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Objective. To examine whether primary care team cohesion changes the association
between using an integrated outpatient-inpatient electronic health record (EHR) and
clinician-rated care coordination across delivery sites.
Study Design. Self-administered surveys of primary care clinicians in a large inte-
grated delivery system, collected in 2005 (N = 565), 2006 (N = 678), and 2008
(N = 626) during the staggered implementation of an integrated EHR (2005–2010),
including validated questions on team cohesion. Using multivariable regression, we
examined the combined effect of EHR use and team cohesion on three dimensions of
care coordination across delivery sites: access to timely and complete information,
treatment agreement, and responsibility agreement.
Principal Findings. Among clinicians working in teams with higher cohesion, EHR
use was associated with significant improvements in reported access to timely and com-
plete information (53.5 percent with EHR vs. 37.6 percent without integrated-EHR),
agreement on treatment goals (64.3 percent vs. 50.6 percent), and agreement on
responsibilities (63.9 percent vs. 55.2 percent, all p < .05). We found no statistically sig-
nificant association between use of the integrated-EHR and reported care coordination
in less cohesive teams.
Conclusion. The association between EHR use and reported care coordination var-
ied by level of team cohesion. EHRs may not improve care coordination in less cohe-
sive teams.
Key Words. Electronic health records, care coordination, primary care, teams,
team cohesion

A growing number of Americans are living with chronic medical conditions
and often require medical care that bridges multiple delivery sites, such as hos-
pitals and primary care clinics (Partnership for Solutions 2004; Bodenheimer,
Chen, and Bennett 2009; Schoen et al. 2009; Anderson 2010; Thorpe,
Ogden, and Galactionova 2010). Effective coordination is necessary to ensure
high-quality care for these patients. In part to promote greater care coordina-
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tion, the American Recovery and Reinvestment Act (ARRA) of 2009 allo-
cated $27 billion to encourage adoption and meaningful use of electronic
health records (EHRs) in the United States (Blumenthal 2010b; Blumenthal
and Tavenner 2010). Communication of clinical information for coordination
of care across delivery sites is an explicit requirement for “meaningful use”
payments under ARRA (Blumenthal 2010a). Other health care innovations
such as bundled payments, accountable care organizations, and patient cen-
tered medical homes aim to improve care quality in part through facilitating
care coordination and a greater reliance on team-based care (Rittenhouse and
Shortell 2009; Blumenthal and Tavenner 2010; Shortell, Casalino, and Fisher
2010). Given the ongoing reforms targeting the organization and financing of
health care, and sizable federal investment in EHRs, it is important to under-
stand how the organizational environment can influence the EHR effect on
various outcomes, including care coordination.

The shared use of an EHR across hospitals, specialist and primary care
practices, and other provider organizations offers great potential to improve
coordination by enabling access to comprehensive, current patient informa-
tion each time a patient is seen by clinicians. EHRs also provide tools to moni-
tor a patient’s health status and intervene promptly when necessary. However,
effective use of the information and tools made available by an EHR requires
active communication and teamwork between clinicians. In other words, hav-
ing the basic infrastructure of an integrated delivery system or shared EHR
may be insufficient to improve the delivery of care if clinicians do not make
full use of the information or fail to use it when working with other clinicians.
There is limited research on the effects of EHR use on care coordination
(Graetz et al. 2009; O’Malley et al. 2009) and no evidence on how organiza-
tional factors may change this effect.

For this study, we focus on the coordination of care across delivery sites,
such as when patients leave hospitals and re-enter primary care. These transi-
tions represent a timely area of policy and clinical interest, during which prior
studies have found high rates of errors (Coleman et al. 2006). We examined
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the combined effect of an integrated outpatient–inpatient certified EHR and
team cohesion on clinician ratings of care coordination across delivery sites in
a prepaid IDS. We used survey data from primary care clinicians collected in
three different years (2005, 2006, and 2008), during the staggered implemen-
tation of a commercially available, integrated EHR system (2005–2010). We
hypothesized that the use of the integrated EHR would result in improve-
ments in all reported measures of care coordination and that the magnitude of
the association would be greater for clinicians working in primary care teams
with higher cohesion.

METHODS

Study Setting

This study was conducted at Kaiser Permanente Northern California, a large,
prepaid IDS providing comprehensive medical care for over 3 million mem-
bers. The system receives bundled prospective payment for all medical care.
Over 1,000 primary care clinicians work in the Internal Medicine and Family
Medicine departments and are grouped into 110 primary care teams, across
18Medical Centers.

Primary Care Teams

Adult primary care teams were created in 1998 as part of an effort to redesign
primary care using multidisciplinary teams, which include different types of
care providers in addition to physicians, such as nurse practitioners, behav-
ioral medicine specialists, physical therapists, health educators, and pharma-
cists. On average, primary care teams had 10 clinicians (physicians and nurse
practitioners) and 5 nonclinician teammembers, and ranged from 3 to 25 total
members per team.

Health Information Technology

In 2005, the IDS began a 5-year staggered implementation of a commercially
available, integrated outpatient-inpatient certified-EHR system. The system
was rolled out in two phases: staggered across outpatient clinics (2005–2008)
followed by inpatient hospitals 1–2 years later (2007–2010). Once imple-
mented, use of the EHR system was mandatory, meaning it replaced the
paper-based medical record and ordering systems. Although the sequence of
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the EHR implementation was not random, it was not based on the ability of
medical centers to implement the EHR or chronic disease care quality, and it
did not correspond with any other organizational changes (Reed et al. 2012).

The EHR is an EpicCare-based integrated system that increases the
amount of information available at the point-of-care, presenting clinical infor-
mation in an electronic medical record, and provides comprehensive com-
puter-based provider order entry for labs and prescriptions, sophisticated
decision-support tools, and secure messaging between providers and with
patients. This system has been certified by the Certification Commission for
Health Information Technology as a complete EHR, thereby providing its
users with the capabilities necessary to meet the goals of the “Meaningful Use”
criteria for federal incentive payments. All primary care clinicians received
equivalent classroom-style training on the basics of how to use the EHR and
ongoing technical support.

Prior to the EHR implementation, clinicians had access to a limited
number of Health IT applications. Importantly, use of these applications was
voluntary and sporadic, as paper-based medical charts were still in use (Bard-
ach et al. 2009).

Integrated EHR

We defined each primary care clinician’s integrated EHR status at the date he
or she completed the survey. Clinicians working in facilities which had imple-
mented both the inpatient and outpatient EHR components were defined as
having an integrated EHR.

Survey Collection

In 2005, 2006, and 2008, we mailed a self-administered questionnaire to all
adult primary care clinicians working in the IDS, including physicians, nurse
practitioners, and physician’s assistants. Each clinician received a letter intro-
ducing the study, the survey, and a prepaid return envelope. Respondents
who completed the survey received a small gift card. Nonrespondents were
resent reminder letters and surveys; up to four follow-up mailings were sent
during each year of survey collection.

The target population included 1,175 clinicians in 2005; 1,103 clinicians
in 2006; and 1,030 clinicians in 2008. Overall, 565 primary care clinicians
responded in 2005, 678 in 2006, and 626 in 2008 (48, 62, and 61 percent
response rates, respectively).
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Care Coordination

Using a five-point scale, we asked clinicians the following questions about
coordination when care is transferred across delivery sites: “How often does
each of the following occur when care is transferred across delivery sites (e.g.,
from the hospital to the outpatient team)?”

1. “All relevant medical information is available.”
2. “The information transfer is timely, i.e., available when it is needed.”
3. “All clinicians agree on the treatment goals and plans.”
4. “All clinicians agree on roles and responsibilities of each party.”

The response categories were as follows: never, rarely, sometimes, usu-
ally, and always. Questions on care coordination were developed by expert
scientific advisors specifically for this study. After we developed these ques-
tions, the Stanford-UCSF Evidence-based Practice Center published a com-
prehensive report on care coordination, which supported the same key
elements: access to information, agreement on goals and responsibilities, and
agreement on a purpose or goal (McDonald et al. 2007).

We combined responses to the questions asking if “all relevant medical
information is available” and “information transfer is timely” to simplify the
presentation.We reasoned that for information to be useful when coordinating
care, it must be both complete and timely. Also, responses to these two survey
questions were highly correlated (0.8). “Access to complete and timely infor-
mation” was coded as one if the respondent reported “always” or “usually” to
both questions; otherwise it was coded as zero.

We created two dichotomous variables: “agreement on treatment goals
and plans” and “agreement on roles and responsibilities”; each was coded as 1
if the clinician responded that the relevant agreement “always” or “usually”
occurred; otherwise it was coded as a 0. The number of missing values was
small (<5 percent) and not correlated with EHR status; therefore, missing
responses were dropped from the analyses.

Team Cohesion

Team cohesion questions were developed using published validated instru-
ments (Ohman-Strickland et al. 2007). Using a five-point Likert agreement
response scale, we asked each clinician the following questions:

1. “When there is conflict on this team, the people involved usually talk
it out and resolve the problem successfully.”
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2. “Our teammembers have constructive work relationships.”
3. “There is often tension among people on this team.” (reverse scored)
4. “The teammembers operate as a real team.”

We calculated the average response over the four items and aggre-
gated them across all members from the same primary care team. The
overall measure demonstrated high internal consistency with a Cronbach
alpha coefficient of reliability of 0.83. For simplicity in presentation, we
categorized team cohesion scores into quartiles and created a binary indi-
cator variable classifying each team as having lower or higher cohesion,
with the lowest quartile of scores representing lower cohesion teams. We
chose to categorize teams by the lowest quartile cohesion because the
average cohesion score in this IDS setting was higher than those previ-
ously reported in other settings (Ohman-Strickland et al. 2007). Sensitivity
analyses using other thresholds and constructions of team cohesion
yielded comparable findings.

Open-Ended Questions

We also asked clinicians open-ended questions on barriers to care coordina-
tion across delivery sites and to describe how they learned to use the EHR.
While we did not formally analyze these questions, they provided key quotes
to help illustrate the plausibility of our findings (Table 3).

Covariates

Our survey collected several respondent characteristics, including race/eth-
nicity, gender, tenure, and job title. We supplemented survey responses with
information from the IDS’s automated database, including age, gender, race/
ethnicity, and job title.

Analytic Approach

We used generalized linear latent and mixed models logistic regression with
random intercepts for clinician and hospital (Rabe-Hesketh, Skrondal, and
Pickles 2004), with an interaction term for integrated outpatient–inpatient
EHR status and team cohesion to allow for potentially different EHR effects
by team cohesion. We included clinician characteristics as covariates (e.g.,
age, gender, race/ethnicity, and job title) and a year indicator variable to
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control for time trends that may have affected coordination but were unrelated
to the EHR implementation.

To calculate the estimated EHR effect for clinicians working in teams
with higher versus lower cohesion, we used results from our logistic regression
models to compute the marginal adjusted percent of respondents reporting
each outcome by fitting the models as if all respondents worked in teams with
(1) no integrated EHR and lower team cohesion; (2) integrated EHR and
lower team cohesion; (3) no integrated EHR and higher team cohesion; and
(4) integrated EHR and higher team cohesion.

Team cohesion was created to be a team-level variable, including
responses of multiple clinicians per team, whereas coordination was designed
as an individual clinician-level variable. As a sensitivity analysis to test the sta-
bility of the team cohesion measure, we ran all models excluding teams with
fewer than four respondents (N = 51) and models where the response of the
individual clinician was excluded from their primary care team cohesion score
and attained comparable results. All analyses were implemented using Stata
10 (StataCorp LP, College Station, TX, USA).

RESULTS

Table 1 shows the characteristics of respondents and nonrespondents by study
year. In 2005, none of the respondents had access to the integrated EHR; by
2006, 6.3 percent were using the EHR, and in 2008, 52.2 percent were using
the integrated EHR. We compared respondents and nonrespondents on sev-
eral characteristics, and in 2005 and 2006, women were more likely to
respond than men, nurse practitioners more than physicians, and in 2008,
younger clinicians more likely than older clinicians (p < .05).

Table 2 shows characteristics of the primary care teams. In 2005, teams
had an average of 11 primary care clinicians per team, and that number
decreased to less than 10 in 2008. On average, respondents reported working
in the same primary care team for over 5 years. Overall, 46.6 percent of teams
changed cohesion category over the study period, but these changes were not
statistically associated with use of the integrated EHR.

From our multivariate analyses, we found that the association between
use of the integrated EHR and access to timely and complete information and
clinician agreement on the patient’s treatment plan was statistically different
for clinicians working in teams with higher versus lower cohesion (p < .05),
but not for clinician agreement on each other’s roles and responsibilities.
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Figure 1 shows the adjusted percent of respondents who reported each care
coordination outcome by primary care team cohesion and integrated outpa-
tient–inpatient EHR status.

The change in reported access to complete and timely clinical infor-
mation was substantially greater with use of the integrated EHR for clini-
cians working in higher cohesion teams (53.5 percent with EHR vs. 37.6
percent no-EHR, p < .001) compared with those in lower cohesion teams
(31.7 percent with EHR vs. 32.6 percent no-EHR). Likewise, the change
in reported clinician agreement on treatment goals and plans was greater
with access to an integrated EHR for clinicians in higher cohesion teams
(64.3 percent with EHR vs. 50.6 percent no-EHR, p < .001) compared
with those in lower cohesion teams (44.0 percent with EHR vs. 45.9 per-
cent no-EHR). Similarly, the change in clinician agreement on roles and
responsibilities was greater with access to an integrated EHR for higher
cohesion teams (63.9 percent with vs. 55.2 percent no-EHR, p < .05) com-
pared with clinicians working in lower cohesion teams (48.7 percent with
vs. 46.7 percent non-EHR).

After adjustments, we also found that physicians were significantly
more likely to report each coordination outcome compared with nurse
practitioners or physician assistants (p < .05, see appendix). Older clini-
cians were more likely to report greater access to complete and timely
information and less likely to report agreement on the treatment plan
(p < .05). The full results of the multivariate analysis are included in the
appendix.

Table 2: TeamCharacteristics (Mean, Standard Deviation)

2005 2006 2008
N 105 106 104

Primary care clinicians per team 11.14 (3.78) 10.4 (3.86) 9.86 (5.92)
Respondents per team 5.39 (2.32) 6.40 (2.71) 6.01 (4.24)
Reported team tenure (years) 5.62 (4.53) 5.54 (4.79) 6.39 (4.75)
Team cohesion
Lower (bottom quartile) 3.30 (0.35) 3.23 (0.35) 3.18 (0.42)
Higher (2nd–4th quartiles) 3.87 (0.27) 3.87 (0.23) 3.83 (0.19)

Note. We calculated team cohesion scores by averaging responses over the four team cohesion sur-
vey items and aggregating them across members from the same primary care team. We catego-
rized team cohesion scores into quartiles and created a binary indicator variable for teams in the
lowest quartile. Possible team cohesion scores ranged from 1 to 5, with 5 representing the highest
level of cohesion.
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DISCUSSION

EHR use has the potential to improve clinical care delivery; however, the lit-
erature documenting achievement of this potential has been sparse and mixed
(Linder et al. 2007; Friedberg et al. 2009; Cebul et al. 2011; Holroyd-Leduc
et al. 2011; Romano and Stafford 2011; Reed et al. 2012). There is docu-
mented variability in the success of US clinical practices implementing EHRs,
with some implementations being met with resistance and a few resulting in
noted failures (Poon et al. 2006). Given the complexity of the implementation

46.7%

45.9%

32.6%

55.2%

50.6%

37.6%

48.7%

44.0%

31.7%

63.9%*

64.3%***

53.5%***

0% 20% 40% 60% 80% 100%

Agreement on roles and 
responsibilities

Agreement on treatment goals

Access to complete and timely 
information

Agreement on roles and 
responsibilities

Agreement on treatment goals

Access to complete and timely 
information

Adjusted percent of clinicians

No integrated EHR
Integrated EHR 

Lower team cohesion

Higher team cohesion

Figure 1: Adjusted Clinician Reported Care Coordination by Availability of
Integrated Outpatient–Inpatient Electronic Health Record (EHR) and Team
Cohesion

Note. We computed the marginal adjusted percent of respondents who reported each outcome by
fitting the logistic regression models as if all respondents had (1) no integrated EHR and lower
team cohesion; (2) integrated EHR and lower team cohesion; (3) no integrated EHR and higher
team cohesion; and (4) integrated EHR and higher team cohesion. Clinicians who worked in facil-
ities where both the inpatient and outpatient EHR components were implemented were defined
as having an integrated EHR. *p < .05, **p < .01, ***p < .001. p-value compared integrated EHR
to no integrated EHR by team cohesion category.

EHR, Team Cohesion, and Care Coordination 447



and care delivery processes for individual and groups of clinicians, there is sur-
prisingly little known about how the organization of clinicians might influence
the effect of EHR use on care coordination. We found that integrated EHR
use was associated with greater care coordination among clinicians working in
primary care teams with higher cohesion but not for those working in teams
with lower cohesion.

One of the principal functions of an EHR is to provide current and com-
prehensive patient health information to all of a patient’s health care clinicians
at the point of care. Therefore, we were surprised to find that clinicians work-
ing in lower cohesion teams did not experience statistically significant
improvements in the reported measures of care coordination with use of the
integrated EHR. One potential explanation is that the additional information
creates new processing challenges. More information and “places” within the
EHR to store information engender new obstacles. It is possible that clinicians
working in less cohesive teams struggled to navigate the EHR (e.g., less shared
learning) or had fewer systematically agreed-upon approaches to document
and retrieve information.

EHR use can lead to a number of unintended consequences, such as cli-
nicians entering critical data in miscellaneous sections of the EHR, making it
difficult for others to retrieve, and the EHR eliminating the need for frequent
informal interactions, which previously provided redundant checks that
helped prevent errors (Harrison, Koppel, and Bar-Lev 2007). This possibility
is consistent with clinician responses (Table 3) to open-ended questions on
barriers to care coordination (Bostrom and Heinen 1977; Harrison, Koppel,
and Bar-Lev 2007).

In addition, team cohesion may promote greater informal learning,
which is reinforced through ongoing communication and the strength of rela-

Table 3: KeyQuotes fromClinician Survey Responses

Barriers to Care Coordination
“The question is not if the information is available but if we have time to access it or can find it.”
“There is so much information and repetition in the system. It’s easy to miss the important
points.”

“Handoffs continue to be a problem. Communication is still needed, not just relying on [the
EHR]messages. Info is generally available but sometimes hard to access---that is, it is,
“buried” and not easily found.”

EHR training
“I learned themost from colleagues; it’s helpful when we all meet to share knowledge.”
“[I learned to use EHRs] mostly by practicing, trying to solve problems, talking to other people,
and a lot of trial and error.”

“Colleagues taught memore [on how to use EHRs] than formal presentations.”
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tionships (Robey, Boudreau, and Rose 2000). Although all clinicians received
equivalent formal classroom-style training on the EHR, this training focused
on basic tasks such as documenting and ordering. There was little training on
how to use the wealth of information available through the EHR or how to
work better with other clinicians. Thus, informal learning through one’s pro-
fessional network and team represents an important mechanism through
which cohesion could mediate the EHR effects. Members working in teams
with higher cohesion may have been more comfortable experimenting with
the EHR and willing to share best practices with each other. This could
quicken the learning process, ensuring that clinicians are able to maximize the
potential benefits of the EHR while also avoiding undesirable consequences.
In response to open-ended questions on EHR training, clinicians reported
learning more from colleagues than formal training (Table 3). This is consis-
tent with the literature on organizational learning indicating the critical role of
the team environment in the adoption and learning of new technology (Ed-
mondson, Bohmer, and Pisano 2001; Edmondson et al. 2003).

Our study has a number of limitations. The study focused on primary
care providers in a single IDS, using a specific EHR system. In other settings,
the effect of EHR use and team cohesion on care coordination may differ.
While the care coordination and team cohesion measures were based on self-
reported data, audit trails did not provide adequate measures of care coordina-
tion and team cohesion. Furthermore, team relationships can only be captured
through self-reported data and have been associated with improvements in
care quality (Shortell et al. 2004). We had a relatively high level of response
and multiple respondents per each team. We collected ratings of team cohe-
sion and of care coordination at the same point in time for each respondent,
which could raise two related concerns: (1) response bias (e.g., some respon-
dents tend to give uniformly high or low ratings) and (2) the direction of the
relationship. In the analysis, however, the cohesion measure is a team-level
variable consisting of multiple clinicians per team.

Using sensitivity analyses excluded the individual clinician’s rating of
team cohesion from the primary care team’s cohesion score, we attained com-
parable results. Since the inpatient EHR implementation occurred 1–2 years
following the outpatient EHR implementation, some of the EHR effects could
be attributable to improvements in use of the outpatient EHR system over
time. Still, because we focused on care coordination across delivery sites, it is
unlikely that use of the outpatient EHR alone had much impact. Preliminary
analysis confirmed that use of the outpatient EHR alone was not statistically
associated with care coordination across delivery sites. Lastly, because this
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was an observational study, our findings represent an association and not a
causal effect.

In short, we found that the association of an integrated outpatient–inpa-
tient EHR on reported care coordination varied by primary care team cohe-
sion. Future studies should examine how changes in coordination impact
patient outcomes. While EHRs have the potential to improve care quality,
they are not panaceas and their impact may be limited if deficiencies of the
work environment, such as team cohesion, are not addressed. Our findings
suggest that EHRs may not improve care coordination across delivery sites if
teams are not working well together.
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