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T he United States lags behind other high-income countries 

in life expectancy and case-fatality rates despite spending 

far more on health care.1 In 2017, health care costs were 

responsible for 17.9% of the gross domestic product of the United 

States,2 yet life expectancy ranked 28th among 36 high-income 

countries.3 As such, health professionals and policy makers are 

interested in identifying the unnecessary care and preventable 

costs that contribute to up to $935 billion in waste each year4 

and may lead to suboptimal outcomes for patients. Hospital care, 

costing more than $1 trillion per year,5 is a major contributor to 

health care spending, and the United States’ 5 million hospital 

readmissions per year6 are a primary target for cost-reducing and 

quality-improving efforts.7,8

Previous work has shown that care fragmentation in the outpatient 

setting can lead to increased spending and worse outcomes,9-13 but 

research into the benefits of continuity between hospitals in the 

acute care setting is much more limited. Fragmented readmissions, 

defined as readmissions to a hospital different from the one the 

patient was originally discharged from, make up 20% to 30% of all 

readmissions.14,15 Existing studies of fragmented readmissions have 

shown inconsistent relationships between these readmissions and 

patient outcomes, perhaps because fragmented readmissions are 

treated homogenously in many studies.16-19 Studies that segmented 

patients with fragmented readmissions by diagnosis in any way, even 

if it was as broad as readmission for a medical vs surgical reason, 

were more consistent in their findings of increased short-term 

mortality and longer lengths of stay in fragmented readmissions.14,20-24

The purpose of this study was to examine the associations between 

interhospital care fragmentation and in-hospital mortality, length 

of stay (LOS), and costs in adult patients with 30-day readmissions 

across key categories: readmission to the same hospital for the 

same reason as their index admission, readmission to a different 

hospital (fragmented readmission) for the same reason as the 

index admission, readmission to the same hospital for a different 

reason, and readmission to a different hospital for a different reason 

(fragmented readmission). These findings could lead to better 

management of patients with fragmented readmissions, improve 
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ABSTRACT

OBJECTIVES: To assess in-hospital mortality, length of 
stay, and costs associated with interhospital fragmentation 
in 30-day readmissions and to determine whether these 
associations were more or less pronounced for patients with 
specific high-prevalence conditions.

STUDY DESIGN: Cross-sectional analysis using the 
Agency for Healthcare Research and Quality’s National 
Readmissions Database for 2013 and 2014.

METHODS: All patients 18 years and older with a 30-day 
readmission in 2014 were included. We assessed if 
readmission to a hospital different from that of the index 
admission was associated with in-hospital mortality, length 
of stay, and costs of readmission, separately by whether 
the readmission occurred for the same or different major 
diagnostic category. Patients with 1 of 3 common diagnoses 
(congestive heart failure [CHF], chronic obstructive 
pulmonary disease [COPD], or myocardial infarction) were 
studied for disease-specific trends. The same analyses were 
performed on 2013 data as a sensitivity analysis.

RESULTS: In 2014, among 792,596 patients with a 30-day 
readmission, 22.2% experienced fragmentation. Compared 
with patients whose readmission occurred at the index 
hospital, patients readmitted to a different hospital 
experienced 20% higher odds of dying in hospital (P = .02 for 
same diagnosis readmission; P = .03 for different diagnosis 
readmission), a half-a-day longer length of stay (P < .001 
for both same and different diagnosis readmissions), and 
more than $1000 higher costs (P < .001 for both same and 
different diagnosis readmissions). For patients with a CHF or 
COPD index admission, mortality was consistently higher for 
fragmented readmissions for a different condition.

CONCLUSIONS: Fragmented readmissions were associated 
with higher in-hospital mortality and cost. Clinical variation 
across conditions warrants further investigation to optimize 
pre- and postdischarge operations and policy.
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our deployment of care coordination resources 

for patients at risk for poor outcomes following 

a fragmented readmission, and help health 

care professionals, health systems, and payers 

understand the role that fragmentation plays in 

patient outcomes and its policy implications.

METHODS
This was a cross-sectional analysis of the Agency 

for Healthcare Research and Quality (AHRQ) 

National Readmissions Database (NRD) for 2014, 

with a sensitivity analysis performed on the 

2013 NRD.25 The NRD is a national, all-payer data set containing all 

nonfederal hospital admissions and readmissions from 27 states.26 

Patients and hospitals can be tracked or compared only within a 

single year of the NRD, and all data are limited to the duration of 

the hospitalization.

Patients

We included all patients 18 years and older with a 30-day read-

mission in 2014 to capture admission-readmission dyads. We 

excluded patients who were transferred between hospitals during 

an admission or whose index admission occurred in January 2014, 

as these admissions could have represented 30-day readmissions 

from December 2013.

Variable Definitions

We defined a fragmented readmission as a 30-day readmission to 

a hospital different from the hospital of the first admission in the 

data set. Each hospital is assigned an NRD-specific identifier; if the 

hospital identifiers were different between the 2 hospitalizations, 

we classified the readmission as fragmented. We limited this 

analysis to the first admission-readmission dyad of the year for 

each patient to not give undue weight to patients with excessive 

numbers of hospital admissions.

We examined reasons for admission and readmission both broadly 

and narrowly by focusing on major diagnostic categories (MDCs) 

and select acute and chronic conditions, respectively. For the MDC 

analysis, we defined the indication(s) for the initial admission and 

readmission as the primary MDC associated with the admission 

or readmission. MDCs are the largest categorization of diagnostic 

codes—68,000 International Classification of Diseases, Ninth Revision 

(ICD-9) codes are grouped into 700 diagnosis-related groups, which 

are then collected into 25 MDCs. We then divided the patients into 

4 groups: those whose readmission was to the same hospital for the 

same MDC as the index admission (same hospital/same diagnosis: 

SH/SD), those whose readmission was to a different hospital for 

the same reason as the index admission (different hospital/same 

diagnosis: DH/SD), those whose readmission was to the same hospital 

but for a different MDC from the index admission (same hospital/

different diagnosis: SH/DD), and those whose readmission was to a 

different hospital for a different reason from the index admission 

(different hospital/different diagnosis: DH/DD).

Given the broad nature of MDCs, we selected 3 conditions from 

the top 2 MDCs for hospital admissions (circulatory and respira-

tory causes) to assess if and how interhospital fragmentation or 

continuity influences specific common conditions. We defined 

the indication for the initial admission and readmission using 

ICD-9 codes defined by Medicare for each condition.27 We selected 

3 conditions of interest: myocardial infarction (MI), congestive 

heart failure (CHF), and chronic obstructive pulmonary disease 

(COPD). We chose these conditions because they are highly prevalent 

and represent both acute problems (MI) and chronic problems 

with exacerbations (CHF, COPD); these conditions are also foci of 

quality improvement programs like the Hospital Readmissions 

Reduction Program.27 We then divided the patients into the same 

4 groups as the MDC analysis. Readmissions due to complications 

of these conditions were considered different diagnoses than the 

index admission (ie, an admission for an arrythmia following an 

MI would be considered a readmission for a different diagnosis).

We examined 3 outcomes: in-hospital mortality during the 

readmission, LOS of the readmission, and cost of the readmission. 

The NRD contains only information about in-hospital mortality, 

and no mortality data or linkage following discharge are available. 

We defined in-hospital mortality as a patient having been recorded 

as dying during their readmission. LOS was defined as the number 

of days between the date of admission and the date of discharge. 

Costs were calculated by converting cumulative hospital charges for 

the readmission (listed in the NRD) to costs using the Healthcare 

Cost and Utilization Project’s Cost-to-Charge Ratio Files.28

Statistical Analysis

We described the characteristics of the entire sample using weighted 

univariate statistics, including the distribution of the 4 exposure 

groups. We then assessed the frequencies of MDCs for the initial 

admission and the readmission across the 4 groups of patients to 

determine if fragmentation was more pronounced among certain 

MDCs. Next, we compared patient and hospitalization characteristics 

across the 4 groups using weighted χ2 tests and analysis of variance 

to ascertain if other systematic differences across exposure groups 

TAKEAWAY POINTS

 › Previous work has shown that interhospital care fragmentation is associated with poor 
patient outcomes. However, most studies treated readmissions homogenously and did not 
differentiate based on the reason for readmission. Those that segmented readmissions 
found differences in outcomes across reasons for readmission.

 › This cross-sectional study of a nationally representative database showed that in-hospital 
mortality was 20% higher for patients who were readmitted to a different hospital compared 
with patients who were readmitted to the same hospital. For patients with a congestive heart 
failure or chronic obstructive pulmonary disease index admission, mortality was higher for 
patients with a fragmented readmission for a different condition compared with patients 
without a fragmented readmission.
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may have also affected outcomes. We repeated the initial descrip-

tive analyses comparing all fragmented and all nonfragmented 

patients as well.

For the main analyses, we used unadjusted and adjusted logistic 

and linear regression models to compare the 3 outcomes across 

our exposure groups of interest. Adjusted models included several 

potential confounders of the fragmentation-outcome relationship 

available in the NRD, including both demographic (age, sex, payer, 

zip income quartile [median incomes in a patient’s zip code divided 

into quartiles]) and clinical (MDC of the readmission, Elixhauser 

mortality risk score, alcohol use, drug use, and if the patient left 

against medical advice) variables. As a sensitivity analysis, we 

included LOS and cost of the index admission in the above models 

examining LOS and cost of the readmission. All analyses were 

done using patient-level data. We performed these regression 

analyses using the nonfragmented groups as the reference. The 

same analyses were repeated for the MI, CHF, and COPD groups; 

the only difference was that the MDCs were not included in the 

regression models.

We completed all analyses in SAS 9.4 (SAS Institute) using weighted 

survey procedures according to the scheme provided by the AHRQ.29 

As a sensitivity analysis to examine whether these findings were 

stable across years, we used the same analytical approach using 

data from the NRD from 2013.

This study was deemed exempt from review by the Emory 

University Institutional Review Board.

RESULTS
The 2014 NRD contains 14,894,613 unweighted admissions. After 

removing individuals younger than 18 years (8.5% of original sample; 

1,264,040 admissions), interhospital transfers (2.9% of original 

sample; 401,141 admissions), and admissions occurring in January 

2014 (7.7% of original sample; 1,151,054 admissions), 12,078,378 total 

admissions remained. We then transposed the data set to make 

patients the unit of observation, rather than admissions, leaving 

a sample of 3,181,258 patients. The first 2 admissions from each 

patient in the sample were analyzed to determine if the readmis-

sion occurred more than 30 days after the initial admission or less 

than 30 days. In the final sample there were 792,596 patients with 

readmissions occurring 30 days or less from their index admission 

(eAppendix Figure 1 [eAppendix available at ajmc.com]).

Table 1 includes characteristics for the entire sample. Briefly, 53.8% 

of those experiencing 30-day readmissions in 2014 were female, and 

the mean age was 61.6 years. Most patients had Medicare insurance 

(56.5%). Only 3.6% of admissions were paid for out of pocket.

Table 1 also includes the distribution of the 4 groups of patients for 

the MDC analysis: SH/SD, 36.1% (n = 285,185); DH/SD, 8.9% (n = 71,708); 

SH/DD, 41.8% (n = 328,889); and DH/DD, 13.3% (n = 106,814). An 

estimated 178,522 patients (22.2%) had a fragmented readmission. 

Patients experiencing care fragmentation tended to be younger 

than patients whose readmission was not fragmented (Table 1). 

Additionally, patients in the fragmented groups had lower Elixhauser 

mortality risk scores than patients in the nonfragmented groups; 

the LOS and costs for the index admission were similar across all 

groups. Similar results were seen when comparing all fragmented 

patients with all nonfragmented patients (eAppendix Tables 1 and 2).

Overall, 3.9% of patients died during their readmission. In unad-

justed analyses, in-hospital mortality was 2.6%, 2.8%, 4.9%, and 

5.1%, in the SH/SD, DH/SD, SH/DD, and DH/DD groups, respectively 

(SH/SD vs DH/SD: P = .019; SH/DD vs DH/DD: P = .031) (Table 2). 

Both fragmented groups had a mean readmission LOS of 5.9 days 

(P < .001) and higher mean costs of the readmission (by $1000 on 

average) (P < .001) than did their respective nonfragmented groups.

eAppendix Figure 2 displays the distribution of MDCs for the 

readmission within each fragmentation category. The 3 MDCs 

with the highest overall prevalence among 30-day readmis-

sions—circulatory, respiratory, and digestive diseases—had similar 

distributions of the fragmentation categories. Other MDCs had 

notably different frequencies across fragmentation categories. 

For example, alcohol/drug use or induced mental disorders and 

pregnancy/childbirth and puerperium had a much higher propor-

tion of DH/SD and a much lower proportion of SH/DD than did 

the more common MDCs.

DH/SD patients had 18% higher odds of mortality in adjusted 

models (adjusted odds ratio [AOR], 1.18; 95% CI, 1.12-1.25) than did 

SH/SD patients (Table 3). The results were similar for DH/DD patients 

compared with SH/DD patients (AOR, 1.21; 95% CI, 1.17-1.26). DH/

SD patients had a LOS approximately half a day longer than SH/SD 

patients (0.54 days; 95% CI, 0.45-0.64 days), and DH/DD patients 

had a longer LOS by 0.28 days (95% CI, 0.20-0.35 days) vs SH/DD 

patients. Costs were also higher among fragmented readmissions: 

$1375 (95% CI, $1010-$1739) more for DH/SD patients vs SH/SD 

patients and $1269 (95% CI, $985-$1552) more for DH/DD vs SH/

DD patients. Similar results were seen for the readmission LOS 

and readmission cost when index admission LOS and cost were 

included in the models (eAppendix Table 3).

For the analyses focused on MI, CHF, and COPD, all 3 diagnoses 

had a similar prevalence of care fragmentation (COPD, 18.7%; 

CHF, 20.7%; MI, 21.5%) (eAppendix Tables 4-6). For MI, there 

was no association between fragmentation status and mortality 

(Table 4); in fact, mortality for patients readmitted to a different 

hospital for a repeat MI was lower than for those readmitted to 

the same hospital. For COPD and CHF, there was no difference 

in mortality for patients with a fragmented readmission for the 

same reason, but odds of mortality were 40% higher in DH/DD 

vs SH/DD patients (COPD: AOR, 1.41; 95% CI, 1.17-1.71; CHF: AOR, 

1.43; 95% CI, 1.25-1.62).

With regard to LOS and cost, for COPD, no statistically significant 

differences were seen in LOS or cost for DH/SD vs SH/SD patients. 

DH/DD patients had a half-a-day longer LOS (0.57 days; 95% CI, 

0.24-0.91 days) and more than $2000 (95% CI, $1529-$3025) greater 

expenditures compared with SH/DD patients. For CHF, DH/SD vs SH/

SD patients had a half-day longer LOS (0.50 days; 95% CI, 0.15-0.84 
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days) and $2433 higher costs (95% CI, $1118-$3749); DH/DD vs SH/

DD patients similarly had approximately a half-day longer LOS 

(0.61 days; 95% CI, 0.36-0.86 days) and $3682 higher costs (95% CI, 

$2833-$4532). The differences among patients readmitted for MI to 

a different hospital were most striking—up to a whole day longer 

LOS (1.02 days; 95% CI, 0.53-1.51 days) and more than $6000 more 

in costs ($6579; 95% CI, $4169-$8988). There was no difference 

between patients readmitted for a reason other than MI to a different 

hospital compared with patients readmitted to the same hospital 

in adjusted models for LOS, but costs were consistently higher in 

fragmented readmissions (adjusted regression coefficient, $1814; 

95% CI, $791-$2836).

We also performed the above analyses on the 2013 NRD (eAppendix 

Tables 10-12). The results were similar to those seen in the 2014 NRD.

DISCUSSION
In this analysis of readmissions in the United States in 2014, we 

found that patients experiencing fragmented interhospital care, 

whether readmissions were for the same or different diagnoses 

as the index admission, had 20% higher mortality than their 

nonfragmented counterparts, longer LOS, and higher costs, even 

after adjusting for a wide range of patient demographic and clinical 

factors. Results were similar when we examined care for those with 

index admissions for MI, CHF, or COPD, but mortality was higher 

only for patients readmitted for a different condition. These findings 

have numerous implications for policy and practice going forward.

Previous literature has shown inconsistent patterns between 

fragmentation and mortality.14-17,19-24,30-37 Notably, many of these studies 

have focused on very narrow populations. We found consistent 

associations between fragmentation and higher in-hospital mortality 

in our more generalizable patient sample; however, the results 

differed when we examined individual diagnoses. It may be that 

fragmentation affects different conditions differently—for example, 

a patient with CHF may have a specific diuretic regimen that is known 

to be effective for them and is written in their previous discharge 

summary—information that may only be available if the patient 

returns to their previous place of admission. Management of MI, 

on the other hand, follows a much more structured, standardized 

treatment protocol, so as long as the standard of care is followed, 

TABLE 1. Comparison of Fragmentation/MDC Groups at Baseline Among Adult Patients With 30-Day Readmissionsa

Overall

Readmitted for same MDC Readmitted for different MDC

Nonfragmented 
(SH/SD)

n = 285,185 
(36.1%)

Fragmented 
(DH/SD)

n = 71,708  
(8.9%) P

Nonfragmented 
(SH/DD)

n = 328,889 
(41.8%)

Fragmented 
(DH/DD)

n = 106,814 
(13.3%) P

Female 53.8% (0.17) 56.2% (0.26) 51.2% (0.31) <.001 53.1% (0.17) 51.0% (0.22) <.001

Age in years 61.6 (0.17) 56.8 (0.21) 55.7 (0.19) <.001 66.3 (0.19) 63.7 (0.14) <.001

Zip income quartileb

$1-$39,999 30.0% (0.78) 29.7% (0.82) 33.1% (0.76)

<.001

29.0% (0.82) 31.6% (0.73)

<.001
$40,000-$50,999 27.3% (0.50) 27.3% (0.51) 26.9% (0.46) 27.3% (0.56) 27.6% (0.47)

$51,000-$65,999 22.7% (0.46) 22.9% (0.49) 21.1% (0.43) 23.1% (0.50) 21.8% (0.41)

> $66,000 20.0% (0.73) 20.1% (0.76) 18.8% (0.66) 20.6% (0.81) 19.0% (0.65)

Insurance payer

Medicare 56.5% (0.39) 47.5% (0.43) 46.8% (0.40)

<.001

64.8% (0.45) 61.3% (0.33)

<.001

Medicaid 16.0% (0.32) 19.7% (0.41) 23.6% (0.46) 11.5% (0.28) 15.2% (0.29)

Private 20.7% (0.34) 25.3% (0.43) 20.8% (0.32) 18.0% (0.37) 16.6% (0.26)

Self-pay 3.6% (0.13) 3.9% (0.15) 5.3% (0.18) 2.9% (0.13) 3.8% (0.13)

No charge 0.6% (0.09) 0.7% (0.10) 0.7% (0.10) 0.5% (0.08) 0.6% (0.09)

Other 2.6% (0.13) 2.9% (0.15) 2.7% (0.16) 2.4% (0.12) 2.5% (0.12)

Left AMA (Y) 2.2% (0.05) 2.3% (0.07) 5.2% (0.16) <.001 1.3% (0.04) 3.2% (0.09) <.001

Drug use (Y) 5.5% (0.13) 5.6% (0.16) 9.7% (0.28) <.001 3.8% (0.11) 7.2% (0.18) <.001

Alcohol use (Y) 5.7% (0.09) 5.2% (0.11) 7.1% (0.16) <.001 5.3% (0.10) 7.5% (0.14) <.001

Elixhauser mortality risk score 6.0 (0.05) 4.3 (0.05) 3.7 (0.07) <.001 7.8 (0.06) 6.5 (0.07) <.001

Length of stay in days (first admission) 5.7 (0.04) 5.2 (0.06) 5.1 (0.05) <.001 6.2 (0.04) 6.1 (0.05) <.001

Cost in $ (first admission) 14,129 (187.5) 12,238 (178.7) 10,808 (141.1) <.001 16,189 (232.4) 14,984 (201.6) <.001

AMA, against medical advice; DD, different diagnosis; DH, different hospital, fragmented readmission; MDC, major diagnosis category; SD, same diagnosis; 
SE, standard error; SH, same hospital, nonfragmented readmission; Y, yes.
aAll values are shown as mean (SE of mean) or percent (SE of column percent).
bZip income quartile: a quartile classification of the estimated median household incomes of individuals in the patient’s zip code. These quartiles vary by year of data.
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TABLE 2. Unadjusted Outcomes During Readmission Across Fragmentation/MDC Groups

Outcome Overall

Readmitted for the same MDC Readmitted for a different MDC

Nonfragmented 
(SD/SH)

Fragmented 
(SD/DH) P

Nonfragmented 
(DD/SH)

Fragmented 
(DD/DH) P

In-hospital mortality (percentage [SE]) 3.9% (0.04) 2.6% (0.05) 2.8% (0.08) .019 4.9% (0.07) 5.1% (0.08) .031

Readmission length of stay in days (SE) 5.6 (0.02) 5.4 (0.03) 5.9 (0.04) <.001 5.7 (0.02) 5.9 (0.03) <.001

Readmission cost in $ (SE) 12,394 (108.0) 12,055 (156.9) 13,215 (123.14) <.001 12,260 (157.0) 13,189 (94.3) <.001

DD, different diagnosis; DH, different hospital, fragmented readmission; MDC, major diagnostic category; SD, same diagnosis; SE, standard error; SH, same 
hospital, nonfragmented readmission. 

TABLE 3. Association Between Fragmented Care and Readmission In-Hospital Mortality, LOS, and Costs Separately for Patients Readmitted  
for the Same MDC and Different MDCa

Outcome

Readmitted for the same MDC Readmitted for a different MDC

Unadjusted Model 1b Model 2c Unadjusted Model 1b Model 2c

In-hospital mortalityd 1.10 (1.02-1.14) 1.16 (1.10-1.23) 1.18 (1.12-1.25) 1.04 (1.01-1.08) 1.18 (1.14-1.23) 1.21 (1.17-1.26)

Readmission LOSe in days 0.55 (0.46-0.64) 0.56 (0.46-0.65) 0.54 (0.45-0.64) 0.23 (0.15-0.30) 0.29 (0.22-0.36) 0.28 (0.20-0.35)

Readmission coste in $ 1190 (822-1559) 1344 (977-1710) 1375 (1010-1739) 929 (644-1215) 1238 (955-1521) 1269 (985-1552)

LOS, length of stay; MDC, major diagnostic category.
aAll estimates correspond to an indicator for fragmented readmission relative to nonfragmented readmission.
bModel 1 adjusts for mortality score, alcohol use, drug use, left against medical advice, age, sex, payer, and zip income quartile.
cModel 2 adjusts for model 1 covariates plus indicator variables for MDC of readmission.
dEstimates for mortality correspond to odds ratio (95% CI).
eEstimates for LOS and cost correspond to mean difference (95% CI).

TABLE 4. Association Between Fragmented Care and Readmission In-Hospital Mortality, LOS, and Costs Separately for Patients Readmitted  
for the Same MDC and Different MDC, Stratified by Initial Admission for COPD, MI, and CHFa

Outcome

Readmitted for the same reason Readmitted for a different reason

Unadjusted Model 1b Unadjusted Model 1b

Initial admission for COPD

In-hospital mortalityc 1.18 (0.64-2.16) 1.29 (0.70-2.38) 1.27 (1.06-1.53) 1.41 (1.17-1.71)

Readmission LOSd in days –0.08 (–0.39 to 0.24) –0.02 (–0.34 to 0.30) 0.54 (0.20-0.88) 0.57 (0.24-0.91)

Readmission costd in $ 266 (–443 to 975) 295 (–413 to 1004) 2198 (1454-2940) 2277 (1529-3025)

Initial admission for MI

In-hospital mortalityc 0.50 (0.33-0.74) 0.58 (0.39-0.87) 1.07 (0.88-1.31) 1.08 (0.88-1.32)

Readmission LOSd in days 0.91 (0.43-1.39) 1.02 (0.53-1.51) 0.25 (0.02-0.48) 0.23 (–0.01 to 0.47)

Readmission costd in $ 6930 (4558-9302) 6579 (4169-8988) 1848 (840-2856) 1814 (791-2836)

Initial admission for CHF

In-hospital mortalityc 0.81 (0.62-1.05) 0.95 (0.73-1.23) 1.32 (1.17-1.50) 1.43 (1.25-1.62)

Readmission LOSd in days 0.50 (0.17-0.84) 0.50 (0.15-0.84) 0.60 (0.36-0.85) 0.61 (0.36-0.86)

Readmission costd in $ 2839 (1553-4125) 2433 (1118-3749) 3867 (3028-4706) 3682 (2833-4532)

CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; LOS, length of stay; MDC, major diagnostic category; MI, myocardial infarction.
aAll estimates correspond to an indicator for fragmented readmission relative to nonfragmented readmission.
bModel 1 adjusts for mortality score, alcohol use, drug use, left against medical advice, age, sex, payer, and zip income quartile.
cEstimates for mortality correspond to odds ratio (95% CI).
dEstimates for LOS and cost correspond to mean difference (95% CI).
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fragmentation may not have as much impact on the patient’s 

outcome, but it may result in duplication of laboratory testing, 

imaging, and treatments, leading to associations with longer LOS 

and increased costs.

Although we did not perform additional analyses on less common 

MDCs, it is worth noting that fragmented readmissions, specifically 

for the same reason (DH/SD), were disproportionately common in 

certain MDCs, namely alcohol/drug use or induced mental disorders 

and pregnancy, childbirth, and puerperium. The former may be 

reflective of patient instability or frustration with care, leading them 

to seek care at a different hospital. Reasons for care fragmentation 

around pregnancy and childbirth are less clear—perhaps these 

fragmented readmissions are reflective of emergency complications 

of pregnancy, childbirth, and the postpartum period.38

The differences between fragmented and nonfragmented groups 

may be due to some reverse causality based on severity of illness 

and indication for admission, where fragmented patients may 

have been at higher risk for conditions requiring care at specialty 

hospitals. As such, these patients may have been taken to centers of 

excellence for these conditions, which could result in fragmented, 

but appropriate, care. This may warrant further investigation.

Fragmentation was generally associated with greater LOS, but 

the difference was not large. We suspect that this is because LOS 

is driven by medical diagnoses and social comorbidities,39 rather 

than continuity challenges associated with care fragmentation. 

Both DH/SD and DH/DD patients had higher costs compared with 

their nonfragmented counterparts (with the exception of patients 

with COPD readmitted for another COPD diagnosis). We hypothesize 

that these increased costs may have been more directly related to 

fragmented care—the care team at the readmitting hospital may 

have had no choice but to order duplicative laboratory and imaging 

tests to fully evaluate the patient. Although many previous studies 

have looked at mortality as a major outcome in fragmentation, our 

findings suggest that cost may be the outcome that could be most 

affected by improving informational and interhospital continuity 

of care across various diagnoses, and our findings may have 

implications for reducing waste.4 Future studies could examine 

what cost components contribute to these higher numbers and 

assess what laboratory tests or imaging studies are being repeated 

across fragmented readmissions. These findings also suggest that 

interoperability of electronic health records may be an important 

policy and practice focus to minimize waste in inpatient care.

Limitations

The primary limitation of this study is that our associations may 

be biased estimates of the true causal effect of fragmentation on 

outcomes due to unmeasured differences between patients who 

did and did not receive fragmented care. Given that there are likely 

several unobserved factors that could influence both whether a 

readmission was fragmented and patient outcomes, our estimates 

are best interpreted as suggestive associations. Still, we adjusted 

for a wide range of variables, including a comprehensive mortality 

risk score, giving us some confidence that our results are not purely 

driven by omitted variable bias. Unfortunately, we were not able to 

identify the exact reasons why the patients in the study sought care at 

different hospitals; this also prevents us from further differentiating 

“appropriate” from “inappropriate” fragmentation. Because of the 

limits on data linkage placed by the data vendor, we were not able 

to measure factors such as urban/rural status, travel distance to the 

hospital, and whether the patient was transported via ambulance. 

Additionally, we did not know whether the hospital treated as 

the “index” hospital was truly the patient’s usual source of care. 

These factors might affect a patient’s probability of a fragmented 

readmission; for example, patients often go to the nearest hospital, 

even if they had previously received care elsewhere,40 which also 

could affect outcomes. Finally, the NRD does not contain any 

information about hospital participation in health information 

exchanges or shared electronic health records. As of 2014, 80% of 

hospitals had some ability to query other organizations for health 

information,41 which may have mitigated some of the negative 

effects of care fragmentation identified in this analysis compared 

with previous work, although the utility of health information 

exchanges in improving information continuity between settings 

of care is still unclear.42

Another limitation is our approach to determining whether the 

readmission was for the same or a different reason. We chose to 

start with MDCs, the largest “bucket” of diagnosis groups, for several 

reasons. First, because this was a secondary data analysis, we cannot 

account for discrepancies in coding among health professionals. 

We did not want subtle differences in coding to place a patient in 

the “readmission for a different reason” category when in reality 

the readmission was for the same reason. If a patient’s primary 

diagnosis across 2 hospitalizations fell in 2 different MDCs, we 

felt confident that it was substantially different. By first examining 

MDCs, then conducting a focused analysis on MI, CHF, and COPD, 

we have taken both a broad and a more focused approach to 

examine outcomes following a fragmented readmission. As future 

studies continue to examine fragmentation in specific diagnoses 

and patient groups, or in prospective studies in which diagnoses 

can be recorded along the way, researchers will be able to get more 

refined information regarding the role of diagnosis in the impact of 

interhospital fragmentation of care on patient outcomes.

CONCLUSIONS
This study contributes to our increasing understanding of which 

patients are at risk for interhospital care fragmentation and provides 

a more nuanced view of the association between fragmented care 

and patient and hospital-use outcomes. As we move to further 

understand, and eventually intervene on, interhospital care 

fragmentation, we must develop a deeper understanding of which 

patients are at risk for fragmentation, which patients are at risk for 

poor outcomes following fragmentation, and which factors we can 

reasonably target for intervention. n
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eAppendix Figure 1. Data Cleaning Flowchart 

 
 
eAppendix Figure 2. Distribution of Fragmentation Categories Within Each MDC 
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eAppendix Tables 1 and 2. Analysis of All Fragmented v. All Non-Fragmented Patients 
 
eAppendix Table 1. Comparison of Non-Fragmented and Fragmented Groups at Baseline 
Among Adult Patients with 30-Day Readmissions†  

  Not Fragmented 
77.8% (n=614,074) 

Fragmented 
22.1% (n=178,522) P  

Female 
 

54.5% (0.18) 51.0% (0.21) <0.001 
 

Age 
 61.9 

(0.19) 60.2 (0.15) <0.001 
 

Zip income quartile 
 

   
 

1 – 39,999 
 29.5% 

(0.81) 
32.1% 
(0.73) 

<0.001 

 

40,000 – 50,999 
 27.3% 

(0.53) 
27.4% 
(0.45) 

 

51,000 – 65,999 
 23.0% 

(0.45) 
21.5% 
(0.40) 

 

66,000+ 
 20.4% 

(0.78) 
18.9% 
(0.64) 

 

Insurance payer 
 

   
 

Medicare 
 

56.8% (0.44) 55.5% (0.34) 

<0.001 

 

Medicaid 
 

15.3% (0.33) 18.6% (0.34) 
 

Private 
 

21.4% (0.38) 18.3% (0.24) 
 

Self-pay 
 

3.3% (0.14) 4.4% (0.14) 
 

No charge 
 

0.6% (0.09) 0.7% (0.09) 
 

Other 
 2.6% 

(0.13) 
2.6% 
(0.13)  

 

Left AMA (Y) 
 

1.7% (0.05) 4.0% (0.11) <0.001 
 

Drug use (Y) 
 

4.7% (0.12) 8.2% (0.20) <0.001 
 

Alcohol use (Y) 
 5.3% 

(0.10) 
7.3% 
(0.13) <0.001 

 



Elixhauser mortality risk 
score 

 6.2 
(0.05) 5.3 (0.62) <0.001 

 

Length of stay  
(1st admission) 

 5.8 
(0.04) 5.7 (0.04) <0.001 

 

Cost (1st admission) 
 14,360 

(202.2) 13,317 (169.4) <0.001 
 

†All values are shown as mean (SE of mean) or percent (SE of column percent) 
 
eAppendix Table 2. Outcomes during Readmission across Non-fragmented v. Fragmented 
Groups 
  Non-Fragmented Fragmented p  

In-hospital mortality  3.9% (0.05) 4.2% (0.6) <0.001  

Readmission Length-
of-stay  5.5 

(0.03) 5.9 (0.03) <0.001  

Readmission Cost  12,165 
(133.3) 13,200 (89.8) <0.001  

 
eAppendix Table 3. Association between fragmented care and readmission in-hospital 
mortality, length-of-stay (LOS), and costs separately for patients readmitted for the same major 
diagnostic category (MDC) and different MDCa 
 Readmitted for the same MDC  Readmitted for a different MDC 
Outcome Unadjusted Model 1c Model 2d  Unadjusted Model 1c Model 2d 

Readmission 
LOSb (Days) 

0.55 
(0.46-0.64) 

0.54 
(0.45-0.63) 

0.53 
(0.44-0.62)  0.23 

(0.15-0.30) 

0.28 
(0.21-
0.35) 

0.27 
(0.20-
0.34) 

Readmission 
Costb ($) 

1,190 
(822-1559) 

1,487 
(1138-
1835) 

1,507 
(1160-
1854) 

 929 
(644-1215) 

1,330 
(1061-
1600) 

1,351 
(985-
1552) 

a. All estimates correspond to an indicator for fragmented readmission relative to non-
fragmented readmission. 
b. Estimates for LOS and cost correspond to mean difference (95% confidence interval) 
c. Model 1 adjusts for mortality score, alcohol use, drug use, left AMA, age, sex, payer, zip 
income quartile, LOS of the index admission, Cost of the index admission 
d. Model 2 adjust for Model 1 covariates + indicator variables for MDC of readmission  
 
 
eAppendix Tables 4-9. Analysis of Specific Conditions (2014 NRD) 
 
eAppendix Table 4. Comparison of Fragmentation/COPD Groups at Baseline 

 Overall Readmitted for 
COPD 

Readmitted for different 
diagnosis 

Mean/Percent (SE)  SHb DHc 

n = 734  SHb DHc 

n = 2,672  



n = 4,758 
(26.2%) 

(3.9%) n = 9,950 
(55.1%) 

(14.8%) 

Sex (F) 53.6% 
(0.43) 

53.5% 
(0.80) 

50.7% (2.00) 53.9% 
(0.56) 

53.7% (1.10) 

Age 70.0 
(0.13) 

68.8 ± 0.21 67.5 ± 0.45 71.0 ± 0.16 68.9 ± 0.26 

Zip Income Quartile      

1-39,999 34.6% 
(0.97) 

35.6% 
(1.35) 

37.4% (2.00 33.1% 
(1.01) 

38.1% (1.32) 

40,000-50,999 29.5% 
(0.74) 

30.2% 
(1.07) 

27.8% (1.95) 29.3% 
(0.80) 

29.1% (1.20) 

51,000-65,999 20.9% 
(0.63) 

19.1% 
(0.84) 

21.0% (1.78) 22.6% 
(0.76) 

17.8% (0.91) 

66,000+ 15.0% 
(0.74) 

15.1% 
(0.95) 

14.1% (1.44) 15.0% 
(0.80) 

15.1% (0.98) 

Insurance      

Medicare 76.1% 
(0.46) 

74.0% 
(0.77) 

68.0% (1.95) 78.3% 
(0.55) 

73.6% (0.98) 

Medicaid 11.2% 
(0.37) 

12.4% 
(0.58) 

15.3% (1.51) 10.2% 
(0.43) 

12.2% (0.72) 

Private 8.3% 
(0.28) 

8.1% (0.47) 11.0% (1.35) 7.8% (0.33) 10.1% (0.68) 

Self-Pay 2.1% 
(0.13) 

2.7% (0.26) 2.5% (0.58) 1.8% (0.17) 1.7% (0.29) 

No Charge 0.3% 
(0.06) 

0.6% (0.12) NR 0.3% (0.05) NR 

Other 1.9% 
(0.17) 

2.2% (0.28) NR 1.7% (0.22) 2.2% (0.32) 

Left AMA (Y) 2.4% 
(0.12) 

2.2% (0.22) 5.2% (0.84) 1.9% (0.16) 3.5% (0.35) 

Drug Use (Y) 3.8% 
(0.19) 

4.1% (0.35) 6.4% (0.97) 3.2% (0.22) 5.0% (0.45) 

Alcohol Use (Y) 5.1% 
(0.19) 

5.3% (0.35) 6.8% (1.07) 4.7% (0.23) 5.5% (0.49) 

Elixhauser Risk Score 
for Mortality range 

5.7  
(0.09) 

4.0 (0.15) 3.7 (0.34) 6.6 (0.11) 6.0 (0.21) 

Length-of-Stay (1st 
Admission) 

4.6  
(0.04) 

4.2 (0.05) 4.3 (0.17) 4.8 (0.06) 4.7 (0.11) 

Cost of 1st Admission 8,694 
(108) 

7,589 (123) 8,279 (316) 9,075 (143) 9,347 (270) 

aAll values are shown as mean (SE of mean) or percent (SE of column percent) 
bSH: Same hospital, non-fragmented readmission 
cDH: Different hospital, fragmented readmission 
 
 
eAppendix Table 5. Comparison of Fragmentation/MI Groups at Baseline 



 Overall Readmitted for MI Readmitted for different 
diagnosis 

  
SHb 

n = 7.8% 
(1,459) 

DHc 

n = 4.6% 
(904) 

SHb 

n = 70.6% 
(13,102) 

DHc 

n = 16.9% 
(3,265) 

Sex (F) 42.1% 
(0.42) 

40.7% 
(1.54) 

35.9% 
(1.77) 

42.4% (0.51) 42.7% 
(0.94) 

Age 69.7 
(0.14) 

69.9 (0.42) 68.3 
(0.46) 

69.7 (0.16) 69.7 (0.28) 

Zip Income Quartile      

1-39,999 30.1% 
(0.94) 

35.2% 
(1.71) 

26.9% 
(1.80) 

29.7% (1.02) 30.1% 
(1.21) 

40,000-50,999 28.8% 
(0.69) 

27.1% 
(1.39) 

27.6% 
(1.86) 

28.8% (0.77) 30.1% 
(1.03) 

51,000-65,999 22.4% 
(0.65) 

21.6% 
(1.29) 

23.9% 
(1.68) 

22.6% (0.72) 21.6% 
(0.94) 

66,000+ 18.7% 
(0.79) 

16.2% 
(1.28) 

21.7% 
(1.76) 

18.9% (0.87) 18.2% 
(1.00) 

Insurance      

Medicare 67.5% 
(0.52) 

67.7% 
(1.43) 

64.0% 
(1.76) 

67.5% (0.58) 68.4% 
(0.97) 

Medicaid 8.3% 
(0.28) 

8.6% 
(0.80) 

9.1% 
(1.06) 

8.2% (0.31) 8.4% (0.51) 

Private 17.4% 
(0.42) 

16.8% 
(1.21) 

19.4% 
(1.42) 

17.5% (0.47) 17.0% 
(0.73) 

Self-Pay 3.7% 
(0.21) 

3.7% 
(0.52) 

4.3% 
(0.76) 

3.7% (0.23) 3.9% (0.389 

No Charge 0.6% 
(0.10) 

NR NR 0.6% (0.12) NR 

Other 2.4% 
(0.18) 

2.3% 
(0.40) 

2.8% 
(0.68) 

2.5% (0.22) 2.0% (0.27) 

Left AMA (Y) 1.9% 
(0.11) 

4.1% 
(0.62) 

4.4% 
(0.72) 

1.1% (0.09) 3.3% (0.35) 

Drug Use (Y) 3.1% 
(0.15) 

3.0% 
(0.47) 

2.9% 
(0.55) 

2.9% (0.18) 4.1% (0.39) 

Alcohol Use (Y) 3.4% 
(0.15) 

3.0% 
(0.48) 

2.8% 
(0.52) 

3.3% (0.19) 4.0% (0.37) 

Elixhauser Risk Score 
for Mortality range  

4.6 (0.08) 3.8 (0.23) 2.5 (0.25) 4.8 (0.10) 4.6 (0.17) 

Length-of-Stay (1st 
Admission) 

5.5 (0.06) 4.0 (0.10) 2.4 (0.10) 5.8 (0.06) 5.7 (0.15) 

Cost of 1st Admission 22,223 
(297) 

16,536 
(428) 

10,224 
(408) 

23,671 (324) 21,934 
(515) 

aAll values are shown as mean (SE of mean) or percent (SE of column percent) 
bSH: Same hospital, non-fragmented readmission 
cDH: Different hospital, fragmented readmission 



 
 
eAppendix Table 6. Comparison of Fragmentation/CHF Groups at Baseline 

 Overall 
 

Readmitted for CHF 
  Readmitted for 

different 
diagnosis 

  

 SHb 

n = 10,571 
(29.8%) 

DHc 

n = 
2,490 
(6.9%) 

 SHb 

n = 17,261 
(49.5%) 

DHc 
N=4,936 
(13.8%) 

Female 
48.0% 
(0.31) 

 46.4% 
(0.56) 

41.7% 
(1.10) 

 50.2% 
(0.42) 

46.5% (0.76) 

Age 
72.8 
(0.2) 

 72.4 
(0.26) 

68.1 
(0.39) 

 73.8 
(0.19) 

72.0 (0.26) 

Zip income quartile 
       

1 – 39,999 
32.5% 
(0.90) 

 33.3% 
(1.05) 

37.5% 
(1.35) 

 31.2% 
(0.98) 

33.3% (1.01) 

40,000 – 
50,999 

27.2% 
(0.62) 

 27.1% 
(0.80) 

26.3% 
(1.17) 

 27.3% 
(0.70) 

27.5% (0.88) 

51,000 – 
65,999 

21.5% 
(0.57) 

 21.3% 
(0.71) 

20.1% 
(1.02) 

 21.8% 
(0.67) 

21.4% (0.77) 

66,000+ 
18.8% 
(0.76) 

 18.3% 
(0.85) 

16.1% 
(1.00) 

 19.7% 
(0.88) 

17.5% (0.92) 

Insurance payer 
       

Medicare 
77.9% 
(0.47) 

 76.1% 
(0.69) 

68.3% 
(1.22) 

 80.6% 
(0.50) 

76.9% (0.73) 

Medicaid 
9.1% 
(0.30) 

 10.4% 
(0.47) 

14.5% 
(0.86) 

 7.4% 
(0.30) 

9.6% (0.47) 

Private 
8.8% 
(0.27) 

 8.7% 
(0.38) 

10.0% 
(0.69) 

 8.6% 
(0.33) 

9.4% (0.489 

Self-pay 
2.2% 
(0.14) 

 2.7% 
(0.21) 

4.4% 
(0.47) 

 1.7% 
(0.14) 

2.2% (0.23) 

No charge 
0.3% 
(0.05) 

 0.3% 
(0.07) 

NR  0.3% 
(0.07) 

NR 

Other 
1.7% 
(0.13) 

 1.8% 
(0.18) 

2.1% 
(0.33) 

 1.5% 
(0.15) 

1.7% (0.24) 

Left AMA (Y) 
1.7% 
(0.08) 

 1.8% 
(0.14) 

4.8% 
(0.46) 

 1.0% 
(0.08) 

2.6% (0.24) 



Drug use (Y) 
3.3% 
(0.14) 

 3.8% 
(0.26) 

7.0% 
(0.57) 

 2.3% 
(0.14) 

3.7% (0.30) 

Alcohol use (Y) 
3.2% 
(0.12) 

 3.3% 
(0.19) 

4.4% 
(0.43) 

 3.0% 
(0.15) 

3.4% (0.27) 

Elixhauser 
mortality risk score 

6.6 
(0.07) 

 6.6 (0.10) 5.6 
(0.19) 

 6.8 (0.09) 6.4 (0.14) 

Length of stay  
(1st admission) 

5.7 
(0.07) 

 5.4 (0.07) 5.0 
(0.10) 

 6.1 (0.10) 5.6 (0.10) 

Cost (1st admission) 
12,336 
(273) 

 10,904 
(201) 

9,662 
(219) 

 13,760 
(453) 

11,662 (247) 

aAll values are shown as mean (SE of mean) or percent (SE of column percent) 
bSH: Same hospital, non-fragmented readmission 
cDH: Different hospital, fragmented readmission 
 
eAppendix Table 7. Outcomes During Readmission Across Fragmentation/COPD Groups 
 Overall Readmitted for 

COPD 
Readmitted for a different 

diagnosis 
  SHa DHb SHa DHb 

In-hospital mortality 5.0% 
(0.19) 

2.0% 
(0.23) 

2.3% 
(0.66) 

5.9% (0.27) 7.4% (0.54) 

Readmission Length-
of-stay 

5.4 (0.05) 4.6 (0.06) 4.5 (0.13) 5.6 (0.06) 6.2 (0.16) 

Readmission Cost 11,197 
(129) 

8,483 
(168) 

8,749 
(330) 

11,888 (179) 14,085 (331) 

aSH: Same hospital, non-fragmented readmission 
bDH: Different hospital, fragmented readmission 
 
eAppendix Table 8. Outcomes During Readmission Across Fragmentation/MI Groups 
 Overall  Readmitted for MI  Readmitted for a 

different diagnosis 
   SHa DHb  SHa DHb 

In-hospital 
mortality 

5.0% 
(0.18)  8.6% 

(0.85) 
4.4% 
(0.73)  4.6% (0.20) 5.0% (0.43) 

Readmission 
Length-of-stay 

4.7 (0.04)  4.2 (0.11) 5.1 (0.23)  4.7 (0.05) 4.9 (0.10) 

Readmission Cost 14,030 
(190)  16,900 

(461) 
23,830 
(1121)  12,939 

(215) 
14,787 
(463) 

aSH: Same hospital, non-fragmented readmission 
bDH: Different hospital, fragmented readmission 
 
 



eAppendix Table 9. Outcomes During Readmission Across Fragmentation/CHF Groups 
 Overall  Readmitted for CHF   Readmitted for a different 

diagnosis 
   SHa DHb  SHa DHb 

In-hospital mortality 6.4% 
(0.15)  4.7% 

(0.25) 
3.8% 
(0.45)  7.1% (0.23) 9.1% (0.49) 

Readmission 
Length-of-stay 

5.8 (0.05)  5.6 (0.09)  6.1 (0.12)  5.7 (0.08) 6.3 (0.09) 

Readmission Cost 13,685 
(206)  11,814 

(347) 
14,653 
(552)  13,618 (275) 17,485 (327) 

aSH: Same hospital, non-fragmented readmission 
bDH: Different hospital, fragmented readmission 
 
 
eAppendix Tables 10-12. Analysis of 2013 NRD 
 
eAppendix Table 10. Comparison of Fragmentation/MDC Groups at Baseline Among Adult 
Patients with 30-Day Readmissions†  

 Overall  Readmitted for same 
MDC 

 Readmitted for different 
MDC 

  

 SH‡ 

n = 
280,384 
(36.6%) 

DH§ 

n = 
67,845 
(8.7%) 

 SH‡ 

n = 
318,726 
(41.8%) 

DH§ 

n = 100,273 
(11.7%) 

Female 54.2% 
(0.17) 

 56.5% 
(0.28) 

51.6% 
(0.31) 

 53.5% 
(0.16) 

51.4%  
(0.21) 

Age 61.6 
(0.17) 

 56.7 
(0.22) 

55.8 
(0.21) 

 66.3 
(0.19) 

63.9 
(0.14) 

Zip income quartile  
 

  
 

  

1 – 39,999 30.3% 
(0.78) 

 30.0% 
(0.82) 

33.6% 
(0.78) 

 29.3% 
(0.83) 

32.1% 
(0.71) 

40,000 – 
50,999 

27.1% 
(0.50) 

 27.0% 
(0.52) 

27.1% 
(0.47) 

 27.1% 
(0.55) 

27.3% 
(0.44) 

51,000 – 
65,999 

23.5% 
(0.44) 

 23.8% 
(0.46) 

21.5% 
(0.43) 

 23.9% 
(0.46) 

22.6% 
(0.40) 

66,000+ 19.2% 
(0.71) 

 19.2% 
(0.74) 

17.8% 
(0.63) 

 19.7% 
(0.77) 

18.0% 
(0.61) 

Insurance payer  
 

  
 

  

Medicare 56.4% 
(0.41) 

 47.4% 
(0.46) 

47.1% 
(0.41) 

 64.5% 
(0.48) 

61.7% 
(0.33) 



Medicaid 14.5% 
(0.30) 

 18.1% 
(0.40) 

21.3% 
(0.45) 

 10.3% 
(0.25) 

13.4% 
(0.27) 

Private 20.8% 
(0.33) 

 25.2% 
(0.42) 

20.8% 
(0.32) 

 18.1% 
(0.36) 

16.8% 
(0.27) 

Self-pay 4.5% 
(0.14) 

 4.9% 
(0.16) 

6.5% 
(0.18) 

 3.6% 
(0.16) 

4.6% 
(0.13) 

No charge 0.7% 
(0.08) 

 0.8% 
(0.10) 

0.8% 
(0.11) 

 0.6% 
(0.08) 

0.6% 
(0.07) 

Other 3.2% 
(0.13) 

 3.6% 
(0.15) 

3.5% 
(0.14) 

 2.9% 
(0.13) 

3.0% 
(0.12) 

Left AMA (Y) 2.1% 
(0.05) 

 2.1% 
(0.06) 

5.1% 
(0.16) 

 1.2% 
(0.04) 

3.1% 
(0.10) 

Drug use (Y) 4.8% 
(0.11) 

 5.1% 
(0.15) 

8.4% 
(0.24) 

 3.4% 
(0.10) 

6.2% 
(0.15) 

Alcohol use (Y) 5.4% 
(0.09) 

 5.0% 
(0.10) 

6.8% 
(0.16) 

 5.0% 
(0.10) 

7.1% 
(0.14) 

Elixhauser 
mortality risk score 

5.8 
(0.05) 

 4.1 
(0.05) 

3.6 
(0.07) 

 7.5 
(0.06) 

6.3 
(0.07) 

Length of stay  
(1st admission) 5.7 (0.04) 

 5.2 
(0.07) 

5.1 
(0.04) 

 6.2 
(0.04) 

6.1 
(0.05) 

Cost (1st admission) 13,877 
(177.7) 

 11,960 
(172.4) 

10,843 
(162.1) 

 15,895 
(215.4) 

14,821 
(189.0) 

†All values are shown as mean (SE of mean) or percent (SE of column percent) 
‡SH: Same hospital, non-fragmented readmission 
§DH: Different hospital, fragmented readmission 
 
eAppendix Table 11. Outcomes during readmission across fragmentation/MDC groups 
 Overall  Readmitted for the same 

MDC 
 Readmitted for a different 

MDC 
   SH† DH‡  SH† DH‡ 

In-hospital 
mortality 

3.9% 
(0.04)  2.6% 

(0.04) 
3.0% 
(0.07)  4.9% 

(0.07) 
5.0% 
(0.09) 

Readmission 
Length-of-stay 

5.6 
(0.02)  5.3 

(0.04) 
5.8 

(0.04)  5.7 
(0.03) 

5.9 
(0.03) 

Readmission 
Cost 

12,139 
(102.79)  11,816 

(146.2) 
13,008 
(128.2)  12,008 

(120.8) 
12,894 
(88.7) 

†SH: Same hospital, non-fragmented readmission 
‡DH: Different hospital, fragmented readmission 
 



eAppendix Table 12. Association between fragmented care and readmission in-hospital 
mortality, LOS, and costs separately for patients readmitted for the same MDC and different 
MDC† 

 Readmitted for the same MDC  Readmitted for a different MDC 
Outcome Unadjusted Model 1¶ Model 2¥  Unadjusted Model 1¶ Model 2¥ 

In-hospital 
mortality‡ 

1.17 
(1.11-1.23) 

1.25 
(1.18-
1.32) 

1.27 
(1.20-1.34)  1.04 

(1.01-1.08) 

1.18 
(1.14-
1.23) 

1.21 
(1.17-
1.26) 

Readmission 
LOS§ 

0.15 
(0.06-0.25) 

0.43 
(0.33-
0.53) 

0.45 
(0.35-0.55)  0.58 

(0.49-0.67) 

0.38 
(0.29-
0.47) 

0.34 
(0.25-
0.43) 

Readmission 
Cost§ 

1,000 
(663-1336) 

1,936 
(1605-
2267) 

1,895 
(1568-
2223) 

 1078 
(743-1412) 

634 
(308-
961) 

715 
(387-
1044) 

†All estimates correspond to an indicator for fragmented readmission relative to non-fragmented 
readmission. 
‡Estimates for mortality correspond to odds ratios (95% confidence intervals) 
§Estimates for LOS and cost correspond to mean difference (95% confidence interval) 
¶Model 1 adjusts for mortality score, alcohol use, drug use, left AMA, age, sex, payer, zip 
income quartile 
¥Model 2 adjust for Model 1 covariates + indicator variables for MDC of readmission  
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