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Background: Diabetes care requires management of complex clinical information. We examine the rela-
tionship between diabetic outcomes and practices’ use of information.

Methods: We performed a cross-sectional, secondary analysis of baseline data from 50 community
primary care practices participating in a practice improvement project. Medical record review assessed
clinical targets for diabetes (HbA1c <8, LDL <100, BP <130/85). Practices’ use of information was
derived from clinician responses to a survey on their use of clinical information systems for patient
identification and tracking. Hierarchical linear modeling examined relationships between patient out-
comes and practice use of information, controlling for patient level covariates (age, gender, hyperten-
sion, and cardiovascular comorbidities) and practice level covariates (solo/group, and electronic health
record [EHR] presence).

Results: Practices’ use of identification and tracking systems significantly (P < .007 and 0.002) in-
creased odds of achieving diabetes care targets (odds ratio [OR] 1.23 95%, confidence interval [CI]
1.06 to 1.44, and OR 1.32 95% CI 1.11 to 1.59). For diabetic patients with hypertension, odds of hyper-
tension control were higher with higher use of tracking systems (OR � 1.52, P � .0017) and reflected
similar trend with higher use of identification systems (OR � 1.28, P � .1349). EHR presence was not
associated with attainment of clinical targets.

Conclusions: Use of relatively simple systems to identify and track patient information can improve
diabetic care outcomes. Practices making investments in an EHR must recognize that this technology
alone is not sufficient for achieving desirable clinical outcomes. Researchers must explore the interrela-
tionships of organizational factors necessary for successful information use. (J Am Board Fam Med
2007;20:245–251.)

Although a gap exists between guidelines and prac-
tice in diabetic patient care,1 increasing evidence
suggests guideline application efforts require pri-
oritization and customization to those patients who
are most at risk from complications and who would

benefit most from interventions.2 Consequently
both practitioners and researchers are challenged
to apply interventions to minimize resources and
maximize results.

Primary care of diabetic patients requires access
to and management of complex clinical informa-
tion. Primary care practices deal with multiple
competing demands,3 and the ability to identify at
risk patients4 and track their management and pre-
vention parameters are important information
needs.5 Therefore, clinical information systems
should help focus scarce practice resources on pa-
tients most at risk. However, the ability to meet
these information needs in primary care practices is
increasingly challenged by a host of factors, includ-
ing rapid scientific advances,6 financial pressures to
increase patient throughput7 and limit expendi-
tures,8 and discontinuity of care caused by patient
mobility,9 insurance turnover,10 and the provision
of care through multiple providers.11 Rather than
being used as excuses, these challenges actually
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provide reasons for better information systems. In-
formation cannot be retained in the memory of a
single clinician or buried in longitudinal progress
notes and at the same time be reliably available for
decision making. Reconciling information needs
with practice resources remains a challenge.

Recent models for improving quality12–14 advo-
cate expanding interventions beyond clinicians and
effecting change in the practice as an organization.
Although some models have advocated consider-
able investment in infrastructure such as EHR,15,16

and personnel,14 a model for change and improve-
ment developed by our research team focuses on
the importance of practice work relationships and
incorporates the concept of interdependent prac-
tice organizational attributes.17 One organizational
attribute is the practice’s capacity to access and use
information to deliver quality care.18 The use of
clinical information systems is one aspect of this
capacity hypothesized as supporting individual and
organizational decision making.19 Whether elec-
tronic or paper, these information systems identify
at-risk patients and track relevant prevention and
treatment parameters.

In this study, we empirically test 3 hypotheses,
which were developed a priori: Hypothesis 1 (H1),
the use of clinical information systems favorably
impacts patient-level measures of diabetes assess-
ment, treatment and achievement of targets among
all diabetic patients; H2, information use favorably
impacts patient level measures particularly in dia-
betics with comorbidities; and H3, information use
favorably impacts hypertensive control in diabetics
with hypertension. H2 and H3 examine practice
information use for those patients with more com-
plex decision making information needs, at greater
risk and who would benefit the most from inter-
vention.

Methods
Study Design and Data Collection
This secondary analysis focused on cross-sectional
data from 56 group and solo New Jersey and Penn-
sylvania family medicine practices participating in
ULTRA (Using Learning Teams for Reflective
Adaptation), an intervention study20 aimed at im-
proving adherence to guidelines for multiple con-
ditions. Six practices were eliminated because of
insufficient data (0% response rate on clinician sur-
veys). Chart auditors retrospectively assessed each

practice’s adherence to diabetes guidelines in up to
20 patients randomly selected from a list of all adult
patients within the past year treated for diabetes
(ICD-9 codes 250.00–250.91). Some practices had
fewer than 20 patients that could be identified us-
ing ICD-9 codes. Individual and interauditor reli-
ability was assessed several times throughout the
course of data collection. Clinicians (physicians,
NPs, PAs) completed a 20-minute self-adminis-
tered organizational survey that included items in-
tended to assess their use of clinical information
systems. This study was approved by the University
of Medicine and Dentistry of New Jersey institu-
tional review board.

Measures
The primary outcome measure was adherence to
diabetic care guidelines developed by research team
by adapting clinical practice guidelines of the
American Diabetes Association.21 These guidelines
can comprise 3 components: assessment, treatment,
and attainment of targets. Individual items that are
included in each of these components are described
in Table 1. These analyses focused on the effect of
information system use on the attainment of quality
comprehensive care for diabetes as measured by
each guideline component rather than individual
items of the guideline components.

Main independent variables were use of clinical
information systems and presence of comorbid dis-
eases. The use of clinical information systems was
divided into 2 categories: 1) Identification of pa-
tients (assessed by 2 questions: “How often do you
use a patient registry to track patients with specific
conditions?” and “How often do you use a health
risk assessment protocol or questionnaire to iden-
tify patients who may benefit from counseling or
other interventions targeting 4 health behaviors
[tobacco use, alcohol use, eating habits/patterns,
physical activity]?”); and 2) tracking systems (as-
sessed by 4 questions: “How often do use comput-
erized clinician reminders?”, “How often do you
use checklists/flowsheets in general?”, “How often
do you use checklists/flowsheets for chronic dis-
ease?”, and “How often do you use risk factor chart
stickers?”). Clinicians rated each item on a 5-point
Likert scale (1, never; 5, always). For each indepen-
dent variable category, clinicians were assigned the
maximum value of all items comprising that cate-
gory. For instance, of the 2 patient identification
items, a clinician was assigned a score of 5 if he or
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she scored 4 on one item and 5 on the other. A
practice’s overall score was the average of clini-
cians’ maximums. Maximums were used to assess
clinicians’ use of any of these systems and reflects
the variety of information systems (eg, computer or
paper) that exist among practices and clinicians
within practices. Moreover, using averages didn’t
substantially alter the findings.

Two comorbid conditions were recorded from
each chart, if present: hypertension and heart dis-
ease (coronary artery bypass graft, stent, myocar-
dial infarction, angina, congestive heart failure).
Additional patient level covariates included age and
gender. Other patient level variables were not avail-
able through chart audit. Practice level covariates
included solo or not and presence of EHR.

Analysis
Hierarchical logistic regression22 assessed the asso-
ciation between a practice’s use of clinical informa-
tion systems and patient-level measures of diabetes
assessment, treatment and achievement of targets
(H1). Specifically, generalized estimating equa-
tions, via the GENMOD procedure within SAS,23

estimated log-odds adherence as a function of prac-
tice- and patient-level covariates. Standard errors
for estimates were adjusted to account for correla-
tion between patients within a practice through use
of a working correlation matrix with an exchange-
able structure. Type III score tests were used to
evaluate main effects of identification and tracking
systems.

These analyses were stratified by comorbidity.
We hypothesized (H2) that information systems
would favorably affect outcomes in diabetic pa-
tients with comorbidities because of more complex
decision-making information needs.

Additional analyses to explore the thesis around
more complex decision-making information needs
looked at patients with both diabetes and hyperten-
sion. Rather than examine the effect of hyperten-
sion as a comorbid condition on the impact of
diabetic care information systems, this analysis ex-
plored the hypothesis: Information systems would
effect coexisting condition outcomes (H3).

Results
Description of Practices, Patients, and Use of
Clinical Information Systems
Overall, 69.5% of the clinicians returned a com-
pleted organizational survey that provided informa-
tion on their use of clinical information systems.
For individual practices, response rates ranged
from 25% to 100%, with an average practice re-
sponse rate of 73.8% for the 50 practices.

Of 50 practices, 9 were solo and 13 used EHRs.
Practices differed with respect to the Identification
of Patients scale (mean � 3.24, SD � 0.86), with 10
falling between 4.0 and 5.0 and, at the low end, 2 in
the range from 1.0 to 1.9. The scale for Tracking
Systems demonstrated similar differences between
practices (mean � 3.54, SD � 0.95), with 24 prac-
tices scoring between 4.0 and 5.0 and 4 between 1.0
and 1.9.

Table 1. Description of Dependent Variables in Diabetes Guidelines

Components and Items Adherence Measures

Assessment Assessment
HbA1c in the past 6 months Acceptable: at least 3 of the items completed
LDL in the past 12 months
Microalbumin in the past 12 months
BP at every visit
Smoking status ever assessed

Treatment Treatment
HbA1c �8% or �8% and on a hypoglycemic agent Acceptable: all items adhered to
LDL �100 or �100 and on a lipid-lowering agent
BP �130/85 or �130/85 and on an antihypertensive
Urine microalbumin �30 and on angiotensin-converting enzyme

inhibitor or angiotensin-receptor blocker
Target Target

HbA1c �7% Acceptable: all values achieved
LDL �t00 Partial: any 2 values achieved
BP �130/85
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Of the 883 patients eligible for inclusion, 49%
were male and the mean age was 60.1 years (SD �
14.3). A total of 16.0% of the patients had heart
disease and 62.5% were diagnosed with hyperten-
sion. Across the 50 practices, mean rates of adher-
ence for assessment, treatment, achievement of 2 of
3 targets and achievement of all 3 targets were 55%
(SD � 25%), 64% (SD � 19%), 49% (SD � 14%),
and 11% (SD � 9%), respectively.

(H1) Use of Clinical Information Systems Favorably
Impacts Patient-Level Measures of Diabetes
Assessment, Treatment and Achievement of Targets
Among All Diabetic Patients
Table 2 summarizes the main effects of the use of
clinical information systems on adherence to guide-
lines. The use of identification systems, whether
through health risk assessment protocols or a reg-
istry was found to significantly improve the partial
achievement of targets (at least 2 of 3 targets, P �
.007), but not adherence to assessment or treatment
guidelines. Subsequent analyses of individual tar-
gets demonstrated that this significance was largely
due to achievement of blood pressure targets (P �
.0420).

The use of tracking systems, including comput-
erized clinician reminders, checklists/flowcharts in

general, checklists/flowcharts for chronic disease or
risk factor chart stickers, also significantly increased
the odds of partial achievement of targets (P �
.002) for patients with diabetes, but not the odds of
appropriate assessment or treatment. Subsequent
analyses of individual targets demonstrated that
this significance was due to both achievement of
blood pressure as well as LDL targets (P � .0027
and 0.0420, respectively).

(H2) Use of Clinical Information Systems Favorably
Impacts Patient Level Diabetes Measures
Particularly in Diabetic Patients with
Comorbidities
Table 3 presents the odds ratios and P values de-
scribing the effectiveness of each information sys-
tem component at improving diabetes care among
patients with hypertension or a heart condition or
neither. Use of tracking systems was associated
with increased odds of achievement of diabetes
targets (both partial and full, P � .010 and 0.027) in
patients with hypertension. For example, patients’
odds of achievement of 2 of 3 targets were in-
creased by 23% in practices in which the usage of
patient identification systems was increased by 1
point (on a scale of 1 to 5).

Identification systems was also associated with
increased odds of achievement of all 3 targets (P �
.029). A negative relationship was found between
the use of identification systems and achievement
of treatment guidelines (P � .015) in patients with
hypertension, although this relationship did not
carry over into achievement of targets (P � .284
and 0.651).

(H3) Use of Clinical Information Systems Favorably
Impacts Hypertensive Control in Diabetics with
Hypertension
For patients with diabetes and hypertension, the
odds of achieving target blood pressure were higher
if the practice had more frequent use of tracking
systems (OR � 1.52, P � .0017) and reflected a
similar trend with more frequent use of identifica-
tion systems (OR � 1.28, P � .1349).

Discussion
This study suggests that the use of relatively simple
systems to identify and track patient information
may improve diabetic care outcomes. Furthermore
the effect was slightly stronger in the management

Table 2. OR, P values, and 95% CI for the effect of
Clinical Information Systems Use (Measured as an
Average of Clinician Usage Scores on Adherence to
Diabetes Care Guidelines, Controlling for Patient- and
Practice-Level Covariates)*

OR Value of P CI for OR

Identification of Patients
Assessment 0.79† 0.207 0.55,1.14
Treatment 0.74 0.098 0.87,1.06
Target (2 of 3) 1.23 0.007 1.06,1.44
Target (all 3) 1.22 0.192 0.91,1.63

Tracking Systems
Assessment 1.10 0.567 0.80,1.51
Treatment 1.15 0.330 0.87,1.51
Target (2 of 3) 1.32 0.002 1.11,1.59
Target (all 3) 1.28 0.100 0.95,1.73

*Patient level covariates included age, gender, whether the per-
son had a heart condition and/or hypertension. Practice level
covariates included whether the practice uses an EMR and
whether the practice is a solo or group practice.
†For a 1-point increase in the score for �identification of pa-
tients� (on a scale of 1 to 5), the odds of appropriate assessment
decrease by 21%.
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of higher risk diabetic patients with hypertension
or heart condition as comorbid conditions. Fur-
thermore, among diabetic patients with coexisting
hypertension, both identification and tracking sys-
tems favorably impacted hypertensive control. Pro-
viding care to these high-risk diabetic patients re-
quires management of more complex information
for decision making. In other organizational set-
tings the access to information and in particular the
use of information impacts performance through
influencing work relationships for better decision
making, learning, and task execution.24,25

Although we found no relationship with mea-
sures of assessment and treatment (process mea-
sures), a finding reflected also in mixed results from
other studies,26,27 outcomes still remain most rele-
vant. If the current conceptualization of processes
and outcomes is not consistent with real-world
practices, perhaps exploring further the capacity of
a practice to access and use information can en-
hance our understanding of these presumed con-
nections and assist in implementing guidelines.

Although drawn from cross-sectional data, our
results suggest as in other studies28–30 that rela-
tively modest practice efforts might be associated
with significantly improved outcomes of diabetes
care. Our findings are particular salient because the

majority of primary care practices are smaller, in-
dependent practices31,32 such as those represented
in our study.

Interestingly, this study also suggests that prac-
tices can achieve better outcomes without reliance
on highly expensive office systems for patient iden-
tification and tracking. Our results are consistent
with previous reports,33–37 and should caution the
rush to EHR implementation as an automatic fix
for quality-of-care issues. In fact combining results
from this analysis and another34 suggest that prac-
tices with identification systems (if used in conjunc-
tion with an EHR) seem to do better on patient
care despite the EHR, rather than because of any
advantage provided by the EHR. EHR design and
implementation requires specific attention to how
information is accessed and used for identification
and tracking chronic care patients. Whether imple-
menting more technologically sophisticated or rel-
atively simpler information systems, practitioner
and research attention should be extended to rea-
sons why some practices not only choose a partic-
ular system or combination but also why the vari-
ation in their effective incorporation. As in other
organizational settings, paying attention to social
factors like the characteristics of work relationships
may be salient.38,39

Table 3. OR and P Values Describing the Effect of Clinical Information Systems Use (Measured as an Average of
Clinician Usage Scores) on Adherence to Diabetes Care Guidelines Among Patients With and Without Comorbid
Conditions*

Identification of Patients Tracking Systems

OR Value of P OR Value of P

Assessment Heart Condition 1.08† 0.768 1.02 0.966
Hypertension 0.80 0.247 0.97 0.865
Neither 0.70 0.188 1.50 0.030‡

Treatment Heart Condition 1.12 0.925 1.27 0.468
Hypertension 0.62 0.015§ 1.27 0.095‡
Neither 0.78 0.368 1.17 0.466

Target (2 of 3) Heart Condition 1.34 0.292 1.12 0.481
Hypertension 1.13 0.284 1.42 0.010‡
Neither 1.44 0.049‡ 1.14 0.274

Target (all 3) Heart Condition 2.30 0.029‡ 1.12 0.720
Hypertension 1.08 0.651 1.46 0.027‡
Neither 1.39 0.201 1.25 0.305

*Patient-level covariates included age and gender; practice-level covariates included whether the practice uses an EMR and whether
the practice is a solo or group practice.
†Among patients with a heart condition, the odds of appropriate assessment according to guidelines increased by 8% with a 1-point
increase (on a scale of 1 to 5) for use of patient identification systems. (Not significant, P � 0.768.)
‡Use of information system component associated with improved diabetes care.
§Use of information system component associated with decreased diabetes care.
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Strengths of this study include participation by
smaller community practices that are independent
or owned by loosely organized health systems, and
using process and outcome measures for diabetes.
There are also limitations. Survey questions re-
garding information system usage were not specific
to diabetes care and, thus, the positive associations
with diabetes care need confirmation. However,
diabetes is highly prevalent in practices, and one
would expect diabetes to have been considered in
responses to the survey. Further, clinician self-re-
port on the extent of use of information systems
may have been less accurate than, for example,
direct observation of that use.

Finally, one finding remains unexplained. Those
practices with high use of identification systems
seemed to reflect poorer treatment adherence in
patients with hypertension. However, even these
patients in the higher-use group had better scores
(treated better) than those patients without any
comorbid condition, and we did not see this nega-
tive effect translate into achieving targets.

Overall, for practicing clinicians, these results
suggest that efforts summarizing patient specific
clinical information are not misplaced, and that
expensive technology is not always necessary for
achieving good outcomes. For researchers, the con-
ceptualization of practices’ capacity to access and
use information needs refinement to expand the
framework beyond clinical information systems.
Acquiring, distributing, and using the best clinical
information at the point of service are no longer
sufficient to achieving successful outcomes.40–42

Practices must also incorporate processes to share
and develop40,41 information or knowledge to im-
pact care by enhancing organizational as well as
individual decision making and learning. Knowl-
edge Management24,43,44 and related disciplines
and practices such as organizational learning, orga-
nizational knowledge, and learning organiza-
tion19,45 may provide fruitful exploration. In addi-
tion, this refinement must also explore the
interdependencies of this capacity with other orga-
nizational attributes such as leadership, motivation,
and office relationships.17,18 Such an integrative
framework may better inform future research on
how diabetes care and primary care delivery gen-
erally can be improved in the context of a myriad of
competing demands, limited practice resources,
and a misaligned health system.
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