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BACKGROUND: The relationship of socioeconomic status
(SES) with hospital readmissions is unclear.

METHODS: We used population-based administrative
datasets to randomly select 40,827 adult Ontarians dis-
charged from hospital to the community. Patient postal
codes were linked to average neighborhood household-
income quintiles. The association of this SES measure
with 30-day death or urgent readmission was measured
after controlling for outcome risk using a validated
index, LACE+: length of stay (L), acuity of the admis-
sion (A), comorbidity of the patient (measured with the
Charlson Comorbidity Index score (C), and emergency-
department use (E).

RESULTS: Within 1 month of discharge, 2638 (6.5%) people
died or were urgently readmitted. Lower neighborhood
income was significantly associated with both an increased
outcome risk (P < 0.0001) and LACE+ score. After adjusting
for LACE+ score, neighborhood income was no longer asso-
ciated with 30-day death or urgent readmission (P = 0.21).

CONCLUSIONS: After accounting for known risk factors,
early death or readmission is not more common in people
from lower-income neighborhoods. Further study is
required to determine if SES is associated with adverse
postdischarge outcomes in settings without publicly funded
healthcare. Journal of Hospital Medicine 2013;8:261-266.
© 2013 Society of Hospital Medicine

Socioeconomic status (SES) classifies people according
to occupation, prior education, or income.' Socioeco-
nomic status has been associated with several popula-
tion-health outcomes, albeit with geographically
inconsistent results.” If lower SES is associated with
higher readmission rates, then further studies could be
done to determine which specific socioeconomic fac-
tors are potentially modifiable and whether the provi-
sion of additional resources could allay the increased
risk associated with those factors.

Nine studies have examined the association between
SES and readmissions.> ! These studies varied exten-
sively in methodologies, SES measures, and results.
However, results from 1 of these studies'' were par-
ticularly notable given the study’s significant associa-
tion between lower household income and increased
risk of acute readmission in a publicly funded, open-
access healthcare system. Given the implications of
these results, an accurate and explicit assessment
of the association between SES measures and the risk
of adverse postdischarge outcomes is important.

We recently developed a model that accurately pre-
dicts the risk of 30-day death or urgent readmission
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using administrative data.'* This model did not
directly control for any SES factors. In this study, we
determined if a commonly used SES measure—house-
hold-income quintile—was associated with the risk of
early death or urgent readmission after controlling for
factors known to influence this outcome.

METHODS

Study Setting and Data Sources

This population-based study took place in Ontario,
Canada, between April 1, 2003 and March 31, 2009.
All hospital and physician care in Ontario is publicly
funded. The study used 2 databases, the Discharge
Abstract Database and the Registered Persons Data-
base. The Discharge Abstract Database records infor-
mation about all nonpsychiatric hospitalizations,
including dates of hospital admission and discharge,
vital status at end of hospitalization, discharge desti-
nation (ie, community, nursing home, or chronic hos-
pital), admission wurgency, primary and other
diagnoses, and postal code of patient’s household.
The Registered Persons Database captures basic demo-
graphic data about all Ontarians, including date of
birth and date of death (if applicable), postal code
of residence, and average household-income quintile
of postal code, determined by linking the postal code
to Statistics Canada geographical units through the
Postal Code Conversion File Plus.'®> The Registered
Persons Database captures all deaths regardless of the
death location (ie, community vs hospital).

Study Population
This study used patients from a previous analysis that
internally validated an index to predict the risk of
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30-day death or urgent readmission.'® This analysis
included a simple random sample of 250,000 adult
Ontarians (age >18 years) who were discharged from
the hospital to the community between April 1, 2003
and March 31, 2009. These medical and surgical hos-
pitalizations were sampled from the Discharge
Abstract Database described above. Psychiatric admis-
sions were excluded because their hospitalizations are
captured in a distinct database; obstetrical admissions
were also excluded because they have a very low risk
of 30-day death or readmission. We randomly chose 1
index admission per person to ensure that the patient
was the unit of analysis.

For the present study, we selected all patients from
the previous analysis who were discharged from the
hospital in 2006. This year was chosen because the
SES indicator we used in the study (average house-
hold-income quintile) was measured during the 2006
Canadian Census and would be most accurate for
patients discharged in that year. The present study
also limited patients to those with a valid postal code,
because this was required to link patients to their
neighborhood and their household-income quintile.

Study Outcome

The study outcome was all-cause death or urgent
readmission within 30 days of discharge from hospi-
tal. We combined death with urgent readmission to
avoid potential biases that could occur when meas-
uring associations between risk factors and urgent
readmission; in analyses having readmission as the
sole outcome, the categorization of early deaths that
occur prior to readmission as nonevents could mini-
mize the importance of factors (such as severe comor-
bidities or patient age) that are associated with both
early death and readmission.

We linked to the Registered Patients Database to
determine each person’s 30-day death status. We
linked to the Discharge Abstract Database to deter-
mine if patients had been urgently readmitted to any
hospital within 30 days of discharge. All deaths were
considered regardless of cause. All urgent (ie, non-
scheduled) readmissions were included regardless of
the reason for admission. Urgent status was deter-
mined by the urgency field in the Discharge Abstract
Database, for which data abstractors are instructed to
classify all nonscheduled admissions as “urgent”;
these admissions frequently include those admitted af-
ter presenting to the emergency department.

Study Covariates: Readmission Risk and Neighbor-
hood Household-Income Quintile

In our primary analysis, we quantified the risk of 30-
day death or urgent readmission using an internally
validated index, the LACE+ index: length of stay (L),
acuity of the admission (A), comorbidity of the patient
(measured with the Charlson Comorbidity Index score
(C), and emergency-department use (E)."? The

LACE+ index predicts the risk of 30-day all-cause
death or urgent readmission for nonpsychiatric and
nonobstetrical admissions. This index includes patient
age, sex, comorbidities, and previous hospital and
emergency-department utilization; admission urgency;
hospital type; total length of stay (LOS) and days in
hospital awaiting placement; and hospitalization diag-
nostic risk.'* The index quantified outcome risk as a
score that ranged from —17 to 114. It was very dis-
criminatory (C statistic, 77.1%) and was well cali-
brated (the observed and expected outcome risk was
statistically distinct in only 2 of 14 risk groups that
contained <2% of the population). The LACE+ quin-
tiles were defined using score distribution from the
entire 2003-2009 cohort.'?

We used neighborhood income quintile as 1 mea-
sure of patient SES. Neighborhood income quintile
was calculated by Statistics Canada using the Income
Per Person Equivalent (IPPE) determined from the
2006 Canadian census."®> The IPPE was calculated as
total household income divided by the Single Persons
Equivalent, which reflects decreased costs per person
(and therefore increased available income per house-
hold occupant) in households having greater numbers
of people. Within each dissemination area (each con-
tains 400-700 people), the average IPPE was calcu-
lated. Then, within each region (delineated by the
Census Metropolitan Area, the Census Agglomeration,
or provincial residual areas), dissemination areas were
ranked by their average IPPE and then categorized
into quintiles. These household-income quintiles,
therefore, are community-specific and ensure that
neighborhood household incomes are categorized
based on comparisons within the same community. As
such, the income thresholds for quintile categorization
will vary between regions. We linked each patient’s
postal code to their dissemination area using the
Postal Code Conversion File Plus'® to determine their
neighborhood income quintile.

Analysis

We described the patient cohort by readmission status.
We categorized the expected risk of 30-day death or
urgent readmission to hospital (as determined by the
LACE+ score) into quintiles. We used the 3> test and
the test for trend to determine the association of these
risk quintiles and SES quintiles with observed rates of
30-day death or urgent readmission. The Cochran-
Mantel-Haenszel test was used to determine the asso-
ciation of household-income quintile and outcome
risk after adjusting for LACE+ quintile.

To determine how the association between income
quintile and outcome changes with increase adjust-
ment, we constructed a series of logistic-regression
models that contained household-income quintile and
the sequential addition of components of the LACE+
score. For each model, we measured the influence of
these added covariates on the association between
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TABLE 1. Description of Study Patients by 30-Day Death or Urgent Readmission Status

No Death/Readmission, Death/Readmission,
Variable Value n=238,189 n=2,638 Overall, N = 40,827
Mean age (SD), y 57.39(18.3) 67.17(17.2) 58.02 (18.4)
Female sex 20,044 52.5% 1,291 48.9% 21,335 52.3%
Charlson index 0 28,908 75.7% 1,238 46.9% 30,146 73.8%
1 450 1.7% 362 13.7% 4812 11.8%
2 2,668 7.0% vy 16.2% 3,095 7.6%
3+ 2,163 5.7% 611 23.2% 2,774 6.8%
ED visits in previous 6 moths 0 24599 64.4% 1,210 45.9% 25,809 63.2%
1-2 11,262 29.5% 1,008 38.2% 12,210 30.1%
3+ 2,328 6.1% 420 15.9% 2,748 6.7%
Urgent hospitalizations, previous year 0 33729 88.3% 1,796 68.1% 35,525 87.0%
1 3,425 9.0% 525 19.9% 3,950 9.7%
1+ 1,035 2.7% 317 12.0% 1,352 3.3%
Elective hospitalizations, previous year 0 35,988 94.2% 2,389 90.6% 38,3717 94.0%
1 1,998 52% 213 8.1% 2,21 54%
2+ 203 0.5% 36 1.4% 239 0.6%
Hospital type Nonteaching, large 20,554 53.8% 1,334 50.6% 21,888 53.6%
Nonteaching, small 5,239 13.7% 487 18.5% 5726 14.0%
Teaching 12,396 32.5% 817 31.0% 13,213 32.4%
Urgent admit 23,769 62.2% 2,223 84.3% 25,992 63.7%
LOS rounded to nearest day, median (IQR) 3(2-6) 5@3-11) 3(2-6)
Any hospital days on ALC 0 646 1.7% 127 4.8% 73 1.9%
CMG score of index admission 0 21,251 71.4% 1,594 60.4% 28,851 70.7%
1+ 5218 13.7% 948 35.9% 6,166 15.1%
<0 5714 15.0% 96 3.6% 5810 14.2%
LACE+ score of index admission, median (IQR) 31(18-48) 61 (41-75) 32 (19-51)
Household-income quintile 1 (poorest) 7,798 20.4% 621 23.5% 8,419 20.6%
2 7812 20.5% 586 22.2% 8,398 20.6%
3 7,557 19.8% 484 18.3% 8,041 19.7%
4 7,561 19.8% 500 19.0% 8,061 19.7%
5 (richest) 7,461 19.5% iy 16.9% 7,908 19.4%

NOTE: Abbreviations: ALC, alternate level of care (indicating a patient who does not currently require hospitalization but is awaiting alternate living arrangements, such as nursing home); CMG, Case Mix Group; ED, emergency
department; IQR, interquartile range; LACE+, length of stay (L), acuity of the admission (A), comorbidity of the patient (measured with the Charlson comorbidity index score (C), and emergency-department use (E); LOS, length of
stay; SD, standard deviation. The Charlson index measures number and severity of patient comorbidities.2’ Nonteaching hospitals having <100 beds were classified as small. The CMG score' quantifies the independent proba-

bility that particular admission types are followed by early death or urgent readmission.

household-income quintile and early death or urgent
readmission. We used orthogonal parameterization
(which facilitates the comparison of parameter esti-
mates in a regression model) to measure linear trends
in the association of the income quintiles with
outcomes.

RESULTS
The original cohort contained 250,000 people, of
which 40,827 people (16.3%) were included in the
present study (208,995 were excluded because
patients were discharged in years other than 2006;
178 were excluded because of invalid postal codes).

Patients are described in Table 1. Patients were
middle-aged and had few documented chronic comor-
bidities. Of the patients, 37% had been to the emer-
gency department and 12% had been admitted
urgently. Most admissions were to large, nonteaching
hospitals with a median LOS of 3 days.

Death or urgent readmission within 30 days
occurred in 2638 people (6.5%) (Table 1). Outcome
risk increased with age; in males; as comorbidities

increased; with greater numbers of emergency-depart-
ment visits, urgent admissions, and previous elective
admissions; when index admissions were emergent;
with longer hospital LOS and increased number of
alternate level of care days; and as the diagnostic risk
(measured as the Case Mix Group [CMG] score)'*
increased. Outcome risk increased as income quintile
became poorer.

Household Income and Risk of 30-Day Death or
Urgent Readmission
People were evenly divided among the income quin-
tiles (Table 2). By itself, household-income quintile
was significantly associated with the risk of early
death or urgent hospital readmission (Table 2, column
C, yx*=27.4, P<0.0001; Mantel-Haenszel trend
y*=24.3, P<0.0001). In the poorest quintile, 7.4%
of people had an outcome, compared with 5.6% in
the richest quintile (x*=19.8, df=1, P < 0.0001).
However, household income was also strongly asso-
ciated with LACE+ scores (y>=240, P<0.0001;
Mantel-Haenszel trend y*=209, P <0.0001). The
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TABLE 2. Risk of 30-Day Postdischarge Death or Urgent Readmission by Household Income and Predicted Risk

Risk Quintile of 30-Day Death or Readmission (LACE+ Points Range)

1(-14-16) [A] 2 (17-27) 3(28-39) 4 (40-56) 5 (57-114) [B] Income Quintile Overall [C]

Income quintile

1 (poorest) 18/1,485 (1.2%) 421,667 (2.5%) 65/1,635 (4.0%) 171,722 (6.8%) 379/1,910 (19.8%) 621/8,419 (7.4%)

2 211,627 (1.3%) 39/1,665 (2.3%) 65/1,598 (4.1%) 130/1,808 (5.2%) 331/1,700 (19.5%) 586/8,398 (7.0%)

3 18/1,761 (1.0%) 33/1,665 (2.0%) 63/1,568 (4.0%) 96/1,499 (6.4%) 27411,548 (17.7%) 484/8,041 (6.0%)

4 271,851 (1.5%) 421,698 (2.4%) 57/1,585 (3.6%) 1101,548 (6.1%) 264/1,379 (19.1%) 500/8,061 (6.2%)

5 (richest) 201,864 (1.1%) 321,736 (1.8%) 60/1,468 (4.1%) 107/1,525 (7.0%) 228/1,315 (17.3%) 447/7,908 (5.6%)
Risk quintile overall [D] 104/8,588 (1.2%) 188/8,431 (2.2%) 310/7,854 (4.0%) 560/8,102 (6.9%) 1476/7,852 (18.8%) 2,638/40,827 (6.5%)

NOTE: Abbreviations: LACE+, length of stay (L), acuity of the admission (A), comorbidity of the patient (measured with the Charlson comorbidity index score, C), and emergency-department use (E). Risk of death or urgent read-
mission was summarized by the LACE+ score' divided into quintiles, with higher score indicating higher risk. Income quintile used neighborhood average household income, with higher score indicating higher household
income. The uppercase letters in brackets indicate table columns and rows discussed in the text of the article. Each cell presents the number of people who died or were urgently readmitted (numerator) over the number of people

at risk (denominator).
Additional Income Quintile = 2 Income Quintile =3 Income Quintile =4 Income Quintile =5 T;‘Zl:f
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FIG. 1. The incremental influence of important factors on the association of neighborhood income quintile with early death or urgent readmission. This figure
presents results from a series of logistic-regression models having death or urgent readmission within 30 days of discharge from hospital as the outcome. Each
plot presents the adjusted OR (horizontal axis) relative to the poorest income quintile, 1, for income quintiles 2 through 5 (the wealthiest quintile). Other covariates
entered into the model are presented on the left side, with all (except the final model containing LACE + alone) being cumulative, so that the model adding patient
sex (“+ Sex”) also contains patient age (the variable above). Each point estimate is flanked by 95% Cls. The P value for linear trend over the income quintiles is
presented on the right. Abbreviations: ALC, alternate level of care; Cl, confidence interval; CMG, Case Mix Group; LACE+, length of stay (L), acuity of the admis-
sion (A), comorbidity of the patient (measured with the Charlson Comorbidity Index score (C), and emergency-department use (E); OR, odds ratio.

number of people in the lowest-risk quintile increased
with income, from 1485 in the poorest quintile to
1864 in the richest quintile (Table 2, column A). In
contrast, the number of high-risk people progressively
decreased with income, from 1910 in the poorest
quintile to 1315 in the richest quintile (Table 2, col-
umn B).

The LACE+ quintile was very strongly associated
with outcome risk, as shown in Table 2, row D
(x*=2703, P<0.0001; Mantel-Haenszel trend

=2102, P <0.0001). Within each LACE+ stratum,
the risk of death or urgent readmission did not appear

to consistently change with income quintile. After
adjusting for LACE+ scores, income quintile was no
longer associated with 30-day death or readmis-
sion (Cochran-Mantel-Haenszel y>=35.9, df=4,
P=0.21).

We found no nonlinear associations between house-
hold-income quintile and 30-day death or readmission
after adjusting for the LACE+ score. In addition, the
association between LACE+ quintile and outcome did
not vary significantly by household-income quintile (P
value for interaction term in logistic regression
model = 0.5582).
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The association between income quintile and 30-
day death or urgent readmission decreased when
incrementally controlling for other covariates in the
LACE+ model (Figure 1). By itself, all income quin-
tiles except 2 were significantly distinct from the poor-
est income quintile. The addition of patient age, sex,
and hospital type had little effect on the association
between income and outcomes. The addition of index
admission urgency shifted all point estimates toward
unity (Figure 1). Associations between income and
death or readmission then remained relatively stable
until the addition of number of urgent admissions in
the previous year (Figure 1). The subsequent addition
of number of emergency visits and comorbidities
resulted in none of the income quintiles being statisti-
cally distinct from the poorest quintile, as well as a
nonsignificant linear trend over the quintiles.

DISCUSSION
Our study shows that the risk of 30-day death or
urgent readmission was higher in people from lower-
income neighborhoods. However, this risk appears to
be explained by patient-level factors that are known
to be associated with bad postdischarge outcomes. Af-
ter accounting for these factors with the LACE+
index, we found no notable changes in the risk of
early death or urgent readmission with SES as meas-
ured with average neighborhood household income.
Nine previous studies have measured the association
between various SES measures and hospital readmis-
sion in disparate populations.> ' These studies were
done in the United States,”®®'° the United King-
dom,>” Australia,* and Canada."’ They used a range
of SES indicators (from area-level measures of house-
hold income® or “deprivation”? to personal education
and income)®'% in diverse patient populations (from a
random sample of all hospitalizations® to people with
disabilities living in New York City)"® and very differ-
ent time horizons (capturing hospital readmissions
that occurred from within 30 days’ to 4 years).'® Of
these 9 studies, 5 found no independent association
between their SES measure and readmission,*®31°
and 2 included SES in their final regression model but
did not present the model—making it impossible to
determine if SES significantly influenced outcomes.®'’
One study found that the risk of hospital readmission
independently increased as a composite measure of
area-level social and economic indicators decreased.*
A Canadian study'' measured neighborhood income
quintile and showed, after adjusting for patient sex,
comorbidities, LOS variance, and previous admissions,
that the odds of acute, nonpsychiatric readmission
within 30 days of discharge were approximately 10%
higher in the lowest versus the highest SES quintile.
The ability of this model to adjust for important con-
founders when associating SES and risk of readmis-
sion is uncertain because the model fit was not
reported.

Early Death or Hospital Readmission | van Walraven et al

Several factors could explain the difference between
our study and the previous Canadian analysis showing
significantly higher adjusted risk of readmission in
patients from the lowest versus the highest SES quin-
tile."! First, our analysis had a slightly different out-
come, combining early death with urgent readmission
(rather than the latter alone). We believe that this
combination is important to avoid biased results when
associating patient factors with readmission risk.'*
Second, our unit of analysis was the patient, whereas
in the previous analysis it was the hospitalization.'’ A
recent analysis by our group found that this distinc-
tion can change the results on analyses in early postdi-
scharge outcomes.'® In the present analysis, different
results could occur if patients with multiple readmis-
sions were disproportionately prevalent in low-income
neighborhoods. Third, our analysis was limited to On-
tario rather than the entire country. Finally, and we
believe most importantly, we used a validated model
to control for risk of poor outcomes soon after dis-
charge from hospital. Our analysis shows that this
risk was strongly associated with neighborhood
income (Table 2). This suggests that the association
between SES and bad postdischarge outcomes could
be explained by factors that independently increase
the risk of these outcomes. Adequately controlling for
these covariates would then remove variation in read-
mission risk by SES. We believe that these results
highlight the importance of adequately controlling for
potential confounders.

We believe that our results are reassuring but not
definitive. We found no indication that, in Ontario,
people from poorer neighborhoods are systematically
more likely—after considering factors that are known
to be associated with early death or urgent readmis-
sion—to have a worse outcome early after their dis-
charge from hospital. However, patient income and
other SES measures could be associated with early
death or readmission for several reasons. First, our
study used average neighborhood income quintiles to
quantify SES. It is possible that other SES measures
(such as education or social deprivation) or patient-
level SES indicators could be significantly associated
with early death or readmission.'””'® Second, we pre-
viously found that approximately only 25% of hospi-
tal readmissions are potentially avoidable.'” Further
study is required to determine if patient SES independ-
ently influences potentially avoidable hospital readmis-
sions. Third, we cannot be certain how our results
might generalize to health populations outside of On-
tario. Specifically, SES might play a more important
role in regions without universal healthcare in which
community-based healthcare resources that could
decrease readmission risk, such as medications or phy-
sician follow-up, are unavailable to those without
health insurance coverage. Finally, we found notable
confounding between neighborhood income quintile
and factors known to be independently associated
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with early death or urgent readmission (Figure 1).
This was especially prominent with index admission
urgency, number of previous urgent admissions and
emergency visits, and patient comorbidities. These fac-
tors have a much stronger association with early death
or readmission than neighborhood income quintile. If
low neighborhood income actually results in urgent
hospital admission, emergency-department visits, and
comorbidities, then the inclusion of these covariates in
the model could obscure the influence of neighbor-
hood income on early death or readmission.

In summary, our study found that neighborhood
income was not associated with early death or urgent
readmission independent of known risk factors. Our
analysis indicates that focusing resources on patients
in lower-income neighborhoods is unlikely to change
the risk of early postdischarge adverse events. Further
study is required to determine if SES is associated
with adverse postdischarge outcomes in settings with-
out publicly funded healthcare.

Disclosure: Nothing to report.
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