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ABSTRACT

PURPOSE Lower continuity of care has been associated with higher rates of adverse
outcomes for persons with multiple chronic medical conditions. It is unclear, how-
ever, whether this relationship also exists within integrated systems that offer high
levels of informational continuity through shared electronic health records.

METHODS We conducted a retrospective cohort study of 12,200 seniors with

3 or more chronic conditions within an integrated delivery system. Continuity of
care was calculated using the Continuity of Care Index, which reflects visit con-
centration with individual clinicians. Using Cox proportional hazards regression
permitting continuity to vary monthly until the outcome or censoring event, we
separately assessed inpatient admissions and emergency department visits as a
function of primary care continuity and specialty care continuity.

RESULTS After adjusting for covariates (demographics; baseline, primary, and spe-
cialty care visits; baseline outcomes; and morbidity burden), greater primary care
continuity and greater specialty care continuity were each associated with a lower
risk of inpatient admission (respective hazard ratios (95% Cls) = 0.97 (0.96, 0.99)
and 0.95 (0.93, 0.98)) and a lower risk of emergency department visits (respective
hazard ratios = 0.97 (0.96, 0.98) and 0.98 (0.96, 1.00)). For the subgroup with 3
or more primary care and 3 or more specialty care visits, specialty care continuity
(but not primary care continuity) was independently associated with a decreased
risk of inpatient admissions (hazard ratio = 0.94 (0.92, 0.97)), and primary care
continuity (but not specialty care continuity) was associated with a decreased risk
of emergency department visits (hazard ratio = 0.98 (0.96, 1.00)).

CONCLUSIONS In an integrated delivery system with high informational continu-
ity, greater continuity of care is independently associated with lower hospital uti-
lization for seniors with multiple chronic medical conditions. Different subgroups
of patients will benefit from continuity with primary and specialty care clinicians
depending on their care needs.

Ann Fam Med 2015;13:123-129. doi: 10.1370/afm.1739.

INTRODUCTION

or older patients with multiple chronic medical conditions (MCCs),
greater morbidity is associated with higher rates of hospitalization,
emergency service use, and receipt of outpatient care."* The older
MCC population is also vulnerable to care fragmentation: such patients
see more clinicians for both chronic and acute-on-chronic conditions.**
This care fragmentation is risky as studies of older populations indicate
that low continuity of care (COC) is associated with greater inappropriate
medication prescribing, higher cost of care, more avoidable hospitaliza-
tions, greater use of emergency services, and higher all-cause mortality.”"?
Several definitions of COC have been developed to capture the sepa-
rate constructs of information exchange, longitudinal interpersonal rela-
tionships, and coordinated care that comprise care continuity.'*'* For our
purposes, we divide COC into interpersonal COC (the extent to which a
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patient encounters the same clinician for ongoing care)
and informational COC (the extent to which clinical
information is available to all clinicians participating
in a patient’s care).'®!” Although both constructs have
implicit value, it has been difficult to evaluate their
separate contributions to health outcomes. Measures
that quantify COC based on proportions of visits

to individual clinicians capture interpersonal COC.
Complex patients, especially seniors, identify interper-
sonal continuity as important in maintaining personal
relationships with clinicians'®'’; additionally, higher
interpersonal COC is associated with greater patient
trust and satisfaction.?? Studies that have used con-
tinuity within sites as a proxy for informational conti-
nuity suggest that informational continuity alone can
improve medication adherence, and that there is an
added benefit from interpersonal COC within sites in
obtaining necessary preventive care.?*** Interpersonal
COC does not, however, appear to improve cardio-
vascular risk management in an integrated delivery
system.?®

To provide optimal care for complex patients, it is
important to understand the contributions of inter-
personal and informational continuity to outcomes.
Shared electronic health records within integrated
health care systems have increased and standardized
informational continuity. In the context of such high
and uniform informational continuity, it may be possi-
ble to more accurately assess the effect of interpersonal
continuity on health outcomes for complex patients.

In this investigation, we assessed the effects of inter-
personal COC on rates of hospital utilization in a popu-
lation of seniors with MCCs in an integrated health
care delivery system. We hypothesized that higher
interpersonal COC would be associated with lower
rates of inpatient admissions and emergency department
use in this complex patient population. On the prem-
ise that some complex patients may be likely to have
meaningful continuity relationships with specialists, we
examined both primary and specialty care continuity:.

METHODS

Population

We conducted a retrospective cohort study that
assessed 2 types of hospital utilization (inpatient admis-
sions and emergency department [ED] visits) as a func-
tion of morbidity burden and interpersonal continuity
of care. The cohort consisted of 12,200 adult members
of Kaiser Permanente Colorado (KPCO), a not-for-
profit, integrated health care delivery system. Cohort
members were aged 65 years or older on January 1,
2010; had at least 1 year of enrollment before and at
least 2 years of enrollment after this date; and had 3 or

more of a list of 10 common chronic medical condi-
tions at that time (hypertension, congestive heart fail-
ure, hyperlipidemia, diabetes, coronary artery disease,
chronic obstructive pulmonary disease, osteoarthritis,
osteoporosis, depression, and obesity). We excluded
members who had a skilled nursing facility admission
in the year before the index date. All KPCO members
select a primary care physician, who is listed on their
electronic medical record. Members may request this
clinician or another when calling for appointments.

Measures

We defined interpersonal COC using the Continuity
of Care Index (COCI) developed by Bice and Boxer-
man.?” This index is suitable for populations having
multiple morbidities because it captures the concentra-
tion of visits to individual clinicians, is sensitive to the
number of clinicians seen, and can be applied in both
primary and specialty care. As patients having high
levels of morbidity may experience continuity relation-
ships with specialists as well as primary care clinicians,
we calculated primary care continuity and specialty
care continuity separately. Calculating a stable COCI
value requires 3 or more visits; therefore, for each
outcome, we required 3 or more outpatient visits to

a primary care clinician, a specialty care clinician, or
both between the index date of January 1, 2010, and
the outcome event to calculate the COCI value. Given
that COC can potentially be affected by the occur-
rence of an outcome event (eg, increased continuity
after a hospitalization), we calculated COCI monthly
and treated it as a time-varying covariate until censor-
ing by an outcome event or the end of the observation
period. Possible COCI values range from 0 to 1 with
higher scores indicating greater continuity:.

We separately assessed 2 outcomes of interest, the
first inpatient admission and the first ED visit during
the 2 years after the index date. Our primary inde-
pendent variables were the 3 types of COC. Morbid-
ity burden was calculated using the Quan adaptation
of the Elixhauser comorbidity index.?® Covariates
included demographic information (age, sex, race/eth-
nicity, socioeconomic status as calculated from census
data), number of baseline primary and specialty care
visits, and whether an individual had an outcome event
during the year before the index date.

All data were extracted from the electronic health
record and hospital claims data.

Analysis

Using 3 separate Cox regression models for each hos-
pital utilization outcome, we calculated the hazard
ratio for each outcome within each of 3 overlapping
subcohorts that were defined by having sufficient visits
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to calculate each type of continuity:
a subcohort for which members had
at least 3 primary care visits; a subco-
hort for which members had at least 3
specialty care visits; and a subcohort
for which members had 3 or more
primary care and 3 or more specialty
care visits. We then calculated the
adjusted hazard ratio for experienc-
ing the outcome event as a function
of time-dependent COCI, baseline
morbidity burden, and covariates.
Individuals who did not experience
outcomes were censored at the end of
the observation period. We compared
characteristics of those included in the
analyses with those excluded because
of insufficient visits and also compared
characteristics of the overlapping pop-
ulations included in each model.

The study was approved by the
KPCO Institutional Review Board.

Figure 1. Subcohorts used for analyses of each outcome.

\

Outcome: Inpatient admissions

12,200 patients aged =65 years
with multiple chronic conditions

o| 2,273 excluded because <2 visits
to primary care or specialty care

Y

9,927 had >3 visits to primary care or specialty care

4

\ 4

Y

A

3,202 had >3 visits
to primary care;
<2 specialty care

5,660 had >3 primary
care and >3 specialty
care visits

1,064 had >3 visits
to specialty care;
<2 primary care

RESULTS

The original cohort consisted of
12,200 individuals who were continu-
ously enrolled for 3 years between
December 2008 and August 2012.
The number of individuals in each
COC subcohort (primary care, spe-
cialty care, and primary and specialty
care) for each outcome depended on
the number of visits available for COC
calculations before the outcome event
for that subgroup (Figure 1).
Characteristics of each continuity
subcohort are listed in Table 1. The
primary care continuity subcohort
had comparable morbidity to, but
fewer specialty care visits than, the
specialty care continuity subcohort
or the overall continuity subcohort.
Analyses indicated that 22% of each
subcohort experienced an inpatient
admission, and 20% to 23% of the
subcohorts experienced an ED visit.

The mean primary care COCI was 0.6, indicating
relatively little dispersion of care, whereas the mean
specialty care COCI of 0.2 reflected substantially more

care dispersion.

In bivariate analyses, both primary and spe-
cialty continuity were associated with lower risks of
inpatient admission and ED use within the relevant

Y Y

Y

Y VY

8,863 primary care

5,680 primary
and specialty care

6,724 specialty care

Outcome: Emergency department visits

12,200 patients aged >65 years
with multiple chronic conditions

| 2,469 excluded because <2 visits
to primary care or specialty care

\ 4

9,731 had >3 visits to primary care or specialty care

Y

\ 4

\4

2,993 had >3 visits
to primary care;
<2 specialty care

5,713 had >3 primary
care and >3 specialty
care visits

1,025 had >3 visits
to specialty care;
<2 primary care

Y \ 4

Y

Y VY

8,706 primary care

5,713 primary

and specialty care

6,738 specialty care

Note: Numbers of visits refer to visits used to calculate Continuity of Care Index (between baseline and
outcome).

subcohorts (data not shown). In adjusted analyses in
the primary and specialty care subcohorts, greater
primary care continuity and greater specialty care

continuity were each associated with a lower hazard

of inpatient admission and a lower hazard of ED visits.
For the subgroup of MCC patients with 3 or more pri-
mary care and 3 or more specialty care visits, specialty
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Table 1. Characteristics of Analytic Subcohorts for Each Outcome

Inpatient Admissions

Emergency Department Visits

Primary and Primary and
Primary Care*  Specialty Care*  Specialty Care? Primary Care*  Specialty Care®  Specialty Care?
(n=8.,863) (n=6,724) (n=5,660) (n=8,706) (n=6.,738) (n=5,713)
Characteristic Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age, y 76.0 (6.0) 75.8 (5.9) 76.0 (5.9) 75.9 (6.0) 75.8 (5.8) 76.0 (5.8)
Morbidity burden® 43 (2.4) 4.4 (2.5) 4.4 (2.5) 4.3 (2.5) 45 (2.5) 45 (2.5)
Baseline visits, No.
Primary care 3.8 (2.8) 3.8 (2.8) 4.0 (2.9) ( 3 .8) 3.9 (2.8)
Specialty care 4.1 (3.9) 1 (4.0) 4.1 (4.0
Codl¢
Primary care 0.6 (0.3) - 0.6 (0.3) 0.6 (0.3) - 0.6 (0.3)
Specialty care - 0.2 (0.2) 0.2 (0.2) - 0.2 (0.2) 0.2 (0.2)
Percent Percent Percent Percent Percent Percent
Female sex 56.4 55.0 55.4 55.6 54.2 54.2
Race/ethnicity
White 78.8 80.8 81.0 79.1 81.1 81.2
Black 4.4 4.1 4.0 4.2 3.9 3.8
Hispanic 10.5 9.2 9.4 10.3 9.1 9.4
Other 1.8 1.7 1.6 1.8 1.7 1.7
Unknown 4.6 4.2 3.9 4.5 4.2 3.9
Low socioeconomic status 15.4 14.3 14.2 15.0 14.2 13.8
Baseline utilization
Inpatient admissions 16.9 18.7 18.7 - - -
Emfefgency department - - - 17.0 17.5 17.8
visits
Experienced any outcome? 21.7 22.8 20.6 22.9 23.4 20.4

COCI = Continuity of Care Index.?’

2 Three visits required for subcohort entry.
b According to the Quan-adapted Elixhauser comorbidity index.?®

9 Hospital admission or emergency department visit.

< Last measured before outcome or censoring. Possible values range from O to 1 with higher scores indicating greater continuity.

care continuity, but not primary care continuity, was
significantly associated with a decreased risk of inpa-
tient admissions; and primary care, but not specialty
care continuity, was independently associated with

a decreased hazard of emergency department visits
(Tables 2 and 3). For all subcohorts, a higher level of
morbidity at baseline was associated with an increased
hazard of both outcomes.

Compared with patients excluded from the study
because of insufficient visits to calculate the COCI,
included patients had slightly higher morbidity (as
indicated by the Quan-adapted Elixhauser comorbid-
ity index) and more baseline visits, and were more
likely to have experienced each outcome at baseline
(data not shown).

DISCUSSION

In an integrated system with a shared electronic health
record that provides informational continuity, mea-
sures of interpersonal continuity of care are less likely

to serve as proxies for medical knowledge about the
patient, and more likely to reflect the benefits of the
patient-clinician relationship. Previous studies dem-
onstrating a relationship between greater COC and
lower hospital utilization for patients with MCCs have
been conducted with Medicaid, Medicare fee-for-
service, and several geographically defined populations
in settings where it is not possible to separate these
components of continuity.”>?* By demonstrating asso-
ciations between greater interpersonal COC and lower
risk of inpatient or ED admission within an integrated
delivery system, our results suggest that interpersonal
continuity has a beneficial effect on utilization inde-
pendent of informational continuity.

Because of the COCI calculation, the absolute
effects of increased continuity appear low; however,
on a population level, the effects on use of even small
increases in continuity may be substantial. For exam-
ple, based on the information in Table 2, a population
of MCC individuals with 3 or more primary care visits
would experience a 3% decrease in the probability of
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Adjusted Hazard Ratios of Inpatient Admissions

Table 2. Effect of Continuity of Care and Morbidity Burden on

Although continuity with
primary care, specialty care, or
both is beneficial, the optimal

Subcohort?

balance between primary and

Primary Care,
HR® (95% Cl)
(n=8.863)

Specialty Care,
HR® (95% Cl)

Predictive Variable (n=6.724)

Primary and Specialty

specialty care clinicians in car-
Care, HR® (95% CI) ing for patients with MCCs is

(n =5,660)

Primary care continuity
(coci

Specialty care continuity -
(cod

Morbidity burden?

0.97 (0.96-0.99)¢ -
0.95 (0.93-0.98)¢

1.12 (1.10-1.14)¢ 1.09 (1.06-1.11)¢

unclear. Starfield et al noted that

0.99 (0.97-1.01) increasing morbidity was associ-

0.94 (0.92-0.97)° ated with more specialty care, but
not primary care use—often for

1.09 (1.06-1.12)° diagnoses that could potentially

COCI = Continuity of Care Index?’; HR = hazard ratio.

2 Three or more visits of any type required for subcohort membership.

baseline inpatient admissions. HR is for each 0.1-unit increase in COCI.
< Significant at P <.05.

b Adjusted for age, sex, race/ethnicity, socioeconomic status, and prior year primary care, specialty care, and

9 According to the Quan-adapted Elixhauser comorbidity index.?® HR is for 1-unit increase in morbidity score.

be addressed in primary care
settings.” And Medicare fee-
for-service beneficiaries can see
between 3 and 11 unique clini-
cians (1 to 3 primary care clini-

cians and 2 to 8 specialists) over

Table 3. Effect of Continuity of Care and Morbidity Burden on
Adjusted Hazard Ratios of Emergency Department Visits

a 2-year period.3? These patterns
reflect an undesirable degree of
care fragmentation. In contrast,

Subcohort?

cancer survivors WhO receive

Primary Care,
HR (95% CI)®
(n=8,706)

Specialty Care,
HR (95% CI)®

Predictive Variables (n=6,738)

Primary and Specialty

shared care between primary
Care, HR (95% CI)° care and oncology clinicians have

(n=5.713) better management of comorbid

Primary care continuity
(coci

Specialty care continuity -
(€e]@))

Morbidity burden?

0.97 (0.96-0.98)c -
0.98 (0.96-1.00)

1.06 (1.04-1.08)c  1.05 (1.03-1.07)¢

0.98 (0.96-1.00) conditions and receive more pre-

ventive services, and outcomes of
0.98 (0.95-1.00) cardiac patients after myocardial

1.06 (1.03-1.08)° infarction are better with shared

COCl = Continuity of Care Index?’; HR = hazard ratio.

2 Three or more visits of any type required for subcohort membership.

baseline emergency department visits. HR is for each 0.1-unit increase in COCI.
< Significant at P <.05.

b Adjusted for age, sex, race/ethnicity, socioeconomic status, and prior year primary care, specialty care, and

9 According to the Quan-adapted Elixhauser comorbidity index.?® HR is for 1-unit increase in morbidity score.

care between cardiology and
primary care.*** Some complex
patients report that specialists
may know them as well as their
primary care clinicians.

Interpersonal COC is particu-

an inpatient admission for every 0.1-unit increase in
primary care COCI over a 2-year period.

Within the heterogeneous MCC population, at any
point in time, there are likely subgroups of patients
who use mostly primary care (eg, those having stable
multimorbidity), those who may use more episodic or
focused specialty care (eg, early cancer survivors), and
those who use both (eg, individuals with unstable car-
diac disease as well as multiple comorbidities). “Perfect”
continuity of care across clinicians for populations hav-
ing multiple conditions is thus unlikely to be attainable
or even desirable. Complex patients will often require
consultation from clinicians with different areas of
expertise, and very high overall COC may even indi-
cate insufficient access to specialty care.3*3' Our find-
ings that primary care and specialty care continuity
have separate associations with outcomes in different
subcohorts likely reflect the actual care needs of a het-
erogeneous and complex patient population.

larly valued by older and more
complex patients with worse health status.?"3°37 Older
MCC patients perceive high COC as a foundation for
optimal patient-clinician communication and a com-
ponent of high-quality care, and are more willing than
younger, healthier patients to use their own resources
to maintain individual continuity relationships.’®'* In
general, higher COC is associated with greater patient
satisfaction, trust in the clinician, a sense of security
and partnership in care, and better clinician-patient

21223839 Tt is unclear how these con-

communication.
structs are manifested in decreasing the risk of hospital
utilization—an outcome that may be more immediately
meaningful to systems than to patients. Interpersonal
COC with a trusted clinician who implicitly incorpo-
rates personal knowledge about patients’ context and
values is likely to foster more shared decision making,
be associated with greater patient activation, and pro-
mote better disease control—all intermediate outcomes

that can lower the risk of hospitalization or ED use.**#2
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New models of team-based care may, by design,
slightly decrease interpersonal continuity while
attempting to increase informational continuity and
improve care coordination. Advocates of these mod-
els point out that better care coordination improves
utilization outcomes, that there is a valid (if relatively
unexplored) construct of team continuity, and that
such care models provide new technology-based
opportunities for patient-clinician communication.”3%43
Evaluations of patient-centered medical home practice
transitions have been inconclusive, however.**+” [t
remains to be seen whether and how new models of
care affect relationships that are meaningful to patients
as well as outcomes that are important to delivery sys-
tems. Our findings suggest that systems should strive
to optimize interpersonal COC (with both primary
and specialty care clinicians) in designing team-based
models of care for complex patients.

Our investigation has several limitations. First, we
required 3 or more visits to calculate a valid COCI
value. This approach is consistent with the many previ-
ous investigations that use the COCI; therefore, our
results are comparable to those in the existing litera-
ture. Individuals excluded from the analysis because
of insufficient visits had lower morbidity and fewer
outcomes, suggesting that this small group had sim-
pler care needs than the analytic cohorts. Second, our
findings reflect a patient population with good access
to specialty care. In settings with poor access to spe-
cialty care, primary care continuity may be particularly
important. Third, unmeasured confounding by morbid-
ity burden is particularly relevant in studies of complex
patient populations who receive multidimensional care.
We incorporated 4 adjustments for morbidity in each
of our analyses (the Quan-adapted morbidity index,
baseline primary care visits, baseline specialty care
visits, and baseline outcome rates) to address this limi-
tation. Fourth, our cohort size did not permit creating
subcohorts within each specialty to explore the low
overall levels of specialty care COC and to evaluate
the effect of COC within different specialties—doing
so will be an important area for further study. Finally,
we did not address the question of whether primary
or specialty care is being used appropriately, but only
continuity of care with individual clinicians.

Our investigation also had several strengths. We
measured COC as a time-varying variable up until the
outcome event and thus avoided potential confounding
from changes in care patterns that follow a hospital
admission or ED visit. This is a substantial strength
relative to cross-sectional analyses. In addition, we
studied a large, longitudinal cohort that experienced
little loss to follow-up. We also explicitly studied com-
plex patients with 3 or more chronic conditions—an

expansion on previous investigations of large and more
heterogeneous Medicare populations.

In conclusion, interpersonal continuity of care
should be optimized for seniors with MCCs, but not
with the single goal of improving hospital utilization.
Complex patients value relationships with their clini-
cians, and different subgroups of patients will benefit
from continuity with both primary and specialty care
clinicians depending on their care needs. It will be
important to understand how patients and clinicians
conceptualize these continuity relationships within
the context of increasingly integrated care delivery
settings, and more multidimensional patient-clinician
communication.

To read or post commentaries in response to this article, see it
online at http://lwww.annfammed.orgl/content/13/2/123.
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