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Abstract

Background: Disparities in readmission risk and reasons they might exist among diverse 

complex patients with multimorbidity, disability, and unmet social needs have not been 

clearly established. These characteristics may be underestimated in claims-based studies where 

individual-level data are limited. We sought to examine the risk of readmissions and postdischarge 

mortality by race and ethnicity after rigorous adjustment for multimorbidity, physical functioning, 

and sociodemographic and lifestyle characteristics.

Methods: We used Health and Retirement Study (HRS) data linked to Medicare claims. To 

obtain ICD-9-CM diagnostic codes to compute the ICD-coded multimorbidity-weighted index 

(MWI-ICD) we used Medicare Parts A and B (inpatient, outpatient, carrier) files between 1991–

2015. Participants must have had at least one hospitalization between January 1, 2000 and 

September 30, 2015 and continuous enrollment in fee-for-service Medicare Part A 1-year prior 

to hospitalization. We used multivariable logistic regression to assess the association of MWI-ICD 

with 30-day readmissions and mortality 1-year postdischarge. Using HRS data, we adjusted for 

age, sex, BMI, smoking, physical activity, education, household net worth, and living arrangement/

marital status, and examined for effect modification by race and ethnicity.

Results: The final sample of 10,737 participants had mean±SD age 75.9±8.7 years. Hispanic 

adults had the highest mean MWI-ICD (16.4±10.1), followed by similar values for White 

(mean 14.8±8.9) and Black (14.7±8.9) adults. MWI-ICD was associated with a higher odds 

of readmission, and there was no significant effect modification by race and ethnicity. For 
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postdischarge mortality, a 1-point increase MWI-ICD was associated with a 3% higher odds of 

mortality (OR=1.03, 95%CI: 1.03–1.04), which did not significantly differ by race and ethnicity.

Conclusions: Multimorbidity was associated with a monotonic increased odds of 30-day 

readmission and 1-year postdischarge mortality across all race and ethnicity groups. There was 

no significant difference in readmission or mortality risk by race and ethnicity after robust 

adjustment.
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INTRODUCTION

Disparities in hospital readmission risk and reasons they might exist among diverse 

complex patients have not been clearly established. Medically and socially complex patients, 

including those with multimorbidity (multiple chronic conditions), disability, and unmet 

health-related social needs, have among the highest rates of 30-day hospital readmissions.1, 2 

Racial disparities in readmission rates have also been reported. For example, Black 

adults had a significantly higher risk of 30-day readmissions compared with White adults 

across several primary conditions including myocardial infarction, congestive heart failure, 

and surgical procedures3–5 after adjustment for covariates including comorbidity using 

the Elixhauser Comorbidity Score6 or Readmission After Heart Failure scale.4 In the 

National Cancer Database, Black and Native Hawaiian/Pacific Islander women had elevated 

readmission risk following surgical management of endometrial cancer compared with 

White women in models adjusted for Charlson-Deyo comorbidities.7–9

In contrast, other studies have reported no association between race and ethnicity and 

readmissions. Among Medicare beneficiaries with chronic obstructive pulmonary disease, 

similar readmission rates were observed for White, Black, and Hispanic adults after 

adjustment for high-risk clinical profiles, demographic variables, and prior healthcare 

utilization.10 Among Veterans with congestive heart failure seen within the equal-access 

Veterans Affairs Healthcare System, Black and White adults had the same 30-day all-

cause readmission rates after adjustment for age, sex, survival days, and 15 Charlson 

index7 conditions.11 Similarly, Deswal and colleagues reported the same rate of 30-day 

readmissions in Black and White Veterans and better survival in Black versus White 

Veterans hospitalized with congestive heart failure.12 Thus, studies on racial disparities by 

race and ethnicity in readmission risk have been mixed.

Scholars hypothesize that Black-White disparities observed in mid-to-late life may reflect 

differences in cumulative exposure to racialized risks and psychosocial stressors throughout 

the lifespan.13 For example, disparities can increase risk factors upstream to readmissions 

such as exposure to institutional racism, chronic stress,13 social disadvantage, worse 

healthcare access and quality, and subsequently, increased chronic disease development. 

Measures to quantify multifaceted social risk factors such as institutional racism are limited. 

However, we hypothesize that robust measures that capture individual-level health status 

and cumulative illness burden up until hospital admission can be applied to improve 
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upon prior studies examining differences by race and ethnicity on readmission risk. For 

example, multimorbidity is often underestimated due to incomplete disease inventories 

and measurement at a narrow timepoint through admission or discharge diagnoses. 

Fortunately, recent advances in multimorbidity measurement can mitigate this gap by 

successfully capturing cumulative multimorbidity through an expansive inventory of chronic 

conditions and lookback period that carries forward chronic conditions after positive case 

ascertainment. Disability and functional limitations are also important risk factors for 

readmissions and mortality1 but are not routinely captured in clinical settings or claims 

data. To help address this gap, the multimorbidity-weighted index (MWI) weights chronic 

conditions by their impact on physical functioning. Such models that embed physical 

functioning are particularly useful in large datasets such as claims, where in-person physical 

assessments are impractical.

To help identify the etiology of disparities in readmissions and measure equity of care, 

the Centers for Medicare and Medicaid Services (CMS) Guide to Reducing Disparities in 

Readmissions recommends stratifying data by race, ethnicity, and language, and analyzing 

quality measures such as 30-day readmission rates.14 Thus, in this study we aimed to 

examine the risk of readmissions and postdischarge mortality by race and ethnicity after 

rigorous adjustment for multimorbidity, physical functioning, and sociodemographic and 

lifestyle characteristics.

METHODS

Sample population

We included Health and Retirement Study (HRS) participants who consented to have their 

data linked to their CMS Medicare claims at the individual level (Supplemental Figure 1). 

The HRS is a nationally-representative open cohort of >38,000 US adults aged >50 years 

starting in 1992. HRS participants are interviewed in-person at baseline and then followed 

biennially through telephone or in-person interviews. Participants provide information on 

physician-diagnosed medical conditions, functioning and disability, behavioral and lifestyle 

behaviors, employment, income, and living situation. The HRS oversamples Black and 

Hispanic adults at twice the rate as White adults and has historically retained minority 

participants.

We used Medicare Parts A and B (inpatient, outpatient, carrier) files between 1991–2015 

to obtain ICD-9-CM diagnostic codes to assess multimorbidity. Participants must have 

had at least one hospitalization between January 1, 2000 and September 30, 2015 and 

continuous enrollment in fee-for-service Medicare Part A 1-year prior to hospitalization. For 

participants with multiple admissions between January 1, 2000 and September 30, 2015, 

we used the date of first admission, and each participant contributed only one observation. 

Participants must have also completed at least one HRS interview preceding their hospital 

admission. Because the HRS survey is administered biennially, we used demographic 

information from the most recent survey preceding the initial hospital admission to adjust 

for individual-level covariates. We excluded participants missing complete covariate data 

from the HRS survey prior to admission (N=464) or an HRS interview preceding initial 
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hospitalization (N=550). This study was approved by the UCLA and University of Michigan 

Institutional Review Boards (IRB#20–002145, HUM00128383).

Multimorbidity measurement and assessment

Multimorbidity was measured using a previously described person-centered ICD-9 coded 

multimorbidity-weighted index (MWI-ICD9). MWI is a patient-centered measure of 

multimorbidity that includes 84 conditions weighted by their impacts on the Short Form-36 

physical functioning scale.15 MWI represents an individual’s cumulative chronic disease 

burden and physical functioning since chronic conditions are weighted by their average 

impacts on physical functioning over the life course.16–18 Thus, MWI incorporates both 

illness burden and functioning into a clinically meaningful measure applicable to the general 

population.

ICD-9 diagnostic codes to compute MWI-ICD were obtained from CMS outpatient, 

inpatient, and carrier files. For positive disease case ascertainment, we used the CMS 

Chronic Conditions Warehouse method of one inpatient or two outpatient ICD-codes within 

a two-year period.19 Conditions with positive case ascertainment were then considered 

present from the first ICD-diagnostic code and carried forward thereafter. We performed 

a lookback period between 1991–2015, and if conditions were discovered to have been 

diagnosed even earlier, we used the first date of diagnosis to begin the carry-forward.

Four of the 84 MWI conditions that could be completely reversible or definitively treated 

(cataract, peptic ulcer, cystitis, and thyroid nodule) were not carried forward and only 

considered present if diagnosed within a year prior to admission date.

We computed the predictor MWI-ICD by summing the physical functioning-weighted 

conditions for each participant. We assessed MWI-ICD as a continuous standardized 

variable, in quartiles, and per 1 standard deviation increase for the entire sample.

Race and ethnicity assessment

Race and ethnicity are self-reported in the HRS through two sequential questions. First, “Do 

you consider yourself Hispanic or Latino?” and second, “Do you consider yourself primarily 

White or Caucasian, Black or African American, American Indian, Asian, or something 

else?” The resulting mutually exclusive groups were non-Hispanic White (White), non-

Hispanic Black (Black), and Hispanic. The remaining American Indian, Asian, and other 

race and ethnicity responses were categorized as “other” and were a heterogeneous and 

inadequate sample to disaggregate due to HRS sample size restrictions.

30-day readmission assessment

The primary outcome, 30-day readmissions, was obtained from the CMS MedPAR file. 

Readmissions was a binary variable that indicated whether a readmission occurred within 30 

days of the first admission. If a new admission occurred after the first admission and was 

within 30-days from the first admission date, the patient was considered to have a 30-day 

readmission.
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Mortality measurement and assessment

Mortality was assessed between January 1, 2000 and September 30, 2015 using the CMS 

Master Beneficiary Summary File outcome “date of death.” We examined mortality by race 

and ethnicity at 30, 90 and 365-days postdischarge following the initial admission.

Death information obtained by CMS includes data from the Social Security Administration, 

Medicare claims data from the Medicare Common Working File, Railroad Retirement 

Board, and online date of death edits submitted by family members.20 Virtually all (99%) of 

dates of death were validated by CMS. Due to variations in data sources, some participants 

only have the month and year of death documented, so their day of death was set to the end 

of the month.

Covariates

Covariate data were obtained from the HRS biennial survey using the most recent self-

reported survey preceding the initial hospital admission. We adjusted for the following 

covariates: age (continuous), sex (female, male), education (<12 years, 12 years, 13–15 

years, ≥16 years), living arrangement/marital status (married and/or living with domestic 

partner, unmarried and living with another individual, unmarried and living alone), 

household net worth (quartiles), body mass index (<18.5, 18.5–24.9, 25–29.9, ≥30 kg/m2), 

vigorous physical activity (< 3 or ≥3 times/week), and smoking status (current, former, or 

never smoker).

Statistical analysis

We used descriptive statistics accounting for the HRS complex survey design to report 

demographic and clinical participant characteristics. Continuous variables were examined 

for normality and outliers. Means and standard deviations were calculated for continuous 

variables. Frequencies and percent were tabulated for categorical variables.

We conducted analyses for two sets of outcomes, 30-day readmissions and postdischarge 

mortality. The two outcomes, 30-day readmission and postdischarge mortality, were 

binary. To assess the association between MWI-ICD with 30-day readmissions and 

postdischarge mortality, we used multivariable logistic regression models adjusted for 

potential confounders. For both sets of analyses, we adjusted for age, sex, body mass 

index, smoking, vigorous physical activity, education, household net worth, and living 

arrangement/marital status from the HRS interview.

To examine for interactions between multimorbidity with race and ethnicity for readmissions 

and postdischarge mortality, we examined for effect modification by race and ethnicity. 

Stratified analyses were conducted for each race and ethnicity category. The effect of 

MWI-ICD and covariates on readmission and postdischarge mortality was presented as odds 

ratios with 95% confidence intervals and two-sided P-values. All analyses were conducted 

using SAS version 9.4 (SAS Institute, Inc., Cary, NC).
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RESULTS

The final sample included 10,737 adults with a mean (SD) age of 75.9 (8.7) years and a 

mean MWI-ICD of 14.9 (9.0) with a range of 0 to 66.1 units (Table 1). Within 1-year of 

discharge from the initial admission, 2129 participants (19.8%) were readmitted and 1545 

(14.4%) had died.

Participant characteristics by race and ethnicity

Participants were 78.4% White, 13.7% Black, 6.1% Hispanic, and 1.8% other race (Table 

1). There were fewer Black men (38.7%) than women (61.3%), but similar male to female 

ratios for White, Hispanic, and other race adults. On average, White adults were about 2 

years older than Black, Hispanic, and other race adults. There were more <65 year-old Black 

(12.0%) and other race adults (13.2%) compared with White (4.6%) and Hispanic (8.6%) 

adults.

White and other race adults were less overweight/obese, more vigorously physically active, 

and more likely to have completed a college degree than Black and Hispanic adults. White 

adults had the highest household net worth, on average, compared with other race, Black, 

and Hispanic adults.

Multimorbidity by race and ethnicity

The mean MWI-ICD was statistically significantly different (ANOVA p=0.0001) but of 

modest clinically meaningful difference between race and ethnicity groups. Hispanic 

participants had the highest mean MWI-ICD (16.4 ± 10.1) of all participants. White (mean 

14.8 ± 8.9) and Black (14.7 ± 8.9) participants had a modestly higher mean MWI-ICD than 

other race participants (14.2 ± 8.7) (Table 1). The distribution of MWI-ICD was similar 

across race and ethnicity categories (Figure 1).

30-day readmissions by race and ethnicity

There was no statistically significant difference in 30-day readmissions by race and 

ethnicity: 1663 (19.8%) White adults, 311 (21.2%) Black adults, and 121 (18.6%) Hispanic 

adults experienced a readmission within 30-days of discharge from the initial admission 

(p=0.35) (Table 1).

As MWI-ICD quartiles increased, the odds of readmission increased (Table 2, Figure 2). 

This result persisted after adjustment for all covariates. Participants in the highest quartile 

MWI-ICD experienced a 92% higher odds of readmission compared with those in the first 

quartile (OR=1.92, 95% CI: 1.65–2.22) (Figure 2). A 1-point increase in MWI-ICD was 

associated with a 2% statistically significant higher odds of readmission (OR=1.02, 95% CI: 

1.02–1.03) (Table 2).

There was no significant effect modification for MWI-ICD with 30-day readmission risk by 

race and ethnicity for Black, White, Hispanic, and other race participants in fully adjusted 

models (p=0.27) (Table 2).
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Mortality after discharge by race and ethnicity

The sample sizes for postdischarge mortality at 30 and 90 days, stratified by race and 

ethnicity, were small so our analysis focuses on mortality at 365 days postdischarge 

(Supplemental Tables 1 and 2). Black and White participants with the highest quartile 

MWI-ICD in the entire sample had more than double the odds of mortality compared with 

those in the first quartile (Black participant OR=2.08, 95% CI: 1.34–3.22; White participant 

OR=2.12, 95% CI: 1.72–2.60) (Supplemental Table 1, Figure 3). Hispanic participants with 

the highest MWI-ICD had nearly triple the odds of mortality compared with those in the 

first quartile (OR=2.83, 95% CI: 1.28–6.25). A 1-point increase in MWI-ICD was associated 

with a statistically significant 3% higher odds of mortality (OR=1.03, 95% CI: 1.03–1.04) 

for the total sample.

There was no significant effect modification for MWI-ICD with 1-year postdischarge 

mortality by race and ethnicity for Black, White, and Hispanic participants in fully adjusted 

models (p=0.89). The sample of participants of other race (N=195, including 26 participants 

with 1-year postdischarge mortality) was small and did not achieve statistical convergence 

(Supplemental Table 1).

DISCUSSION

Using unique data linkages between the nationally-representative HRS and CMS Medicare 

data, we conducted rigorous adjustment for individual-level factors to examine the 

association of multimorbidity with 30-day readmissions and postdischarge mortality by race 

and ethnicity. Hispanic participants had the highest multimorbidity on average, followed 

by Black and White participants, who had similar multimorbidity values on average. 

Multimorbidity was associated with a monotonic increased odds of readmissions and 

postdischarge mortality across all race and ethnicity groups. There was no significant effect 

modification by race and ethnicity in associations of multimorbidity with readmissions and 

postdischarge mortality after robust adjustment.

Prior studies have reported racial and ethnic disparities in healthcare access, chronic disease 

burden, and resulting healthcare outcomes including disability, hospital readmissions, 

and premature mortality. However, we report no differences by race and ethnicity for 

readmissions and postdischarge mortality risk. This may be due to three major differences 

in our analysis, in which we accounted for physical functioning and other individual-level 

covariates through the MWI-ICD and unique data linkages. First, functional impairment is 

an independent risk factor for increased 30-day hospital readmissions1, 22 and mortality risk 

postdischarge.23 A prior study that adjusted for disability status in Medicare beneficiaries 

reported no differences in chronic obstructive pulmonary disease readmissions for Black, 

White, and Hispanic beneficiaries. However, studies using claims data do not consistently 

adjust for physical functioning since such measures are not readily available. Claims must 

be linked to individual-level data or use unique measures that embed physical functioning, 

such as MWI-ICD that weights chronic conditions by physical functioning. Second, many 

studies underestimate multimorbidity when using comorbidity measures with limited disease 

inventories that are typically assessed at specific, narrow timepoints. In contrast, MWI-ICD 

is a cumulative updated measure that includes 84 chronic conditions and carries forward 

Wei and Cho Page 7

J Am Geriatr Soc. Author manuscript; available in PMC 2024 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



chronic conditions using the first date of diagnosis after positive case ascertainment. Third, 

we adjusted for proxies for socioeconomic status (education, household net worth) and 

behavioral and lifestyle habits (physical activity, smoking status, body mass index) to better 

control for potential predictors of hospital readmissions and mortality.

As race and ethnicity are social constructs, our results (from nationally-representative data 

with a higher or comparable percentage of Black and Hispanic adults than many prior 

studies) suggest that differences in readmissions risk by race and ethnicity reported in prior 

studies could reflect methodologic differences such as incompletely measured individual 

or health system level factors such as multimorbidity, functional status, social risk factors, 

and lower rates of access and quality of care. For example, one study reported greater Black-

White disparities in stroke readmissions in hospitals with less nursing staff but no significant 

differences in outcomes between Black and White patients in the best staffed hospitals.24 

Since incipient health disparities have been reported in all age groups,25 including national 

studies of children ages 0–17 years,26, 27 we posit that by late adulthood when severe 

multimorbidity resulting in functional impairment and hospitalization has already occurred, 

such as in our sample population, for older adults with the same multimorbidity, functional 

impairment, and Medicare eligibility, there are minimal to no measurable differences by race 

and ethnicity once on the trajectory toward readmission and mortality.

Another potential explanation for our findings is that this trajectory of multimorbidity 

sequelae starts earlier for Black compared with White individuals so would not be captured 

in this sample of older Medicare beneficiaries. We included a comprehensive lookback 

period, carried forward positive disease cases, and weighted diseases by their average 

impacts on physical functioning over the disease life course. However, a limitation of 

multimorbidity measures is that they assess diseases in a binary manner (present or absent) 

and do not account for granular disease duration and severity over the life course. A prior 

study using HRS data evaluated disparities by race and ethnicity in disease accumulation and 

reported that Black adults had higher initial burden and faster accumulation of disease over 

time than did White participants regardless of BMI.28 Middle-aged Black adults (aged 51–

55 years at baseline) developed multimorbidity 5–6 years earlier than White adults and had 

higher multimorbidity at end of follow-up, while Hispanic adults had lower initial burden 

and a similar accumulation rate compared with White adults. This suggests that disease 

prevention efforts in Black individuals are needed earlier in life to help reduce disparities in 

multimorbidity onset and sequelae. Further, multimorbidity progression may be delayed by 

reducing obesity and cardiometabolic risk factors before midlife.

Numerous factors create and sustain health disparities resulting in earlier multimorbidity 

onset and increased mortality risk among Black compared with White adults.29–31 

According to the cumulative advantage-disadvantage theory, social and structural forces 

produce or sustain inequalities at every life stage, and the resulting cumulative disadvantage 

may manifest as multimorbidity over the life course.31, 32

Recent guidelines support the need for early intervention to understand and reduce health 

disparities. The National Institute on Aging Research Framework considers biological, 

behavioral, sociocultural, and environmental contributors to health disparities33 and 
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encourages a life course perspective to explain variation in risk factor and outcome 

trajectories at multiple levels. With a longitudinal lifespan approach, the timing of 

multimorbidity onset and progression can be more effectively identified and targeted earlier 

for intervention, years before irreversible sequelae such as hospitalization, readmission, and 

mortality.

Our study has limitations. First, chronic conditions to compute multimorbidity come from 

diagnostic codes from claims data, which are subject to coding error and bias.34 However, 

claims remain an important source of data and are necessary to study readmissions. Further, 

studies that use claims data to measure multimorbidity tend to underestimate multimorbidity 

since data typically originate from a cross-sectional snapshot in time. To overcome this, 

we used a comprehensive lookback period starting in 1991 and carried forward chronic 

conditions (after positive case ascertainment) up until the date of admission. Further studies 

are needed on the precise duration needed for adequate lookback and whether this differs by 

race and ethnicity.

Second, it is possible that no differences were observed by race and ethnicity in the 

associations of MWI-ICD with readmissions and postdischarge mortality due to possible 

underdiagnosis of chronic conditions, which occurs more frequently in minorities than 

White adults. In the National Health and Nutrition Examination Survey, all minorities 

had higher rates of underdiagnosed diabetes, and Asian adults also had higher rates of 

undiagnosed hypertension based on laboratory and physical measurements.35 Among Black 

adults, coronary heart disease, dementia,36 and cancers such as multiple myeloma37, 38 

may be more likely to be underdiagnosed than in White adults. While we applied a 

lookback period and carried forward conditions in MWI-ICD using both inpatient and 

outpatient encounters, if conditions were never diagnosed, they would not be counted in 

multimorbidity.

Third, the data linkage between HRS covariates and the CMS Medicare exposure and 

outcomes is asynchronous. However, most claims studies are not linked to granular 

individual-level data so the unique merge with HRS data provided more robust adjustment 

for confounding by individual factors such as socioeconomic status. Fourth, there is 

potential residual confounding from heterogeneity in hospitalizations and unavailable 

covariates including discharge planning and primary care access (minorities are less likely to 

have a usual source of care), language barriers and access to interpreter services, culturally 

competent patient education, and family and/or caregiver support.14, 39 Future studies are 

needed to understand how cultural customs and beliefs may impact selfcare, adherence, and 

readmission risk. Finally, the HRS sample of other races and ethnicities including American 

Indian and Alaska Native, and Asian American, Native Hawaiian, and Pacific Islander 

populations could not be disaggregated due to sample size restrictions. Future studies are 

needed in these populations.

Our study highlights the importance of rigorous adjustment for multimorbidity, physical 

functioning, and other individual-level covariates such as socioeconomic status and 

behavioral and lifestyle habits, in evaluating the association between multimorbidity and 

risk of hospital readmission and postdischarge mortality. While we report no difference 
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among White, Black, and Hispanic adults, we postulate that health disparities originate 

earlier than our sample of older Medicare beneficiaries with high multimorbidity requiring 

at least one hospitalization. Thus, our results suggest that future studies and interventions 

should be targeted prior to when patients have already experienced hospitalization due to 

multimorbidity and functional decline. Potential implications of this work are that primary 

disease prevention and interventions to reduce health disparities are urgently needed prior 

to multimorbidity sequelae including functional decline, hospitalization, and premature 

mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points box:

- Key points:

1. Multimorbidity was associated with a monotonic increased odds of 30-day 

readmissions and 1-year postdischarge mortality across all race and ethnicity 

subgroups.

2. There was no difference by race and ethnicity in associations between 

multimorbidity with 30-day readmissions and 1-year postdischarge mortality 

risk after adjustment for multimorbidity, functional status, socioeconomic 

status, and lifestyle habits among Medicare beneficiaries.

- Why does this matter?

To reduce health disparities, interventions and policies must be implemented and targeted 

earlier in multimorbidity onset and progression, prior to less modifiable sequelae such as 

hospitalization, readmission, and mortality.
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Figure 1. 
Distribution of ICD-coded multimorbidity-weighted index by race and ethnicity.

Note: ICD-coded multimorbidity-weighted index values were combined for 35 and above 

since unable to show small sample sizes per HRS protocol.
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Figure 2. 
30-day readmission risk across ICD-coded multimorbidity-weighted index quartiles, by race 

and ethnicity. Abbreviations: MWI, multimorbidity-weighted index; OR, odds ratio
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Figure 3. 
1-year postdischarge mortality risk following initial hospital admission across ICD-coded 

multimorbidity-weighted index quartiles, by race and ethnicity. Abbreviations: MWI, 

multimorbidity-weighted index; OR, odds ratio
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Table 1.

Participant characteristics by race and ethnicity at baseline.

All
(N = 10,737)

Non-Hispanic White
(N = 8,422)

Non-Hispanic Black
(N = 1,466)

Hispanic
(N = 652)

Other Race
(N = 197)

Age (years) (Mean ± SD) 75.9 ± 8.7 76.4 ± 8.5 74.2 ± 9.4 74.5 ± 9.1 73.7 ± 9.1

Age group (N, %)

 < 65 years 646 (6.0) 388 (4.6) 176 (12.0) 56 (8.6) 26 (13.2)

 65–74 years 4,476 (41.7) 3455 (41.0) 637 (43.4) 300 (46.0) 84 (42.6)

 75–84 years 3,711 (34.6) 3027 (36.0) 422 (28.8) 197 (30.2) 65 (33.0)

 ≥ 85 1,904 (17.7) 1552 (18.4) 231 (15.8) 99 (15.2) 22 (11.2)

Sex (N, %)

 Male 4,646 (43.3) 3,722 (44.2) 568 (38.7) 272 (41.7) 84 (42.6)

 Female 6,091 (56.7) 4,700 (55.8) 898 (61.3) 380 (58.3) 113 (57.4)

Body mass index (kg/m2) (N, %)

 < 18.5 297 (2.8) 240 (2.9) 38 (2.6) 13 (2.0) 6 (3.1)

 18.5–24.9 3758 (35.0) 3125 (37.1) 381 (26.0) 182 (27.9) 70 (35.3)

 25–29.9 4040 (37.6) 3205 (38.1) 517 (35.3) 245 (37.6) 73 (37.1)

 ≥ 30 2642 (24.6) 1852 (22.0) 530 (36.2) 212 (32.5) 48 (24.4)

Smoking status (N, %)

 Never 4448 (41.4) 3486 (41.4) 600 (41.0) 278 (42.6) 84 (42.6)

 Former 4876 (45.4) 3890 (46.2) 622 (42.4) 285 (43.7) 79 (40.1)

 Current 1413 (13.2) 1046 (12.4) 244 (16.6) 89 (13.7) 34 (17.3)

Vigorous physical activity (N, %)

 < 3 times per week 8038 (74.9) 6149 (73.0) 1211 (82.6) 527 (80.8) 151 (76.7)

 ≥ 3 times per week 2699 (25.1) 2273 (27.0) 255 (17.4) 125 (19.2) 46 (23.4)

Education (years) (N, %)

 < 12 3,516 (32.7) 2,164 (25.7) 786 (53.6) 483 (74.1) 83 (42.1)

 12 3,639 (33.9) 3,136 (37.2) 372 (25.4) 85 (13.0) 46 (23.4)

 13–15 1,830 (17.0) 1,571 (18.7) 171 (11.7) 52 (8.0) 36 (18.3)

 ≥ 16 1,752 (16.3) 1,551 (18.4) 137 (9.4) 32 (4.9) 32 (16.2)

Household net worth ($) (N, %)

  Q1 (<$30,500) 2,684 (25.0) 1,546 (18.4) 710 (48.4) 343 (52.6) 85 (43.2)

  Q2 ($30,501–121,400) 2,683 (25.0) 1,966 (23.3) 464 (31.7) 205 (31.4) 48 (24.4)

  Q3 ($121,401–340,000) 2,688 (25.0) 2,369 (28.1) 210 (14.3) 71 (10.9) 38 (19.3)

  Q4 (>$340,000) 2,682 (25.0) 2,541 (30.2) 82 (5.6) 33 (5.1) 26 (13.2)

Marital status/living arrangement (N, %)

 Married 5922 (55.2) 4916 (58.4) 587 (40.0) 322 (49.4) 97 (49.3)

 Unmarried/lives with another individual 1581 (14.7) 958 (11.4) 413 (28.2) 165 (25.3) 45 (22.8)

 Unmarried/lives alone 3234 (30.1) 2548 (30.3) 466 (31.8) 165 (25.3) 55 (27.9)
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All
(N = 10,737)

Non-Hispanic White
(N = 8,422)

Non-Hispanic Black
(N = 1,466)

Hispanic
(N = 652)

Other Race
(N = 197)

Multimorbidity-weighted index, ICD-coded 
(MWI-ICD) (Mean ± SD)

14.9 ± 9.0 14.8 ± 8.9 14.7 ± 8.9 16.4 ± 10.1 14.2 ± 8.7

MWI-ICD Median 13.46 13.4 13.3 14.6 12.8

Readmission within 30 days (N, %) 2129 (19.8) 1663 (19.8) 311 (21.2) 121 (18.6) 34 (17.3)

Note. Used ANOVA for continuous variables and Chi-square test for categorical variables. All p-values <0.001 except for Readmission within 30 
days (p=0.35).
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Table 2.

30-day readmission risk across ICD-coded multimorbidity-weighted index quartiles, by race and ethnicity.

MWI-ICD, 
continuous

MWI-ICD, 
Quartile 1
(0–8.05)

MWI-ICD, 
Quartile 2

(8.06–13.44)

MWI-ICD, 
Quartile 3

(13.45–20.24)

MWI-ICD, 
Quartile 4

(20.25–66.09)

P for 
trend

Race and 
Ethnicity

ORa 
(95% 
CI)

P value
ORa 
(95% 
CI)

P value
ORa 
(95% 
CI)

P value
ORa 
(95% 
CI)

P value
ORa 
(95% 
CI)

P value

All, 
N=10,737

1.02 
(1.02, 
1.03)

<0.001

1.00 (reference)

1.29 
(1.12, 
1.50)

<0.001
1.60 

(1.38, 
1.85)

<0.001
1.92 

(1.65, 
2.22)

<0.001
<0.001

White, 
N=8,422

1.02 
(1.01, 
1.03)

<0.001
1.26 

(1.07, 
1.50)

0.005
1.57 

(1.34, 
1.85)

<0.001
1.72 

(1.45, 
2.03)

<0.001
<0.001

Black, 
N=1,466

1.04 
(1.02, 
1.05)

<0.001
1.44 

(0.98, 
2.12)

0.061
1.42 

(0.96, 
2.11)

0.079
2.61 

(1.78, 
3.83)

<0.001
<0.001

Hispanic, 
N=652

1.03 
(1.01, 
1.06)

0.002
0.82 

(0.40, 
1.68)

0.592
2.02 

(1.04, 
3.92)

0.038
2.72 

(1.46, 
5.07)

0.002
<0.001

Note. Abbreviations: CI, confidence interval; MWI-ICD, ICD-coded multimorbidity-weighted index; OR, odds ratio

a.
Adjusted for age, sex, education, household net worth, body mass index, smoking status, vigorous physical activity, and marital status/living 

arrangement.
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