Research Article a Applied Clinical Informatics 197

Health Information Exchange and
Ambulatory Quality of Care

L.M. Kern'23;Y. Barrén'3; R.V. Dhopeshwarkar®#; R. Kaushal'234>

' Department of Public Health, Weill Cornell Medical College, New York, NY.; 2 Department of Medicine, Weill Cornell Medical
College, New York, NY.; 3 Health Information Technology Evaluation Collaborative, New York, NY.; 4 Department of Pediatrics,
Weill Cornell Medical College, New York, NY.; > New York-Presbyterian Hospital, New York, NY.

Keywords
Health care quality, clinical informatics, quality indicators

Summary

Background: Health information exchange is a national priority, but there is limited evidence of its
effectiveness.

Objective: We sought to determine the effect of health information exchange on ambulatory
quality.

Methods: We conducted a retrospective cohort study over two years of 138 primary care phys-
icians in small group practices in the Hudson Valley region of New York State. All physicians had ac-
cess to an electronic portal, through which they could view clinical data (such as laboratory and
radiology test results) for their patients over time, regardless of the ordering physician. We con-
sidered 15 quality measures that were being used by the community for a pay-for-performance pro-
gram, as well as the subset of 8 measures expected to be affected by the portal. We adjusted for 11
physician characteristics (including health care quality at baseline).

Results: Nearly half (43%) of the physicians were portal users. Non-users performed at or above
the regional benchmark on 48% of the measures at baseline and 49% of the measures at follow-
up (p = 0.58). Users performed at or above the regional benchmark on 57% of the measures at
baseline and 64% at follow-up (p<0.001). Use of the portal was independently associated with
higher quality of care at follow-up for those measures expected to be affected by the portal (p =
0.01), but not for those not expected to be affected by the portal (p = 0.12).

Conclusions: Use of an electronic portal for viewing clinical data was associated with modest im-
provements in ambulatory quality.
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1. Background

Health information exchange is a national priority. The Health Information Technology for Econ-
omic and Clinical Health Act (HITECH) established up to $29 billion in incentives for providers and
hospitals for “meaningful use” of electronic health records, which includes health information ex-
change [1, 2]. Health information exchange involves the electronic sharing of clinical data, including
sharing of clinical data across health care providers caring for the same patient [3]. Types of data that
can be shared include laboratory results, radiology results, hospital discharge summaries, and oper-
ative reports.

Without electronic health information exchange, clinical information is missing in 1 out of every
7 primary care visits, because the data reside elsewhere and are not accessible at the point of care [4].
Health information exchange could improve quality by providing more complete and more timely
access to clinical data, which in turn could improve medical decision making [5-8]. For example,
using health information exchange, physicians could determine if tests recommended by clinical
guidelines have been done for their patients or not, including when ordered by other providers. If ac-
cess to external clinical data reveals that recommended tests have not been done, then those tests
could be ordered; if it reveals that recommended tests have been done, then physicians could docu-
ment those tests and avert duplicate ordering.

Previous evidence demonstrating the effect of health information exchange on quality has been
limited [9-11]. Previous work in hospital-based settings has found that electronic laboratory result
viewing, which is one aspect of health information exchange, can decrease redundant testing and
shorten the time to address abnormal test results [12—15]. In the ambulatory setting, electronic lab-
oratory result viewing has been found to increase patient satisfaction [16] and improve the timeli-
ness of public health reporting [17, 18]. Other studies have considered the effects of health informa-
tion exchange on emergency department utilization with mixed results [19-21].

2. Objectives

We sought to determine whether health information exchange was associated with higher ambula-
tory care quality, defined primarily as higher rates of recommended testing. We previously found, in
a cross-sectional study, that health information exchange was associated with higher ambulatory
care quality [22]. However, it was not possible in that study to rule out confounding by physicians’
baseline quality of care. This study was designed to address that limitation. Our objective was to de-
termine any association between health information exchange and quality of care, while adjusting
for baseline quality of care.

3. Methods

3.1 Overview

We conducted a retrospective cohort study of primary care physicians in the ambulatory setting. All
of the physicians had the opportunity to view clinical data through a free-standing Internet-based
portal. We determined associations between actual usage of the portal and health care quality over
time, adjusting for physician characteristics, including baseline quality.

3.2 Setting and Participants

This study took place in the Hudson Valley, the region of New York State immediately north of New
York City. We included primary care physicians for adults (general internists and family medicine
physicians) who were members of the Taconic Independent Practice Association (IPA), a not-for-
profit organization that includes approximately 50% of the physicians in the Hudson Valley [23].
MVP Health Care is a regional health plan with covered lives in New York, Vermont and New
Hampshire [24]. The Taconic IPA is the exclusive provider network for MVP Health Care patients in
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the Hudson Valley of New York, though Taconic IPA providers also accept other types of insurance.
We restricted our sample to those primary care physicians in the Taconic IPA who each had at least
150 patients with MVP Health Care. Since 2001, MVP has been issuing Physician Quality Reports to
primary care providers, which compare a physician’s performance to a regional benchmark, which
is typically the mean performance for MVP’s HMO product. Since 2002, financial bonuses have been
given for performance exceeding these regional benchmarks.

3.3 Electronic Portal

The health information exchange portal is run by MedAllies, a for-profit company, which was cre-
ated by the Taconic IPA [25, 26]. The portal, launched in 2001, is Internet-based and allows phys-
icians to log in with secure passwords from any computer. The portal displays results over time and
allows providers to view their patients’ results regardless of whether the underlying tests were or-
dered by themselves or other providers. The portal is a central repository that uses a master patient
index, standardized terminology, and interoperability standards.

The portal allows physicians to access results in 2 counties, with data from 5 hospitals and 2 ref-
erence laboratories. All results generated by these hospitals and laboratories flow through the port-
al, including admission, discharge and transfer information; inpatient and ambulatory laboratory
results; radiology and pathology results; and all inpatient transcriptions (including history and
physical, consult, operative, and discharge summary reports).

The portal overall receives 10,000 results per week, contains clinical information for more than
700,000 patients, and is accessed by more than 1600 users (including 500 physicians) in 175 prac-
tices. On average, approximately 90% of a typical primary care physician’s panel is represented.

3.4 Data

We received data from MedAllies on usage of the portal for 3 time periods: January — June 2005
(Time 1), July — December 2005 (Time 2), and January — June 2006 (Time 3). At that time, the port-
al was the most common health information technology intervention in the community, much more
common, for example, than electronic health records, thus enabling measurement of the portal’s ef-
fect in isolation from other interventions.

We received health care quality data from MVP Health Care, which MVP had collected from ad-
ministrative claims and patient surveys and had included in their Physician Quality Reports. This in-
cluded performance on 13 metrics from the Health Plan Employer Data and Information Set
(HEDIS) and 2 patient satisfaction metrics: rates of

L. mammography;

2. Pap smears;

3. colorectal cancer screening;

4. appropriate asthma medication use;

5. antibiotic use for acute upper respiratory infections;

6-9. documentation of body mass index, nephropathy screening, lipid and glycemic control for

patients with diabetes;

10-13. documentation of body mass index and counseling for drug and alcohol use, sexual activity
and tobacco use for adolescents;

14.  satisfaction with quality of care; and

15.  satisfaction with communication from physicians’ offices.

Of those measures, we expected 8 to be affected by the use of the portal:

1. mammography;

2. Pap smears;

3. colorectal cancer screening;

7-9. nephropathy screening, lipid control and glycemic control for patients with diabetes;
14.  satisfaction with quality of care; and

15.  satisfaction with communication from physicians’ offices.
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These 8 measures were the ones that could be affected by the availability of external clinical data (e.g.
laboratory tests) or were patient satisfaction measures, which could be improved by better provider
knowledge of external clinical data.

We received physician-level data for all 15 quality metrics for 2 time periods. We used the first time
period as the Baseline for the study (July 2004 — June 2005) and the second time period as the Follow-
up (July 2005 — June 2006).

From MVP, we also obtained data on adoption of electronic health records during the baseline
and follow-up time periods, as well as data on 9 other physician characteristics: gender, age, special-
ty, board certification, degree (MD vs. DO), physician group size, patient panel size, case mix and re-
source consumption. Case mix was calculated by MVP using the Diagnostic Cost Group (DxCG) All
Encounter Explanation model [27,28]. Resource consumption was also calculated by MVP, using its
own algorithm, and reflected the total amount of health care services a physician’s panel utilized.
Case mix and resource consumption were each standardized, with values of 1.0 representing average,
<1.0 lower than average, and >1.0 higher than average.

3.5 Statistical Analysis

Portal usage was measured by MedAllies as the average number of days per month a physician logged
in during each time period. Usage exceeding 15 days per month was truncated by MedAllies and
treated as 15 days per month. We present the number of physicians who had any use during each time
period, and we present descriptive statistics on intensity of use. We chose to dichotomize usage in
each time period as any use or no use. We considered treating usage as a continuous variable but did
not have enough statistical power to do so.

Using Pearson correlation coefficients, we found that usage in one time period was associated
with usage in another time period. We selected usage in Time 3 to be the main predictor, because this
period had the most users and thus the most statistical power.

We used descriptive statistics to characterize our sample overall and stratified by usage in Time 3.
We compared users to non-users, using t-tests for continuous variables and chi-squared or Fisher’s
exact tests for dichotomous variables.

We compared the performance of each physician to a regional benchmark: the mean performance
of MVP’s HMO. We assigned each physician a value of 1 if he or she scored equal to or better than the
regional benchmark and 0 otherwise. We generated a quality index for each physician, equal to the
number of metrics for which he or she performed at or better than the regional benchmark, divided
by the total number of metrics for which that physician was eligible. The quality index could range
from 0 to 100, with higher scores indicating higher quality. We calculated the average quality index
for each study group (users and non-users) in each time period (baseline and follow-up). We com-
pared the average quality index across study groups and across time periods using t-tests.

In order to adjust for potential confounders, we used generalized estimation equations. This
method accounts for the clustering that occurs with having multiple quality metrics per physician
and repeated measurements over time.

We constructed regression models in which quality at follow-up was the dependent variable. The
independent variable was usage of the portal in Time 3, as defined above. We considered the 11 phys-
ician characteristics, including adoption of electronic health records and quality at baseline, as po-
tential confounders. We entered those variables with bivariate p-values <0.20 into a multivariate
model. We used backward stepwise elimination to generate the most parsimonious model, consider-
ing p-values 0.05 to be significant. We considered the 15 measures overall and stratified by whether
or not the measures were expected to be affected by portal use.

All analyses were performed using SAS version 9.1 (SAS Institute, Inc., Cary, NC).

3.6 Role of the Funding Source

The funding sources had no role in the study’s design, conduct or reporting.
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4. Results

4.1 Physician Characteristics

Of the 168 primary care physicians in our original, cross-sectional study [22], 138 (82%) also had
data for health care quality at follow-up and were included in this study. Of the 138 physicians in this
study, most were male, with an average age of 48 years (P Table 1). Half were general internists, and
half were in family practice. Most were board-certified with MD degrees. The average practice size
was 4 physicians. Fewer than 1 in 5 had adopted electronic health records.

The number of physicians using the electronic portal increased over time. Of the 138 physicians,
46 (33%) used the portal in the first time period, 58 (42%) used it in the second time period, and 59
(43%) used it in the third time period. Forty (29%) physicians used it in all 3 time periods.

4.2 Electronic Portal Usage

We found that usage in one time period was strongly associated with usage in other time periods
(p<0.001). The correlation between usage in Time 1 and usage in Time 2 was 0.81, and the cor-
relation between usage in Time 2 and usage in Time 3 was 0.78. Among users in Time 3, the average
physician logged in 8 days per month (SD 6 days, median 7 days).

Users were similar to non-users in terms of gender, age, specialty, board certification, degree, prac-
tice size, case mix, and resource consumption (P Table 1). Users were more likely than non-users to
adopt electronic health records (p = 0.03) and have larger panels of patients (p<0.001).

4.3 Quality of Care

In terms of quality, physicians performed well, with >50% of the physicians overall meeting or ex-
ceeding the regional benchmark for 9 of the 15 measures (»Table 2).

4.4 Electronic Portal Usage and Quality

When we considered the results by measure, there were trends (p<0.20) for better performance by
users compared to non-users for 7 of the 15 measures (P Table 2).

When we aggregated across measures, non-users performed at or above the regional benchmark
for 48% of the quality metrics at baseline and 49% at follow-up (p = 0.58, »-Figure 1). Users per-
formed at or above the regional benchmark for 57% of the quality metrics at baseline and 64% at fol-
low-up (p<0.001), which is equivalent to an absolute improvement of 7% and a relative improve-
ment of 12%. This is consistent with the bivariate association we observed between usage of the port-
al and higher quality of care at follow-up (> Table 3).

In the final multivariate model, usage of the electronic portal persisted as an independent predic-
tor of quality of care at follow-up [Odds Ratio (OR) 1.42; 95% confidence interval (CI) 1.04, 1.95; p
= 0.03; »>Table 4]. This model included adjustment for quality of care at baseline, which continued
to be a strong predictor of quality at follow-up.

This association between usage of the portal and higher quality of care was significant for the sub-
set of measures expected to be affected by the portal (adjusted OR 1.56; 95% CI 1.09, 2.23; p = 0.01)
but not for those not expected to be affected (adjusted OR 1.49; 95% CI 0.90, 2.46; p = 0.12).

5. Discussion

We found that usage of an electronic portal for viewing clinical data was independently associated
with modest improvements in quality of care, with an absolute improvement of 7% and a relative
improvement of 12%. This association persisted after adjusting for physician characteristics includ-
ing baseline quality of care. This association was significant for the subset measures that could be af-
fected by access to external clinical data, but not for the other measures. The magnitude of the associ-
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ation we observed was modest and slightly less than the typical 12-20% improvement seen in quality
for inpatient EHRs and for some previous ambulatory EHR initiatives [9].

This study is novel for its measurement of the effectiveness of a community-based portal on am-
bulatory quality, particularly defined as rates of reccommended testing. Previous studies have focused
on the related topics of physicians’ perceptions [29, 30], patients’ perceptions [16, 31-33], public
health [17, 18], response time [13], redundant testing [12, 14, 15], emergency department utilization
[19-21], and projected cost savings for the health care system [34].

This study is also notable for having taken place in small group practices, where the large major-
ity of care is delivered and where adoption of HIT has lagged [35]. The setting was not in an inte-
grated delivery system [36—38] or a hospital-based practice, but rather a community with multiple
payers and physician-owned practices. This study’s fragmented setting is more typical of the major-
ity of American health care. This study is also strengthened by having actual usage data, which is dis-
tinct from other studies that used the potential for access to data as the predictor [39].

This study has several limitations. It took place in a single community, which may limit general-
izability. This community is active in practice-based quality improvement, and many of the phys-
icians who participated in this study were in practices that subsequently went on to achieve recogni-
tion by the National Committee for Quality Assurance as Patient-Centered Medical Homes. The
data are several years old, and newer iterations of the portal and other forms of health information
exchange may yield different results. The study was not a randomized trial, so the findings may be
confounded by unmeasured physician characteristics; however, this study adjusted for baseline
physician quality, which makes a spurious correlation less likely. We did not have data on which phys-
icians were in which practices, so we were not able to adjust for clustering at that level. We also could
not account for potential bias introduced by the fact that 18% of providers did not have data at fol-
low-up. Future studies could examine health information exchange in a more granular manner, at-
tempting to link access to data with specific medical decisions. Larger studies could also consider
whether a “dose-response” relationship exists between usage and quality.

The federal government in investing heavily in health information exchange through the State-
wide Health Information Exchange Cooperative Agreement Program, the Beacon Community pro-
gram, and the Direct program [40, 41]. These investments all build on the government’s incentives
for meaningful use of electronic health records. How these efforts will interact to affect care is still
unfolding.

6. Conclusion

We found modest but significant improvements in ambulatory quality with the use of an electronic
portal for viewing clinical data. This study took place in a community with small group practices and
multiple commercial payers, typical of many communities across the country. The findings from this
study can inform national discussions, as the country embarks on an unprecedented effort to en-
courage the adoption and meaningful use of HIT.

7. Clinical Relevance Statement

We studied a web-based portal that allowed providers to view their patients’ clinical data, regardless
of whether the underlying tests were ordered by themselves or by other providers. We found that
users of this portal were more likely to provide higher quality of care than non-users, even after ad-
justing for provider characteristics.
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Fig. 1 Average ambulatory quality of care for a composite of 15 measures, stratified by time and use of the portal.
Comparisons were made with t-tests and generated the following p-values: at follow-up (black bars) difference be-
tween non-users and users (49% vs. 64%, p<0.0001), and within users (grey bar vs. black bar) baseline vs. follow-

up (57% vs. 64%, p<0.001).
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Table 1 Baseline characteristics of primary care providers, stratified by use of an electronic portal for viewing clini-

cal data (N = 138).

Primary Care Provider Characteristics

Demographic Characteristics

Male gender, N (%)

Age at baseline, mean (SD)

Internal Medicine (vs. Family Practice), N (%)
Board Certified, N (%)

MD degree (vs. DO), N (%)

Number of primary care providers in practice, mean (SD)
MVP patient panel size, mean (SD)

Case mix index*, mean (SD)

Resource consumption index 1, mean (SD)
Adoption and Usage Characteristics

Used electronic portal,
Jan — Jun 2005, N (%)

Used electronic portal,
Jul — Dec 2005, N (%)

Adopted electronic health records,
Jan — Jun 2005, N (%)

Adopted electronic health records,
Jul — Dec 2005, N (%)

Overall

9(7)

16 (12)

Used Electronic Portal, p
Jan —Jun 2006

Yes

56 (95)

6 (10)

11(19)

No
N=79

0 (76)
48.8 (8.1)
38 (48)
74 (94)

71 (90)
4.3 (5.6)

352 (218)
1.05 (0.25)
(

0.96 (0.13)

5 (6)

0.97
0.07
0.36
0.92
0.53
0.39
<0.001
0.31
0.83

< 0.001

< 0.001

0.17

0.03

* Case mix was calculated by the participating health plan using the Diagnostic Cost Group (DxCG) All Encounter
Explanation Model. [24,25] Case mix was standardized, such that a value of 1.0 represented average case mix,
<1.0 represented healthier than average, and >1.0 sicker than average.
t Resource consumption was calculated by the participating health plan using its own algorithm and reflected the
total amount of health care services a physician’s panel utilized, with standardized values of 1.0 representing

average, <1.0 lower than average, and >1.0 higher than average resource consumption.
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icians meeting or exceeding the regional benchmark, stratified by use of an electronic portal for viewing clinical data.

Percentage of primary care phys-

icians with performance meeting or
exceeding the regional benchmark

Used Electronic Laboratory
Result Viewing,
Jan —Jun 2006

Yes
(N =59)

57.6

54.2

76.3

56.4

43.8

56.1
45.6
86.0

79.0

69.6
73.9

69.6

87.0
65.5

Quality measure N Re-
gional
bench-
mark Over-
all
Mammography, % female members 52—69 years old 137 76.4 44.5
who had a mammogram in the reporting year or year
prior
Pap smear, % of female members 21-64 yearsold 138 81.0 46.4
who had a Pap smear in the reporting year or two
years prior
Colorectal cancer screening, % of members 50-80 138 52.7 67.4
years old who had fecal occult blood testing in the
reporting year, flexible sigmoidoscopy in the last 5
years, or colonoscopy in the last 10 years
Asthma medication management, % of members with 102 88.8 57.8
asthma who filled a prescription for more than one
short-term beta agonist in a specified 3-month period
and were also on a long-term controller medication
Antibiotic use, % of members who were treated with 67  47.2 38.8
an antibiotic for acute bronchitis, acute sinusitis or
acute upper respiratory infection / pharyngitis*
For patients with diabetes only
Body mass index documented, % 125 15.4 41.6
Nephropathy screening, % 125 61.6 40.8
Low density lipoprotein cholesterol < 100 mg/dlin 125 45.1 75.2
the reporting year or year prior, %
HbA; ¢ < 7% in the reporting year, % 125 48.9 71.6
For adolescents (ages 14-18 years) only, in the two previous years
Body mass index documented, % 47 103 66.0
Screening or counseling documented for drug and al- 47 75.5 74.5
cohol use, %
Screening or counseling documented for pregnancy 47  68.0 61.7
or sexually transmitted diseases, %
Screening or counseling documented for tobacco use, % 47  75.9 83.0
Member satisfaction score with communication with 136 85.3 58.1
PCP’s office, % (maximum possible score 100%)
Member satisfaction score with quality of care, 100% 136 86.9 48.5

(maximum possible score 100%)

56.9

No
(N=179)

34.6

40.5

60.8

59.6

343

294
36.8
66.2

76.5

62.5
75.0

54.2

79.2
52.6

42.3

p

0.01

0.1

0.05

0.74

0.43

0.003
0.32
0.01

0.74

0.61
0.93

0.28

0.70
0.13

0.09

* In the case of Antibiotic Use, the last three columns represent the percentage of primary care physicians who

are at or below the regional benchmark, because a lower score is
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Table 3 Bivariate associations between physician characteristics and higher quality of care at follow-up. The depend-
ent variable reflects 15 quality measures at Follow-up, including measures related to preventive care, chronic disease
management and patient satisfaction. Models adjust for clustering of quality indicators within physician by using gen-
eralized estimating equations. Panel size was included as a log-transformed variable due to skewness.

Physician Characteristic Odds Ratio

(95% Confidence Interval)
Used electronic portal, Jan — Jun 2006 (yes vs. no) 1.71 (1.31, 2.23)
Age (per 10 year increase) 0.86 (0.74, 1.01)
Gender (male vs. female) 0.73 (0.53, 1.01)
Specialty 1.01 (0.77, 1.32)
Internal Medicine (vs. Family Practice)
Board certified (yes vs. no) 1.69 (0.96, 2.98)
Degree (MD vs. DO) 1.05 (0.67, 1.65)
Number of physicians in group (per physician) 0.97 (0.93, 1.01)
Patient panel size (for each 10-fold increase) 1.39(1.08, 1.78)
Case mix index (per unit increase) 1.96 (0.89, 4.33)
Resource consumption index (per unit increase) 1.33(0.41, 4.31)
Adopted electronic health record (yes vs. no) at baseline 1.07 (0.64, 1.79)
Adopted electronic health record (yes vs. no) at follow-up 1.16 (0.76, 1.79)
Quality at baseline 15.30 (11.69, 20.01)

Table 4 Final multivariate model with physician characteristics independently associated with higher quality of care
at follow-up. The dependent variable reflects 15 quality measures, including measures related to preventive care,
chronic disease management and patient satisfaction. The model below is derived from generalized estimating
equations and adjusts for all variables listed (selected through stepwise regression with backwards elimination) plus
clustering of quality indicators within physician. Panel size was included as a log-transformed variable due to skew-
ness.

Physician Characteristic Odds Ratio
(95% Confidence Interval)
Used electronic portal (yes vs. no) 1.42 (1.04, 1.95)
Jan —Jun 2006
Number of physicians in group (per physician) 0.95 (0.92, 0.99)
Patient panel size (per 10-fold increase) 1.42 (1.06, 1.90)
Quality at baseline 15.98 (12.10, 21.12)
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