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BACKGROUND: Little is known about the frequency, pat-
terns, and determinants of readmissions among patients
initially hospitalized for an ambulatory care-sensitive
condition (ACSC). The degree to which hospitalizations
in close temporal proximity cluster has also not been
studied. Readmission patterns involving clustering likely
reflect different underlying determinants than the same
number of readmissions more evenly spaced.
OBJECTIVE: To characterize readmission rates, patterns,
and predictors among patients initially hospitalized with
an ACSC.
DESIGN: Retrospective analysis of the 2010–2014 Na-
tionwide Readmissions Database.
PARTICIPANTS: Non-pregnant patients aged 18–
64 years old during initial ACSC hospitalization and who
were discharged alive (N = 5,007,820).
MAIN MEASURES: Frequency and pattern of 30-day all-
cause readmissions, grouped as 0, 1, 2+ non-clustered,
and 2+ clustered readmissions.
KEY RESULTS: Approximately 14% of patients had 1
readmission, 2.4% had 2+ non-clustered readmissions,
and 3.3% patients had 2+ clustered readmissions during
the 270-day follow-up. A higher Elixhauser Comorbidity
Index was associated with increased risk for all readmis-
sion groups, namely with adjusted odds ratios (AORs)
ranging from 1.12 to 3.34. Compared to patients aged
80 years and older, those in younger age groups had
increased risk of 2+ non-clustered and 2+ clustered
readmissions (AOR range 1.27–2.49). Patients with
chronic versus acute ACSCs had an increased odds ratio
of all readmission groups compared to those with 0
readmissions (AOR range 1.37–2.69).
CONCLUSIONS: Among patients with 2+ 30-day
readmissions, factors were differentially distributed be-
tween clustered and non-clustered readmissions. Identi-
fying factors that could predict future readmission

patterns can inform primary care in the prevention of
readmissions following ACSC-related hospitalizations.
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INTRODUCTION

Although a growing body of literature has identified poten-
tially modifiable factors associated with short-term hospital
readmission, several key areas remain understudied. First,
little is known about the frequency, patterns, and determinants
of readmission among adult patients who are initially hospi-
talized for an ambulatory care-sensitive condition (ACSC).
ACSCs are a set of conditions for which timely and effective
outpatient care, often facilitated by primary care physicians,
can plausibly reduce the likelihood of rehospitalization by
managing chronic conditions and preventing acute illness 1,

2. Therefore, research that targets ACSCs is warranted due to
the potential for prevention and timely intervention.
Second, the readmission literature has focused predomi-

nately on either the high-frequency readmitting population
(i.e., three or more readmissions in a calendar year) 3 or the
sheer volume of readmissions 4. Few studies have character-
ized readmission patterns, combining information not only on
the readmission frequency 5, 6 but also on the degree to which
hospitalizations in close temporal proximity cluster. These
patterns are clinically relevant since; given the same number
of readmissions over a period of time, readmission clustering
(e.g., six hospitalizations within 2 months) likely reflects
different underlying social, biological, and environmental de-
terminants than the same number of readmissions more evenly
spaced over time. For example, patients who have social
issues at home such as not having reliable transportation to
primary care visits or do not have electricity may have
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comparatively higher likelihood of exacerbation of existing
conditions and/or failure to resolve the underlying morbidity,
thereby resulting in recurring (back-to-back, clustered) read-
mission patterns. As stated by Saeed Aminzadeh, CEO of
Boston-based Decision Point Healthcare Solutions, the keys
to reducing readmissions are to “identify and engage the
patients as early as possible,” as well as identifying patients
with “high risk of multiple, clustered admissions because they
have undesirable disease trajectories and histories of engage-
ment challenges (e.g., poor preventative behavior, sporadic
visits to the doctor, excessive use of the ER, etc.).” 7 As such,
studies that better characterize readmission patterns and iden-
tify factors associated with the frequency and intensity of
inpatient hospitalization are likely to lead to more effective
prevention and intervention strategies.
To address the lack of nationally representative studies that

explore readmission behaviors among patients initially hospi-
talized with ACSCs, we used the largest all-payer inpatient
readmissions database in the USA to characterize 30-day
readmission subgroups (e.g., those who do not experience
readmission, those with 1 readmission, those with two or more
non-clustered readmissions, and those with two or more clus-
tered readmissions).

METHODS

Study Overview

This study constitutes a 5-year retrospective analysis of inpa-
tient hospitalizations from 2010 to 2014 using the Nationwide
Readmissions Database (NRD), a database from the
Healthcare Cost and Utilization Project (HCUP) that is spon-
sored by the Agency for Healthcare Research and Quality. The
NRD includes data from approximately 15 million discharges
each year (35 million when weighted), and it provides nation-
ally representative information on readmissions 8. In 2014, this
database included 22 geographically dispersed states with
verifiable patient linkage numbers; these states accounted for
approximately 50% of the total US population 8.

Study Sample and Measures

Using an approach described by the Centers for Medicare and
Medicaid Services, index events were defined as hospitaliza-
tions taking place between January 1 and March 31 of each
calendar year and for which the principal diagnosis was an
ACSC 9. Restriction to the 3-month period (January–March)
at the beginning of each calendar year for capturing index
hospitalizations was implemented to allow for a 270-day
follow-up window for each patient. This approach was re-
quired because the NRD, published annually, allows for link-
age of hospitalizations for a patient within a calendar year;
however, since identifiers do not span multiple years, the NRD
does not allow linkage of patient information across calendar
years. We included all patients aged 18 years and older and

who were discharged alive. Last, we excluded patients who
expired prior to discharge from the index hospitalization since
they were not at risk of the primary study outcome, inpatient
readmission. The weighted sample size included in the analy-
sis was N = 5,007,820.
The primary outcome of interest was 30-day all-cause re-

admission. Readmissions included hospitalizations taking
place within 30 days of discharge from the index hospitaliza-
tion, and that may have been to the same or a different hospital,
but within the same state as the index hospitalization.
Readmissions to facilities in different states would not be
captured in the NRD because it does not incorporate interstate
linkages. Consistent with the HCUP methodology for
reporting of national readmission rates 8, readmissions them-
selves can qualify to be index events if they meet index
criteria. For each patient, we tracked all readmissions in which
the date of hospitalization was within 270 days of the patient’s
first ACSC-related hospitalization in the calendar year. Final-
ly, we categorized the frequency and pattern of readmissions
into the following mutually exclusive groups: 0 readmissions,
1 readmission, 2+ non-clustered readmissions, and 2+ clus-
tered readmissions. Those in the 0 and 1 readmission catego-
ries have zero readmissions and exactly one 30-day readmis-
sion, respectively, during the 270-day follow-up period. Both
the 2+ groups had more than one 30-day readmission during
follow-up; the “clustered” group was differentiated from the
“non-clustered” group by having at least one instance in which
there were 2 or more readmissions within 30 days of an index
hospitalization (Fig. 1).

Covariates

All covariates were taken from the index hospitalization.
Social determinants included in the analysis were sex (female
or male), zip code–based median household income (lowest
quartile, 2nd quartile, 3rd quartile, highest quartile), primary
insurance (Medicare, Medicaid, private insurance, self-pay, no
charge, other), patient location (large central metropolitan,
large fringe metropolitan, medium metropolitan area
250,000–999,999, small metropolitan area 50,000–249,999,
micropolitan, not metropolitan or micropolitan), and patient
residency in the state of hospitalization (resident or non-
resident).
Health status indicators documented during the index hos-

pitalization and included in the analysis were ACSC type
(acute or chronic) as defined by the Centers for Medicare
and Medicaid Services 9, age in years (18–44, 45–64, 65–79,
80+), Elixhauser Comorbidity Index (ECI) (0, 1, 2, 3–4, 5–6,
7+), and severity of illness (mild, moderate, severe, extreme).
Severity of illness is defined as “the extent of physiologic
decompensation or organ system loss of function” and is
assigned to each hospitalization [10. The severity of illness
code is operationalized through a proprietary algorithm, de-
veloped by 3M™, using length of stay, principal and second-
ary diagnoses and procedure codes, and patient age. [10]
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Other clinical covariates included in the analysis were dis-
charge disposition (home or self-care; transfer to short-term
hospital, skilled nursing, intermediate care, other facility/home
healthcare; against medical advice), emergency department
(ED) services (ED-related or not ED-related), hospital bed size
(small, medium, large), and hospital type (non-metropolitan
hospital, metropolitan non-teaching hospital, metropolitan
teaching hospital). Since the Hospital Readmissions Reduc-
tion Program (HRRP) was implemented in the middle of the
study period, we also included a variable that assessed whether
the index hospitalization occurred during the pre-HRRP peri-
od (January 1, 2010–September 30, 2012) versus the post-
HRRP period (October 1, 2012–December 31, 2014).

Statistical Analyses

We estimated the frequencies and percentages of all of the
index hospitalizations, readmission subtypes, overall and by
social determinant factors, health status indicators, and other
clinical factors. All of the hospitalizations were weighted to
account for the complex sampling design of the NRD, which
allowed for the generation of national estimates.
For each of the 13 covariates selected, bivariate analyses

were conducted in order to assess the relationships with the
outcome variable and the number/pattern of readmissions.
Selection of these covariates was based on a review of the
literature, available data, and empirical analyses. Covariates
were entered into a survey-weighted multivariable logistic
regression to generate adjusted odds ratios (AORs) and 95%
confidence intervals (CIs) representing the associations be-
tween each covariate and readmission group. The “0
readmissions” group was used as the reference outcome level.
Although our outcome was ordinal in nature, we did not use
ordinal logistic regression due to the violation of the propor-
tional odds assumption.

The analysis for this paper was generated using SAS®

software, version 9.4. Due to the de-identified nature of the
NRD, the Baylor College of Medicine Institutional Review
Board classified this study as exempt.

RESULTS

Of the 5,007,820 patients included in this study, 14.3% had 1
readmission, 2.4% had 2+ non-clustered readmissions, and
3.3% patients had 2+ clustered readmissions during the 270-
day follow-up window. The study population was mostly
female (of older age; 65–79), resided in a low-income zip
code, publicly insured (Medicare and Medicaid), had a hospi-
talization during the pre-HRRP era, and lived in large fringe
metropolitan areas (Tables 1 and 2). Subgroups with the
highest proportions of patients with multiple 30-day
readmissions were those discharged to home or self-care, on
government insurance (Medicare/Medicaid), and with increas-
ing numbers of comorbidities and those that had chronic
ACSCs. Prevalence of ACSCs during index hospitalizations
is presented in Fig. 2.
Our multivariable regression analyses exploring factors as-

sociated with readmission frequency and patterns are present-
ed in Table 3. The measures of association for the social
determinant factors varied. Women had decreased odds of
having 1 readmission (AOR = 0.93; CI = 0.92, 0.94), 2+
non-clustered readmissions (AOR = 0.97; CI = 0.95, 0.99),
and 2+ clustered readmissions (AOR = 0.87; CI = 0.86, 0.89)
than men. Patients living in zip codes reporting the lowest
household income quartiles, compared to reporting the
highest, had increased odds of having 1 readmission
(AOR = 1.09; CI = 1.07, 1.10) and 2+ non-clustered
readmissions (AOR = 1.24; CI = 1.20, 1.29) and higher odds
of 2+ clustered readmissions (AOR = 1.21; CI = 1.18, 1.26).

Fig. 1 Sample selection flow diagram and readmission outcome definitions.
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Table 1 Frequency of ACSC Index Hospitalizations for Readmission Subgroups, by Social Determinant Factors, Health Status Indicators, and
Other Clinical Factors (Nationwide Readmissions Database, 2010–2014)

Overall Number of readmissions with the 270-day follow-up

0 1 2+ Non-clustered 2+ Clustered

N N C% N C% N C% N C%

Overall 5,007,820 4,008,943 100.0 715,630 100.0 117,842 100.0 165,405 100.0
HRRP era
Pre-HRRP 3,082,986 2,462,200 61.4 442,503 61.8 74,475 63.2 103,809 62.8
Post-HRRP 1,924,834 1,546,743 38.6 273,127 38.2 43,368 36.8 61,596 37.2

Sex
Male 2,167,636 1,718,776 42.9 318,643 44.5 52,472 44.5 77,744 47.0
Female 2,840,184 2,290,166 57.1 396,987 55.5 65,370 55.5 87,661 53.0

Age at admission (years)
18–44 548,483 459,026 11.5 52,881 7.4 13,829 11.7 22,748 13.8
45–64 1,455,327 1,174,146 29.3 189,765 26.5 37,936 32.2 53,479 32.3
65–79 1,537,317 1,213,566 30.3 234,963 32.8 37,882 32.1 50,905 30.8
80+ 1,466,694 1,162,204 29.0 238,021 33.3 28,195 23.9 38,274 23.1

Zip code–level household income
Lowest quartile 1,749,332 1,389,665 34.7 250,486 35.0 46,132 39.1 63,049 38.1
2nd quartile 1,280,947 1,030,797 25.7 180,391 25.2 29,240 24.8 40,518 24.5
3rd quartile 1,063,585 853,354 21.3 153,036 21.4 23,189 19.7 34,005 20.6
Highest quartile 834,271 670,484 16.7 121,165 16.9 17,461 14.8 25,160 15.2

Primary insurance
Medicare 3,290,829 2,575,931 64.3 523,366 73.1 80,956 68.7 110,577 66.9
Medicaid 536,768 409,968 10.2 77,526 10.8 19,243 16.3 30,031 18.2
Private insurance 774,180 673,511 16.8 75,524 10.6 10,620 9.0 14,523 8.8
Self-pay, no charge, other 406,043 349,533 8.7 39,214 5.5 7022 6.0 10,274 6.2

Discharge disposition
Discharged to home or self-care 3,132,653 2,597,327 64.8 374,338 52.3 67,728 57.5 93,259 56.4
Transfer/home health 1,810,700 1,366,685 34.1 329,585 46.1 47,596 40.4 66,835 40.4
Against medical advice 64,467 44,930 1.1 11,707 1.6 2518 2.1 5312 3.2

Emergency department services
ED-related 4,158,489 3,303,577 82.4 606,678 84.8 102,562 87.0 145,672 88.1
Not ED-related 849,331 705,366 17.6 108,952 15.2 15,280 13.0 19,733 11.9

Patient location
Large central metro 1,230,108 963,809 24.0 184,188 25.7 33,241 28.2 48,870 29.5
Large fringe metro 1,237,639 981,512 24.5 183,325 25.6 29,598 25.1 43,205 26.1
Medium metro 960,422 771,528 19.2 136,792 19.1 21,812 18.5 30,291 18.3
Small metro 458,977 369,541 9.2 64,640 9.0 10,424 8.8 14,371 8.7
Micropolitan 603,536 493,168 12.3 80,845 11.3 13,080 11.1 16,442 9.9
Non-core 505,892 420,671 10.5 64,358 9.0 9358 7.9 11,505 7.0

Patient residency
Resident 4,822,802 3,849,210 96.0 696,290 97.3 115,476 98.0 161,826 97.8
Not a resident 185,018 159,732 4.0 19,340 2.7 2366 2.0 3580 2.2

Severity of illness
Minor loss of function 659,504 582,139 14.5 56,224 7.9 9158 7.8 11,983 7.2
Moderate loss of function 2,184,605 1,794,762 44.8 278,658 38.9 46,716 39.6 64,469 39.0
Major loss of function 1,899,524 1,443,967 36.0 325,597 45.5 53,590 45.5 76,371 46.2
Extreme loss of function 263,909 187,818 4.7 55,142 7.7 8372 7.1 12,578 7.6

Hospital bed size
Small 840,751 689,978 17.2 111,783 15.6 16,393 13.9 22,598 13.7
Medium 1,280,120 1,026,624 25.6 181,012 25.3 30,159 25.6 42,325 25.6
Large 2,886,950 2,292,341 57.2 422,835 59.1 71,291 60.5 100,483 60.7

Hospital type
Metropolitan non-teaching 2,031,057 1,622,020 40.5 292,716 40.9 47,817 40.6 68,504 41.4
Metropolitan teaching 2,050,062 1,621,580 40.4 303,094 42.4 51,339 43.6 74,049 44.8
Non-metropolitan hospital 926,701 765,342 19.1 119,820 16.7 18,686 15.9 22,853 13.8

Prevention quality indicator subtype
ACSC acute 1,999,771 1,674,109 41.8 256,777 35.9 25,359 21.5 43,526 26.3
ACSC chronic 3,008,136 2,334,891 58.2 458,872 64.1 92,485 78.5 121,887 73.7

ECI number
0 670,620 550,067 13.7 81,946 11.5 16,767 14.2 21,840 13.2
1 938,362 802,450 20.0 98,653 13.8 16,020 13.6 21,239 12.8
2 1,481,419 1,201,172 30.0 200,762 28.1 33,702 28.6 45,783 27.7
3–4 1,435,800 1,103,060 27.5 239,725 33.5 38,093 32.3 54,921 33.2
5–6 481,618 352,193 8.8 94,545 13.2 13,259 11.3 21,621 13.1
7+ 670,620 550,067 13.7 81,946 11.5 16,767 14.2 21,840 13.2

The table includes national estimates of frequencies. Numbers may not sum to the expected total, and percentage may not add to 100% due to missing
data
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Differences were observed by insurance type; patients with
any insurance other than private had increased odds of having
1 readmission (Medicare: AOR = 1.43, CI = 1.40, 1.46;
Medicaid: AOR = 1.53, CI = 1.50, 1.56; self-pay/no charge/
other: AOR = 1.01, CI = 0.99, 1.04), 2+ non-clustered
readmissions (Medicare: AOR = 2.04, CI = 1.95, 2.13; Med-
icaid: AOR = 2.29, CI = 2.20, 2.40; self-pay/no charge/other:
AOR = 1.13, CI = 1.07, 1.19), and 2+ clustered readmissions
(Medicare: AOR = 2.12, CI = 1.18, 1.26; Medicaid:
AOR = 2.57, CI = 2.47, 2.67; self-pay/no charge/other:
AOR = 1.18, CI = 1.13, 1.24). Patients who lived in large
central metropolitan areas, compared to those living in smaller
populated areas, experience decreased odds of 1 readmission
and 2+ clustered readmissions, compared to 0 readmissions.
Several health status factors were associated with increased

odds of readmission. Compared to those aged 80+ years, all
other younger age groups had increased odds for 2+ non-
clustered readmissions (18–44 years: AOR = 2.03,
CI = 1.94, 2.13; 45–64 years: AOR = 1.61, CI = 1.55, 1.67;
65–79 years: AOR = 1.27, CI = 1.23, 1.31) and 2+ clustered
readmissions (18–44 years: AOR = 2.49, CI = 2.39, 2.58; 45–
64 years: AOR = 1.70, CI = 1.65, 1.75; 65–79 years:
AOR = 1.28, CI = 1.25, 1.32). Those with more substantial
loss of function—a proxy for severity of the condition
resulting in the index hospitalization—experienced increased
odds for 1 readmission (moderate: AOR = 1.33, CI = 1.31,
1.36; major: AOR = 1.64, CI = 1.61, 1.68; extreme:
AOR = 1.86, CI = 1.81, 1.91), 2+ non-clustered readmissions
(moderate: AOR = 1.47, CI = 1.40, 1.53; major: AOR = 1.79,
CI = 1.71, 1.88; extreme: AOR = 1.79, CI = 1.69, 1.90), and
2+ clustered readmissions (moderate: AOR = 1.51, CI = 1.46,
1.57; major: AOR = 1.87, CI = 1.79, 1.94; extreme:
AOR = 1.94, CI = 1.85, 2.04). Patients with chronic ACSCs,
compared to acute ACSCs, had higher odds of 1 readmission
(AOR = 1.37; CI = 1.36, 1.39), 2+ non-clustered readmissions

Table 2 Frequency (by Row Percent) of ACSC Index
Hospitalizations for Readmission Subgroups, by Social Determinant

Factors, Health Status Indicators, and Other Clinical Factors
(Nationwide Readmissions Database, 2010–2014)

Number of readmissions with the 270-day
follow-up

0 1 2+ Non-
clustered

2+
Clustered

R% R% R% R%

Overall 80.1 14.3 2.4 3.3
HRRP era
Pre-HRRP 79.9 14.4 2.4 3.4
Post-HRRP 80.4 14.2 2.3 3.2

Sex
Male 79.3 14.7 2.4 3.6
Female 80.6 14.0 2.3 3.1

Age at admission =(years)
18–44 83.7 9.6 2.5 4.1
45–64 80.7 13.0 2.6 3.7
65–79 78.9 15.3 2.5 3.3
80+ 79.2 16.2 1.9 2.6

Zip code–level household income
Lowest quartile 79.4 14.3 2.6 3.6
2nd quartile 80.5 14.1 2.3 3.2
3rd quartile 80.2 14.4 2.2 3.2
Highest quartile 80.4 14.5 2.1 3.0

Primary insurance
Medicare 78.3 15.9 2.5 3.4
Medicaid 76.4 14.4 3.6 5.6
Private insurance 87.0 9.8 1.4 1.9
Self-pay, no charge,
other

86.1 9.7 1.7 2.5

Discharge disposition
Discharged to home
or self-care

82.9 11.9 2.2 3.0

Transfer/home health 75.5 18.2 2.6 3.7
Against medical
advice

69.7 18.2 3.9 8.2

Emergency department
services
ED-related 79.4 14.6 2.5 3.5
Not ED-related 83.0 12.8 1.8 2.3

Patient location
Large central metro 78.4 15.0 2.7 4.0
Large fringe metro 79.3 14.8 2.4 3.5
Medium metro 80.3 14.2 2.3 3.2
Small metro 80.5 14.1 2.3 3.1
Micropolitan 81.7 13.4 2.2 2.7
Non-core 83.2 12.7 1.8 2.3

Patient residency
Resident 79.8 14.4 2.4 3.4
Not a resident 86.3 10.5 1.3 1.9

Severity of illness
Minor loss of
function

88.3 8.5 1.4 1.8

Moderate loss of
function

82.2 12.8 2.1 3.0

Major loss of
function

76.0 17.1 2.8 4.0

Extreme loss of
function

71.2 20.9 3.2 4.8

Hospital bed size
Small 82.1 13.3 1.9 2.7
Medium 80.2 14.1 2.4 3.3
Large 79.4 14.6 2.5 3.5

Hospital type
Metropolitan non-
teaching

79.9 14.4 2.4 3.4

Metropolitan
teaching

79.1 14.8 2.5 3.6

82.6 12.9 2.0 2.5

(continued on next page)

Table 2. (continued)

Number of readmissions with the 270-day
follow-up

0 1 2+ Non-
clustered

2+
Clustered

R% R% R% R%

Non-metropolitan
hospital

Prevention quality indicator subtype
ACSC acute 83.7 12.8 1.3 2.2
ACSC chronic 77.6 15.3 3.1 4.1

ECI number
0 88.5 8.4 1.4 1.7
1 85.8 10.4 1.6 2.1
2 82.9 12.5 2.0 2.6
3–4 78.7 15.2 2.5 3.5
5–6 73.4 18.6 3.3 4.7
7+ 68.6 21.7 3.8 5.9

The table includes national estimates of frequencies. Numbers may not
sum to the expected total, and percentage may not add to 100% due to
missing data
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(AOR = 2.69; CI = 2.62, 2.76), and 2+ clustered readmissions
(AOR = 2.03; CI = 1.99, 2.07). Similarly, there was a direct
association between increased numbers of Elixhauser
comorbidities—reflecting the patient’s co-occurring condi-
tions not directly tied to the index hospitalization’s principal
diagnosis—and both the frequency of readmissions and the
likelihood of clustering of readmissions (Table 3).
Other clinical factors were also associated with readmission

patterns. Patients sent to home health or transferred to another
facility and left against medical advice had higher odds, com-
pared to those sent home, for 1 readmission (transfer/home
health: AOR = 1.35, CI = 1.34, 1.37; against medical advice:
AOR = 1.84, CI = 1.78, 1.91), 2+ non-clustered readmissions
(transfer/home health: AOR = 1.26, CI = 1.22, 1.29; against
medical advice: AOR = 1.81, CI = 1.68, 1.94), and 2+ clus-
tered readmissions (transfer/home health: AOR = 1.28,
CI = 1.26, 1.31; against medical advice: AOR = 2.62,
CI = 2.49, 2.75), compared to 0 readmissions. Patients whose
index hospitalizations required emergency department ser-
vices and those who received care at larger, metropolitan
teaching hospitals were at highest odds of experiencing mul-
tiple and/or clustered readmissions.
Compared to the pre-HRRP, patients in the post-HRRP

period had lower odds for all readmission types: for 1 read-
mission, 0.95 (0.93, 0.96); for 2+ non-clustered readmissions,
0.87 (0.85, 0.89); and for 2+ clustered readmissions, 0.88
(0.86, 0.90).

CONCLUSIONS

Through a comprehensive analysis of 5 years of a nationally
representative, all-payer database, this study explored
readmissions following an initial ACSC-related hospitaliza-
tion to characterize the most common types of primary care–
preventable readmission patterns in the USA. Adjusted regres-
sion models suggested that selected sociodemographic factors,

social determinants of health, health status factors, and other
clinical measures were associated with readmission patterns.
As supported in the current literature, factors such as comor-
bidity burden, insurance type, and loss of function were asso-
ciated with readmission phenotype 11, 12.
However, some results were contrary to what might be

expected based on the readmission literature. We suspected
that as patients aged, their decline in functional status, quality
of life, and overall well-being would result in increased read-
mission rates 13. However, younger, as opposed to older,
patients experienced increased odds in more frequent and
higher-intensity readmissions. There is an increasing view that
middle age is a pivotal period in the life course in terms of
balancing growth and decline, linking earlier and later periods
of life, and bridging younger and older generations 14. Thus, at
older ages, there may be increased focus on health promotion
and well-being, which can have a positive health impact,
thereby decreasing the likelihood of readmission 14. Results
from a recent study support this supposition, reporting that
patients of younger adult ages have increased risk of all-cause
readmissions 15. Younger working adult ages may have a
worse primary care follow-up (e.g., millennials less likely to
have primary care physicians), 16 and since more comprehen-
sive care among family physicians (i.e., ambulatory care) has
been purported to results in fewer hospitalizations 17, they
disproportionately have fewer opportunities to prevent
ACSC-related readmissions.
Of particular interest, women had lower odds of being

classified non-zero readmissions groups, compared to men.
Previous literature has not been clear on the role of sex. Some
analyses have shown that men are at higher risk of all-cause
readmissions among adult patients (e.g., Medicaid men have
an increased risk of all-cause hospital readmissions) 18. How-
ever, a study conducted in an Italian department of medicine
reported women to have higher risk of readmissions 19. In
terms of primary care prevention, this disparity between men
and women may be because men visit the primary care doctor

Fig. 2 Prevalence of ACSCs during index hospitalizations.
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less than women do. Reasons for men not visiting the
primary care doctor have included being too busy and
not wanting to veer from traditional perceptions of
independence and masculinity 20 22. Appreciation and

consideration of sex differences in primary care-seeking
behavior can help inform prevention efforts to focus on
getting men into their primary care physician’s clinic more
regularly.

Table 3 Adjusted Odds Ratios and 95% Confidence Intervals from Survey Logistic Regression Representing Factors Associated with
Readmission Frequency and Patterns (Nationwide Readmissions Database, 2010–2014)

Number of readmissions with the 270-day follow-up

1 2+ Non-clustered 2+ Clustered

HRRP era
Pre-HRRP Ref Ref Ref
Post-HRRP 0.95 (0.93, 0.96)* 0.87 (0.85, 0.89)* 0.88 (0.86, 0.90)*

Sex
Female 0.93 (0.92, 0.94)* 0.97 (0.95, 0.99)* 0.87 (0.86, 0.89)*

Age at admission (years)
18–44 0.89 (0.87, 0.92)* 2.03 (1.94, 2.13)* 2.49 (2.39, 2.58)*
45–64 1.01 (0.99, 1.02) 1.61 (1.55, 1.67)* 1.70 (1.65, 1.75)*
65–79 1.00 (0.99, 1.01) 1.27 (1.23, 1.31)* 1.28 (1.25, 1.32)*
80+ Ref Ref Ref

Zip code–level household income
Lowest quartile 1.09 (1.07, 1.10)* 1.24 (1.20, 1.29)* 1.21 (1.18, 1.26)*
2nd quartile 1.04 (1.02, 1.06)* 1.11 (1.07, 1.15)* 1.10 (1.06, 1.13)*
3rd quartile 1.03 (1.01, 1.04)* 1.03 (0.99, 1.07) 1.06 (1.02, 1.09)*
Highest quartile Ref Ref Ref

Primary insurance
Medicare 1.43 (1.40, 1.46)* 2.04 (1.95, 2.13)* 2.12 (2.04, 2.19)*
Medicaid 1.53 (1.50, 1.56)* 2.29 (2.20, 2.40)* 2.57 (2.47, 2.67)*
Private Ref Ref Ref
Self-pay, no charge, other 1.01 (0.99, 1.04) 1.13 (1.07, 1.19)* 1.18 (1.13, 1.24)*

Discharge disposition
Home/self-care Ref Ref Ref
Transfer/home health 1.35 (1.34, 1.37)* 1.26 (1.22, 1.29)* 1.28 (1.26, 1.31)*
Against medical advice 1.84 (1.78, 1.91)* 1.81 (1.68, 1.94)* 2.62 (2.49, 2.75)*

Emergency department services
ED-related 1.11 (1.09, 1.12)* 1.32 (1.28, 1.37)* 1.38 (1.34, 1.43)*

Patient location
Large central metro Ref Ref Ref
Large fringe metro 1.03 (1.01, 1.05)* 1.03 (0.99, 1.06) 1.03 (0.99, 1.06)
Medium metro 0.95 (0.94, 0.97)* 0.90 (0.87, 0.94)* 0.86 (0.83, 0.89)*
Small metro 0.95 (0.93, 0.97)* 0.90 (0.86, 0.94)* 0.86 (0.82, 0.89)*
Micropolitan 0.92 (0.89, 0.95)* 0.83 (0.77, 0.88)* 0.78 (0.73, 0.83)*
Non-core 0.91 (0.88, 0.94)* 0.78 (0.73, 0.84)* 0.72 (0.68, 0.77)*

Patient residency
Resident 1.45 (1.40, 1.50)* 1.87 (1.70, 2.07)* 1.75 (1.63, 1.88)*

Severity of illness
Minor loss of function Ref Ref Ref
Moderate loss of function 1.33 (1.31, 1.36)* 1.47 (1.40, 1.53)* 1.51 (1.46, 1.57)*
Major loss of function 1.64 (1.61, 1.68)* 1.79 (1.71, 1.88)* 1.87 (1.79, 1.94)*
Extreme loss of function 1.86 (1.81, 1.91)* 1.79 (1.69, 1.90)* 1.94 (1.85, 2.04)*

Hospital bed size
Small Ref Ref Ref
Medium 1.01 (0.99, 1.03) 1.06 (1.01, 1.10)* 1.06 (1.02, 1.10)*
Large 1.05 (1.03, 1.07)* 1.08 (1.04, 1.12)* 1.09 (1.05, 1.13)*

Hospital type
Non-metro hospital Ref Ref Ref
Metro non-teaching 1.01 (0.98, 1.04) 0.94 (0.89, 1.01) 1.04 (0.98, 1.10)
Metro teaching 1.04 (1.00, 1.07)* 0.96 (0.90, 1.03) 1.05 (0.99, 1.12)

ACSC type
Chronic 1.37 (1.36, 1.39)* 2.69 (2.62, 2.76)* 2.03 (1.99, 2.07)*
Acute Ref Ref Ref

ECI number
0 Ref Ref Ref
1 1.12 (1.09, 1.15)* 1.15 (1.07, 1.23)* 1.21 (1.14, 1.28)*
2 1.25 (1.21, 1.28)* 1.37 (1.29, 1.47)* 1.49 (1.40, 1.58)*
3–4 1.44 (1.40, 1.48)* 1.74 (1.63, 1.85)* 1.98 (1.87, 2.09)*
5–6 1.70 (1.65, 1.74)* 2.26 (2.11, 2.42)* 2.60 (2.45, 2.76)*
7+ 1.97 (1.91, 2.05)* 2.76 (2.55, 2.98)* 3.34 (3.13, 3.57)*

The 0 readmissions group is the reference outcome level
*Significance at p < 0.05

1066 Agana et al.: Novel ACSC Hospitalization Readmission Patterns JGIM



Another significant finding of this study, as it pertains to
primary care prevention of readmission, is the role of dis-
charge against medical advice (AMA), which increased the
odds of all non-zero readmissions patterns by a factor of 1.8 to
2.6. Research supports this finding that those who leave AMA
are more likely to be readmitted 23. Patients who leave AMA
may not have had the underlying reason for hospitalization
addressed prior to their departure, resulting in an increased risk
of readmission. For effective transition of care and prevention
of subsequent hospitalizations, guidelines recommend assur-
ance of appropriate disposition 11, 24, 25. The Agency for
Healthcare Research and Quality (AHRQ)’s Hospital Guide
to ReducingMedicaid Readmissions specifically requires staff
to record patients’ disposition because it is a major factor in
preventing readmissions 11. Yet, for patients who leave AMA,
elucidating reasons as to why patients leave early (e.g., lack of
trust in the medical community and relationship with primary
care) is needed to help inform subsequent primary care out-
reach and intervention efforts. Additionally, to better classify
the types of ACSCs to target for prevention, it should be noted
that chronic ACSCs have higher odds of all readmission types.
Although the granularity of identifying ACSC type is needed,
improved ACSC-type classifications are needed to better un-
derstand potentially preventable admissions [26].
A novel aspect of this investigation is the exploration of factors

that contribute not only to the frequency of readmissions but also
to their tendency to cluster (frequent back-to-back hospitaliza-
tions). Among patients with two or more 30-day readmissions
during follow-up, we observed factors that were differentially
distributed between those with clustered versus non-clustered
readmissions. As might be expected, increased severity of the
condition for which the patient was hospitalized and a higher
comorbidity burden were more likely to result in readmission
clustering. Understanding factors related to the clustered versus
non-clustered groups can assist primary care in targeting preven-
tion efforts appropriately. For example, when patient A presents
with three non-clustered readmissions and patient B presents with
three clustered readmissions, the care plans could vary greatly
between the two patients. Potentially, the conditions that patient
A has can be intervened by regular follow-up with a primary care
physician and health extenders 27, whereas patient B may have
conditions that only inpatient care can act upon and no amount of
primary care follow-up can assist. These differentiating factors
can not only help to identify the viable patients for primary care
intervention, but it can also lead to more deliberate use of the
already scarce primary care resources available.
There were many strengths in this study, including the use

of the five consecutive years of the largest all-payer
readmissions database (NRD) in the USA. The focus on
ACSC-related readmissions over a 9-month window is of
great value compared to other disease-specific readmission
studies since ACSCs constitute arguably the greatest opportu-
nity for readmission prevention through effective primary
care. Additionally, this is the first study to our knowledge to

innovatively classify and characterize 30-day readmissions by
tendency to cluster versus sheer volume. This attention to
readmission behavior adds to the precision of intervention
efforts as well as stewardship of scarce primary care resources.
Our findings must, however, be considered in light of

several limitations. First, this study was limited in the breadth
of variables available for analysis. The NRD is a nationwide
database, and the database distributer, HCUP, did not include
variables (e.g., race, ethnicity, and state of residence) that may
improve characterization of ACSC-related readmissions. An-
other limitation is the database-induced requirement to analyze
readmissions in annual cross sections as opposed to having a
multi-year, longitudinally-linked database. As such, determin-
ing the true index hospitalization and implementing longer-
term follow-up were not possible. However, with the robust
5 years of data and the 270-day follow-up window, our study
was likely to capture factors that have a tendency to increase or
decrease the frequency and/or intensity of 30-day
readmissions.
For future directions, we recommend the use of other data

sources with more robust social determinants or capable of
investigating the impact of factors relating to health behaviors
between the initial ACSC-related hospitalization and readmis-
sion (e.g., number of attended primary care clinic appoint-
ments). Electronic health records (EHRs) may prove a valu-
able research commodity that would increase the variability in
the breadth of data analyzed as well as lengthen the window
through which readmission patterns are assessed. Additional-
ly, comparisons between ambulatory care-sensitive and non-
ambulatory care-sensitive–related readmissions should be an-
alyzed in order to identify the overall burden the different
readmission types have on the healthcare system. We also
suggest incorporating a mixed methods approach (i.e., quali-
tative data). EHR data is limited to how healthcare providers
record information in the health record; therefore, additional
information collected from both patients and providers can fill
in these gaps. With the use of these various information
sources, there would be an improvement in the understanding
of reasons for and the development of targeted strategies for
reducing potentially preventable (ACSC) readmissions.
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