separated 04 20 6.0
Healthcare utilization, %
= 3 previous admissions 47.0 68.2 .01 50.3
Socioeconomic status, %
Median income = $43,000 18.9 30.8 .01 20.7
Comorbidities, %
Diabetes mellitus 334 39.2 A7 343 20.9
History of heart failure 355 43.2 .07 36.7 29.0
Coronary artery disease 4.1 50.0 .18 45.0 39.6
Chronic lung disease 44.9 574 .01 46.9 2.2
Liver disease 0.0 0.0 0.0 10
Renal disease 15.2 27.7 .001 17.2 85
Splenectomy 0.2 0.0 54 0.2 0.4
Dementia/Alzheimer's 255 21.6 .32 24.9 16.4
Cancer/neoplastic disease 10.0 16.2 .03 9.4 6.8
Alcohol/drug abuse 6.8 10.1 15 7.3 34
Immunosuppressive therapy 223 29.7 .05 234 15.0
Major psychiatric disorders 45 8.1 .06 50 18.0
Pleura effusion/pneumothorax 6.8 10.1 15 7.3 21.2
Anxiety/depression 19.6 27.0 .04 20.7
Vital signs, %
Systolic blood pressure < 90 mm Hg 1.0 0.7 72 0.9 29
Heart rate = 125 beats/min 24 41 .23 26 7.7
Bresathing frequency = 30 breathgmin 3.8 34 .79 38 16.4
Laboratory values, %
Sodium < 130 mol/L 7.0 6.8 .94 7.0 438
Blood urea nitrogen = 30 mg/dL 24.7 27.2 .52 251 23.3
Creatinine = 2.5 mg/dL 55 10.9 .01 6.3 4.7
Hematocrit < 30% 8.6 17.0 .01 9.9 7.8
Glucose = 250 mg/dL 5.7 6.1 .85 5.8 5.2
White blood cell count 6-12 b/uL 50.1 50.3 .52 50.2 38.0
White blood cell count > 12 b/ulL 405 36.7 .96 39.9 41.4

* Centers for Medicare and Medicaid Services (CM S)5 values for comparison. Not shown are missing (yes/no) values for sodium, glucose, hematocrit, creatinine, white blood cell count, blood urea
nitrogen, heart rate, systolic blood pressure, or breathing frequency, because the maximum missing for any of these 9 variables was 8, and all were nonsignificant. Comorbidities used in the model
are represented by complications or comorbidities (CC) groupings as follows: diabetes mellitus (CC 15-20, 119-120), history of heart failure (CC 80), coronary artery disease (CC 83-86, 104-106),
chronic lung disease (CC 108-09, 115), liver disease (CC 25-30), history of renal disease (CC 129-131), dementia/Alzheimer’s (CC 49-50), cancer/neoplastic disease (CC 7-14), alcohol/drug abuse
(CC 51-53), major psychiatric disorders (CC 54-56), pleural effusion/pneumothorax (CC 114), anxiety/depression (CC 58-59). Splenectomy was defined per the International Classification of
Diseases, 9th Revision, Clinical Modification procedure coding 41.5. Immunosuppressive therapy was defined as medication usage per the Healthcare Common Procedure Coding System for

azathioprine, cyclophosphamide, cyclosporine, daclizumab, methotrexate, methylprednisolone, mycophenolate mofetil, sirolimus, or tacrolimus.

a skilled nursing facility, marital status, prior admission,
and stay were extracted from administrative registries.
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Additional variablesused, not present inthe CMSmodel,
included marital status, stay, anxiety/depression (as coded
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by the condition categories as described previously), num-
ber of hospitalizations prior to the index admission (as a
measure of healthcare utilization, and defined with a cutoff
of = 3 hospitalizations in the 3 years prior to the index
admission for pneumonia), and year 2000 census datals
(to obtain data on median household income for Connect-
icut zip codes, and used as a measure of socioeconomic
status).

Statistical Analysis

Descriptive statistics include frequency, mean + SD,
and median. The chi-square test was used to compare cat-
egorical variables, and the Student t test or nonparametric
Wilcoxon test was used for continuous variables in the
univariate analysis. When converting continuous data to
binary variables (number of visits prior to the index visit,
median income), we plotted receiver operating character-
istic curves to estimate the optimum combination of sen-
sitivity and specificity to arrive at an end point.26 Differ-
ences between the areas under the receiver operating
characteristic curves were detected as described.1”

Weused multivariatelogistic regression analysesto iden-
tify baseline subject characteristicsthat were independently
associated with all-cause 30-day readmission. All predic-
torsthat were found to be statistically significant at P < .15
in the univariate analysis were entered into the logistic
regression model. We repeated the logistic regression pro-
cedure as described in separate models using only signif-
icant CMS medical record model® variables with an end-
point of all-cause 30-day readmission; all significant
univariate predictors with pneumonia-related 30-day re-
admissions as the outcome variable; and all significant
univariate predictors with pneumonia-unrelated 30-day re-
admissions as the outcome variable.

The predictive accuracy of the multivariate models was
determined by calculating the area under the receiver op-
erating characteristic curve (or C statistic),'” and calcu-
lated observed readmission rates in the lowest and highest
deciles on the basis of predicted readmission probabilities.
We used the method described by Hanley and McNeil1? to
determine the differences between the receiver operating
characteristic curves. Overall model performance was mea-
sured using Nagelkerke's R?, ameasure of explained vari-
ance,*® and the Hosmer-Lemeshow?® test.

To ensure that the model’s predictions are generaliz-
able, it is important to evaluate the model’s performance
more realistically than simply by calculating its accuracy
on the training sample. To do this we used bootstrapping
asaninternal validation technique.2°.2 Briefly, thismethod
involves drawing repeated samples from the original sam-
ple, with some randomly excluded, and others included
more than once, resulting in a bootstrap sample. This pro-
cedure was repeated 200 times, resulting in an average
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C statistic for the bootstrap sample. Thisis then subtracted
from the C statistic developed from the original sample.
The result is termed the optimism of the apparent perfor-
mance of the model on the training data set. The observed
performance is moderated by subtracting the degree of
optimism from the apparent performance. One of the ben-
efits of bootstrapping is that it allows all of the available
subject data to be included in the data set. It has been
shown to estimate model performance more accurately
than other approaches, such as those that involve setting
aside data for a separate validation sample.

All effects were considered significant at P = .05. The
statistical analyseswere performed with SPSS 16.0 (SPSS,
Chicago, Illinais), with the exception of the bootstrapping,
which was conducted with Stata 11 (StataCorp, College
Station, Texas).

Results

A total of 1,249 in-patients met the CMS inclusion
criteriat2 for a pneumonia index admission. Of the 1,249
subjects, CMS exclusion criteria eliminated: 14.1% < 65
years of age, 5.7% in-patient deaths, 0.2% transferred to
another acute care facility, 1.3% who had > 1 admission
in the 30-day readmission period, and 2.1% due to missing
data. Thisresulted in afinal population of 956 (Fig. 1), of
which 148 were readmitted within 30 days, for an unad-
justed readmission rate of 15.5% (Fig. 2), which was uni-
formly distributed over the 30-day period. Pneumonia-
related hospital readmissions accounted for 16.9% of total
30-day readmissions (Table 2). Five (20%) of the subjects
readmitted for pneumonia-related causes died in the hos-
pital, and 13 (52%) were transferred to a skilled nursing
facility. The most frequent diagnosis for pneumonia-
unrelated readmissions included aspiration pneumonitis,
congestive heart failure, and cardiorespiratory failure and
shock.

Variables Statistically Associated With All-Cause
30-Day Readmission

Table 1 provides the univariate analysis of all study
subjects, with comparisons between readmitted and non-
readmitted subjects. There were significant differencesin
stay, discharge to a skilled nursing facility, = 3 previous
admissions, median income = $43,000, chronic lung dis-
ease, renal disease, cancer, creatinine = 2.5 mg/dL, he-
matocrit < 30%, and history of anxiety or depression.

When defining readmissions as pneumonia-rel ated
(Table 3), = 3 previous admissions, cancer, hematocrit
< 30% and white blood cell count of 6-12 b/uL showed
statistically significant differences. When the outcome was
defined as pneumonia-unrelated, in accord with all read-
missions, there were significant differences in stay, = 3
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Total
admissions
Jan 2009-
Mar 2012
133,368

Medicare: 33.4%

Pneumonia primary
diagnosis: 2.8%

Y

Qualified Medicare
pneumonia index
admissions
1,249

Excluded
Age <65y: 14.1%
In-hospital death: 5.7%
Transferred out: 0.2%
> 1 admission: 1.3%
Missing data: 2.1%

\

Final pneumonia
index admissions

956
Readmissions No
in < 30 days readmissions
148 808
Not Pneumonia-
pneumonia- related
related 25
123

Fig. 1. Flow chart.

previous admissions, median income = $43,000, chronic
lung disease, rena disease, creatinine = 2.5 mg/dL, and
hematocrit < 30%.

Pneumonia-related readmissions included a higher per-
cent with ahistory of cancer (36.0% vs 12.2%, P < .001),
and a lower percent with heart failure (20.0% vs 48.0%,
P = .01) and white blood cell count 6—12 b/uL (28.0% vs
54.9%, P = .01), when compared to pneumonia-unrelated
30-day readmissions.

Multivariate Analysis

As shown in Table 4, variables significantly associated
with arisk for 30-day all-cause readmission include male sex,
= 3 previous admissions, chronic lung disease, cancer, me-
dian income = $43,000, history of anxiety or depression, and
hematocrit < 30%. In the logistic regression model, using
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Fig. 2. Kaplan-Meier curve of 30-day hospital readmission.

pneumoniarelated readmissions as the dependent variable,
factors associated with a higher risk of readmission include
= 3 previous admissions, cancer, and history of anxiety or
depression. The moded using pneumonia-unrelated readmis-
sions found median income < $43,000, = 3 previous admis-
sions, chronic lung disease, and heart rate = 125 beatsmin to
be significant risk factors.

M odel Performance

As shown in Table 5, the logistic regression model
showed reasonable discrimination for all readmission
causes (C statistic [area under the curve] 0.71, 95% ClI
0.66—0.75). Validation via 300 bootstrap samples resulted
in an optimism-corrected C statistic of 0.67. The predicted
readmission rate ranged from 7.5% in the lowest to 43.0%
in the highest predicted decile, and the model was well
calibrated: the Hosmer-Lemeshow goodness of fit sta-
tistic was chi-square = 5.92 (P = .66). The model pre-
dicting pneumonia-unrelated readmi ssion gave a Hosmer-
L emeshow goodness of fit statistic of chi-square = 2.47,
P = .96, and demonstrated fair discrimination (C sta-
tistic 0.68, 95% CI 0.64—0.73), but the model’s predic-
tive ability was less as the observed readmission rate
ranged from 3.3% in the lowest predicted decile to only
36.6% in the highest. When predicting pneumonia-
related readmission, the model was well calibrated: the
Hosmer-Lemeshow goodness of fit statistic was chi-
square = 3.44, P = .90. The model demonstrated poor
to fair discrimination (C statistic 0.65, 95% Cl 0.60—
0.70), and the model’s predictive ability was poor, with
the observed readmission rate ranging from only 9.1%
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Table 2.  Pneumonia 30-Day Readmission Diagnosis

Number Percent

Pneumonia-related

Pneumonia - primary 19 76.0
Septicemia - pneumonia 5 20.0
Respiratory failure - pneumonia 1 4.0
Tota 25 16.9
Pneumonia-unrelated*
Aspiration and specified bacterial pneumonias 13 10.6
(food/vomit pneumonitis)
Congestive heart failure 12 9.8
Cardiorespiratory failure and shock 11 8.9
COPD 8 6.5
Renal failure 7 5.7
Other infectious diseases 6 49
Septicemial/shock 6 4.9
Lung, upper digestive tract, and other severe 4 33
cancers
Urinary tract infection 4 33
Hip fracture/dislocation 3 2.4
Other gastrointestinal disorders 3 24
Central nervous system infection 2 16
Disorders of fluid/electrolyte/acid-base balance 2 16
Major complications of medical care and trauma 2 16
Other heart rhythm and conduction disorders 2 1.6
Vascular disease 2 1.6
Acute myocardia infarction 1 0.8
Breast, prostate, colorectal and other cancers and 1 0.8
tumors
Chronic ulcer of skin, except decubitus 1 0.8
Demential/cerebral degeneration 1 0.8
Diabetes with acute complications 1 0.8
Diabetes with neurologic or other specified 1 0.8
manifestation
Dialysis status 1 0.8
Disorders of immunity 1 0.8
Fibrosis of lung and other chronic lung disorders 1 0.8
Intestinal obstruction/perforation 1 0.8
Lymphatic, head and neck, brain, and other 1 0.8
major cancers
Other circulatory disease 1 0.8
Other psychiatric disorders 1 0.8
Other significant endocrine and metabolic 1 0.8
disorders
Pleural effusion/pneumothorax 1 0.8
Seizure disorders and convulsions 1 0.8
Vascular disease with complications 1 0.8
Other 19 154
Tota 123 83.1

* Primary diagnosis on 30-day readmission.

in the lowest predicted decile to only 34.0% in the
highest.

Looking at the relative contribution of each risk factor’s
predictive ability in the multivariable model for all-cause
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30-day readmissions (Fig. 3) we found that low income
and high hospital utilization accounted for nearly 40% of
the variance in the model.

We compared our model to a model that used only
factors used in the CMS medical record sample (excludes
stay, marital status, health care utilization, and socioeco-
nomic status, and a measure of anxiety/depression), and
found a significant improvement in the C statistic (Fig. 4):
0.71 versus 0.67, z = 2.14, P = .03.

Discussion

We present an in-patient 30-day risk-adjusted all-
cause readmission model for pneumonia patients that can
be used in performance measurement and quality improve-
ment at a similar tertiary care hospital. We included 956
subjects hospitalized for pneumonia, who showed a 30-
day readmission rate of 15.5%. Our model identified 7
variables as significant risk factors for pneumonia 30-day
all-cause readmissions. Some of these factors confirm pre-
vious findings, and other are newly reported. In addition,
3 significant risk factors associated were revealed in the
pneumonia-related 30-day readmission model, and 4 risk
factors were associated with pneumonia-unrelated re-
admissions. The measure of hospital utilization was sig-
nificant, regardless of the model outcome.

We chose to select baseline variables for univariate
analysis from the CMS Medical Record risk-adjusted
model for pneumonia readmissions® because we were us-
ing a similar patient population with identical inclusion/
exclusion criteria, were measuring the same outcome, and
because of the robustness of the CMS Medical Record risk
dataset (47,429 subjects). Despite the size of the popula-
tion and the number of variablesinitially screened for use,
the CM S models perform poorly,2 demonstrating that there
issubstantial variance not accounted for by the CMS mod-
els. The reason for the lack of discrimination becomes
clear when we consider the multitude of factors influenc-
ing the likelihood of readmission after hospital dis-
charge®10.22-24 that are not included in the CMS model.
With the inclusion of some of these variablesin our model
we increased the discriminatory ability of the model sig-
nificantly over the CMS model.

Our finding of prior healthcare utilization as a signifi-
cant risk factor is in agreement with others253° and
it remained significant across all 3 models (all readmis-
sions, pneumoniarelated, or pneumonia-unrelated). The
risk factor prior heathcare utilization (eg, prior
hospitalizations and emergency room visits) is likely
an indicator of patients with unstable or more severe
disease. Our inclusion of history of anxiety or de-
pression was based on evidence from other studies, in
which the mental domain score of the Medical Out-
comes Study Short Form 36-item questionnaire was a
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Table 3. Univariate Predictors of 30-Day Readmission for Pneumonia-Related and Pneumonia-Unrelated Readmissions
Pneumonia-Related Pneumonia-Unrel ated
Reayﬁned Readmitted P Reaglrcr)ntitted Readmitted P
(n = 931) (n =25 (n = 833) (n =12
Demographics
Age, mean = SD y > 65 15.6 (8.5 13.9(9.8) 34 15.6 (8.5) 14.6 (8.4) 22
Stay, mean = SD d 5.4 (4.1) 6.6 (5.4) 17 53(4.1) 6.1(4.8) .04
Male, % 43.1 48.0 .62 42.3 49.6 13
Nursing home resident, % 425 60.0 .08 41.9 50.4 .08
Marital status, % .28 .30
Divorced 121 8.0 114 7.8
Married 35.7 36.0 36.0 16.3
Single 10.3 12.0 16 333
Widowed 41.4 40.0 415 8.9
Separated 05 4.0 5 39.8
= 3 previous admissions 49.6 76.0 .01 47.9 66.7 < .001
Median income = $43,000 20.3 36.0 .06 194 29.8 .01
Comorbidities
Diabetes mellitus 344 32.0 .81 334 40.7 A1
History of heart failure 37.2 20.0 .79 351 48.0 .06
Coronary artery disease 4.7 56.0 .26 44.4 48.8 .36
Chronic lung disease 47.0 40.0 49 448 61.0 < .001
Liver disease 0.0 0.0 0.0 0.0
Renal disease 17.1 20.0 .70 15.4 29.3 < .001
Splenectomy 0.2 0.0 .82 0.2 0.0 .59
Dementia/Alzheimer’s 251 16.0 .30 25.2 22.8 .56
Cancer 10.3 36.0 <.001 10.8 12.2 .65
Alcohol/drug abuse 7.4 4.0 .52 6.7 114 .06
Immunosuppressive therapy 231 36.0 A3 227 285 .16
Major psychiatric disorders 5.0 4.0 .81 4.4 8.9 .03
Pleura effusion/pneumothorax 7.3 8.0 .89 6.8 10.6 14
Anxiety/depression 20.3 36.0 .06 20.0 25.2 .19
Vital signs
Systolic blood pressure < 90 mm Hg 1.0 0.0 .62 1.0 0.8 .87
Heart rate = 125 beatsmin 2.7 0.0 A1 23 4.9 .09
Breathing frequency = 30 breaths/min 3.9 0.0 31 37 4.1 .85
Laboratory values
Sodium < 130 mol/L 7.0 4.0 .56 6.8 7.3 .85
Blood urea nitrogen = 30 mg/dL 25.0 28.0 .73 24.8 27.0 .59
Creatinine = 2.5 mg/dL 6.3 8.0 .73 5.6 115 .01
Hematocrit < 30% 9.5 24.0 .02 9.1 156 .03
Glucose = 250 mg/dL 59 0.0 21 5.6 74 42
White blood cell count 6-12 b/uL 50.8 28.0 .03 49.5 54.9 .26
White blood cell count > 12 b/l 39.6 52.0 .22 40.9 33.6 13

significant multivariate predictor of non-elective readmis-
sion.28

Our finding of lower incomeisin agreement with others
who have shown socioeconomic status indicators as pre-
dictors of higher readmission rates. Billings et al4 studied
the effect of household income on hospital readmission
for the non-CMS population in New York City and dis-
covered that the admission rate was higher for the low-
income population than for the high-income population.

RespIRATORY CARE e FEBRUARY 2014 VoL 59 No 2

Amarasingham et al® found median income a significant
univariate predictor of heart failure readmission, with bor-
derline significance, and Philbin et al3! showed that in-
come is significantly associated with increased readmis-
sion in heart failure.

On the contrary, Arbaje et al*° failed to include lower
income as a significant multivariate predictor of 60-day
non-elective readmissions; however, that study lacked
power to detect differences in readmission in the desig-
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Table 4.  Pneumonia 30-Day Readmission Logistic Regression Results
Percent Coefficient Standard Odds 95% Cl P
Error Ratio

Age, mean = SD years > 65 15.7 + 85 —0.008 0.013 0.99 0.97-1.02 .54
Stay, mean = SD d 53+40 0.008 0.023 101 0.96-1.05 72
Male 421 0.463 0.221 1.59 1.03-2.45 .04
Nursing home resident 41.3 0.300 0.208 135 0.90-2.03 15
History of heart failure 355 0.106 0.213 111 0.73-1.69 .62
Chronic lung disease 44.9 0.489 0.214 1.63 1.07-2.48 .02
Renal disease 15.2 0.311 0.252 1.36 0.83-2.24 .22
Cancer 10.0 0.780 0.288 2.18 1.24-3.84 .007
Immunosuppressive therapy 223 0.174 0.233 1.19 46
Creatinine = 2.5 mg/dL 55 0.111 0.385 112 0.53-2.38 77
Hematocrit < 30% 8.6 0.620 0.281 1.86 1.07-3.23 .03
Major psychiatric disorders 8.1 0.622 0.385 1.86 A1
Median income = $43,000 0.599 0.221 1.82 .007
= 3 previous admissions 25.2 0.608 0.210 184 .004
Marital status

Single (reference) 22

Married 9.5 —0.329 0.320 0.72 .30

Divorced 338 —0.706 0.415 0.49 .09

Widowed 14.9 —0.152 0.322 0.86 .64

Separated 39.9 1.123 0.950 3.07 .24
Anxiety/depression 20 0.481 0.225 1.62 1.04-2.52 .03
Constant —2.976 0.426 0.05 < .001
Table 5. Model Performance

Discrimination
Predictors Readmission Type n Predictive Ability %
Lowest Highest Area Under the Curve R2*
Decile Decile (95% Cl)

All significant All-cause 956 75 430 0.71 (0.66-0.75) 0.13
All significant Pneumonia-unrelated 956 33 36.6 0.68 (0.64-0.73) 0.11
All significant Pneumonia-related 956 9.1 34.0 0.65 (0.59-0.70) 0.16
CMS medical record model variables only® All-cause 956 4.2 351 0.67 (0.62-0.72) 0.08

CMS = Centers for Medicare and Medicaid Services
* From reference 18.

nated levels of income. They acknowledged that if the
readmission rate had been higher, then low income might
have had a significant association with early readmission.

A systemic review of risk prediction models for read-
mission concluded that the vast magjority, including the 3
CMS models (heart failure, acute myocardial infarction,
and pneumonia), performed poorly in predicting which
patients were at high or low risk for readmission.2 Indeed,
only a handful have reported a C statistic above 0.7. Their
finding showed that most models were limited to medical
comorbidity, prior healthcare utilization, and basic socio-
demographic data. Only a few considered variables such
as functiona status, overall health, social determinants of
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health (income, employment, socioeconomic status, access
to care, socia support), or illness severity in their models.
Two of the studies3s that did include these variables in
their models demonstrated increased predictive ability.
An important limitation to this study was that it was
conducted in a single, inner-city tertiary care hospital, so
its external validity may be limited to the geographic area
and practice type. However, many of the variables shown
as significant risk factors in other studies in different en-
vironments were replicated as significant variables in this
study. A further limitation is that the census file we used
for median income was from the year 2000, and we rec-
ognize that there may have been regional changes in in-
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Fig. 3. Relative contribution of risk factors for pneumonia 30-day readmission prediction model.
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Fig. 4. Receiver operating characteristic curve for Hartford Hospi-
tal’s model and the Centers for Medicare and Medicaid Services
(CMS) model for pneumonia-related readmission. The area under
the receiver operating characteristic curve demonstrates signifi-
cantly better discrimination with Hartford Hospital’s all significant
univariate predictors model. The diagonal line represents an area
under the curve of 0.5, which indicates no discrimination.

come in the last decade. Finally, the power of the multi-
variate analysis is limited when segmenting the outcome
as pneumonia-related/unrelated, though we did not ob-
serve large parameter estimates or standard errors, which
can be diagnostic of too few events relative to variables.

Conclusions

We successfully produced a model that can identify,
before discharge, patients at high-risk for readmission. We
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sought to build on previously published predictive models
for pneumonia readmission, many of which displayed rel-
atively weak performance with an attempt to enhance the
predictive ability with the addition of variables related to
marital status, prior hospitalizations, median income, di-
agnosis of anxiety or depression, and index hospital stay.
Of these additions, prior hospitalization, median income,
and depression/anxiety were all significant predictors in
the all-cause readmission model, and made substantial con-
tributions to model performance.

Despite the significant improvement over previously
published models of pneumonia 30 day readmission,®
there is much need for improvement, as the maximum
predictive ability remains inadequate. It is apparent that
much of the influence on the risk of readmission lies out-
side of the hospital. Factors such as confirmed and timely
post-discharge visit to the patient’s primary care provider,
medication and diet adherence, social support, health lit-
eracy, and communication between providers may be sig-
nificant contributors to a predictive algorithm for read-
mission. Further research is needed to develop a more
comprehensive model that incorporates potential influen-
tial variables such as these.
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