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Abstract

Objective: To examine outpatient care fragmentation and its association with future

hospitalization among patients at high risk for hospitalization.

Data Sources: Veterans Affairs (VA) and Medicare data.

Study Design: We conducted a longitudinal study, using logistic regression to exam-

ine how outpatient care fragmentation in FY14 (as measured by number of unique

providers, Breslau's Usual Provider of Care (UPC), Bice-Boxerman's Continuity of

Care Index (COCI), and Modified Modified Continuity Index (MMCI)) was associated

with all-cause hospitalizations and hospitalizations related to ambulatory care sensi-

tive conditions (ACSC) in FY15. We also examined how fragmentation varied by

patient's age, gender, race, ethnicity, marital status, rural status, history of homeless-

ness, number of chronic conditions, Medicare utilization, and mental health care

utilization.
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Data Extraction Methods: We extracted data for 130,704 VA patients ≥65 years old

with a hospitalization risk ≥90th percentile and ≥ four outpatient visits in the

baseline year.

Principal Findings: The mean (SD) of FY14 outpatient visits was 13.2 (8.6). Fragmen-

ted care (more providers, less care with a usual provider, more dispersed care based

on COCI) was more common among patients with more chronic conditions and those

receiving mental health care. In adjusted models, most fragmentation measures were

not associated with all-cause hospitalization, and patients with low levels of fragmen-

tation (more concentrated care based on UPC, COCI, and MMCI) had a higher likeli-

hood of an ACSC-related hospitalization (AOR, 95% CI = 1.21 (1.09-1.35), 1.27

(1.14-1.42), and 1.28 (1.18-1.40), respectively).

Conclusions: Contrary to expectations, outpatient care fragmentation was not asso-

ciated with elevated all-cause hospitalization rates among VA patients in the top 10th

percentile for risk of admission; in fact, fragmented care was linked to lower rates of

hospitalization for ACSCs. In integrated settings such as the VA, multiple providers,

and dispersed care might offer access to timely or specialized care that offsets risks

of fragmentation, particularly for conditions that are sensitive to ambulatory care.

K E YWORD S

care fragmentation, continuity of care, multimorbidity, health system outcome models, care
coordination

What is known on this topic

• Care fragmentation (dispersion of a patient's care across clinicians and health care settings) is

a common challenge for patients, particularly for those with multiple chronic conditions.

• Fragmentation within primary care and across multiple prescribers and settings has been

associated with higher rates of hospitalization and emergency department visits.

What this study adds

• In this study of Veterans Affairs patients at high-risk for hospitalization, fragmented care

(more providers, less care with a usual provider, more dispersed care) was more common

among patients with more chronic conditions and those receiving mental health care.

• Contrary to expectations, we found that fragmented outpatient care did not increase risk of

future all-cause hospitalization among patients in the top 10th percentile for the VA patient

population, and in fact was associated with a lower likelihood of hospitalization for ambula-

tory care-sensitive conditions.

1 | INTRODUCTION

Care fragmentation—dispersion of a patient's care across clinicians

and health care settings—is a common challenge, particularly for

patients with multiple chronic conditions.1–5 One study found that

Medicare beneficiaries with ≥7 chronic conditions (38% of those

enrolled) saw a median of eight specialists working in seven different

practices.6 Given the prevalence of this issue, there is a need for a

greater understanding of fragmentation patterns and their conse-

quences across different settings.

System-level care fragmentation is a relatively new area of

inquiry, however primary care fragmentation (and the related concept

of continuity) has been the focus of investigation for decades.7–11

Systematic reviews of continuity measures12,13 suggest that the most

common measures of primary care continuity focus on density or con-

centration of care with a single provider (e.g., Breslau's Usual Provider

of Care (UPC) measure)14 or dispersion of care across multiple pro-

viders (e.g., Bice-Boxerman's Continuity of Care Index (COCI)).15 In

recent years, several studies have adapted these and other measures

to examine care fragmentation across all outpatient providers,16,17

and have also developed and evaluated a number of measures that

reflect the fragmentation of care across health systems,18,19 although

additional validation of outpatient care fragmentation measures is

needed to inform policy and practice.
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Substantial literature has documented the potential risks associated

with fragmented care, including information loss, adverse medication

interactions, duplicative tests, and unwieldy self-care regimens.20–23

Fragmentation within primary care and across multiple prescribers has

been associated with higher rates of hospitalization and emergency

department (ED) visits.24–28 Fragmentation across health systems and/or

payers has also been linked to increased risk of acute care utilization, as

well as poor clinical outcomes.29–37 One recent study found that Vet-

erans Affairs (VA) patients who receive opioid prescriptions from both

VA and Medicare participating providers are at higher risk for opioid

overdose.38

Despite the literature suggesting that fragmented care is associ-

ated with negative consequences, many patients require care from

multiple providers and across multiple settings. This is particularly true

for individuals with complex medical issues, many of whom are at the

most elevated risk for poor outcomes such as hospitalization. Under-

standing the consequences of fragmented care in these patients could

inform system-level risk-reduction interventions. In this study, we

sought to advance understanding of the consequences of care frag-

mentation among patients within an integrated delivery system who

were at high-risk for hospitalization. Using national VA data, we char-

acterized outpatient care fragmentation patterns among VA patients

whose risk of one-year hospitalization was in the top 10th percentile

for the VA system. We then evaluated the relationship between frag-

mented care and hospitalizations in the following year.

2 | METHODS

2.1 | Study population and data sources

The study cohort comprised individuals aged 65 and older who

received VA care in fiscal year 2014 (FY14) and were continuously

enrolled in Medicare Fee-for-Service (FFS) Part A & Part B in

FY14-15. Analyses focused on patients who were at high-risk for one-

year hospitalization based on an established VA Care Assessment

Need (CAN) risk score39 that is calculated weekly for all VA outpa-

tients; patients were included if their last recorded CAN score in FY14

was ≥90, indicating a risk that was in or above the 90th percentile for

the VA patient population, and if they were alive at the end of that

year. The study used a cut-point of 90th percentile because this is the

cut-point used operationally by VA program offices such as VA's

Office of Primary Care to identify patients who are eligible for inten-

sive outpatient programs and other services.40,41 This cut-point iden-

tifies patients with a range of risk for one-year hospitalization, from

20 to 30% probability among those with a CAN score of 90, to 58 to

95% probability among those with a CAN score of 99. Previous stud-

ies suggest that there is minimal variation in care fragmentation for

patients with three or fewer visits,42–44 so we excluded patients with

less than four outpatient visits (Appendix S2). For all included patients,

we analyzed data for VA care, VA-purchased community care (hereaf-

ter referred to as “Community Care”), and care covered by Medicare

for FY14-15.45

2.2 | Care fragmentation measures

Analyses focused on measures that reflect fragmentation of outpa-

tient visit encounters, in VA, Community Care and Medicare. To com-

bine care use across these systems, we used a modification of the

classification algorithm presented in Burgess, et al.46 We defined an

eligible encounter as a clinic- or home-based visit for evaluation and

management (E&M), care coordination, or psychotherapy and other

mental health services (as defined by Current Procedural Terminology

[CPT] and Health care Common Procedure Coding System [HCPCS]

codes). Using provider specialty codes, we included medical care visits

conducted by a physician, nurse practitioner (NP), or physician assis-

tant (PA); for mental health care visits, we included visits with a psy-

chiatrist, psychologist, or licensed clinical social worker. Within VA

only, residents were identified using provider taxonomy code. Outpa-

tient visits were categorized as primary care, mental health care, or

specialty medical and surgical care based on VA Stop Code (VA care)

and provider specialty (Community Care and Medicare).46 Due to lim-

ited detail about NP and PA specialty in Community Care and Medi-

care, these NP/PA claims were grouped as a category without

specialty. National Provider Index (NPI) was used to identify unique

providers and calculate all measures. Urgent care and ED visits were

not included in outpatient care visits given that emergency care is

often a precursor to hospitalization, the study outcome. Appendix S1

describes additional information about the specific data sources and

identification of encounters and providers used in constructing care

fragmentation measures.

We constructed four outpatient care fragmentation measures for

FY14 (Table 1): provider count (number of unique providers), concen-

tration of care with an empirically defined “usual provider” using

Breslau's Usual Provider of Care (UPC), care dispersion across pro-

viders using Bice-Boxerman's Continuity of Care Index (COCI), and an

adaption of this measure, the Modified Modified Continuity Index

(MMCI). We also used the UPC measure to identify the “usual pro-
vider” (i.e., the clinician who the patient saw most frequently), and

categorized these clinicians as primary care, mental health care, spe-

cialty/surgical care, and NP/PA (in Community Care and Medicare). In

cases of a tie for UPC, we assigned provider type in order of primary

care, NP/PA, mental health, and specialty/surgical.

2.3 | Outcome measures and covariates

The primary dependent variable of interest was the occurrence of an

all-cause VA, Community Care, or Medicare hospitalization in FY15.

Secondary analyses examined hospitalizations for ambulatory care

sensitive conditions (ACSCs), admissions that some consider to be

more sensitive to optimal ambulatory care and high-quality care coor-

dination (Appendix S2).47

We measured patient characteristics potentially related to frag-

mentation and hospitalization including demographic characteristics,

clinical characteristics, and health care utilization. Data from VA's

Observation Medical Outcomes Partnership (OMOP) was used for
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gender, race, ethnicity, and date of death. The transformation relies

on available VA race and ethnicity data following VA-defined best

practices. Marital status was derived from VA enrollment data

reflecting the last recorded status in FY14. Geocoded enrollment data

provided information on rurality, based on Rural Urban Community

Area48 and patient's nearest VA facility providing ambulatory and

inpatient care. History of homelessness was computed using the pres-

ence of the International Classification of Diseases, Ninth Revision

(ICD-9) V60.0 code. Chronic conditions were identified using ICD-9

diagnosis codes for 47 conditions as categorized by the Agency for

Healthcare Research and Quality49 and VA's Women's Health Evalua-

tion Initiative.50 Conditions were coded as present if they occurred in

two outpatient or one inpatient visit in FY14 in VA, Community Care

or Medicare. Total number of FY14 visits and any mental health visit

were calculated based on care in VA, Community Care and Medicare.

Medicare enrollment in FFS Parts A & B was assessed using the Mas-

ter Beneficiary Summary File.

2.4 | Statistical analysis

We examined the properties of the care fragmentation measures by

generating histograms and scatterplots for each measure and calculat-

ing Pearson correlation coefficients for each pair of measures. We

used nonparametric tests (Wilcoxon for binary and Kruskal-Wallis for

multi-category characteristics) to examine variation in each care frag-

mentation measure by patient characteristics, including age, gender,

marital status, race, ethnicity, rurality, history of homelessness, num-

ber of chronic conditions, number of visits, Medicare visits, and indica-

tor for any mental health visit.

We used mixed effects logistic models (using the glmer function

from the lmerTest package in R51) to test the association between

care fragmentation in FY14 and (1) any hospitalization, and (2) ACSC

hospitalization in FY15. In post-hoc secondary analyses for models

with the primary outcome, we examined whether fragmentation inter-

acted with clinical characteristics such as number of chronic condi-

tions and use of mental health care, and ran exploratory models

stratified by these factors. Because of the competing risk of death, we

also ran models excluding those who died in the follow-up year as a

sensitivity analysis. In addition, for models with the primary out-

come, we fit competing risk survival models with hospitalization as

the outcome of interest and death treated as a competing risk

(using the coxph function from the survival package in R). In the

development of the models, we fit restricted cubic splines with the

rcspline.plot function of the Hmisc package52 in R to test the linear-

ity of the care fragmentation measure terms in the logistic models.

With the exception of number of providers for ACSC hospitaliza-

tions, the models indicated that fragmentation measures could be

treated as linear. Therefore, for the majority of models we included

all measures as linear terms; the only exception was the inclusion

of a linear spline with a knot at seven for number of providers in

models for ACSC hospitalization. The patient's nearest VA facility

providing ambulatory and inpatient care was included as a random

effect (n = 165).

We conducted multiple imputation by chained equations with the

mice package53 in R to address missing data in race, ethnicity, marital

status, and rurality. We used five imputed data sets as only a small

proportion (<4%; Table 2) of Veterans had any missing values, and we

used all default options of the mice function. All analyses were per-

formed using SAS for Windows version (9.4) and R version (3.6).54 All

tests were two-sided and p ≤ 0.05 was considered statistically

significant.

This study was approved by the VA Palo Alto Health Care System

Research & Development Committee and Stanford University Institu-

tional Review Board.

3 | RESULTS

3.1 | Patient characteristics

For the 130,704 patients who met study criteria (Appendix S1), 97.7%

were male, 78.8% were White, and the mean (SD) number of condi-

tions was 9.0 (4.0) (Table 2). The most common chronic conditions

were hypertension (84.2%), lipid disorders (64.8%), diabetes (52.1%),

joint disorders (51.4%), and depression (31.0%) (Appendix S3).

TABLE 1 Fragmentation measures

Measure Formula Definition Range

Provider Count p Number of unique providers 0 to p (higher number = greater fragmentation across

outpatient providers)

UPC max ni
n

� �
Density of care with the most frequently seen provider 0 to 1 (higher number = greater proportion of visits

with one provider)

COCI PP

i¼1

n2i – n

n n�1ð Þ

Dispersion of care across providers 0 to 1 (higher number = care more concentrated

among providers)

MMCI 1� p
nþ0:1ð Þ

1� 1
nþ0:1ð Þ

Dispersion of care across providers 0 to 1 (higher number = care more concentrated

among providers)

Note: p, total number of providers; n, total visits to outpatient care; ni, number of visits to pi. UPC, Usual Provider of Care; COCI, Bice-Boxerman's

Continuity of Care Index; MMCI Modified Modified Continuity Index.

ZULMAN ET AL. 767Health Services Research



The mean (standard deviation [SD]) number of total outpatient

visits during FY14 was 13.2 (8.6); most patients in the sample (81.1%)

had six or more visits, and 38.3% had a mental health visit. Approxi-

mately one-third of the sample (32.8%) had at least one non-VA out-

patient visit covered by Medicare in FY14 (Table 2); 9.9% (12,897)

had a VA-purchased Community Care visit. More than half (57.8%) of

the study cohort were hospitalized in the baseline year.

3.2 | Care fragmentation measures: distribution
and characteristics

The distribution of measures and their correlations are presented in

Figure 1; median (IQR) values for each measure are in Appendix S4.

Based on the UPC measure, the most common clinician identified as

the “usual provider” was a primary care clinician (57.7%) followed by

a specialist (26.7%), and a mental health care provider (14.8%). For the

vast majority of patients (88.7%), the usual provider was located in

the VA health system. COCI and MMCI were strongly correlated

(r = 0.77), which reflects the fact that they measure the same dimen-

sion of fragmentation. UPC was correlated strongly with COCI

(r = 0.93) and moderately with MMCI (r = 0.64). The number of pro-

viders was negatively correlated with UPC (r = �0.63), COCI

(r = �0.51), and MMCI (r = �0.25) (Figure 1).

Mental health care utilization, Medicare outpatient utilization,

and the number of chronic conditions were associated with slightly

more fragmented care across most measures (see Appendices S4 and

S5). Although statistically significant differences were observed for

other characteristics, most differences were not clinically meaningful.

The associations between patient characteristics and fragmentation

that were observed for number of providers, UPC, and COCI were not

observed for MMCI, and in fact, the relationship between several

characteristics (including chronic conditions and number of visits) was

reversed (Appendices S4 and S5).

3.3 | Association between fragmentation and
future hospitalization risk

Close to half (46.1%, 60,262) of the observed patients were hospi-

talized in FY15, 14.5% (19,020) had an ACSC hospitalization, and

14.2% (18,564) died. In unadjusted analyses, patients with a greater

number of providers at baseline had a higher rate of hospitalization

the following year (Figure 2); the unadjusted relationships with hos-

pitalization were modest for most other fragmentation measures

(Appendix S6).

In adjusted analyses, there was a relationship between provider

count in FY14 and all-cause hospitalization in FY15, with 1% higher

odds of hospitalization per provider (AOR 1.01 [1.00, 1.01]); there

were no statistically significant independent relationships between

UPC, COCI, and MMCI and occurrence of all-cause hospitalization in

FY15 (Table 3). For ACSC hospitalization, among those with fewer

than seven providers, the odds of ACSC hospitalization decreased for

each additional provider; among those with seven or more providers,

there was no relationship with ACSC hospitalization. UPC, COCI, and

MMCI all had a positive association with ACSC hospitalization, such

that those with less fragmented care had higher odds of an ACSC hos-

pitalization: (UPC AOR 1.21, (1.09, 1.35), COCI AOR 1.27 (1.14, 1.42),

MMCI AOR 1.28 (1.18, 1.40) (Table 3). Because a difference of 1 is

the entire range for these outcomes, the effect for a smaller differ-

ence is more meaningful. For a difference of 0.2 on UPC, COCI, and

MMCI these odds ratios correspond to point estimates of 3.9%, 4.9%,

TABLE 2 Study population baseline characteristics (N = 130,704)

N %

Gender

Female 3035 2.3

Male 127,669 97.7

Age, Mean (SD) 73.7(7.9) —

65–74 83,106 63.6

75–84 31,113 23.8

85+ 16,485 12.6

Marital status

Married 60,846 46.6

Not Married 69,334 53.0

Missing 524 0.4

Race

White 102,955 78.8

Non-white 22,877 17.5

Missing 4872 3.7

Ethnicity

Hispanic or Latino 4793 3.7

Not Hispanic or Latino 121,943 93.3

Missing 3968 3.0

Geographic location/rurality

Highly Rural/ Rural 48,919 37.4

Urban 81,784 62.6

Missing 1 0.0

History of Homelessness 4356 3.3

Chronic Conditions, Mean (SD) 9.0 (4.0)

<=5 24,867 19.03

6–7 25,899 19.82

8–9 26,704 20.43

10–12 28,919 22.13

13+ 24,315 18.60

VA, Community Care and Medicare

Outpatient Visits, Mean (SD)

13.2 (8.6)

4–6 24,786 19.0

7–9 27,575 21.1

10–12 23,606 18.1

13–17 26,228 20.1

18+ 28,509 21.8

Any Medicare Visit 42,820 32.8

Any Mental Health Visit 50,003 38.3
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F IGURE 1 Fragmentation measure distributions and correlations. Panels A-D illustrate the study population's fragmentation by (A) number of

providers, (B) Usual Provider of Care (UPC), (C) Bice-Boxerman's Continuity of Care Index (COCI), (D) Modified Modified Continuity Index
(MMCI). Panel E illustrates the correlation among fragmentation measures using scatter plots, with the strength of correlation reflected by the
corresponding circle size and density

F IGURE 2 Unadjusted relationship between 12-month outpatient care fragmentation in FY14 and hospitalizations in FY15. UPC Usual
Provider of Care; COCI Bice-Boxerman's Continuity of Care Index; MMCI Modified Modified Continuity Index. For all fragmentation measures,
the panels depict the lowest quintile (most consolidated care) on the left, and the highest quintile (most dispersed care) on the right
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and 5.1% higher odds of hospitalization. Odds ratios for the full

models are available in Appendix S7.

In sensitivity analyses excluding those who died in FY15, provider

count remained significant for any hospitalization, and patients with

more fragmented care as measured by MMCI were more likely to be

hospitalized (Table 3). UPC and COCI were not significant in these

models. In sensitivity analyses for the primary outcome that used a

competing risks survival model, the hazard ratios yielded similar pat-

terns to the original models (Appendix S8). For ACSC hospitaliza-

tions, relationships were similar to those observed in the full

cohort. In post-hoc exploratory models stratifying by number of

chronic conditions, no significant differences were found for those

with 6 to 10 chronic conditions. For patients with ≤5 conditions,

having more concentrated care as measured by higher UPC and

COCI was associated with a higher likelihood of hospitalization. For

those with 10 or more conditions, having more concentrated care

as measured by having fewer providers and higher MMCI was asso-

ciated with a lower likelihood of hospitalization. Analyses stratified

by the presence of any mental health care utilization suggest that

patients with such use have a higher likelihood of hospitalization

when their care is more fragmented. These exploratory analyses

are presented in Appendix S8.

4 | DISCUSSION

This study of VA patients at high-risk for hospitalization offers novel

insights about fragmentation measures and associated outcomes in

patients with high levels of health care utilization. We found that indi-

viduals with greater medical complexity and mental health care

utilization experienced more outpatient care fragmentation, but the

association between this fragmentation and all-cause hospitalization

was close to zero after adjusting for clinical and sociodemographic

factors. Surprisingly, our findings suggest that among VA patients in

the top 10th percentile for hospitalization risk, having multiple pro-

viders and dispersed care was associated with a lower likelihood of

ACSC hospitalization.

Our findings that most outpatient care fragmentation measures

were not associated with all-cause hospitalization in this high-risk

patient population calls into question the general assumption that

fragmented care is always a problem. Previous research in the VA

health care system found that fragmentation across multiple pre-

scribers was associated with increased hospitalization and ED visit

rates,28 and that fragmentation across health systems (e.g., dual use of

VA and Medicare) was linked to poor clinical outcomes for a range of

conditions and increased all-cause hospitalization.24,29–36 Our study

adds to this literature by suggesting that in VA patients who are at

particularly high-risk for hospitalization, care fragmentation might not

be a major independent contributor to all-cause hospitalization. This

might be due to other factors driving hospitalization outcomes in

these patients, or it might reflect the fact that many patients who are

at extremely high risk for hospitalization require dispersed care to

meet their needs. There may also be organizational factors specific to

the VA, including its robust interoperable electronic health record,

well-established patient centered medical home program,55 and care

coordination programs such as home telehealth,56 that mitigate the

risks of fragmented care in this setting. Outside the VA, fragmentation

patterns vary substantially across physicians and regions,57 suggesting

important contributors related to organizational structure and

behavior.

TABLE 3 Adjusted relationship between outpatient care fragmentation in FY14 and hospitalization in FY15

Outcome Measurea
Adjusted odds ratiob (95% confidence interval)

Full cohort Sensitivity analysisc

Any Hospitalization Provider count 1.01 (1.00–1.01) 1.02 (1.01–1.02)

UPC 1.06 (0.98–1.14) 0.97 (0.90–1.06)

COCI 1.04 (0.96–1.13) 0.96 (0.88–1.05)

MMCI 0.98 (0.92–1.04) 0.91 (0.85–0.97)

Any ACSC Hospitalization Provider count <7 0.96 (0.95–0.98) 0.97 (0.95–0.98)

Provider count ≥7 1.00 (0.99–1.01) 1.00 (0.99–1.01)

UPC 1.21 (1.09–1.35) 1.20 (1.06–1.36)

COCI 1.27 (1.14–1.42) 1.28 (1.12–1.45)

MMCI 1.28 (1.18–1.40) 1.27 (1.15–1.40)

N 130,704 112,140

Number of hospitalizations 60,262 46,587

Note: Bolded values indicate statistically significant effects (p-value ≤ 0.05). UPC, Usual Provider of Care; COCI, Bice-Boxerman's Continuity of Care Index;

MMCI, Modified Modified Continuity Index.
aUPC, COCI and MMCI range from 0 to 1, where 0 is the most fragmented and 1 is least fragmented. Provider count for ACSC hospitalizations was

modeled as a linear spline with a knot at 7.
bModels mutually adjusted for demographics and clinical characteristics described in Table 2.
cSensitivity analyses exclude those died in FY15.
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The finding that patients with less fragmented outpatient care

were more likely to experience an ACSC hospitalization suggests that

dispersed care may be appropriate or even beneficial for certain con-

ditions. For example, in a patient with heart failure, visits with multiple

providers could indicate better access to timely or specialty care that

contributes to better management in the ambulatory care setting. This

explanation aligns with the view that ACSC hospitalizations are less a

marker of ambulatory care quality and more an indication of access58

and in some cases intensive case management. Despite the risks that

are inherent in fragmented care, when more clinicians are involved in

a patient's care, it could increase the chances that someone catches

warning signs at an earlier stage, that a patient receives an appropriate

diagnostic test or referral, or that necessary problem-solving occurs

when management challenges arise. Importantly, the same may not be

true when the dispersed care is occurring within a single service such

as primary care; a previous study found that older Veterans had lower

rates of all-cause and ACSC hospitalization when they had extremely

high continuity (≥90% visits) with a single primary care provider.26

Many patients in this study had a mental health diagnosis, a sce-

nario in which having additional providers and visits across clinical

specialties including mental health might be important to reduce risk

of hospitalization. Post-hoc exploratory analyses, however, found that

patients with one or more mental health visits appeared to have a

higher likelihood of all-cause hospitalization when their care was more

fragmented (Appendix S8). Additional exploratory analyses suggested

that the association between outpatient fragmentation and hospitali-

zation was influenced by a patient's number of chronic conditions;

most notably, for the measures where there was a statistically signifi-

cant odds ratio, patients with five or fewer chronic conditions whose

care was concentrated had a higher likelihood of hospitalization,

whereas in patients with 10 or more chronic conditions, patients with

concentrated care had a lower likelihood of hospitalization (Appendix

S8). Previous analyses of Medicare patients similarly found variation

by number of chronic conditions and determined that fragmented

care was associated with fewer hospitalization among patients with a

high burden of comorbidities.59 Together, these findings suggest that

the consequences of outpatient care fragmentation may depend in

part on a patient's number and type of comorbid conditions.

This study also offers some useful information about properties

of claims-based outpatient fragmentation measures among patients at

high-risk for hospitalization. Like previous analyses of fragmentation

measures, we found a strong correlation between UPC and

COCI.60–62 This is logical, as patients whose care is dispersed across

multiple providers (generating a low COCI) are less likely to have care

highly concentrated with any one provider and therefore also likely to

have a low UPC.44 Our study adds to this literature by also investigat-

ing number of unique providers, which has not been studied as exten-

sively as COCI, UPC, or MMCI. We found that number of providers

had a more moderate correlation with UPC, and a distinct relationship

with hospitalization, suggesting that number of providers and UPC

might be a better choice when considering a pair of complementary

fragmentation measures. Reporting number of providers with UPC

could provide a more holistic picture of a patient's care pattern, as

concentration of care with a single provider could help offset the

overall fragmentation that is reflected by provider count. Finally, we

found that while MMCI had a more normal distribution curve

(by design), it varies more from the other measures (i.e., COCI and

UPC) as number of visits increase, and has a qualitatively different

unadjusted relationship with hospitalization. Although the formulae

for both COCI and MMCI include a term for number of unique pro-

viders, COCI has the advantage of incorporating the number of visits

with each provider and the number of providers, which might account

for the differences observed between these measures and hospitaliza-

tion (Appendix S9).

Our findings have several implications for policy and health care

system innovation. Veteran care fragmentation may become more

pronounced as legislation such as the 2014 Veterans Access, Choice

and Accountability Act (Choice Act)63 and the 2018 Maintaining Inter-

nal Systems and Strengthening Integrated Outside Networks

(MISSION) Act64 expand access to care from a wider range of sources.

There are tradeoffs between timely access to care and fragmentation

that result from accessing multiple providers. A recent study

suggested that VA patients with diabetes whose care is highly frag-

mented and who have a non-VA clinician as their usual provider of

ambulatory care have a 19% increased odds of hospitalization.17 Care

coordination for these patients will be paramount – however, primary

care management of fragmentation can be time- and resource-inten-

sive. VA has implemented interventions to coordinate VA and com-

munity care65 and has tested a number of programs that focus on

high-risk patient populations, including Veterans with serious mental

illness,66 those who are home-bound,67 and those who are at high-risk

for hospitalization.40,68 Additional research is needed to understand

how these specialized programs influence fragmentation and the

effects of fragmented care on outcomes.

There are several limitations to this study. First, our study was

limited to patients in the top 10th percentile for one-year hospitaliza-

tion risk, so these results cannot be generalized to all patients at risk

for fragmentation; future work could consider alternate cut-points in

identifying high-risk patients, as well as a longer follow-up period.

Second, the observational design of this study is subject to bias from

residual confounding on account of unmeasured covariates that might

influence fragmentation patterns and hospitalization, such as a

patient's perceived mental health or health status, and also does not

account for potential endogeneity from factors that can simulta-

neously influence both their use of outpatient care and their risk of

hospitalization. Failing to take these into account may result in biased

estimates of the effect size of fragmentation and continuity mea-

sures.69 Third, the period of investigation preceded the Choice and

MISSION Acts that expanded access to community care for Veterans,

so evaluations of fragmentation in the current climate will be critical.

Fourth, we focused our analyses on VA and Medicare-covered care;

we did not have access to a reliable source of insurance coverage for

those under 65, or utilization information for Veterans with Medicare

Advantage. To focus on a cohort whose data were as complete as

possible, we excluded Veterans with partial coverage in the study

years and those without Medicare A and B coverage. We explored
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incorporating Medicaid coverage for the study years, but at the time

of analysis only 17 states reported Medicaid coverage, so we could

not reliably look at Medicaid coverage in the study population. These

decisions limit information on fragmentation between health care sys-

tems. This study was also not designed to assess the effects of differ-

ent types of care fragmentation, such as fragmentation across

different service lines within VA. A more nuanced evaluation of the

impact of different types of fragmentation merits future research.

Finally, we limited the study to patients who were alive at the end of

the baseline year, so fragmentation patterns in the baseline year

should be interpreted in this context.

5 | CONCLUSION

In this cohort of VA patients at high-risk for hospitalization, we

found that fragmented care did not increase the risk of future all-

cause hospitalization, and in fact was associated with a lower likeli-

hood of hospitalization for ambulatory care-sensitive conditions.

These findings suggest that dispersed care might not be problematic

for patients with high-levels of need, especially when they are

receiving care within an integrated health care system. These find-

ings were robust to multiple measures of fragmentation. Additional

research is needed to examine whether this relationship is due to

the benefits of multiple providers and dispersed care, or whether it

could be related to underuse of inpatient services or other factors.

Our findings highlight the complexity of measuring care fragmenta-

tion, and the value of utilizing multiple measures that examine more

than one aspect of fragmented care.
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