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Background: Low socioeconomic status predicts inferior clinical outcomes in many patient populations.
The effects of patient insurance status and hospital safety-net status on readmission rates following
acute myocardial infarction are unclear. Materials & methods: A retrospective review of State Inpatient
Databases for New York, California, Florida and Maryland, 2007-2014. Results: A total of 1,055,162 pa-
tients were included. Medicaid status was associated with 37.7 and 44.0% increases in risk-adjusted read-
mission odds at 30 and 90 days (p < 0.0001). Uninsured status was associated with reduced odds of read-
mission at both time points. High-burden safety-net status was associated with 9.6 and 9.5% increased
odds of readmission at 30 and 90 days (p < 0.0003). Conclusion: Insurance status and hospital safety-net
burden affect readmission odds following acute myocardial infarction.
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Acute myocardial infarction (AMI) is a leading cause of morbidity among American adults, accounting for more
than 194,000 hospital admissions each year in the USA 1. Up to 14% of AMI patients undergo unplanned
readmission within 30 days [2). These recurrent hospitalizations indicate significant patient morbidity and possibly
unmet patient care needs, and increase cumulative hospital costs for AMI care by as much as 50% (3. Indeed,
AMI is one of only six conditions or procedures specifically targeted by the Centers for Medicare and Medicaid
Services Hospital Readmissions Reduction Program in an effort to improve healthcare quality for all Americans [4].

In addition to clinical risk factors such as diabetes, congestive heart failure and chronic kidney disease (21, low
socioeconomic status (SES) has emerged as predictive of adverse clinical outcomes for patients with cardiovascular
disease [5]. The clinical significance of SES has also been demonstrated in numerous other medical and surgical
patient groups [6,7l. Among AMI patients, lower household income and education level have been associated
with increased rates of unplanned readmission [8-10] and inpatient mortality (8]. Black race/ethnicity, as a proxy
for social disadvantage, is also associated with decreased likelihood of revascularization [11] and increased odds of
unplanned readmissions for patients with coronary artery disease [12], among other markers of inferior cardiac
care [13-15]. Medicaid and uninsured status, as indicators of low SES, have also been linked to decreased rates of
revascularization during AMI hospitalizations [5,16,17].

Safety-net hospitals (SNH) provide care to patients regardless of their ability to pay, and treat elevated percentages
of uninsured and Medicaid patients [18]. Due to the increased burden of underinsured patients in their care, these
institutions are often referred to as ‘high-burden hospitals’ (HBH) [19]. Although insurance status has been shown
to predict inferior outcomes in many patient populations [20], the literature is mixed regarding the independent
effects of hospital burden status on clinical outcomes and quality of care metrics [21-23]. Data are particularly limited .
regarding the impact of hospital safety-net status on readmission rates following AMI. Future = .
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1,055,162 acute MI patients

Figure 1. Consort diagram.
MI: Myocardial infarction.

The goal of this study was to evaluate the independent effects of patient insurance status, among other social
determinants of health, and hospital burden status on readmission rates following AMI among adult patients in
the USA. We hypothesized that patient Medicaid or uninsured status, and HBH status, would be associated with
increased risk of readmission at 30 and 90 days.

Materials & methods
Database & population
A retrospective study was performed on 2007-2014 data from California (2007-2011 only), Florida, New York and
Maryland (2012-2014 only) from the State Inpatient Databases, Healthcare Cost and Utilization Project (HCUP),
Agency for Healthcare Research and Quality. This database contains clinical inpatient insurance payer data from
non-federal, non-psychiatric hospitals. Patients >18 years of age admitted for AMI, not coded as readmission or
subsequent encounter (ICD-9 codes 410.00, 410.01, 410.10, 410.11, 410.20, 410.21, 410.30, 410.31, 410.40,
410.41, 410.50, 410.51, 410.60, 410.61, 410.70, 410.71, 410.80, 410.81, 410.90 and 410.91), were included in
the study.

Patients were excluded for missing demographic and insurance variables (see Figure 1).

Variables & outcomes

Patients were grouped based on insurance type into the following cohorts: Medicare, Medicaid, self-pay/no
charge (no charge reported or self-pay status), other (worker’s compensation, CHAMPUS, CHAMPVA, Title
V and other government programs) and Private insurance (Blue Cross, commercial carriers and private health
maintenance organizations and preferred provider organizations). Variables extracted for each admission included
patient demographic data (age, sex and race/ethnicity), ICD-9-CM diagnoses and procedure codes, insurance type,
quartile of median state household income level based on zip code, length of stay, total hospital charges, admission
and discharge dates, complications, and present on admission comorbidities. Readmissions were linked to the initial
admission with a unique identification code to provide postdischarge time to readmission and were documented
when occurring in the same state as the index admission [14,24].

Statistical analyses

Bivariate analysis was done for categorical variables using Pearson’s Chi square and for continuous variables using

two-sample t-test or Wilcoxon sum-rank test as appropriate. Sample size with percentage was reported for categorical

variables, mean with standard deviation or median with interquartile ranges was reported for continuous variables.
In multivariable analyses, to account for clustering effect on hospitals, generalized estimating equation with

exchangeable correlation structure was used. Readmissions were modeled using logistic regression and adjusted
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odds ratios (ORs) were reported. The multivariate model was adjusted for primary insurance payer, safety-net
burden, race/ethnicity, quartile of median income, sex, age, admission type (emergent, urgent and elective), select
Elixhauser [25] comorbidities (overall percentage >1.0% in bivariate table), year of procedure, quartile of hospital
volume, hospital state, logged measures of length of initial hospital stay and logged total charges of initial hospital
stay in 2017 US dollars.

To assess potential effect measure modification, we fit models for our primary outcomes (30- and 90-day
readmissions) with interaction terms between safety-net burden tertiles and, separately, primary insurance payer,
race/ethnicity and median income quartile [19]. We conducted likelihood ratio tests to assess model fit between the
original model without interaction terms and the interaction model. The overall effect of the interaction term was
tested and the ORs were directly generated by fixing the burden level in comparison to race/insurance/income
levels, and by fixing race/insurance/income at different burden levels. For any model pair with a likelihood ratio test
p-value < 0.05, we conducted a Wald test to compare the significant interaction term variables against their main
effects. In models where the likelihood ratio test and Wald statistics indicated that the model with interaction terms
was superior to the original model, we calculated a linear combination of coefficients for significant interaction
effects to derive ORs or incidence rate ratios.

Hospitals were cohorted into tertiles based on the proportion of inpatient cases billed to Medicaid or identified
as unpaid (the latter labeled as uninsured). Lowest tertile hospitals served up to 16.83% Medicaid or uninsured
patients; the highest reported at least 30.46% Medicaid or uninsured among all inpatient cases.

Due to the association between age >65 years and Medicare coverage, as well as possible heterogeneity between
elderly and non-elderly patient groups, we performed exploratory analyses stratified by age <65 or >65 years
(Supplementary Table 1). Additionally, due to possible patient heterogeneity across AMI subtypes, we performed
analogous subgroup analyses of patients admitted with diagnoses of non-ST elevation MI (NSTEMI; 410.70,
410.71) versus STEMI (all other included ICD-9 codes; Supplementary Table 2). These analyses were exploratory,
and outcomes should be regarded as hypothesis generating. All study activities were approved by the Weill Cornell
Medicine Institutional Review Board.

Results
A total of 1,055,162 adult patients were admitted with AMI between 2007 and 2014 in the aforementioned four
states and met inclusion criteria, as depicted in Figure 1.

Demographic characteristics & univariate analyses

The mean age of patients included in the study was 69.8 years; 68.7% were White, and 42.2% were females. Patient
demographic and clinical characteristics, stratified by insurance and readmission status, are presented in Tables 1
and 2.

Length of stay (days [lowest quartile; highest quartile])

Readmission rates varied significantly across insurance cohorts (p < 0.0001). Uninsured patients demonstrated
the lowest readmission rates (12.2 and 19.7% at 30 and 90 days), followed by patients with private insurance
(13.3 and 21.1% at 30 and 90 days). Readmission rates, by insurance status, are presented in Table 3; present-on-
readmission diagnoses are summarized in Table 4.

Multivariable analyses

Looking at patient-level social determinants of health, compared with private insurance status, Medicaid status was
associated with a 37.7% increase in risk-adjusted odds of readmission at 30 days (OR: 1.377; 95% CI: 1.335-
1.420; p < 0.0001] and 44.0% increase at 90 days (OR: 1.440; 95% CI: 1.401-1.481; p < 0.0001). Uninsured
patients had significantly reduced odds of readmission at 30 days (OR: 0.915; 95% CI: 0.882-0.949; p < 0.0001)
and 90 days (OR: 0.918, 95% CI: 0.888-0.959; p < 0.0001).

Relative to low-burden hospitals, HBH status was associated with significantly increased risk-adjusted odds of
readmission at 30 days (OR: 1.096; 95% CI: 1.051-1.423; p < 0.0001) and 90 days (OR: 1.095; 95% CI:
1.042-1.151; p = 0.0003). The trend toward increased readmission odds was not significant among middle-burden
hospitals at either time point (30-day OR: 1.025, 95% CI: 0.983-1.069, p = 0.24; 90-day OR: 1.020, 95% CI:
0.969-1.073, p = 0.454).

Compared with patients in the lowest income quartile by zip code, patients in the two highest quartiles
showed significantly decreased odds of readmission at 30 days (3rd-quartile OR: 0.979, 95% CI: 0.962-0.997;
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Table 1. Patient clinical and demographic characteristics, stratified by payer.

Characteristic

Age in years
Mean + SD

Sex (females)
Race/ethnicity
- Black

- Hispanic

- Other

- White

- Missing
State

- California
- Florida

- Maryland

- New York

All
(n = 1,055,162)

69.8 + 14.4

445,472 (42.2%)

103,234 (9.78%)
124,220 (11.8%)
83,636 (7.93%)
724,371 (68.7%)
19,701 (1.87%)

255,152 (24.2%)
427,900 (40.6%)
24,575 (2.33%)

347,535 (32.9%)

Hospital volume by quartile, lowest to highest

— First

- Second
- Third
- Fourth

7411 (0.70%)
64,956 (6.16%)
218,890 (20.7%)
763,905 (72.4%)

Patient zip code income quartile, lowest to highest

- First

- Second

- Third

- Fourth

- Missing

Hospital burden, lowest to highest
- Lowest

- Middle

- Highest

Year

- 2007

-2008

-2009

-2010

-2011

-2012

-2013

-2014

Operative urgency

- Emergency/urgent/trauma
center/other

- Elective

- Missing

Comorbidities present on admission
— CHF

- Valve disease

- Diseases of the pulmonary
circulation

- Peripheral vascular disease

280,821 (26.6%)
276,421 (26.2%)
252,790 (24.0%)
216,773 (20.5%)
28,357 (2.69%)

223,384 (21.2%)
507,482 (48.1%)
324,296 (30.7%)

151,842 (14.4%)
156,827 (14.9%)
152,015 (14.4%)
154,944 (14.7%)
140,322 (13.3%)
104,126 (9.87%)
112,180 (10.6%)
82,906 (7.86%)

756,766 (71.7%)

42,978 (4.07%)
255,418 (24.2%)

360,101 (34.1%)
154,258 (14.6%)
58,964 (5.59%)

128,498 (12.2%)

Medicare
(n =677,332)

76.9 £10.5

329,155 (48.6%)

58,586 (8.65%)
73,183 (10.8%)
44,097 (6.51%)
49,1025 (72.5%)
10,441 (1.54%)

155,509 (23.0%)
287,554 (42.5%)
15,007 (2.22%)

219,262 (32.4%)

5598 (0.83%)
46,572 (6.88%)
146,294 (21.6%)
478,868 (70.7%)

181,242 (26.8%)
180,359 (26.6%)
161,504 (23.8%)
139,191 (20.5%)
15,036 (2.22%)

155,279 (22.9%)
327,003 (48.3%)
195,050 (28.8%)

95,421 (14.1%)
99,461 (14.7%)
96,215 (14.2%)
99,167 (14.6%)
90,868 (13.4%)
68,729 (10.1%)
73,639 (10.9%)
53,832 (7.95%)

493,011 (72.8%)

28,663 (4.23%)
155,658 (23.0%)

281,425 (41.5%)
123,514 (18.2%)
47,271 (6.98%)

102,182 (15.1%)

CHF: Congestive heart failure; HTN: Hypertension; SD: Standard deviation.

Medicaid
(n =85,618)

56.6 + 12.0

34,951 (40.8%)

16,627 (19.4%)
18,613 (21.7%)
15,108 (17.6%)
33,174 (38.7%)
2096 (2.45%)

23,843 (27.8%)
23,641 (27.6%)
2254 (2.63%)

35,880 (41.9%)

551 (0.64%)
5012 (5.85%)
18,656 (21.8%)
61,399 (71.7%)

33,190 (38.8%)
21,038 (24.6%)
16,271 (19.0%)
8818 (10.3%)
6301 (7.36%)

8707 (10.2%)
33,508 (39.1%)
43,403 (50.7%)

10,776 (12.6%)
11,802 (13.8%)
12,286 (14.3%)
13,195 (15.4%)
12,184 (14.2%)
8561 (10.0%)
9195 (10.7%)
7619 (8.90%)

59,207 (69.2%)

2551 (2.98%)
23,860 (27.9%)

26,346 (30.8%)
7631 (8.91%)
3832 (4.48%)

7370 (8.61%)

Private
insurance
(n =210,561)

58.0+ 11.0

60,680 (28.8%)

17,569 (8.34%)
20,589 (9.78%)
17,448 (8.29%)
149,853 (71.2%)
5102 (2.42%)

55,510 (26.4%)
73,862 (35.1%)
5995 (2.85%)

75,194 (35.7%)

925 (0.44%)
9905 (4.70%)
38,383 (18.2%)
161,348 (76.6%)

42,066 (20.0%)
52,653 (25.0%)
55,666 (26.4%)
56,111 (26.6%)
4065 (1.93%)

47,945 (22.8%)
107,684 (51.1%)
54,932 (26.1%)

34,324 (16.3%)
33,676 (16.0%)
31,619 (15.0%)
30,107 (14.3%)
26,005 (12.4%)
18,776 (8.92%)
20,527 (9.75%)
15,527 (7.37%)

145,783 (69.2%)

9181 (4.36%)
55,597 (26.4%)

36,570 (17.4%)
16,887 (8.02%)
5585 (2.65%)

13,897 (6.60%)

Other
(n = 28,788)

59.5+12.5

6679 (23.2%)

3101 (10.8%)
3659 (12.7%)
1890 (6.57%)
19,237 (66.8%)
901 (3.13%)

10,976 (38.1%)
12,115 (42.1%)
345 (1.20%)
5352 (18.6%)

147 (0.51%)
1580 (5.49%)
6430 (22.3%)
20,631 (71.7%)

8005 (27.8%)
7924 (27.5%)
6958 (24.2%)
4970 (17.3%)
931 (3.23%)

4327 (15.0%)
13,199 (45.8%)
11,262 (39.1%)

4383 (15.2%)
4495 (15.6%)
4313 (15.0%)
4670 (16.2%)
4214 (14.6%)
2315 (8.04%)
2533 (8.80%)
1865 (6.48%)

16,801 (58.4%)

1004 (3.49%)
10,983 (38.2%)

6705 (23.3%)
2607 (9.06%)
962 (3.34%)

2499 (8.68%)

Self-pay/no
charge
(n =52,863)

53.5+9.95

14,007 (26.5%)

7351 (13.9%)
8176 (15.5%)
5093 (9.63%)
31,082 (58.8%)
1161 (2.20%)

9314 (17.6%)
30,728 (58.1%)
974 (1.84%)
11,847 (22.4%)

190 (0.36%)
1887 (3.57%)
9127 (17.3%)
41,659 (78.8%)

16,318 (30.9%)
14,447 (27.3%)
12,391 (23.4%)
7683 (14.5%)
2024 (3.83%)

7126 (13.5%)
26,088 (49.4%)
19,649 (37.2%)

6938 (13.1%)
7393 (14.0%)
7582 (14.3%)
7805 (14.8%)
7051 (13.3%)
5745 (10.9%)
6286 (11.9%)
4063 (7.69%)

41,964 (79.4%)

1579 (2.99%)
9320 (17.6%)

9055 (17.1%)
3619 (6.85%)
1314 (2.49%)

2550 (4.82%)

p-value

<0.0001

<0.0001
<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001
<0.0001
<0.0001

<0.0001
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Table 1. Patient clinical and demographic characteristics, stratified by payer (cont.).

Characteristic

—HTN, uncomplicated
—HTN, complicated

— Paralysis

— Other neurological disease
— Obesity

— Chronic pulmonary disease

— Diabetes, without chronic
complications

— Diabetes, with chronic
complications

— Hypothyroidism

- Renal failure

— Liver disease

— Peptic ulcer disease
- HIvV

— Lymphoma

— Metastatic tumor

- Solid tumor

— Rheumatoid arthritis
— Coagulation disorders
— Obesity

— Weight loss

— Fluid and electrolyte disorders

- Blood loss anemia
— Deficiency anemia
— Alcohol abuse

— Drug abuse

— Psychosis

— Depression
Smoking status

— Non-smoker

— Current

— Former

— Log of length of stay

— Total charges (2017 Dollars
[lowest quartile; highest
quartile])

- Log of total charges

— Any complication during
admission

- Blood transfusion
Discharge disposition
—Routine

— To short-term hospital
— Home healthcare

— Other

All
(n = 1,055,162)

527,522 (50.0%)
252,604 (23.9%)
14,269 (1.35%)
71,505 (6.78%)

247,254 (23.4%)
317,615 (30.1%)

76,737 (71.27%)

120,533 (11.4%)
243,634 (23.1%)
18,600 (1.76%)
<497

1813 (0.17%)
7575 (0.72%)
15,483 (1.47%)
33,826 (3.21%)
25,162 (2.38%)
44,848 (4.25%)
131,628 (12.5%)
34,519 (3.27%)
214,219 (20.3%)
12,891 (1.22%)
210,469 (19.9%)
35,698 (3.38%)
27,311 (2.59%)
27,561 (2.61%)
77,080 (7.31%)

849,892 (80.5%)
189,294 (17.9%)
15,976 (1.51%)
6.93 + 8.86

1.39 [0.69; 2.08]

65,822
[34,351; 115,524]

11.1[10.4; 11.7]
271,751 (25.8%)

150,567 (14.3%)

533,239 (50.5%)
106,616 (10.1%)
168,548 (16.0%)
246,759 (23.4%)

Medicare
(n=677,332)

325,901 (48.1%)
200,577 (29.6%)
10,785 (1.59%)
58,045 (8.57%)

182,563 (27.0%)
210,942 (31.1%)

55,371 (8.17%)

97,378 (14.4%)
197,592 (29.2%)
10,282 (1.52%)
354 (0.05%)
959 (0.14%)
5857 (0.86%)
11,737 (1.73%)
26,490 (3.91%)
19,185 (2.83%)
32,832 (4.85%)
68,682 (10.1%)
27,706 (4.09%)
159,412 (23.5%)
10,207 (1.51%)
166,218 (24.5%)
14,671 (2.17%)
7054 (1.04%)
18,818 (2.78%)
54,375 (8.03%)

596,723 (88.1%)
70,197 (10.4%)
10,412 (1.54%)
7.47 £+ 8.40
1.61[1.10; 2.20]

63,206
[32,668; 114,921]

11.1[10.4; 11.7]
196,294 (29.0%)

113,909 (16.8%)

270,398 (39.9%)
65,193 (9.62%)

130,691 (19.3%)
211,050 (31.2%)

CHF: Congestive heart failure; HTN: Hypertension; SD: Standard deviation.

Medicaid
(n = 85,618)

44,035 (51.4%)
17,352 (20.3%)
1495 (1.75%)
4979 (5.82%)

19,687 (23.0%)
29,805 (34.8%)

7687 (8.98%)

4882 (5.70%)
15,886 (18.6%)
2961 (3.46%)
49 (0.06%)

461 (0.54%)
365 (0.43%)
1053 (1.23%)
1960 (2.29%)
1502 (1.75%)
3563 (4.16%)
13,701 (16.0%)
2641 (3.08%)
16,742 (19.6%)
816 (0.95%)
15,245 (17.8%)
6342 (7.41%)
8520 (9.95%)
4259 (4.97%)
6156 (7.19%)

57,146 (66.7 %)
27,541 (32.2%)
931 (1.09%)
8.25 £+ 14.1
1.39 [0.69; 2.20]

68,261
[35,070; 125,169]

11.1[10.5; 11.7]
21,818 (25.5%)

11,137 (13.0%)

53,507 (62.5%)
9231 (10.8%)

10,359 (12.1%)
12,521 (14.6%)

Private
insurance
(n =210,561)

113,320 (53.8%)
24,920 (11.8%)
1466 (0.70%)
6086 (2.89%)

31,197 (14.8%)
54,717 (26.0%)

10,212 (4.85%)

14471 (6.87%)
22,363 (10.6%)
3525 (1.67%)
62 (0.03%)
230 (0.11%)
1146 (0.54%)
2231 (1.06%)
4351 (2.07%)
3688 (1.75%)
6097 (2.90%)
36,100 (17.1%)
2976 (1.41%)
26,504 (12.6%)
1375 (0.65%)
20,845 (9.90%)
7870 (3.74%)
4748 (2.25%)
2725 (1.29%)
12,279 (5.83%)

149,385 (70.9%)
57,376 (27.2%)
3800 (1.80%)
5.29+7.77
1.10[0.69; 1.79]

70,477
[38,924; 114,893]

11.2[10.6; 11.7]
39,580 (18.8%)

19,316 (9.17%)

148,933 (70.7%)
23,920 (11.4%)
21,311 (10.1%)
16,397 (7.79%)

Other
(n = 28,788)

15,709 (54.6%)
4422 (15.4%)
245 (0.85%)
1154 (4.01%)

5750 (20.0%)
8410 (29.2%)

1684 (5.85%)

1838 (6.38%)
3936 (13.7%)
792 (2.75%)
<1

60 (0.21%)
127 (0.44%)
288 (1.00%)
620 (2.15%)
361 (1.25%)
1004 (3.49%)
4413 (15.3%)
565 (1.96%)
4393 (15.3%)
215 (0.75%)
3671 (12.8%)
2020 (7.02%)
1971 (6.85%)
778 (2.70%)
1956 (6.79%)

18,642 (64.8%)
9713 (33.7%)
433 (1.50%)
5.65 + 7.47
1.10[0.69; 1.95]

72,666
[38,493; 122,784]

11.2[10.6; 11.7]
5770 (20.0%)

2747 (9.54%)

19,530 (67.8%)
3212 (11.2%)
2652 (9.21%)
3394 (11.8%)

Self-pay/no
charge
(n =52,863)

28,557 (54.0%)
5333 (10.1%)
278 (0.53%)
1241 (2.35%)

8057 (15.2%)
13,741 (26.0%)

1783 (3.37%)

1964 (3.72%)
3857 (7.30%)
1040 (1.97%)
21 (0.04%)
103 (0.19%)
80 (0.15%)
174 (0.33%)
405 (0.77%)
426 (0.81%)
1352 (2.56%)
8732 (16.5%)
631 (1.19%)
7168 (13.6%)
278 (0.53%)
4490 (8.49%)
4795 (9.07%)
5018 (9.49%)
981 (1.86%)
2314 (4.38%)

27,996 (53.0%)
24,467 (46.3%)
400 (0.76%)
5.00 + 6.89
1.10[0.69; 1.79]

69,245
[38,998; 109,612]

11.1[10.6; 11.6]
8289 (15.7%)

3458 (6.54%)

40,871 (77.3%)
5060 (9.57%)
3535 (6.69%)
3397 (6.43%)

p-value

<0.0001
<0.0001
<0.001

<0.0001

<0.0001
<0.0001

<0.0001

<0.0001
<0.0001
<0.0001
<0.001

<0.001

<0.001

<0.001

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.001

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001

<0.0001

<0.0001

<0.0001
<0.0001
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Table 2. Patient clinical and demographic c
Characteristic

- Age in years
- Sex (females)
Race/ethnicity
- Black

— Hispanic

— Other

- White

— Missing
State

- California

- Florida

- Maryland

- New York
Payer group

- Medicare

- Medicaid

- Private insurance

- Other

- Self-pay/no charge

30-day readmission

Yes (n =212,313)
72.0 +13.7
97,264 (45.8%)

24,199 (11.4%)
27,177 (12.8%)
16,568 (7.80%)
141,227 (66.5%)
3142 (1.48%)

52,591 (24.8%)
84,352 (39.7%)
4263 (2.01%)

71,107 (33.5%)

154,689 (72.9%)
18,964 (8.93%)
27,950 (13.2%)
4235 (1.99%)
6475 (3.05%)

- Hospital volume by quartile, lowest to highest

— First

- Second
- Third
- Fourth

1918 (0.90%)
15,066 (7.10%)
46,787 (22.0%)
148,542 (70.0%)

Patient zip code income quartile, lowest to highest

— First

- Second
- Third
- Fourth

- Missing

Hospital burden, lowest to highest

- Lowest
- Middle
- Highest
Year

- 2007
-2008

- 2009
-2010
-2011
-2012
-2013
-2014

Operative urgency

— Emergency/urgent/ trauma

center/other
- Elective

— Missing

60,906 (28.7%)
55,260 (26.0%)
49,493 (23.3%)
40,817 (19.2%)
5837 (2.75%)

44,504 (21.0%)
97,995 (46.2%)
69,814 (32.9%)

31,509 (14.8%)
32,962 (15.5%)
31,441 (14.8%)
31,626 (14.9%)
28,289 (13.3%)
20,311 (9.57%)
21,002 (9.89%)
15,173 (7.15%)

150,992 (71.1%)

8680 (4.09%)
52,641 (24.8%)

No (n = 842,849)
69.3 £ 14.5
348,208 (41.3%)

79,035 (9.38%)
97,043 (11.5%)
67,068 (7.96%)
583,144 (69.2%)
16,559 (1.96%)

202,561 (24.0%)
343,548 (40.8%)
20,312 (2.41%)

276,428 (32.8%)

522,643 (62.0%)
66,654 (7.91%)
182,611 (21.7%)
24,553 (2.91%)
46,388 (5.50%)

5493 (0.65%)
49,890 (5.92%)
172,103 (20.4%)
615,363 (73.0%)

219,915 (26.1%)
221,161 (26.2%)
203,297 (24.1%)
175,956 (20.9%)
22,520 (2.67%)

178,880 (21.2%)
409,487 (48.6%)
254,482 (30.2%)

120,333 (14.3%)
123,865 (14.7%)
120,574 (14.3%)
123,318 (14.6%)
112,033 (13.3%)
83,815 (9.94%)
91,178 (10.8%)
67,733 (8.04%)

605,774 (71.9%)

34,298 (4.07%)
202,777 (24.1%)

CHF: Congestive heart failure; HTN: Hypertension; OR: Odds ratio.

Unadjusted OR
of readmitted

1.20 (1.19-1.21)

1.26 (1.24-1.28)
1.16 (1.14-1.17)
1.02 (1.00-1.04)
Reference

0.78 (0.75-0.81)

1.06 (1.04-1.07)
Reference

0.85 (0.83-0.88)
1.05 (1.04-1.06)

1.93 (1.91-1.96)
1.86 (1.82-1.90)
Reference

1.13(1.09-1.17)
0.91 (0.89-0.94)

1.45 (1.37-1.52)
1.25(1.23-1.28)
1.13(1.11-1.14)

Reference

Reference

0.90 (0.89-0.91)
0.88 (0.87-0.89)
0.84 (0.83-0.85)
0.94 (0.91-0.96)

Reference
0.96 (0.95-0.97)
1.10 (1.09-1.12)

Reference

1.02 (1.00-1.03)
1.00 (0.98-1.01)
0.98 (0.96-1.00)
0.96 (0.95-0.98)
0.93 (0.91-0.94)
0.88 (0.86-0.90)
0.86 (0.84-0.87)

0.98 (0.96-1.01)

Reference

1.03 (1.00-1.05)

p-value

<0.001
<0.001
<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

racteristics, stratified by readmission.

90-day readmission

Yes (n = 337,160)
74.0 [62.0; 83.0]
154,659 (45.9%)

38,889 (11.5%)
42,945 (12.7%)
26,277 (7.79%)
223,900 (66.4%)
5149 (1.53%)

82,958 (24.6%)
133,131 (39.5%)
6729 (2.00%)
114,342 (33.9%)

245,512 (72.8%)
29,996 (8.90%)
44,484 (13.2%)
6741 (2.00%)
10,427 (3.09%)

2874 (0.85%)
23,554 (6.99%)
73,796 (21.9%)
236,936 (70.3%)

96,895 (28.7%)
87,952 (26.1%)
78,330 (23.2%)
64,844 (19.2%)
9139 (2.71%)

71,091 (21.1%)
155,812 (46.2%)
110,257 (32.7%)

49,771 (14.8%)
52,033 (15.4%)
49,624 (14.7%)
50,308 (14.9%)
44,766 (13.3%)
32,456 (9.63%)
33,791 (10.0%)
24,411 (7.24%)

240,558 (71.3%)

13,567 (4.02%)
83,035 (24.6%)

No (n = 718,002)
69.0 [58.0; 81.0]
290,813 (40.5%)

64,345 (8.96%)
81,275 (11.3%)
57,359 (7.99%)
500,471 (69.7%)
14,552 (2.03%)

172,194 (24.0%)
294,769 (41.1%)
17,846 (2.49%)

233,193 (32.5%)

431,820 (60.1%)
55,622 (7.75%)
166,077 (23.1%)
22,047 (3.07%)
42,436 (5.91%)

4537 (0.63%)
41,402 (5.77%)
145,094 (20.2%)
526,969 (73.4%)

183,926 (25.6%)
188,469 (26.2%)
174,460 (24.3%)
151,929 (21.2%)
19,218 (2.68%)

152,293 (21.2%)
351,670 (49.0%)
214,039 (29.8%)

102,071 (14.2%)
104,794 (14.6%)
102,391 (14.3%)
104,636 (14.6%)
95,556 (13.3%)
71,670 (9.98%)
78,389 (10.9%)
58,495 (8.15%)

516,208 (71.9%)

29,411 (4.10%)
172,383 (24.0%)

Unadjusted OR
of readmitted

1.24 (1.23-1.26)

1.35(1.33-1.37)
1.18 (1.17-1.20)
1.02 (1.01-1.04)
Reference

0.79 (0.77-0.82)

1.07 (1.06-1.08)
Reference

0.83 (0.81-0.86)
1.09 (1.08-1.10)

2.12 (2.10-2.15)
2.01 (1.98-2.05)
Reference

1.14 (1.11-1.18)
0.92 (0.90-0.94)

1.41 (1.34-1.48)
1.27 (1.24-1.29)
1.13(1.12-1.14)

Reference

Reference

0.89 (0.88-0.90)
0.85 (0.84-0.86)
0.81 (0.80-0.82)
0.90 (0.88-0.93)

Reference
0.95 (0.94-0.96)
1.10 (1.09-1.12)

Reference

1.02 (1.00-1.03)
0.99 (0.98-1.01)
0.99 (0.97-1.00)
0.96 (0.95-0.98)
0.93 (0.91-0.94)
0.88 (0.87-0.90)
0.86 (0.84-0.87)

1.01(0.99-1.03)

Reference

1.04 (1.02-1.07)

p-value

<0.001
<0.001
<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
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Table 2. Patient clinical and demographic characteristics, stratified by readmission (cont.).

Characteristic

30-day readmission

Unadjusted OR  p-value 90-day readmission Unadjusted OR  p-value
of readmitted of readmitted
Yes (n =212,313) No (n = 842,849) Yes (n =337,160) No (n = 718,002)

Comorbidities present on admission

- CHF 95,981 (45.2%) 264,120 (31.3%) 1.81(1.79-1.83)  <0.001 151,108 (44.8%) 208,993 (29.1%) 1.98 (1.96-1.99) <0.001
— Valve disease 37,137 (17.5%) 117,121 (13.9%) 1.31(1.30-1.33)  <0.001 58,898 (17.5%) 95,360 (13.3%) 1.38 (1.37-1.40) <0.001
- Diseases of the pulmonary 15,444 (7.27%) 43,520 (5.16%) 1.44 (1.41-1.47) <0.001 24,343 (7.22%) 34,621 (4.82%) 1.54 (1.51-1.56)  <0.001
circulation

— Peripheral vascular disease 33,393 (15.7%) 95,105 (11.3%) 1.47 (1.45-1.49) <0.001 53,047 (15.7%) 75,451 (10.5%) 1.59 (1.57-1.61)  <0.001
— HTN, uncomplicated 93,303 (43.9%) 434,219 (51.5%) 0.74(0.73-0.74) <0.001 150,292 (44.6%) 377,230 (52.5%) 0.73(0.72-0.73) <0.001
—HTN, complicated 68,907 (32.5%) 183,697 (21.8%) 1.72(1.71-1.74)  <0.001 108,429 (32.2%) 144,175 (20.1%) 1.89(1.87-1.90) <0.001
— Paralysis 3505 (1.65%) 10,764 (1.28%) 1.30 (1.25-1.35)  <0.001 5428 (1.61%) 8841 (1.23%) 1.31(1.27-1.36)  <0.001
— Other neurological disease 16,607 (7.82%) 54,898 (6.51%) 1.22(1.20-1.24)  <0.001 26,248 (7.79%) 45,257 (6.30%) 1.25(1.24-1.27)  <0.001
— Chronic pulmonary disease 60,823 (28.6%) 186,431 (22.1%) 1.41(1.40-1.43) <0.001 96,002 (28.5%) 151,252 (21.1%) 1.49(1.48-1.51) <0.001
— Diabetes, without chronic 70,185 (33.1%) 247,430 (29.4%) 1.19(1.18-1.20)  <0.001 111,937 (33.2%) 205,678 (28.6%) 1.24(1.23-1.25) <0.001
complications

— Diabetes, with chronic 22,674 (10.7%) 54,063 (6.41%) 1.74 (1.72-1.77)  <0.001 35,542 (10.5%) 41,195 (5.74%) 1.94 (1.91-1.96) <0.001
complications

— Hypothyroidism 26,647 (12.6%) 93,886 (11.1%) 1.14(1.13-1.16)  <0.001 42,540 (12.6%) 77,993 (10.9%) 1.18(1.17-1.20)  <0.001
— Renal failure 68,937 (32.5%) 174,697 (20.7%) 1.84(1.82-1.86) <0.001 107,961 (32.0%) 135,673 (18.9%) 2.02 (2.00-2.04) <0.001
— Liver disease 4818 (2.27%) 13,782 (1.64%) 1.40 (1.35-1.44) <0.001 7423 (2.20%) 11,177 (1.56%) 1.42 (1.38-1.47) <0.001
— Peptic ulcer disease 118 (0.06%) 377 (0.04%) 1.24(1.01-1.53)  0.045 199 (0.06%) 296 (0.04%) 1.43 (1.20-1.71)  <0.001
- HIvV 486 (0.23%) 1327 (0.16%) 1.46 (1.31-1.61)  <0.001 777 (0.23%) 1036 (0.14%) 1.60 (1.46-1.75)  <0.001
— Lymphoma 2104 (0.99%) 5471 (0.65%) 1.53(1.46-1.61) <0.001 3260 (0.97%) 4315 (0.60%) 1.61(1.54-1.69) <0.001
— Metastatic tumor 4075 (1.92%) 11,408 (1.35%) 1.43 (1.38-1.48) <0.001 6060 (1.80%) 9423 (1.31%) 1.38 (1.33-1.42) <0.001
- Solid tumor 8739 (4.12%) 25,087 (2.98%) 1.40 (1.37-1.43)  <0.001 13,529 (4.01%) 20,297 (2.83%) 1.44 (1.41-1.47)  <0.001
- Rheumatoid arthritis 5936 (2.80%) 19,226 (2.28%)  1.23(1.20-1.27)  <0.001 9431 (2.80%) 15,731 (2.19%)  1.28(1.25-1.32)  <0.001
— Coagulopathy 11,010 (5.19%) 33,838 (4.01%) 1.31(1.28-1.34)  <0.001 17,001 (5.04%) 27,847 (3.88%) 1.32(1.29-1.34)  <0.001
— Obesity 24,989 (11.8%) 106,639 (12.7%) 0.92 (0.91-0.93)  <0.001 39,965 (11.9%) 91,663 (12.8%)  0.92(0.91-0.93) <0.001
— Weight loss 9475 (4.46%) 25,044 (2.97%) 1.53(1.49-1.56) <0.001 14,229 (4.22%) 20,290 (2.83%) 1.52 (1.48-1.55)  <0.001
— Fluid and electrolyte disorders 51,994 (24.5%) 162,225 (19.2%) 1.36 (1.35-1.38)  <0.001 80,751 (24.0%) 133,468 (18.6%) 1.38(1.37-1.39) <0.001
- Blood loss anemia 3303 (1.56%) 9588 (1.14%) 1.37 (1.32-1.43)  <0.001 5339 (1.58%) 7552 (1.05%) 1.51 (1.46-1.57)  <0.001
- Deficiency anemia 57,270 (27.0%) 153,199 (18.2%) 1.66 (1.64-1.68)  <0.001 89,752 (26.6%) 120,717 (16.8%) 1.79 (1.78-1.81)  <0.001
— Alcohol abuse 6796 (3.20%) 28,902 (3.43%) 0.93(0.91-0.96)  <0.001 10,926 (3.24%) 24,772 (3.45%) 0.94 (0.92-0.96)  <0.001
— Drug abuse 5822 (2.74%) 21,489 (2.55%) 1.08 (1.05-1.11)  <0.001 9050 (2.68%) 18,261 (2.54%) 1.06 (1.03-1.08)  <0.001
— Psychoses 7560 (3.56%) 20,001 (2.37%) 1.52(1.48-1.56) <0.001 11,563 (3.43%) 15,998 (2.23%) 1.56 (1.52-1.60) <0.001
— Depression 17,397 (8.19%) 59,683 (7.08%) 1.17 (1.15-1.19)  <0.001 27,814 (8.25%) 49,266 (6.86%) 1.22(1.20-1.24)  <0.001
Smoking habits <0.001 <0.001
— Non-smoker 178,240 (84.0%) 671,652 (79.7%) Reference 282,218 (83.7%) 567,674 (79.1%) Reference

— Current 30,852 (14.5%) 158,442 (18.8%) 0.73 (0.72-0.74) 49,783 (14.8%) 139,511 (19.4%) 0.72 (0.71-0.73)

— Former 3221 (1.52%) 12,755 (1.51%) 0.95 (0.92-0.99) 5159 (1.53%) 10,817 (1.51%) 0.96 (0.93-0.99)

Length of stay (days [lowest 6.00 [3.00; 11.0]  4.00 [2.00; 8.00] <0.001 6.00 [3.00; 10.0] 4.00 [2.00; 7.00] <0.001
quartile; highest quartile])

- Log of length of stay 1.79[1.10; 2.40] 1.39[0.69; 2.08] <0.001 1.79[1.10; 2.30]  1.39[0.69; 1.95] <0.001
Total charges (2017 Dollars 70,022 64,916 <0.001 68,345 64,804 <0.001
[lowest quartile; highest [35,830; 130,286] [34,011;112,336] [35,076; 125,997] [34,033; 111,228]

quartile])

- Log of total charges 11.2[10.5;11.8] 11.1[10.4;11.6] <0.001 11.1[10.5;11.7] 11.1[10.4;11.6] <0.001
— Any complication during 68,115 (32.1%) 203,636 (24.2%) 1.48 (1.47-1.50) <0.001 104,515 (31.0%) 167,236 (23.3%) 1.48 (1.47-1.49)  <0.001
admission

— Blood transfusion 41,022 (19.3%) 109,545 (13.0%) 1.60 (1.58-1.62)  <0.001 62,917 (18.7%) 87,650 (12.2%) 1.65(1.63-1.67)  <0.001
CHF: Congestive heart failure; HTN: Hypertension; OR: Odds ratio.
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Table 2. Patient clinical and demographic characteristics, stratified by readmission (cont.).

Characteristic

Discharge disposition

- Routine

- To short-term hospital
- Home healthcare

- Other

30-day readmission

Unadjusted OR  p-value 90-day readmission Unadjusted OR  p-value
of readmitted of readmitted
Yes (n =212,313) No (n = 842,849) Yes (n =337,160) No (n = 718,002)
<0.001 <0.001
84,528 (39.8%) 448,711 (53.2%) Reference 138,609 (41.1%) 394,630 (55.0%) Reference
21,301 (10.0%) 85,315 (10.1%) 1.33(1.30-1.35) 34,834 (10.3%) 71,782 (10.0%) 1.38 (1.36-1.40)
40,570 (19.1%) 127,978 (15.2%) 1.68 (1.66-1.71) 63,180 (18.7%) 105,368 (14.7%) 1.71 (1.69-1.73)
65,914 (31.0%) 180,845 (21.5%) 1.93 (1.91-1.96) 100,537 (29.8%) 146,222 (20.4%) 1.96 (1.94-1.98)

CHF: Congestive heart failure; HTN: Hypertension; OR: Odds ratio.

Table 3. Readmission rates by insurance status.

Insurance primary payer 30-day readmission (p = 0) 90-day readmission (p = 0)
Yes No Yes No

All (n =1,055,162) 212,313 (20.1%) 842,849 (79.9%) 337,160 (32.0%) 718,002 (68.0%)
Medicare (n = 677,332) 154,689 (22.8%) 522,643 (77.2%) 245,512 (36.2%) 431,820 (63.8%)
Medicaid (n = 85,618) 18,964 (22.1%) 66,654 (77.9%) 29,996 (35.0%) 55,622 (65.0%)
Private insurance (n = 210,561) 27,950 (13.3%) 182,611 (86.7%) 44,484 (21.1%) 166,077 (78.9%)
Other (n = 28,788) 4235 (14.7%) 24,553 (85.3%) 6741 (23.4%) 22,047 (76.6%)
Self-pay/no charge (n = 52,863) 6475 (12.2%) 46,388 (87.8%) 10,427 (19.7%) 42,436 (80.3%)

4th-quartile OR: 0.952, 95% CI: 0.934-0.971) and 90 days (3rd-quartile OR: 0.928, 95% CI: 0.911-0.945;
4th-quartile OR: 0.940, 95% CI: 0.912-0.989). Relative to White patients, Black patients showed 8.1 and 12.8%
increases in odds of readmission at 30 and 90 days (p < 0.0001).

For both 30- and 90-day readmissions, there were no significant interactions between hospital burden tertile and
race/ethnicity, insurance status or median income quartile, separately.

Results of multivariate analyses are presented in Table 5.

Exploratory analyses stratified by age (<65 or >65 years) and AMI subtype (STEMI vs NSTEMI) tended
to be consistent with primary analyses (Supplementary Tables 1 & 2). Preliminary analyses stratified by age
(Supplementary Table 2), the under-65 cohort showed a greater increase in risk-adjusted readmission odds in
Medicaid and Medicare insurance groups compared with older patients.

Discussion

The results of this study indicate that both patient- and hospital-level social determinants of health — Medicaid
insurance, Black race, median income and HBH status — are independent risk factors for 30- and 90-day readmission
following hospitalization for AMI. However, uninsured status was not associated with increased odds of readmission.
These findings indicate that patient- and hospital-level factors contribute to increased readmission risk in the AMI
patient population; our analysis did not reveal any statistically significant two level interaction terms.

The results of this study were partially consistent with the hypothesis that uninsured and Medicaid status, as
proxies for low SES, would have higher rates and risk-adjusted odds of readmission compared with patients with
private insurance. This hypothesis was based on prior literature demonstrating the importance of insurance status,
among other socioeconomic factors, in predicting clinical outcomes for patients with cardiovascular disease [5,26].
In a retrospective analysis of more than 210,000 STEMI patients under age 65, Patel and colleagues reported
lower rates of revascularization, and higher rates of in-patient mortality, among Medicaid patients compared with
those with private insurance [27). Furthermore, a retrospective analysis of 198,420 non-elderly AMI patients in
California found that, although Medicaid patients were more likely than private payer patients to be treated at
facilities capable of performing cardiac catheterization and other percutaneous coronary interventions, they were
less likely to receive percutaneous coronary interventions then were private insurance patients [16]. Finally, a review
of 10,461 MI admissions by Foraker and colleagues [28] found that Medicaid patients were significantly less likely
to be discharged with optimal medical therapy, including aspirin and B-blockers, than were patients with private
insurance.
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Table 5. Risk-adjusted odds ratios of unplanned readmission at 30 and 90 days.

Independent variables

Age (per one year increase)

0.9992 (0.9985-0.9999)

Female sex (reference: males)

1.0303 (1.0186-1.0420)1

State (reference: Florida)

- California

— Maryland

- New York

Year (Reference: 2007)

—2008

—-2009

—-2010

-2011

-2012

-2013

-2014

Payor status (reference: private insurance)
— Medicaid

— Medicare

— Other

- Self-pay/no charge

Race/ethnicity (reference: White)

- Black

— Hispanic

— Missing

- Other

Median income level per zip code (reference: first quartile)
- Second quartile

— Third quartile

- Fourth quartile

— Missing

Hospital burden (reference: low burden)
- Middle

- High

Hospital volume (reference: fourth quartile)
— First quartile

— Second quartile

— Third quartile

Treatment type (reference: elective)

— Emergency/urgent/trauma center/other
— Missing

Length of stay (per one unit increase in log-transformed LOS)

Total charges (per one unit increase in log-transformed total charge)

Statistical significance is denoted as:

fp < 0.05.

fp<0.01.

§p < 0.001.

9p <0.0001.

HTN: Hypertension; LOS: Length of stay.

30-day readmission

0.9977 (0.9970-0.9983) 1

1.0403 (1.0296-1.0510)1

0.9488 (0.6391-1.4086)
0.8016 (0.7492-0.8576) 1
0.9902 (0.9461-1.0362)

0.9910 (0.9736-1.0087)

0.9763 (0.9581-0.9948)
0.9546 (0.9354-0.9742)1
0.9311 (0.9103-0.9524)1
0.9038 (0.8794-0.9288) 1
0.8659 (0.8382-0.8945)1
0.8516 (0.8228-0.8814)1

1.3773 (1.3354-1.4204)1
1.3770 (1.3502-1.4043)1
1.0064 (0.9639-1.0507)

0.9149 (0.8819-0.9491)1

1.0811 (1.0587-1.1039)1
1.0412 (1.0213-1.0615)1
0.7974 (0.7546-0.8427)1
0.9535 (0.9316-0.9759)1

0.9858(0.9715-1.0003)
0.9790 (0.9616-0.9967)F
0.9518 (0.9335-0.9705)1
0.9782 (0.9470-1.0103)

1.0253 (0.9834-1.0689)
1.0955 (1.0506-1.1423)1

1.0128 (0.9288-1.1045)
0.9797 (0.9403-1.0208)

0.9601 (0.9276-0.9937)F

0.9732 (0.9463-1.0010)
1.0596 (0.7133-1.5740)

1.3925 (1.3709-1.4143)1

0.8836 (0.8701-0.8974)1

(Odds ratios with 95% Cls)

90-day readmission

1.0499 (0.7325-1.5048)
0.7704 (0.7117-0.8339)1
1.0372 (0.9799-1.0978)

0.9874 (0.9704-1.0047)

0.9700 (0.9528-0.9875)*
0.9565 (0.9379-0.9756) 1
0.9204 (0.9006-0.9406) 1
0.9006 (0.8773-0.9245)1
0.8691 (0.8420-0.8969) 1
0.8513 (0.8248-0.8786)

1.4403 (1.4010-1.4807)1
1.4786 (1.4532-1.5045)1
1.0146 (0.9770-1.0537)

0.9177 (0.8879-0.9486) 1

1.1281 (1.1087-1.1478)1
1.0458 (1.0267-1.0652)1
0.8190 (0.7769-0.8634)1
0.9423 (0.9206-0.9646) 1

0.9798 (0.9665-0.9933)F
0.9601 (0.9437-0.9767)1
0.9278 (0.9106-0.9453)1
0.9400 (0.9124-0.9686) 1

1.0195 (0.9691-1.0726)
1.0951 (1.0421-1.1507)%

0.8561 (0.7847-0.9341)8
0.8709 (0.8332-0.9104)1

0.8798 (0.8437-0.9174)1

0.9872 (0.9616-1.0135)
0.9989 (0.6968-1.4319)

1.4250 (1.4040-1.4463)1

0.8445 (0.8318-0.8575)1

48

J. Comp. Eff. Res. (2021) 10(1)

future science group



Table 5. Risk-adjusted odds ratios of unplanned readmission at 30 a

Independent variables

Comorbidities (yes vs no)

— Congestive heart failure

- Valve disease

— Diseases of the pulmonary circulation
— Peripheral vascular disease

— HTN, uncomplicated

— HTN, complicated

— Paralysis

— Other neurological disease

— Chronic pulmonary disease

— Diabetes, without chronic complications
— Diabetes, with chronic complications
— Hypothyroid

— Renal failure

— Liver disease

— Metastatic tumors

- Solid tumors

— Rheumatoid arthritis

— Coagulation disorders

— Obesity

- Weight loss

- Fluid disease

—Blood loss

- Iron deficiency anemia

— Alcohol abuse

— Drug abuse

— Psychoses

— Depression

Statistical significance is denoted as:

fp <0.05.

fp<0.01.

§p < 0.001.

9p < 0.0001.

HTN: Hypertension; LOS: Length of stay.

Social determinants of health & Ml readmissions

30-day readmission

1.2576 (1.2432-1.2722)1
1.0701 (1.0542-1.0863)1
1.0461 (1.0248-1.0678)

1.1650 (1.1476-1.1827)1
1.0075 (0.9956-1.0196)

1.0249 (1.0042-1.0460)*
1.0257 (0.9846-1.0686)

1.0015 (0.9823-1.0212)

1.1627 (1.1497-1.1760)1
1.1531 (1.1399-1.1664)1
1.2918 (1.2693-1.3146)1
1.0103 (0.9950-1.0258)

1.2598 (1.2344-1.2856)1
1.1990 (1.1570-1.2426)1
1.1350 (1.0882-1.1837)1
1.1568 (1.1245-1.1900)1
1.1524 (1.1172-1.1887)1
1.0254 (1.0003-1.0511)*
0.9317 (0.9185-0.9452)1
1.0361 (1.0074-1.0657)1
1.0048 (0.9925-1.0173)

1.0498 (1.0089-1.0922)*
1.1456 (1.1308-1.1607)1
0.9603 (0.9311-0.9905)F
1.2051 (1.1665-1.2450)1
1.2763 (1.2414-1.3121)1
1.0805 (1.0606-1.1006) 1

days (cont.).

(Odds ratios with 95% Cls)

90-day readmission

1.3156 (1.3006-1.3308)1
1.0928 (1.0773-1.1085)1
1.0616 (1.0405-1.0833)1
1.2258 (1.2087-1.2431)1
1.0310 (1.0197-1.0424)1
1.0617 (1.0414-1.0824)1
1.0153 (0.9786-1.0534)

1.0105 (0.9926-1.0288)

1.1995 (1.1880-1.2111)1
1.1877 (1.1766-1.1989)1
1.3768 (1.3543-1.3996)1
1.0249 (1.0112-1.0388)%
1.2935 (1.2683-1.3193)1
1.2086 (1.1700-1.2486)1
1.0551 (1.0144-1.0975)%
1.2006 (1.1688-1.2333)1
1.1870 (1.1538-1.2212)1
1.0158 (0.9932-1.0389)

0.9252 (0.9135-0.9369) 1
1.0008 (0.9736-1.0288)

0.9843 (0.9722-0.9965)
1.1329 (1.0902-1.1773)1
1.1864 (1.1728-1.2003)1
0.9878 (0.9629-1.0133)

1.1793 (1.1457-1.2138)1
1.2838 (1.2510-1.3176)1
1.1114 (1.0935-1.1296) 1

Nonetheless, the results of the current did not fully confirm our hypothesis that uninsured or Medicaid status,
as a marker of lower SES, would predict higher readmission odds. Uninsured/self-pay status was instead associated
with decreased risk-adjusted odds of unplanned readmission. Several factors may help explain this finding. For
instance, the self-pay cohort may include relatively wealthy patients, such as those who are too affluent for Medicaid
but who cannot afford to purchase private insurance, or highly affluent patients who opt to pay out-of-pocket for
care at institutions of their choice. Perhaps more plausibly, uninsured patients may be more likely to be indigent
or otherwise lost to follow-up; this explanation is consistent with prior research demonstrating poor continuity of
care for patients without insurance coverage [20,29].

Superior care metrics among uninsured patients, relative to Medicaid patients, are not unprecedented in the
medical literature. In an analysis of 17,600 patients from the National Registry of Myocardial Infarction, Sada
and colleagues [5] found that uninsured patients were more likely to undergo both discretionary (for ‘low risk
patients) and non-discretionary (for ‘high risk’ patients) angiography than were Medicaid patients. In addition, in a
recent retrospective analysis of postAMI outcomes, Wadhera and colleagues [30] reported that Medicaid expansion
under the Affordable Care Act was associated with lower percentages of uninsured patients but not with improved
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clinical outcomes, suggesting that insurance status was a less meaningful driver of postAMI complications than
hypothesized [30]. Furthermore, in an analysis of Massachusetts patients before and after insurance reform and
expansion, Albert et a/. 31] found that increased insurance coverage did not significantly reduce disparities in rates
of coronary revascularization according to non-White ethnicity and neighborhood education level, among other
socioeconomic factors.

Indeed, the results of this study support the significance of non-insurance-based factors in predicting readmissions
following AMI; these include hospital-level factors, such as high-burden status, and patient-level socioeconomic
factors, including relative income and race/ethnicity. In the current study, high-burden status was associated with
2 9.5 and 9.6% increase in risk-adjusted odds of readmission at 30 and 90 days, independent of patient insurance
status. These findings are consistent with prior analyses demonstrating inferior outcomes for cardiovascular patients
at HBH 32}, including a review of over 2 million cases from the National Inpatient Databases, in which HBH
status was associated with ‘failure to rescue’ after elective coronary artery bypass graft (CABG) and/or cardiac valve
operations (OR: 1.12; 95% CI: 1.01-1.23) [33]. Similarly, an analysis of 116,857 Medicare admissions for AMI
found higher risk-standardized mortality rates among patients treated at urban SNHs compared with non-SNHs
(21.3 £ 0.2 vs 20.0 £ 0.1; p < 0.001) in addition to inferior reperfusion and non-reperfusion quality of care
metrics [23]. HBHs have been associated with increased mortality following ST-elevation MI (32] and following
percutaneous coronary intervention for AMI and non-AMI indications [21]. Hospital burden status may contribute
to inferior outcomes due to financial strain from decreased revenue and limited flexibility to determining strategic
care priorities in the setting of a universal care mandate [34]. Financial problems have been shown to be associated
with lapses in quality of care [35]. By contrast, financial profitability is associated with increased patient satisfaction,
potentially suggestive of higher quality care (36).

Our study also demonstrated a small but significant association decreased patient income by zip code, as
an indicator of lower SES, and increased risk-adjusted readmission odds. Markers of community-level SES are
known to predict clinical outcomes in medical and surgical fields [37]. Residence within a severely disadvantaged
neighborhood (38] and exposure to higher rates of income inequality [39] have been shown to predict increased
readmission rates following hospitalization for MI, pneumonia or heart failure in the Medicare population. Similarly,
patients from lower income quartiles have been shown to have higher rates of 30-day readmission following AMI [10].

Finally, the present study also found increased odds of readmission among patients of black race/ethnicity,
as a marker of social disadvantage, relative to White patients. These findings are consistent with prior literature
describing racial disparities in cardiovascular disease outcomes, including lower rates of revascularization for Black
and non-Hispanic White patients with coronary artery disease [31], and higher rates of unplanned readmissions [12].
Clinical variables are often posited as explaining the association between non-White race/ethnicity and inferior
clinical outcomes among MI patients [11]. An analysis of 6402 patients admitted with AMI found that Black patients
had significantly different clinical baseline characteristics, including cardiac history, comorbidities and overall health
status, relative to White patients, and that these traits were independently associated increased mortality risk at
5 years (40]. However, in the current study, Black and Hispanic race/ethnicity were independently associated with
increased risk-adjusted odds of readmission, even after adjusting for present-on-admission comorbidities. Of note,
patients self-reported as ‘other’ demonstrated lower risk-adjusted odds, perhaps suggesting decreased readmission
risk associated with racial and ethnic groups included in this cohort (e.g., Asian—American patients), or among
patients who declined to specify their racial or ethnic category.

Multiple mechanisms may contribute to the SES disparities described above and observed in the current study.
Less affluent patients may tend to have a greater number and severity of presenting comorbidities and modifiable
risk factors, including increased rates of smoking, drug and alcohol abuse [41,42]. Among patients of low SES,
reduced healthcare literacy or the ability to navigate the healthcare system and actively participate in one’s care, may
adversely affect outcomes; reduced healthcare literacy has been shown to be an independent risk factor for 30-day
readmission following AMI (43]. Finally, for low-SES patients who are able to access the healthcare system, quality
of care may be inferior [17] due to facility- or provider-related factors [15,34-36).

Limitations

Our study is limited by its retrospective nature, which prevents us from determining causality of the readmissions
disparities we observed. In addition, administrative data are inherently imperfect; coding errors and misclassification
may have affected our results. Also, although we excluded patients coded as readmissions for AMI, we included
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patients whose admission status was ‘unknown’. It is therefore possible that our data includes unrecognized
readmissions.

In addition, this study likely oversimplifies SES. While SES proxies such as income, insurance status and
race/ethnicity are well established in the medical literature (6], the current study was unable to account for other
variables, such as education level and financial insecurity, which may also affect the relationship between SES and
healthcare outcomes [40]. Similarly, even patients with private payer insurance may qualify as ‘underinsured’, due
to high deductibles and elevated out-of-pocket healthcare expenses relative to income [44]. The HCUP datasets
preclude identification of ‘underinsured’ patients by these definitions.

Most significantly, the HCUP databases lack certain granular clinical information, such as the severity of patient
comorbidities, which are known to affect readmission and mortality outcomes following major illness [1]. Relevant to
MI, these databases do not capture procedural variables (e.g., procedure duration, estimated blood loss and number
of vessels treated) for revascularized patients [26], hemodynamic or laboratory parameters (e.g., blood pressure on
presentation and troponin levels), or standard-of-care discharge medications (e.g., beta-blockade, aspirin, etc.),
among other potentially-significant data points [11,28].

Finally, our study included a heterogeneous patient population, including adult patients of all ages and AMIs
of all subtypes and clinical severity. Exploratory analyses of patient subgroups by age and AMI subtype tended to
confirm primary findings regarding readmission odds and risk factors, but also raised important questions that were
beyond the scope of the present inquiry, For instance, exploratory analyses stratified by age suggested higher risk-
adjusted readmission odds for Medicare and Medicaid patients <65 years, compared with older patients. Although
prior research has identified a similar pattern among patients with congestive heart failure 451, and indicate that
readmission is a major source of morbidity and healthcare spending for AMI patients across the age spectrum [10],
these findings may warrant further study. Similarly, although exploratory analyses of NSTEMI and STEMI patient
groups were reassuring regarding significant differences in readmission risk factors (Supplementary Table 2), a full
analysis of readmission risk associated with AMI subtypes was beyond the scope of the current inquiry. This is an
area ripe for further research.

Strengths of the current study include generalizability due to large sample size, and inclusion of patients from four
geographically and demographically heterogeneous states over an 8-year time period. Readmission rates following
AMI are known to vary widely across the nation [46], supporting the relevance and importance of a large and diverse
sample, as included in the current study.

Conclusion

The findings of this study indicate that hospital high-burden safety-net status and patient Medicaid status, among
multiple proxies of low SES, are associated with increased risk of readmission following AMI. More research is
needed to help understand and ultimately mitigate the mechanisms that underlie these disparities. In addition, the
current study raises important questions regarding lower readmissions odds among self-pay and uninsured patients,
relative to those with Medicaid. If low admission rates are due to decreased follow-up and poor continuity of clinical
care, further research may help inform interventions to reduce care disparities and ensure optimal outcomes for
patients regardless of insurance status.

Future perspective

We anticipate that healthcare disparities, such as unplanned readmission following AMI, will be increasingly
imported as matters of health policy and social justice in coming years. More research is needed to understand
the mechanisms linking social determinants of health, such as insurance status and hospital safety-net status, to
readmission rates and other metrics of inferior care. We anticipate that this research will become increasingly urgent
in the coming decade due to ongoing implementation of Centers for Medicare and Medicaid Services Hospital
Readmissions Reduction Program and due to increased awareness of socioeconomic, racial and health-related
inequalities across the USA.
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Summary points

e Unplanned hospital readmissions following acute myocardial infarction (AMI) are a significant source of patient
morbidity and healthcare spending in the USA.

e This study evaluated the independent effects of hospital safety-net burden status and patient insurance status,
among other social determinants of health, on readmission rates following AMI.

e This study entailed a retrospective analysis of 1,055,162 admissions from the State Inpatient Databases,
Healthcare Cost and Utilization Project from 2007-2014 data from California, Florida, New York and Maryland.

e Medicaid status was associated with 37.7 and 44.0% increases in risk-adjusted readmission odds at 30 and 90 days
(p < 0.0001).

e Uninsured status was associated with 8.5 and 8.2% reductions in risk-adjusted odds of readmission at 30 and 90
days, possibly reflecting lack of follow-up among uninsured patients.

e High-burden safety-net status was associated with 9.6 and 9.5% increased odds of readmission at 30 and 90 days
(p < 0.0003).

e Lower median income by zip code and non-White race/ethnicity, as markers of social disadvantage, were
associated with increased risk-adjusted readmission odds.

e This study demonstrates that patient-level social determinants of health, as well as hospital-level factors,
contribute to increased readmission risk following AMI.

e More research is needed to understand and mitigate socioeconomic disparities in AMI care.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at:
www.futuremedicine.com/doi/suppl/10.2217 /cer-2020-0135
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