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CRITICAL CARE

Sam Zager, MPhil; Mallika L. Mendu, MD; Domingo Chang, MD; Heidi S. Bazick, MD;
Andrea B. Braun, MD; Fiona K. Gibbons, MD; and Kenneth B. Christopher, MD

Background: Poverty is associated with increased risk of chronic illness but its contribution to
critical care outcome is not well defined.
Methods: We performed a multicenter observational study of 38,917 patients, aged =18 years,
who received critical care between 1997 and 2007. The patients were treated in two academic
medical centers in Boston, Massachusetts. Data sources included 1990 US census and hospital
administrative data. The exposure of interest was neighborhood poverty rate, categorized
as <5%, 5% to 10%, 10% to 20%, 20% to 40% and >40%. Neighborhood poverty rate is the per-
centage of residents below the federal poverty line. Census tracts were used as the geographic
units of analysis. Logistic regression examined death by days 30, 90, and 365 post-critical care
initiation and in-hospital mortality. Adjusted ORs were estimated by multivariable logistic regres-
sion models. Sensitivity analysis was performed for 1-year postdischarge mortality among patients
discharged to home.
Results: Following multivariable adjustment, neighborhood poverty rate was not associated
with all-cause 30-day mortality: 5% to 10% OR, 1.05 (95% CI, 0.98-1.14; P =.2); 10% to 20% OR,
0.96 (95% CI, 0.87-1.06; P =.5); 20% to 40% OR, 1.08 (95% CI, 0.96-1.22; P =.2); >40% OR,
1.20 (95% CI, 0.90-1.60; P = .2); referent in each is <5%. Similar nonsignificant associations
were noted at 90-day and 365-day mortality post-critical care initiation and in-hospital mortality.
Among patients discharged to home, neighborhood poverty rate was not associated with 1-year-
postdischarge mortality.
Conclusions: Our study suggests that there is no relationship between the neighborhood poverty
rate and mortality up to 1 year following critical care at academic medical centers.
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Abbreviations: BWH = Brigham and Women’s Hospital; CPT = current procedural terminology; DRG = diagnosis
related group; ICD-9 = International Classification of Diseases, Ninth Revision; ICD-9-CM = International Classification
of Diseases, Ninth Revision, Clinical Modification; MGH = Massachusetts General Hospital; SES = socioeconomic status

who have an advanced education, have well-paying
jobs, and live in neighborhoods with low poverty have
a higher life expectancy and lower comorbidities.!
The mechanism for these observations is unclear. It
is postulated that immune-system function may
respond to the increased psychosocial stress of low

Socioeconomic status (SES) is an important deter-
minant of health and mortality."? An inverse and
stepwise relationship between SES and mortality
exists.>? Differences in rates of mortality, comorbidi-
ties, and disability are closely linked to SES." Those
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SES environments. Patients with low SES are dem-
onstrated to have increased vulnerability to viral
infection.®® SES is also related to immune response
to latent viral infection.?

Studies on disparities related to critical illness out-
comes focus primarily on racial differences and yield
conflicting results.!016 Although we recognize that
race and economic class are intertwined, race is an
inherently difficult criterion for classification because
of its subjective nature.!” Given the inconsistency of
race-based study results, another variable may be more
predictive of outcomes. Longstanding research has
shown that race and SES are intertwined, though sepa-
rate variables meriting independent investigation.'s

No consensus exists on poverty measurements!®20
or how to study the interaction of poverty and health.?!
Neighborhood poverty rate, defined as the percent-
age of the population living below the federal poverty
level, is used to describe social inequities in health.222*
Neighborhood poverty rate is quantifiable, objective,
and well studied.222529 Area-based socioeconomic
measures and health disparity work show that the
neighborhood poverty rate can better detect social
gradients in numerous health outcomes than can
education, wealth, or combination indices.2?

Prior studies indicate causation between neigh-
borhood poverty rate and health.?* As reviewed by
Krieger and Higgins,*' independent of individual risk
factors, areas with high neighborhood poverty have
increased rates of cardiovascular disease,32 HIV 33
TB,3* depression,® self-inflicted and interpersonal
acts of violence,3637 sedentarism 340 and all-cause
mortality.# Additionally, Do and Finch® have dem-
onstrated that time-limited exposure to high poverty
neighborhoods may have significant health effects.

The few studies that examine economic disparities
and mortality in the critically ill are contradictory.#+46
Given the sparse literature regarding SES and critical
care illness outcomes, we sought to elucidate the effect
of neighborhood poverty rate (a proxy of SES) on
critical care outcomes. The aim of this large, regional,
observational, cohort study was to determine if higher
neighborhood poverty rates were associated with
increased all-cause mortality following initiation of
critical care in the academic medical center.

MATERIALS AND METHODS

Source Population

We extracted administrative and laboratory data from indi-
viduals admitted to two academic teaching hospitals in Boston,
Massachusetts. Brigham and Women’s Hospital (BWH) is a 777-bed
teaching hospital with 100 ICU beds. Massachusetts General
Hospital (MGH) is a 902-bed teaching hospital with 109 ICU
beds. The two hospitals provide primary, as well as tertiary, care
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to an ethnically and socioeconomically diverse population within
eastern Massachusetts and the surrounding region.

Data Sources

Data on all patients admitted to BWH or MGH between
November 2, 1997, and December 31, 2007, were obtained
through a computerized registry that serves as a central clinical
data warehouse for all inpatients and outpatients seen at these
hospitals. Approval for the study was granted by the institutional
review board of BWH.

The following data were retrieved: demographics, vital status,
hospital admission and discharge dates, laboratory values at criti-
cal care initiation, diagnosis related group (DRG) assigned at dis-
charge, International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) codes, and current procedural
terminology (CPT) codes for in-hospital procedures and services.

Study Population

Between 1997 and 2007, there were 46,208 unique patients,
aged =18 years, assigned the CPT code 99291 (critical care, first
30-74 min) whose address exactly matched the geocode database
and who had a DRG assigned following hospital discharge;
5,298 patients whose address geocoded but did not match the
1990 US census file were identified and excluded; 1,712 patients
with multiple admissions to the hospital involving critical care
(CPT code 99291 assignment) were identified and excluded;
281 patients who were missing one or more laboratory variables
were identified and excluded. Thirty-eight thousand, nine hun-
dred seventeen patients constitute the study cohort.

Exposure of Interest and Comorbidities

The exposure of interest was the neighborhood poverty rate,
categorized as the percentage of persons below the federal pov-
erty level cutoff. The US Census Bureau uses a set of income
thresholds that vary by family size and composition to determine
who lives in poverty. The definition of poverty depends on before-
tax income but does not include benefits such as public housing,
Medicaid, or food stamps. Neighborhood poverty rate is defined
as the percentage of people in a small defined area who are below
the federal poverty level.#” Census tracts are small areas (average
of 4,000 persons) intended to be homogeneous with respect to
economic status and living conditions.* Census tracts are common
to area-based socioeconomic studies of neighborhood effects on
health*5!" and provide more precise estimates than zip or postal
codes.2252 In this study, neighborhood poverty rate was strati-
fied a priori into the quintiles <5%, 5% to 10%, 10% to 20%,
20% to 40%, and 40%, categories based on previous literature 535

In our cohort, neighborhood poverty rate was determined via
submission of patient addresses for geocoding linked to US cen-
sus data. Geocoding takes advantage of the correlation between
neighborhood sociodemographic characteristics and certain char-
acteristics of the residents. Geocoding was performed to the cen-
sus tract level. The geocoding service matches addresses to
latitude/longitude coordinates and then adds census geographic
designations to those coordinates, including historic census codes.?
We used the 1990 decennial US census to obtain the percentage
of residents living in poverty per census tract’ and merged these
data with our data set following geocoding. The US census data
were obtained from The Public Health Disparities Geocoding
Project Monograph.

We used the Deyo-Charlson index to assess the burden of
chronic illness. The Deyo-Charlson index consists of 17 comor-
bidities that are weighted and summed to produce a score each,
with an associated weight based on the adjusted risk of 1-year
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mortality.® The Deyo-Charlson index was determined from admis-
sion data as well as outpatient visit data prior to patient admission.
We employed the International Classification of Diseases, Ninth
Revision (ICD-9) coding algorithms developed by Quan et al®
to derive a comorbidity score for each patient. Algorithms devel-
oped to recode administrative data into a Deyo-Charlson index
are well studied and validated.6!62

Sepsis is defined by the presence of any of the following ICD-
9-CM codes: 038.0-038.9, 020.0, 790.7, 117.9, 112.5, or 112.81.63
Acute myocardial infarct is defined by ICD-9-CM 410.0-410.95¢
prior to or on the day of critical care initiation. Number of failed
organs was adapted from Martin et al% and defined by a combina-
tion of ICD-9-CM codes, as outlined in e-Appendix 1. Coronary
artery bypass graft surgery performed on the day prior to or after
critical care initiation is defined by CPT codes 33510 to 33536.
Patient home to hospital distance is calculated as great circle dis-
tance from home address to hospital of treatment (MGH or
BWH).55% Patient type is defined as medical or surgical and incor-
porates the DRG methodology, devised by the Centers for Medi-
care and Medicaid Services.5” Admission Diagnosis Category is
defined as the ICD-9 code given for “reason for admission” and
grouped into the ICD-9 Diseases and Tabular Index. Labora-
tory data were obtained closest to the first hour of the first day
of CPT code 99121 assignment.

Assessment of Mortality

Information on vital status for the study cohort was obtained
from the Social Security Administration Death Master File. Data
from the Social Security Administration Death Master File have a
reported sensitivity for mortality up to 92.1% with a specificity
of 99.9%, in comparison with >95% with National Death Index,
which is the gold standard.®™ The administrative database from
which our study cohort is derived is updated monthly using the
Social Security Administration Death Master File, which itself is
updated weekly. ™7 Use of the Death Master File allows for long-
term follow-up of patients following hospital discharge. The cen-
soring date was July 27, 2009.

End Points

The primary end point was 30-day mortality following critical
care initiation. Other prespecified end points included 90-day,
365-day, and in-hospital mortality. The 365-day follow-up was
attainable for the entire cohort.

Statistical Analysis

Categorical covariates were described by frequency distribu-
tion and were compared across exposure groups using contin-
gency tables and x? testing. Continuous covariates were examined
graphically and in terms of summary statistics, and compared
across exposure groups using one-way analysis of variance. Bivari-
able associations between covariates (including neighborhood
poverty rate) and 30-day mortality were estimated by fitting a
series of simple logistic regression models. To allow for the possi-
bility of nonlinear associations, separate models were fit for each
continuous covariate in which the variable was alternately speci-
fied as a linear and a categorical predictor; fit of these nonnested
models was compared by Akaike information criterion, which,
in turn, informed specification in multivariable models.

The adjusted association between neighborhood poverty rate
and 30-day mortality was estimated by fitting a multivariable logis-
tic regression model, with inclusion of covariate terms thought to
interact plausibly with both SES and mortality. Given the robust
sample size, no probabilistic selection criteria were applied. Model
fit was assessed via the Hosmer-Lemeshow goodness-of-fit test.
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Additional analyses considering in-hospital, 30-day, 90-day, and
365-day mortality were conducted using an analogous strategy.
Number of failed organs was not adjusted for in the primary analysis
because it shares ICD-9 codes with the Deyo-Charlson index.

To minimize tertiary referral patterns, we conducted a sensitiv-
ity analysis considering in-hospital, 30-day, 90-day, and 365-day
mortality in patients who lived within 50 miles of the hospital
where they received critical care. Analyses were analogous to the
data described here. Additionally, sensitivity analyses were per-
formed for patients with regard to race (white/nonwhite). Finally,
hypothesizing that the neighborhood poverty rate might bear a
differential association to survival among patients returning to
their home environment, we conducted a sensitivity analysis con-
sidering 1-year postdischarge survival among patients discharged
to home. Survival analyses begin at the date of discharge and con-
tinued until the date of death or July 13, 2009. Analyses were oth-
erwise analogous to the data described here, except that additional
covariate adjustment was made for length of hospital stay. All
P values presented are two-tailed; values <.05 were considered
nominally significant. All analyses were performed using STATA,
version 10.0 MP (StataCorp; College Station, Texas).

Validation

Using a similar approach as Krieger et al,™ 100 street addresses
from our cohort were chosen using a true random number ser-
vice,™ which we used to validate our cohort-assigned geocodes
with those obtained through the US Census Bureau. We used the
American Fact Finder section of the US Bureau of the Census
Web site, which geocodes to the 1990 census tract level.” Each
cohort address was evaluated for the presence of the address in
the 1990 census and the accuracy of census tract assignment.
Cohort addresses that were not present in the 1990 census, and
addresses that did not match the assigned census tracts exactly,
did not meet the validation criteria.

To ensure the accuracy of postdischarge mortality capture,
100 cohort patients alive at 365 days post-critical care initiation
were chosen at random.™ Because our administrative data set
determines death via social security numbers, we queried the
Social Security Death Index with other metrics in place of social
security numbers to ensure accurate capture of mortality follow-
ing hospital discharge. The Social Security Death Index was que-
ried by a clinician investigator (A. B. B.) blinded to the exposure
of interest and outcome, and date of death if known. Death
reported in the Social Security Death Index prior to 365 days
post-critical care initiation did not meet the validation criteria.

To validate the accuracy of CPT code 99291 assignment,
100 cohort patient charts were chosen at random.™ The charts
were evaluated for the date of the first CPT code 99291 assign-
ment relative to the date of ICU admission. Charts were sampled
and validated by a clinician investigator (A. B. B.) blinded to the
exposure of interest, outcome, and date of CPT code 99291 assign-
ment. The reviewer used a structured electronic abstraction form
to record (1) critical care initiation date, (2) ED critical care date,
(3) ICU admission date, and (4) location of patient prior to ICU
admission. The validation criteria were a dated, clinician-derived
order for ICU admission or a clinician statement in the medical
record noting the date of ICU admission. Critical care performed
outside the ICU did not meet the validation criteria.

RESULTS

Ofthe 38,917 patients studied, 42.4% were women,
and 78.7% were white (Table 1). The mean age was
61.7 years (SD, 18.6 years). The majority of patients
(89.2%) were from Massachusetts, 4.2% were from
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Table 1—Characteristics of the Study Population

(N=238,917)
Characteristic Study Population
Neighborhood poverty rate
=5% 14,177 (36.8)
5%-10% 12,389 (32.1)
10%-20% 7,297 (18.9)
20%-40% 4,212 (10.9)
>40% 504 (1.3)
Age, y, mean * SD 61.7+18.6
Gender
Female 16,348 (42.4)
Male 22,931 (57.6)
Race
White 30,359 (78.7)
Black 2,698 (7.0)
Hispanic 2,120 (5.5)
Other 1,550 (4.0)
Unknown 1,852 (4.8)
Patient type
Medical 20,022 (51.9)
Surgical 18,557 (48.1)
Deyo-Charlson index
0 4,422 (11.5)
1 6,031 (15.6)
2 7,408 (19.2)
3 6,803 (17.6)
4 5,502 (14.3)
5 3,659 (9.5)
6 2,177 (5.6)
7 1,345 (3.5)
=8 1,232 (3.2)
Home to hospital distance
=5 miles 13,315 (34.5)
5-25 miles 15,240 (39.5)
25-50 miles 6,784 (17.6)
> 50 miles 3,240 (8.4)
Creatinine
=0.8 mg/dL. 6,624 (17.2)
0.8-1.5 mg/dL 24,408 (63.3)
1.5-3.0 mg/dL 5,295 (13.7)
>3.0 mg/dLL 2,252 (5.84)
BUN
=20 mg/dL 22,575 (58.5)
20-40 mg/dL 11,053 (28.65)
> 40 mg/dL 4,951 (12.8)
WBC count
=4 X 103%mms3 1,219 (3.2)

4-12 X 103%/mm3
>12X 103%mm?
Hematocrit
<30%
30%-33%
33%-36%
36%-39%
39%-42%
>42%
No. of failed organs

NV wo = o

1,849 (4.8)
(Continued)

www.chestpubs.org

Table 1—Continued

Characteristic Study Population
Sepsis 4,980 (12.9)
CABG 2,035 (5.3)
AMI 6,081 (15.8)
Admission diagnosis category
Circulatory 12,009 (31.1)
Injury poisoning 5,793 (15.0)
Unknown 5,691 (14.8)
1ll-defined 5,053 (13.1)
Neoplasms 2,582 (6.7)
Digestive 1,954 (5.1)
Respiratory 1,800 (4.7)
Genitourinary 593 (1.5)
Endocrine 550 (1.4)
Infectious 542 (1.4)
Neurologic 518 (1.3)
Psychiatric 313 (0.8)
Mortality rates
0-d 5,743 (14.89)
90-d 7,379 (19.13)
365-d 9,894 (25.65)
In-hospital 5,347 (13.86)

Data are presented as No. (%) unless indicated otherwise. AMI = acute
myocardial infarct; CABG = coronary artery bypass graft.

New Hampshire, 1.5% were from Rhode Island, and
1.1% were from Maine. Of the cohort patients who
live in Massachusetts, the mean neighborhood pov-
erty rate is 10.1% (SD, 9.05%), whereas the mean
poverty rate from 1999 to 2007 in all Massachusetts
residents is 9.35%.77 Racial demographics for the
state of Massachusetts for 2007 show 6.9% blacks,
8.2% Hispanics, and 79.7% white-non Hispanics,™
as compared with 8.2% blacks, 6.7% Hispanics, and
76.0% white-non Hispanics in cohort subjects resid-
ing in Massachusetts.

Table 2 shows the bivariable associations between
covariates and neighborhood poverty rate in the
cohort. Blacks, Hispanics, younger patients, medical
rather than surgical cases, those with hematocrit lev-
els <36%, and those living = 5 miles from the hos-
pital are all more common in cohort patients with
higher neighborhood poverty rates. Additionally,
patients with higher neighborhood poverty rates have
more acute myocardial infarctions, lower comorbidi-
ties (Deyo-Charlson index of 0), and fewer numbers
of failed organs. Sepsis does not differ between cate-
gories of neighborhood poverty rate.

Multivariable adjusted associations between cova-
riates and 30-day mortality are significant for age, His-
panics, year of admission, patient type (surgical vs
medical), Deyo-Charlson index, and values for hema-
tocrit, WBC, serum creatinine, and BUN (Table 3).
The association between distance from the hospital
and 30-day mortality was not significant. As neigh-
borhood poverty rates increase we observe a signifi-
cant decrease in gross unadjusted 365-day mortality
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Table 2—Bivariable Associations Between Covariates and Levels of Neighborhood Poverty Rate

Neighborhood Poverty Rate

Characteristic <5% 5%-10% 10%-20% 20%-40% >40% P Value
No. 14,177 12,389 7,297 4,212 504 e
Age, y, mean = SD 62.8+17.6 62.7+18.4 61.4+194 56.8 +19.6 53.3*+18.5 <.001
Male gender 8,514 (60.1) 6,982 (56.4) 4,094 (56.1) 2,332 (55.4) 309 (61.3) <.001
Race <.001
White 12,617 (89.0) 10,282 (83.0) 5,406 (74.1) 1,889 (44.9) 165 (32.7)
Black 243 (1.7) 582 (4.7) 762 (10.4) 976 (23.2) 135 (26.8)
Hispanic 132 (0.9) 434 (3.5) 514 (7.0) 893 (21.2) 147 (29.2)
Other 472 (3.3) 479 (3.9) 301 (4.1) 263 (6.2) 35 (6.9)
Unknown 713 (5.0) 612 (4.9) 314 (4.3) 191 (4.5) 22 (4.4)
Patient type <.001
Medical 6,468 (45.6) 6,588 (53.2) 4,133 (56.6) 2,503 (59.4) 330 (65.5)
Surgical 7,709 (54.4) 5,801 (46.8) 3,164 (43.4) 1,709 (40.6) 174 (34.5)
Deyo-Charlson index <.001
0 1,471 (10.4) 1,347 (10.9) 901 (12.4) 616 (14.6) 87 (17.3)
1 2,264 (16.0) 1,870 (15.1) 1,168 (16.0) 661 (15.7) 68 (13.5)
2 2,840 (20.0) 2,474 (20.0) 1,288 (17.7) 715 (17.0) 91 (18.1)
3 2,656 (18.7) 2,245 (18.1) 1,174 (16.1) 633 (15.0) 95 (18.9)
4 2,092 (14.8) 1,759 (14.2) 1,031 (14.1) 556 (13.2) 64 (12.7)
5 1,329 (9.4) 1,199 (9.7) 712 (9.8) 378 (9.0) 41 (8.1)
6 749 (5.3) 661 (5.3) 446 (6.1) 297 (7.1) 24 (4.8)
7 441 (3.1) 428 (3.5) 285 (3.9) 174 (4.1) 17 (3.4)
=8 335 (2.4) 406 (3.3) 292 (4.0) 182 (4.3) 17 (3.4)
Creatinine <.001
=0.8 mg/dL 2,590 (18.3) 2,090 (16.9) 1,130 (15.5) 725 (17.2) 89 (17.7)
0.8-1.5 mg/dL. 8,991 (63.4) 7,886 (63.7) 4,633 (63.5) 2,584 (61.4) 314 (62.3)
1.5-3.0 mg/dL 1,873 (13 2) 1,686 (13.6) 1,076 (14.8) 595 (14.1) 65 (12.9)
>3.0 mg/dLL 723 (5.1 727 (5.9) 458 (6.3) 308 (7.3) 36 (7.1)
BUN <.001
=20 mg/dL 8,250 (58.2) 7,151 (57.7) 4,195 (57.5) 2,631 (62.5) 348 (69.1)
20-40 mgdL 4,163 (29.3) 3,631 (29.3) 2,104 (28.8) 1,052 (25.0) 103 (20.4)
> 40 mg/dL 1,764 (12.4) 1,607 (13.0) 998 (13.7) 529 (12.6) 53 (10.5)
WBC count <.001
=4 X 103%mms3 482 (3.4) 363 (2.9) 222 (3.0) 131 (3.1) 21 (4.2)
4-12 X 103/mm3 7,889 (55.7) 7,053 (56.9) 4,230 (58.0) 2,496 (59.3) 297 (58.9)
> 12 X 103%/mm?3 5,806 (41.0) 4,973 (40.1) 2,845 (39.0) 1,585 (37.6) 186 (36.9)
Hematocrit <.001
<30% 3,350 (23.6) 2,512 (20.3) 1,291 (17.7) 698 (16.6) 84 (16.7)
30%-33% 2,034 (14.3) 1,535 (12.4) 850 (11.7) 475 (11.3) 547 (9.3)
33%-36% 2,170 (15.3) 1,749 (14.1) 1,008 (13.8) 557 (13.2) 60 (11.9)
36%-39% 2,262 (16.0) 2,088 (16.9) 1,264 (17.3) 724 (17.2) 84 (16.7)
39%-42% 1,984 (14.0) 1,999 (16.1) 1,240 (17.0) 769 (18.3) 118 (23.4)
>42% 2,377 (16.8) 2,506 (20.2) 1,644 (22.5) 989 (23.5) 111 (22.0)
Home to hospital distance <.001
=5 miles 860 (6.1) 4,329 (34.9) 4,807 (65.9) 2,991 (71.0) 328 (65.1)
5-25 miles 8,696 (61.3) 4,694 (37.9) 1,055 (14.5) 679 (16.1) 116 (23.0)
25-50 miles 3,323 (23.4) 2,170 (17.5) 906 (12.4) 349 (8.3) 36 (7.1)
> 50 miles 1,298 (9.2) 1,196 (9.7) 529 (7.3) 193 (4.6) 24 (4.8)
Sepsis 1,898 (13.4) 1,613 (13.0) 916 (12.6) 498 (11.8) 55 (10.9) .04
CABG 980 (6. 9 639 (5.2) 278 (3.8) 126 (3.0) 2(2.4) <.001
AMI 2,071 (14.6) 2,024 (16.3) 1,182 (16.2) 710 (15.9) 94 (18.7) <.001
No. of failed organs <.001
0 4,908 (34.3) 4,609 (36.9) 2,868 (39.0) 1,677 (39.4) 209 (41.2)
1 4,789 (33.5) 4,100 (32.8) 2,340 (31.8) 1,283 (30.1) 161 (31.8)
2 2,714 (19.0) 2,167 (17.3) 1,235 (16.8) 734 (17.2) 80 (15.8)
3 1,180 (8.3) 1,046 (8.4) 584 (7.9) 336 (7.9) 32 (6.3)
4 501 (3.5) 390 (3.1) 230 (3.1) 152 (3.6) 8 (3.6)
=5 198 (1.4) 183 (1.5) 105 (1.4) 78 (1.8) 7(1.4)
(Continued)
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Table 2—Continued

Neighborhood Poverty Rate

Characteristic <5% 5%-10% 10%-20% 20%-40% >40% P Value
Admission diagnosis category <.001
Circulatory 4,837 (34.1) 3,890 (31.4 2,015 (27.6) 1,134 (26.9) 133 (26.3)
Injury/poisoning 1,985 (14.0) 1,781 (14.4 1,150 (15.8) 768 (18.2) 109 (21.6)
Tll-defined 1,596 (11.3) 1,671 (13.5 1,091 (15.0) 616 (14.6) 79 (15.7)
Unknown 1,984 (14.0) 1,952 (15.8 1,192 (16.3) 521 (12.4) 42 (8.3)
Neoplasms 1,263 (8.9) 783 (6.3) 346 (4.7) 176 (4.2) 14 (2.8)
Digestive 678 (4.8) 651 (5.3) 383 (5.3) 217 (5.2) 25 (5.0)
Respiratory 573 (4.0) 561 (4.5) 382 (5.2) 748 (5.9) 36 (7.1)
Neurologic 225 (1.6) 158 (1.3) 78 (1.1) 56 (1.3) 5(1.0)
Genitourinary 182 (1.3) 177 (1.4) 119 (1.6) 101 (2.4) 14 (2.8)
Endocrine 153 (1.1) 168 (1.4) 137 (1.9) 81 (1.9) 11 (2.2)
Infectious 185 (1.3) 164 (1.3) 116 (1.6) 73 (1.7) 4(0.8)
Psychiatric 71 (0.5) 85 (0.7) 81(1.1) 68 (1.6) 8(1.6)
Mortality rates, %
30-d 152 15.6 14.1 13.6 13.4 5
90-d 19.7 20.0 18.2 17.0 15.8 .07
365-d 26.4 26.8 24.5 22.6 20.1 .002
In-hospital 14.2 14.5 12.9 12.8 12.7 6

Data are presented as No. (%) unless indicated otherwise. See Table 1 for expansion of abbreviations.

rates. Gross unadjusted mortality for the cohort
patients with neighborhood poverty rates >60%
(n =40) is as follows: 30 days, 9.8%; 90 days, 14.6%:;
365 days, 24.4%; and In-hospital, 15.4%.

Unadjusted models showed a significant dose-
response relationship between neighborhood pov-
erty rate and the probability of mortality following
critical care initiation. As neighborhood poverty rate
increased, there was a decreased odds of 30-day mor-
tality (Table 4). Similar associations were seen with
in-hospital, 30-day, and 90-day mortality. Following
multivariable adjustment, the association between
increased neighborhood poverty rate and all-cause
30-day mortality disappeared. Similarly, after adjust-
ment, nonsignificant associations were noted at 90-day
and 365-day mortality post critical care initiation and
in-hospital mortality (data not shown). The cohort
with the highest neighborhood poverty was younger
and had lower comorbidity scores, which likely
accounts for the results following adjustment. Sequen-
tial multivariable adjustment illustrated that demo-
graphics adjustment (specifically age) was primarily
responsible for negating the relationship between
neighborhood poverty rate and the probability of
mortality following critical care (Table 4). The absence
of association between neighborhood poverty rate
and mortality was not materially modified with addi-
tional covariate adjustment for the number of failed
organs variable (data not shown).

Sensitivity Analyses

A sensitivity analysis was performed of the effects
of excluding patients who live >50 miles from the
hospital where they received critical care. Following

www.chestpubs.org

exclusion of such patients, analysis shows a nonsig-
nificant dose-response relationship between neigh-
borhood poverty rate and the probability of mortality
following critical care initiation (Table 5). Sensitivity
analysis of 1-year mortality among patients discharged
to home shows a nonsignificant dose-response rela-
tionship between neighborhood poverty rate and the
probability of mortality following critical care initia-
tion (Table 6). Finally, a sensitivity analysis of the
effect of race on the association between neighbor-
hood poverty rate and the probability of mortality
was performed. Race (white vs nonwhite) does not
show a significant effect on the relationship between
neighborhood poverty rate and the probability of
30-day mortality following critical care initiation
(P interaction = .53) (Table 7).

Validation

Upon validation with the American Fact Finder
Web site, 98% of addresses and census tracts in our
cohort matched. In 98 of the 100 records searched, the
street address was found and the 1990 census tract
number exactly matched our cohort database (positive
predictive value = 98%). In one case in which the
street address did not match the census tract number
in our cohort, the actual census tract was <0.25 miles
away. In another case, we were unable to find the street
address with the American Fact Finder Web site.

Validation of postdischarge mortality capture
showed no cohort patients who were reported as
alive at 365 days post critical care initiation in our
data set who were reported dead in the Social Secu-
rity Death Index. In the 16 cohort patients who died
before our censoring date (July 27, 2009) but after
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Table 3—Multivariable Adjusted Associations Between
Covariates and 30-d Mortality

Characteristic OR 95% CI P Value
Age, per 1y 1.02 1.01-1.02 001
Gender
Male 1 Reference
Female 1.02 0.95-1.08 .6
Race
White 1 Reference
Black 0.83 0.73-0.96 .010
Hispanic 0.74 0.62-0.89 .001
Other 1.32 1.14-1.54 <.001
Unknown 1.42 1.24-1.61 <.001
Patient type
Medical 1 Reference
Surgical 0.59 0.55-0.63 <.001
Deyo-Charlson index
0 1 Reference
1 2.03 1.67-2.46 <.001
2 2.63 2.18-3.18 <.001
3 3.07 2.54-3.72 <.001
4 3.59 2.96-4.36 <.001
5 3.65 2.99-4.46 <.001
6 3.20 2.58-3.95 <.001
7 3.19 2.54-4.02 <.001
=8 3.18 2.52-4.01 <.001
Creatinine
<0.8 mg/dL. 1.16 1.06-1.27 .002
0.8-1.5 mg/dL 1 Reference
1.5-3.0 mg/dL 1.21 1.11-1.33 <.001
>3.0 mg/dL 1.16 1.02-1.32 027
Hematocrit
<30% 1.37 1.23-1.52 <.001
30%-33% 1.36 1.22-1.52 <.001
33%-36% 1.22 1.09-1.36 <.001
36%-39% 1.04 0.93-1.16 5
39%-42% 0.94 0.84-1.05 3
>42% 1 Reference
WBC
<4 X 103%/mms3 2.11 1.83-2.43 <.001
4-12 X 103/mm3 1 Reference
> 12 X 103%/mm?3 1.80 1.69-1.92 <.001
BUN
<20 mg/dL 1 Reference
20-40 mg/dL 1.47 1.36-1.59 <.001
>40 mg/dL 2.15 1.92-2.41 <.001
Distance
<5 miles 1 Reference
5-25 miles 1.07 0.98-1.16 131
25-50 miles 1.15 1.04-1.27 .005
> 50 miles 1.00 0.88-1.14 982
Sepsis? 2.25 2.09-2.43 <.001
AMI» 0.94 0.86-1.02 1
CABG? 0.288 0.23-0.35 <.001

(Continued)

365 days post critical care initiation, the date of death
recovered from the Social Security Death Index via
non-social security number metrics exactly matched
the date of death in our database.

Validation of CPT 99291 assignment for ICU admis-
sion date showed that 87 of the 100 cohort patient
records examined with CPT code assignment 99291
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Table 3—Continued

Characteristic OR 95% CI P Value

Admission diagnosis category
Circulatory 1 Reference
Injury/poisoning 1.05 0.93-1.19 4
1ll-defined® 0.72 0.64-0.80 <.001
Neoplasms 1.30 1.15-1.47 <.001
Digestive 0.77 0.67-0.89 <.001
Respiratory 0.98 0.85-1.13 .8
Unknown/other 0.93 0.85-1.01 .09

Estimates for each variable are adjusted for all other variables in the
table. See Table 1 for expansion of abbreviations.

aReferent is absence of condition.

International Classification of Diseases, Ninth Revision Diseases
and Tabular Index category “Symptoms, Signs and Ill-Defined
Conditions.”

were admitted to an ICU (positive predictive
value = 87%). In 91% of the 87 cases admitted to
an ICU, the date of CPT 99291 was within 24 h of
ICU admission. In 96% of the 87 cases, the date of
CPT 99291 was within 72 h of ICU admission. Of the
13 patients not admitted to intensive care, 12 received
critical care in the ED and were subsequently admit-
ted to the hospital (but not an ICU), and in one
patient, no evidence of critical care was found.

Di1scUssION

In this study, we sought to characterize the rela-
tionship between neighborhood poverty rate, a proxy
for SES, and mortality up to 1 year following criti-
cal care. Neighborhood poverty rate meaningfully
summarizes important aspects of the neighborhood
socioeconomic conditions and consistently detects
socioeconomic gradients across a wide range of health
outcomes.?2495.7 We used geocoding to identify
neighborhood poverty rate, a variable not studied in
critical care. We found that there was no difference
in 30-day, 90-day, 365-day mortality, and in-hospital
mortality following critical care initiation, based on
neighborhood poverty rate.

Few studies have examined the association of SES
and mortality in critically ill patients. A cohort study
of 897 patients in Spain documented an inverse rela-
tionship between SES and ICU mortality.* Using a
composite measure of social deprivation linked to
postal code, a study of 716 patients in Scotland found
no significant relationship between SES and illness
severity, ICU mortality, or length of ICU stay.*> An
Australian study of 15,619 patients demonstrated that
in-hospital mortality was not influenced by a postal
code-dependent composite measure of SES includ-
ing educational level, employment status, income,
motor vehicle ownership, and fluency in English.4
However, in the Australian study, a relationship was
present between SES and long-term mortality up to
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Table 4—Association Between Neighborhood Poverty Rate and 30-d
Mortality With Sequential Multivariable Adjustment

Unadjusted Model 12 Model 2P Model 3¢
Neighborhood Lo Lo U |
Poverty Rate OR 95% CI P Value OR 95% CI P Value OR 95% C1 P Value OR 95% CI P Value
5%-10% 1.04 097-1.11 3 1.06  0.98-1.13 Bl 1.04  0.96-1.12 3 1.05 0.98-1.14 2
10%-20% 0.92 0.85-1.00 .05 0.98 0.90-1.08 . 0.96 0.88-1.06 5 0.96 0.87-1.06 5
20%-40% 0.88  0.80-0.97 .01 1.11  0.99-1.25 .08 1.06  0.94-1.20 3 1.08  0.96-1.22 2
>40% 0.86  0.66-1.12 3 1.25 0.95-1.64 ni 1.18  0.89-1.56 3 1.20  0.90-1.60 2

For each analysis, the referent category is neighborhood poverty rate =5%. See Table 1 legend for expansion of the abbreviation.
“Model 1: adjusted for age, race, gender, year of hospitalization, and distance from hospital.
"Model 2: adjusted for age, race, gender, year of hospitalization, distance from hospital, patient type (medical vs surgical), Deyo-Charlson index,

sepsis, CABG, and acute myocardial infarct.

cModel 3: adjusted for age, race, gender, year of hospitalization, distance from hospital, patient type (medical vs surgical), Deyo-Charlson index,
sepsis, CABG, acute myocardial infarct, BUN level, creatinine level, hematocrit level, and WBC count.

6 years. Key to both studies was accounting for greater
severity of illness and/or more comorbidity burden
among lower SES patients on presentation to the
ICU. When that relationship was absent, as in our
data, long-term mortality following critical care initia-
tion was not influenced by neighborhood poverty, a
proxy for SES.

The limitations of our study stem from its observa-
tional design with its inherent biases. The study was
performed in a tertiary referral center and thus is lim-
ited in its generalizability; the patient population is
entirely composed of patients seen at an academic
medical center, which may not reflect practices at
nonacademic institutions. Per our validation of CPT
code 99212, a small proportion of patients in our study
received critical care only in the ED and, because
of data limitations, we are unable to identify these
patients with confidence. We excluded patients who
reported no address or homelessness (0.9% of patients)
because neighborhood poverty rate is dependent
on an address. Although neighborhood of residence
independently influences health, it is plausible that
mortality is influenced by multiple contexts outside
of the patients” own neighborhoods.?25 Our study
focuses on neighborhood poverty at the time of criti-
cal care initiation, which may not reveal fully the
contribution of SES to mortality risk.2 Furthermore,
mortality determination in this study is linked to social

security number and those patients without a social
security number or those not reported as deceased
to the Social Security Administration were listed as
survivors.5!82

The Social Security Administration acknowledges
that the Death Master File may contain inaccuracies
and does not have a death record for all persons.™
Postdischarge mortality data obtained from the Social
Security Administration Death Master File in our data
set may be an imperfect measure of true mortality
because of the constraints of the social security num-
ber data from which they are constructed. No data
exist on the accuracy of the Social Security Admin-
istration Death Master File with regard to neighbor-
hood poverty rate. Small sample studies have reported
difficulties in ascertaining the mortality status in
blacks using national mortality databases.™%-55 How-
ever, others have reported high sensitivity and mod-
erately reduced sensitivity for black mortality when
social security numbers were not used.* In our cohort,
the percentage of blacks increases with increasing
neighborhood poverty. Analysis of cohort patients who
expired at discharge (n=>5,355) shows that the Social
Security Administration death date and our discharge
date match exactly in 98.0% of cases. This group
includes 304 black patients, 151 of whom reside in
areas with a >20% neighborhood poverty rate. This
would suggest that the Social Security Administration

Table 5—Sensitivity Analysis of Association Between Neighborhood Poverty Rate and 30-d
Mortality Among Patients With Distance From Hospital <50 Miles

Unadjusted Adjusteds
\ 1 \ 1
Neighborhood Poverty Rate OR 95% CI P Value OR 95% CI P Value
5%-10% 1.04 0.97-1.11 3 1.05 0.97-1.13 2
10%-20% 0.92 0.85-1.00 .05 0.95 0.86-1.06 4
20%-40% 0.87 0.79-0.96 .008 1.08 0.95-1.23 3
>40% 0.85 0.65-1.11 2 1.19 0.88-1.60 3

See Table 1 legend for expansion of the abbreviation.

*Adjusted for age, gender, race, year of admission, patient type (medical vs surgical), Deyo-Charlson index, sepsis, CABG, acute myocardial
infarction, hematocrit level, WBC count, serum creatinine level, and BUN level. For each analysis, the referent category is neighborhood poverty
rate =5%.
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Table 6—Sensitivity Analysis of Association Between Neighborhood Poverty Rate and 1-y
Mortality Among Patients Discharged to Home

Unadjusted Adjusteds
\ 1 \ 1
Neighborhood Poverty Rate OR 95% CI P Value OR 95% CI P Value
5%-10% 0.94 0.83-1.06 3 0.98 0.86-1.13 .8
10%-20% 0.77 0.67-0.90 .001 0.92 0.77-1.10 4
20%-40% 0.66 0.54-0.80 .001 0.92 0.73-1.18 5
>40% 0.85 0.51-1.41 5 1.25 0.72-2.19 4

sAdjusted for age, gender, race, year of admission, patient type (medical vs surgical), Deyo-Charlson index, sepsis, coronary artery bypass graft,
acute myocardial infarction, hematocrit level, WBC count, serum creatinine level, and BUN level. For each analysis, the referent category is

neighborhood poverty rate =5%.

Death Master File accurately captures death in
general in our cohort. Furthermore, we validated
postdischarge mortality in our cohort. Despite our
observations, mortality status in the Social Security
Administration Death Master File may be limited in
blacks, which may contribute to the lack of associa-
tion between mortality and high neighborhood pov-
erty rate in our study.

The social dimensions of neighborhoods contrib-
ute to health.3! It is observed that characteristics of
Hispanic communities may offset the negative effects
of high neighborhood poverty by the maintenance
of favorable health-related behaviors and social sup-
port mechanisms.5” Our cohort has similar numbers
of blacks and Hispanics and similar percentages in
each neighborhood poverty rate quintile (Table 2).
In our cohort patients with a neighborhood pov-
erty rate >20%, gross unadjusted 365-day mortality
significantly differs between blacks and Hispanics,
25.4% and 14.6%, respectively (x>=41.92, P<.0001).
The outcomes in our cohort of the Hispanic popu-
lation may have offset the outcomes of blacks with
regard to high neighborhood poverty rate.

Our finding that neighborhood poverty is not a sig-
nificant predictor of mortality does not include phys-
iologic data. In the administrative database used in
this study, temperature, BP, heart rate, respiratory rate,
Glasgow Coma scale, and APACHE (Acute Physiol-
ogy and Chronic Health Evaluation) scores are not
available. Scoring systems inclusive of physiologic
data including APACHE are strong predictors of

mortality in critically ill patients.® With the addition
of age and gender data, the Deyo-Charlson comor-
bidity index can be considered an alternative method
of risk adjustment in the absence of physiologic data.®
However, despite multivariable adjustment, includ-
ing an acute organ failure variable, the absence of
physiologic data remains a limitation.

The present study has several strengths. Because
other chronic medical conditions may affect the attrib-
uted cause of death, all-cause mortality is considered
an unbiased and clinically relevant outcome in long-
term observational studies.?9' Our study has sufficient
numbers of patients to ensure the adequate reliabil-
ity of our mortality estimates (n = 38,917, in-hospital
mortality rate = 13.9%). In our cohort, CPT codes for
critical care had very good agreement with ICU
admission. We used previous records prior to admis-
sion to define comorbidities, which increases preva-
lence of these conditions, and results in better risk
adjustment.®% Finally, our main variable of interest,
neighborhood poverty rate, is studied widely.2222

CONCLUSIONS

In conclusion, our study suggests that there is no
difference in mortality up to 1 year following critical
care, based on neighborhood poverty rate, a proxy for
SES. Our findings are in contrast to data in other are-
nas of health care that have established an inverse
relationship between SES and mortality.#+% We

Table 7—Sensitivity Analysis of Adjusted Association Between Neighborhood Poverty Rate and
30-d Mortality Among White or Nonwhite Patients

Whites Nonwhites
\ \ \ \
Neighborhood Poverty Rate OR 95% CI P Value OR 95% CI P Value
5%-10% 1.05 0.97-1.13 3 1.15 0.99-1.33 .053
10%-20% 1.00 0.90-1.12 9 0.85 0.71-1.01 07
20%-40% 1.01 0.86-1.17 9 1.06 0.88-1.28 5
>40% 1.00 0.61-1.63 1.0 1.17 0.65-2.11 .6

Race is coded as white or nonwhite. There were 8,220 nonwhite subjects. Adjusted for age, gender, year of admission, patient type (medical vs

surgical), Deyo-Charlson index, sepsis, coronary artery bypass graft, acute myocardial infarction, hematocrit level, WBC count, serum creatinine
level, and BUN level. For each analysis, the referent category is neighborhood poverty rate =5%.
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believe the clinical value of our findings is the illustra-
tion of neighborhood poverty rate as a poor prognos-
tic marker for mortality up to 1 year following critical
illness.

Health disparities based on SES are evident,” yet
it is possible that not all facets of our health system
manifest disparities. Obliterating disparities, there-
fore, requires that we identify the areas in which they
exist, and our study, based at two academic medical
centers, suggests that critical care may not be one of
those areas. Because prehospital factors exert such a
consistent force on outcomes, with poorer people
presenting younger and sicker, resources and efforts
aimed at reducing socioeconomic disparities might
best be directed toward primary care and prevention
of illness prior to critical care initiation.
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