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Abstract

Background: Personal health records (PHRs) have the potential to improve patient self-management for chronic conditions
such as diabetes. However, evidence is mixed as to whether there is an association between PHR use and improved health
outcomes.

Objective:  The aim of this study was to evaluate the association between sustained use of specific patient portal features
(Web-based prescription refill and secure messaging—SM) and physiological measures important for the management of type
2 diabetes.

Methods: Using a retrospective cohort design, including Veterans with diabetes registered for the My Health e Vet patient
portal who had not yet used the Web-based refill or SM features and who had at least one physiological measure (HbA1c,
low-density lipoprotein (LDL) cholesterol, blood pressure) in 2009-2010 (baseline) that was above guideline recommendations
(N=111,686), we assessed portal use between 2010 and 2014. We calculated the odds of achieving control of each measure by
2013 to 2014 (follow-up) by years of using each portal feature, adjusting for demographic and clinical characteristics associated
with portal use.

Results: By 2013 to 2014, 34.13% (38,113/111,686) of the cohort was using Web-based refills, and 15.75% (17,592/111,686)
of the cohort was using SM. Users were dlightly younger (P<.001), less likely to be eligible for free care based on economic
means (P<.001), and more likely to be women (P<.001). In models adjusting for both features, patients with uncontrolled HbA1c
at baseline who used SM were significantly more likely than nonusers to achieve glycemic control by follow-up if they used SM
for 2 years (oddsratio—OR=1.24, CI: 1.14-1.34) or 3 or moreyears (OR=1.28, Cl: 1.12-1.45). However, there was no significant
association between Web-based refill use and glycemic control. Those with uncontrolled blood pressure at baseline who used
Web-based refills were significantly more likely than nonusers to achieve control at follow-up with 2 (OR=1.07, CI: 1.01-1.13)
or 3(OR=1.08, ClI: 1.02-1.14) more years of Web-based refill use. Both features were significantly associated with improvements
in LDL cholesterol levels at follow-up.

Conclusions:  Although rates of use of the refill function were higher within the population, sustained SM use had a greater
impact on HbA1c. Evaluations of patient portals should consider that individual components may have differential effects on
health improvements.
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Introduction

Diabetes affects over 29 million Americans [1] and was
estimated to have cost between $245 billion [2] and $322 billion
[3] in 2012. Despite advancesin effective treatments [4], almost
half of those with type 2 diabetes do not meet recommended
targets for glycemic control, low-density lipoprotein (LDL)
cholesterol control, or blood pressure control [5]. Poor control
of diabetes is associated with poor health outcomes, increased
morbidity, and mortality [1,3]. Type 2 diabetes affects a large
portion of US Veterans, with 25% of Veterans having the
diagnosis [6,7].

Patientswith diabetes and other chronic diseases do not do well
with episodic, transactional carelimited to in-personvisits. The
Ingtitute of Medicine [8] has called for ashift toward continuous,
coordinated care, leveraging information technol ogy to support
self-management and communication between clinic visits.
Type 2 diabetes requires patient self-management and effective
patient—provider communication to tailor treatments, manage
side effects, monitor physiological processes, and screen for
complications. Personal health records (PHRs) and patient
portals are technologies with the potential to increase patient
self-management and enable patients to better communicate
with their clinical teams[9,10].

Evidence for patient portal effectiveness for chronic disease
management islimited, and association with outcomesis mixed
[11]. Tenforde et a [12] found that portal use was associated
withimprovementsin diabetes-rel ated quality measures but did
not find a dose-response association with varying intensity of
portal use and did not separate out effects by specific portal
feature. Potential benefits of portal use have included patient
reports of enhanced satisfaction, improved access outside of
face-to-face visits, and improved efficiency and quality of
face-to-face visits [13]. Studies from Kaiser [14] and Group
Health Cooperative [15,16] found significant associations
between use of secure messaging (SM) and improvements in
diabetes care, with significant performance improvements in
glycemic testing and control. Other studies have documented
improvementsin medi cation adherence among diabetic patients
on statins exclusively using Web-based prescription refill
through a patient portal [17]. Association of portal use and
improvements in cholesterol and blood pressure effectiveness
of care measures [14] have aso been documented among
patients with diabetes and hypertension.

Portals vary widely, adding to the difficulty in evaluating any
effects they may have on patients’ health outcomes. Some are
tethered to ahealth care system, others are not, some are disease
specific, whereas most are not [18,19]. The Department of
Veterans Affairs provides its patients with a portal, My
HealtheVet (MHV), including features allowing them to refill
VA prescriptions and send secure messages to their providers
[20-22]. These two features, SM and Web-based prescription
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refill, are among the most common across portals and are the
most frequently used [23]. Veteranswith diabetes have relatively
high adoption of MHV and of these key features[7].

This study examines whether diabetes outcomes are improved
for patientswith type 2 diabeteswho initiate use of key features
of the MHYV patient portal compared with similar patients with
type 2 diabeteswho are al so registered for the portal but do not
initiate use of any of these features. To answer this question,
we focused on patients with adiagnosis of type 2 diabetes who
had at |east one uncontrolled physiol ogical measure (hemoglobin
Alc, LDL cholesterol, blood pressure) at baseline (2009-2010)
to examine whether those who had used the portal’ s Web-based
prescription refill or SM featuresfor thefirst time between 2010
and 2013 were more likely than nonusers to achieve control at
follow-up (2013-2014). We aso sought to explore both the
separate and combined effects of Web-based refill and SM use
on physiological measures and whether sustained use was
associated with a greater probability of achieving control.

Methods

Study Design and Overview

We conducted a 5-year retrospective cohort study of Veterans
with type 2 diabetes registered for the MHV portal. Data for
these analyses came from the Veteran’sHealth Administration’s
Corporate Data Warehouse, including administrative data,
clinical records for inpatient and outpatient care, and MHV
registration and use data. We used International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
diagnosiscodes (October 1, 2007-March 31, 2009) to determine
type 2 diabetes diagnosis and determine patient characteristics
at baseline. Data from April 1, 2009 through March 31, 2014
were used to assess MHV use over time. Intermediate
physiological measures obtained during clinical care were
obtained at baseline and follow-up. In addition, we linked
income and educational attainment variables from the US
Census Bureau’'s 2007- 2011 American Community Survey
(5-year estimates) to each Veteran viapostal code.

Cohort Eligibility

We identified patients who had at least two outpatient records
or one inpatient record with an ICD-9-CM diagnosis code for
type 2 diabetes by March 2009 (N=1,207,703). Use of two or
more diabetes-related ICD-9-CM codes from inpatient or
outpatient visits has previously been determined to be the most
accurate way to identify patients with diabetes in VA
administrative data [24]. We then excluded patients who had
not used the VA for primary care in 2009 to 2010, who had
controlled or missing diabetes outcome measures, who were
not registered for the portal, or who had used the MHV
Web-based prescription refill or SM features before 2010 (see
Figure 1). Welimited our analysesto those who were registered
to use the MHV portal to minimize differencesin accessto the
portal or in willingness to use the portal among users and
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nonusers so that we could focus on associations with actual use.
Our previous work has shown patients registered for the portal
(but not using features) to be amore appropriate and comparable
reference group [7]. Because our goal was to understand how
a patient portal could assist in achieving improvements in

Figure 1. Cohort Selection.
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physiological control, we also excluded those who were
controlled at baseline from the main analyses as those patients
had already successfully managed to control their physiological
measures without the use of MHV. The final analysis cohort
included 111,686 patients.
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Variables

Dependent Variables—Diabetes-Related Physiol ogical
Measures: HbAlc, LDL, Systolic and Diastolic Blood
Pressures

We used the American Diabetes Association’s guidelines to
define cutoffs for glycemic, cholesterol, and blood pressure
control [25]. We defined uncontrolled blood glucose at baseline
(April 2009-March 2010) if the patient’s average hemoglobin
Alc (HbA1c) during that period was greater than or equal to
7.0% (53 mmol/mol) and uncontrolled LDL cholesterol at
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Specific Baseline Measure

was Uncontrolled
and Follow-up
Measure Available
Alc available 36,305
LDL available 18,898
BP available 31,907

baselineif the patient’s average cholesterol reading during that
same period was greater than or equal to 100 mg/dL (2.586
mmol/L). Similarly, we determined that a patient had
uncontrolled blood pressure if the average systolic blood
pressure at baseline (assessed by averaging al readings during
the baseline year) was 140 mmHg or higher, or the average
diastolic blood pressure (similarly averaged acrossthe baseline
year) was 80 mmHg or higher. To achieve control by follow-up,
patients had to lower their readings to below the cutoffs (blood
glucose and LDL cholesterol) or achieve control over both
systolic and diastolic blood pressures (blood pressure). A binary
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indicator for whether a patient with uncontrolled values at
baseline achieved control by follow-up (2013-2014) was the
dependent variable for the logistic regression models.

I ndependent Variables—Use of the Portal: Registration,
Use of Web-Based Prescription Refill and Secure
Messaging

Among Veterans registered by April 1, 2013, we measured use
of two key features of the portal, which had been available
throughout the study period: the Web-based prescription refill
feature and the SM feature and used a binary indicator of any
use to describe the samples. We assessed how often each patient
used each feature during the potential exposure period (April
2010-March 2013). At some facilities, patients were prompted
to try these features (eg, send a test message to on€’s primary
care team) as part of a MHV training. We therefore defined
“use” as two or more prescriptions filled online via the MHV
portal per year or two or more SMs sent per year, to ensure we
captured actual use and not just attendance at atraining session.
To measure dose of exposure, our primary measure of use for
each portal featurewas acategorical variableindicating whether
apatient had used each feature two or more times per year over
1 year, 2 years, or for 3 or more years during the potential
exposure period. A continuous variable measuring years of use
(ie, yearswith 2+ refills or 2+ SMs sent) for each portal feature
was used for tests for trend.

Other Covariates

Other covariateswe used included demographic characteristics
such as patient age, gender, race or ethnicity, urban, suburban,
or rural residence, educational attainment, and income. In
multivariable models, we adjusted for age, gender, race,
comorbidities, and available measures of socioeconomic status
because these have been significantly associated with adoption
of SM and patient portalsin previous studies[9,26]. For income,
we included a measure of whether the patient was eligible for
free care from the Veterans Health Administration based on
low income. Because dataon Veterans' income and educational
attainment do not exist in the VA Corporate Data Warehouse,
we also linked Census data by postal code of residence on the
percentage of adults aged ol der than 25 yearswho have attained
abachel or’s degree or higher and the median per capitaearnings
inthe past 12 months (in 2011 inflation-adjusted dollars) among
those aged 25 years and older with earnings. We also adjusted
for the number of primary care visits a patient had during the
baseline year and the number of comorbidities they had as
determined by the Elixhauser algorithm for identifying
comorbidities from administrative data [27].

Analyses

We characterized the overall cohort and examined means and
distributions of patient demographic and clinical characteristics
by use, both overall and for those with specific uncontrolled
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physiological measures at baseline. We cal cul ated the proportion
of patients with diabetes in our cohort using each feature over
each year of the study and the average number of prescriptions
refilled or secure messages sent during each year. Our primary
goal wasto assessthe association of use of patient portal features
with change in diabetes-relevant physiological measures
(HbA1c, LDL, BP). To achieve this goal, we first calculated
means and binomial confidenceintervals(Cls) for the proportion
of patients who were uncontrolled at baseline who achieved
control at follow-up, stratified by the number of years of use of
the SM or Web-based refill features. We then constructed a
series of logistic regression models predicting control of each
physiological measure at follow-up based on categorical
measures of portal use (years of use of each feature), adjusting
for the covariates described previoudly. All logistic regression
models were adjusted for patient age; gender; race or ethnicity;
eigibility for free VA health care; number of Elixhauser
comorbidities at baseline; number of primary care visits at
baseline (in 2009-2010) and during the study period
(2010-2014); urban, suburban, rural, or highly rural residence;
median income by postal code; and the percentage of college
graduates in the patient’s residential postal code. In addition,
models for control of blood pressure, cholesterol, and HbA1c
at follow-up (2013-2014) were adjusted for the patient’s mean
baseline blood pressure, LDL cholesterol, or HbA1c value in
2009 to 2010, respectively. Separate models were first run for
each feature (Web-based prescription refill use and SM use)
because there was a moderate correlation between uses of the
two features. To further evaluate the independent effect of each
feature, we also ran combined logistic models, which included
both Web-based prescription refill use and SM usein the same
models. To test for dose response, we then ran tests of trend
treating the number of years of use of each feature as a
continuous variable. We also conducted sensitivity analysesto
see whether results changed depending on (1) our definition of
use (ie, defining use as one or more uses of afeaturein agiven
year) or (2) inclusion of patientswho met other inclusion criteria
but were controlled at baseline in the analysis sample.

Results

Feature Use

Within our cohort of 111,686 patients (see Figure 1), 50,482
(45.20%) used Web-based prescription refills or SM or both at
least twice per year between April 2010 and March 2014, and
61,204 (54.80%) used neither.

Patient Characteristics

Table 1 describes the characteristics of the overall sample and
examines differences between patientswho used the Web-based
prescription refill feature or the SM feature or both in MHV
between April 2010 and March 2014 and those who did not.
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Table 1. Characteristics of patients with type 2 diabetes registered for My HealtheVet, overall and by use or nonuse of the Web-based refill or secure

messaging features as of March 2014.

Variables Overal Used neither Used Web-based  Difference between user and nonuser
Web-based refill  refill or SM or groups (Pearson’s chi-square or 2-sided
nor SM as of both as of March  t-test)

March 2014 2014 (users)
(nonusers)

N 111,686 61,204 50,482

Age (mean (SD) 62.05 (9.6) 63.22 (9.6) 60.63 (9.5) t111684 = 45.2, P<.001

Gender (% female) 3.58% 3.16% 4.08% X°1= 672, P<.001

Race or ethnicity

White 68.87% 67.25% 70.84% Reference group for )(2
African-American 16.95% 18.64% 14.90% X%1=280.3, P<.001
Latino 5.69% 5.63% 5.76% X°1= 1.1, P=2294
Native Hawaiian or

Pacific Ilander 1.10% 1.08% 1.12% X°1= 0.1, P=755
Asian 0.81% 0.73% 0.90% X21 =5.9, P=.015
American Indian or

AlaskaNative 0.71% 0.73% 0.70% X°1=18,P=178
Unknown to patient,

refused, or missing 5.87% 5.94% 5.79% x%1=9.1, P=.003

Percent eligiblefor free VA health carebased )

on income 20.43% 21.71% 18.87% X"1=137.6, P<.001

Median incomein postal code of residence  33,548.86 33,532.67 33,568.51 108085 = —0.6596, P=.5095

Uss (mean (SD)) (8,926.98) (8,996.24) (8,842.24)

Percent of adultswith auniversity degreeor 23.46% (12.7) 23.39% (12.8) 23.54% t109086= —1.9398, P=.0524

higher in postal code of residence (mean (SD)) (12.7)

L ocation

Urban (%) 73.23% 73.271% 73.19% Reference group for x2
Suburban (%) 13.40% 13.46% 13.32% X°1=0.3, P=597
Rural (%) 7.23% 7.32% 7.12% x%1 =13, P=.259
Highly rural (%) 6.14% 5.95% 6.38% X% = 7.5, P=.006

Number of Elixhauser comorbiditiesat base- 5.57 (2.5) 5.56 (2.6) 5.59 (2.5) t111357=—1.826, P=.0679

line (mean (SD))

Number of primary carevisits at baseline 4.40 (3.6) 4.37(3.6) 4.43 (3.6) t111684 = —3.0046, P=.0027

(mean(SD))

Number of primary carevisitsfrom 2010to  17.59 16.97 (12.6) 18.34 (13.0) t111684 = —17.86, P<.001

2014 (mean (SD)) (12.8)

Compared with patients who did not use either of the features,
patientswho used Web-based refill or SM were slightly younger
(60.6 years vs 63.2 years, P<.001), more likely to be female
(4.08% vs 3.16%, P<.001), and lesslikely to beeligiblefor free
VA care based on low economic means (18.87% vs 21.71%,
P<.001). Therewere significant differencesin race or ethnicity
between users and nonusers, with African-American (P<.001),
Asian (P=.015), and patients of unknown race (P=.003) less
likely than white patients to be users. The difference was most
marked between African-American and white patients (39.73%
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(7,521/18,931) of African-American patients were users vs
46.49% (35,759/76,920) of white patients, P<.001). Although
most patientsresided in urban areas, urban patientswere dightly
lesslikely to be usersthan patientsresiding in areas designated
as highly rural (45.06% (36,078/80,060) vs 46.80%
(3,143/6,716), P=.006).

There were no significant differences in the number of
Elixhauser comorbidities at baseline (P=.0679), medianincome
by postal code of residence (P=.5095), percentage of adults
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with a bachelor’'s degree or higher in postal code of residence
(P=.0524). Therewas astatistically significant differencein the
number of primary care visits at baseline in the overall cohort
(4.37 visits for nonusers vs 4.43 visits for users at baseline,
P=.0027), but this difference vanished when looking at analysis
subgroups based on uncontrolled measure at baseline (see Table
2). There was a highly significant difference in the number of

Shimadaet al

primary care visits between 2010 and 2014 (16.97 for nonusers
vs 18.34 visits for users, P<.001). Users also showed evidence
of higher primary care utilization in all analysis subgroups (see
Table 2).

Further detail describing the characteristics based on each
uncontrolled measure (ie, the samplefor each logistic regression
model) is summarized in Table 2.

Table 2. Demographics of patients with type 2 diabetes registered for My HealtheVet by uncontrolled physiological measure at baseline and by use of

the portal.
Variables Uncontrolled Measure
Hemoglobin Alc Low-density Lipoprotein Blood Pressure
Alc>7.0% LDL>100mg/dL BP=>140/80 mmHg
Registered, no  Used SM or Registered,no  Used SM or Registered, no  Used SM or Web-based
use Web-basedre-  use Web-basedre-  use refill
fill fill
N 36,305 30,917 18,898 16,153 31,907 26,471
Age (mean (SD) 62.66 (9.2) 60.28 (9.2) 61.47 (9.6) 58.68 (9.6) 62.63 (9.7) 60.13 (9.7)
Gender (% female) 2.86% 3.71% 4.87% 6.53% 2.88% 3.58%
Race or ethnicity
White 66.88% 70.98% 64.21% 67.62% 64.55% 68.44%
African-American 19.12% 14.84% 22.14% 17.56% 21.38% 17.25%
Latino 6.08% 6.03% 5.79% 6.27% 5.53% 5.63%
Native Hawaiian Pacific Is- 1.08% 1.11% 1.04% 1.08% 1.08% 1.21%
lander
Asian 0.75% 0.89% 0.71% 1.00% 0.72% 0.87%
American Indian or Alaska 0.73% 0.70% 0.69% 0.84% 0.71% 0.70%
Native
Unknown to patient, refused,  5.36% 5.45% 5.42% 5.64% 6.02% 5.91%
or missing
Percent digiblefor free VA health 22.38% 19.40% 21.61% 18.76% 21.93% 18.96%
care
Median incomein postal codeUS$  33,453.54 33,548.58 33,111.41 33,197.85 33,364.98 33,424.07
(mean (SD)) (8925.47) (8839.33) (8813.43) (8674.04) (8815.67) (8763.60)
Percent adultswith auniversity — 23.12% (12.7) 23.32% (12.6) 22.95% (12.6) 23.20%(12.4) 23.27%(12.7) 23.46% (12.6)
degree or higher in postal code
(mean(SD))
L ocation
Urban (%) 73.21% 73.12% 73.32% 73.43% 73.40% 72.91%
Suburban (%) 13.34% 13.15% 13.64% 13.15% 13.54% 13.47%
Rural (%) 7.41% 7.24% 7.18% 7.05% 7.14% 7.12%
Highly rural (%) 6.04% 6.50% 5.86% 6.37% 5.93% 6.50%
Number Elixhauser comorbidities 5.70 (2.6) 5.72 (2.5) 5.40 (2.5) 5.45 (2.4) 5.54 (2.5) 5.51 (2.4)
at baseline (mean (SD))
Number of primary carevisitsat 4.64 (3.8) 4.66 (3.7) 4.32(3.5) 4.38 (3.5) 4.29 (3.5) 4.30 (3.4)
baseline (2009-10; mean(SD))
Number of primary carevisits; 18.04 (12.9) 19.17 (13.3) 17.09 (12.4) 18.29 (12.7) 16.97 (12.5) 18.17 (12.5)

2010 to 2014, mean (SD)
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Portal Use

Use of Web-based refillsand SM increased steadily from 2010
to 2014 (Figure 2). Among registered patients with diabetes
who had not used the portal before 2010, only 7.98%
(8,917/111,686) used Web-based prescription refillsin 2010 to
2011, and the average number of refills per year was 3.13 per

Shimadaet al

user. In the same year, as SM was just being implemented at
most facilities, only 0.22% (241/111,686) used SM and sent an
average of 0.059 messages per user. By 2013 to 2014, the
numbers had risen to 34.13% (38,113/111,686) of new users
using Web-based refills, filling an average of 27.84 prescriptions
each, and 15.75% (17,592/111,686) were using SM, sending
an average of 9.46 messages each.

Figure 2. Proportion of patients with type 2 diabetes registered for My HealtheVet and first using Web-based prescription refills or secure messaging
after 2010, increase in feature adoption over time, and average number of uses per user per year.
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Association of Patient Portal Use and Changein
Diabetes Physiological Measuresover 5 Years

The logistic regression results are presented in Table 3.

Our single-feature logistic regression models (Models 1a-c and
Models 2a-c) showed that patients with uncontrolled HbA1c at
baseline (2009-2010) were significantly morelikely to achieve
glycemic control at follow-up (2013-2014) if they used SM for
2 or more years. The odds of having an HbA 1c below 7.0% (53
mmol/moal) at follow-up were 22% higher (after 2 years of use,
oddsratio: OR=1.22, Cl: 1.13-1.32) and 28% higher (after 3 or
more years, OR=1.28, ClI: 1.13-1.44), for those using SM
compared with those who never used it.

However, use of Web-based prescription refills was only
associated with glycemic control at follow-up after 3 or more
yearsof use (OR=1.07, Cl: 1.01-1.14). Those with uncontrolled
blood pressure at baseline were significantly more likely to
achieve control at follow-up only with 2 (OR=1.06, CI:
1.01-1.12) or 3 or more (OR=1.05, Cl: 1.00-1.11) years of
Web-based refill use, compared with nonusers. Use of SM was
not significantly associated with improvementsin blood pressure
control. Both Web-based refill use and SM use were
significantly associated with improvementsin LDL cholesterol
levels at follow-up. Compared with nonusers, the odds of users
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having LDL cholesterol below 100 mg/dL (2.586 mmol/L) were
12% higher with 2 years of Web-based refill use (OR=1.12, Cl:
1.05-1.20), 16% higher with 3+ years of Web-based refill Use
(OR=1.16, CI: 1.08-1.24), 9% higher with 1 year of SM use
(OR=1.09, ClI: 1.01-1.18), 17% higher with 2 years of SM use
(OR=1.17, CI: 1.07-1.27), and 22% higher with 3+ years of SM
use (OR=1.22, Cl: 1.06-1.40).

We also ran logistic regression models identical to those
mentioned previously that included both years of SM and
Web-based refill use in the same model (Models 3a-c), as well
as logistic regression models that included years of SM or
Web-based refill use as a continuous variable as atest for trend
(Models 4a-c). The conclusions remained largely unchanged,
although ORs for the association between SM use and LDL
were more attenuated (and no longer significant with the
exception of 2 years of SM use) in the combined model. The
combined model (and test for trend) did not show a significant
association between SM use and blood pressure control (P=.370
for trend), or between Web-based refill use and glycemic control
(P=.585 for trend); however, testsfor trend reveal ed significant
dose-response relationships between use of SM and glycemic
control (P<.001), use of Web-based refill and blood pressure
control (P=.001), and use of both features and LDL control
(P<.001 and P=.015 for trend, respectively, for refills and SM
use).
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Table 3. Adjusted odds of being in control at follow-up (OR (95% Cl)) for a patient with uncontrolled physiological measures (HbA1c, LDL, or blood
pressure) at baseline, based on years of portal feature use.

Models? Health Outcomes in 2013-14
Hemoglobin Alc L ow-density Lipoprotein Blood Pressure
HbA1c<7% LDL < 100 mg/dL SBP<140 mmHg
(53 mmol/mol) (2.586 mmol/l) DBP<80 mmHg

Models la-c: adjusted oddsratios (95% CI) for being controlled in 2013-2014 among patients with uncontrolled physiological measuresin
2009-10 based on years of Web-based prescription refill use®

Web-based prescription refill use

None
1year
2 years

3 or more years

Reference

0.99 (0.93, 1.05)
1.01 (0.95, 1.08)

1.07 (1.01, 1.14)°

Reference

1.01 (0.95, 1.08)
1.12 (1.05, 1.20)°

1.16 (1.08, 1.24)4

Reference

1.02 (0.97, 1.08)
1.06 (1.01, 1.12)°

1.05 (1.00, 1.11)°

M odels 2a-c: adjusted oddsratios (95% CI) for being controlled in 2013-2014 among patients with uncontrolled physiological measuresin
2009-2010 based on years of secure messaging use®

Secure messaging use

None
1year
2 years

3 or more years

Reference
1.03 (0.96, 1.10)
1.22 (1.13, 1.32)¢

1.28 (1.13, 1.44)

Reference
1.09 (1.01, 1.18)°
1.17 (1.07, 1.27)°

1.22 (1.06, 1.40)°

Reference
1.03 (0.97, 1.09)
1.03 (0.96, 1.10)

1.00 (0.90, 1.12)

M odels 3a-c: adjusted oddsratios (95% CI) for being controlled in 2013-2014 among patients with uncontrolled physiological measuresin
2009-2010 based on years of both features®

Web-based prescription refill use

None

1year

2years

3 or moreyears

Secure messaging use

None

1year

2 years

3 or more years

Reference

0.96 (0.91, 1.03)
0.96 (0.90, 1.03)

1.00 (0.94, 1.07)

Reference
1.04(0.97,1.12)

1.24 (1.14, 1.34)%

1.28 (1.12, 1.45)

Reference

1.01 (0.94, 1.08)
1.13 (1.05, 1.21)°

1.13 (1.05, 1.22)°

Reference
1.05(0.97,1.14)

1.10 (1.00, 1.21)°

1.12 (0.96, 1.30)

Reference

1.02 (0.97, 1.07)
1.07 (1.01, 1.13)°

1.08 (1.02, 1.14)°

Reference
1.00 (0.94, 1.07)

0.98 (0.91, 1.05)

0.95 (0.85, 1.07)

M odels4a-c: combined testsfor trend predicting controlled outcomesin 2013-2014 among patientswith uncontrolled physiological measures
in 2009-2010 based on years of usefor both features®

Web-based prescription refill use

Secure messaging use

P=.585
P<.001

P<.001
P=.015

P=.001
P=.370

Al models adjust for patient characteristics in Table 1 including age, gender, race or ethnicity, eligibility for free care, geographic location, number
of Elixhauser comorbidities, and baseline number of primary care visits in 2009 to 2010. In addition, models adjusted for the patient’s physiological
measure (blood pressure, LDL cholesterol, or HbA1c value) in 2009 to 2010, median income in the patient’s residential zip code, and the percentage
of college graduates in the patient’s residential postal code.

bOdds ratios are s gnificant at the P<.05 level asindicated.
®Odds ratios are significant at the P<.01 level asindicated.
dodds ratios are si gnificant at the P<.001 level asindicated.

http://www.jmir.org/2016/7/e179/ JMed Internet Res 2016 | vol. 18 | iss. 7| el79 | p. 8

(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Shimadaet al

Figure 3. Proportion controlled at follow-up, out of all diabetics uncontrolled for that specific measure at baseline (proportion and binomial Cls).
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Figure 3 shows the predicted probability of achieving control
over each measure by follow-up based on years of refill and
SM use among those uncontrolled at baselinefor each measure.
Thefigureillustrates how sustained use of each tool isassociated
with improvementsin control of physiological measures.

Sensitivity Analyses

We conducted sensitivity analyses to see whether our results
would change with the inclusion of those whose physiological
measures were controlled at baseline, but otherwise met criteria
for inclusion. Although the ORs were attenuated, significant
tests for trend reveal ed the same relationships between feature
use and being in control at follow-up for all the measures.
Similarly, when use was defined as use of a feature even once
inagiven year, ORswere again somewhat attenuated; however,
the results, including the tests for trend, led to identical
conclusions about the associations between feature use and
controlled physiological outcomes at follow-up.

Discussion

Principal Findings

Within this cohort of patients with type 2 diabetes and
uncontrolled physiological measures, we saw increasing activity
onthe MHV patient portal between 2010 and 2014. The rate of
use and increase in use was greater for Web-based refills than
for SM. We observed small, statisticaly significant, and
potentially meaningful improvement in physiological measures
among diabetic patients who initiated and sustained use of
Web-based refills or SM or both via MHV. However, the
association varied by specific MHV feature. Where asignificant
association was found, use of SM was associated with higher
odds of improved outcomes than use of Web-based refills.

Comparison With Prior Work

The association between use of SM and improved diabetes
physiological measuresis consistent with that of prior research
[14-16]; however, wewere ableto add information on the effects
of sustained use over many years. For most measures, we found
a dose-response effect on outcomes, suggesting that sustained
use of the feature was associated with greater likelihood of being
controlled at follow-up. The more years the patient used the
feature, the greater the odds of achieving control compared with
those who did not use the feature. Use of SM was associated
with improvementsin glycemic control with sustained use over
2to 3+ years. Type 2 diabetic patients with uncontrolled blood
pressure were more likely to achieve blood pressure control
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with 2 to 3+ years' use of Web-based medication refillsthrough
MHV. Both prescription refills and SM were associated with
improvements in lipid levels with sustained use. Adjusting for
use of both the featuresin the model did shift the magnitude of
the odds of achieving control. This suggeststhat the association
between patient portal use and health outcomes will vary based
on the combination of different features used and how patients
are using each feature for self-management of their health
conditions.

One mechanism by which Web-based medication refills may
affect health outcomes may be through improved adherence to
prescribed medications. In prior work, MHV use has been
associated with improvementsin antiretroviral adherence [28].
To the extent that Web-based refills increase the likelihood of
refilling prescriptions, they may improve availability of
medications, which may lead to improvementsin adherence. If
the Web-based refill feature improves adherence to
antihypertensives and statins, they are likely to improve
hypertension and lipid control over time. However, we did not
See an association between sustained use of Web-based refills
and improvements in HbAlc levels. Because HbAlc is a
measure of blood sugar levels over several months, it may take
alonger time for improved adherence to diabetes medications
to result in measurable improvements, unlike blood pressure
and LDL cholesterol, which can result in more rapid
improvements even with improved short-term adherence to
antihypertensives and statins. A patient’sblood sugar levelsare
also more sensitiveto patient diet and self-management, aswell
as adequate medication titration, both of which may require
more patient—provider communication and clinician support to
achieve.

SM has been shown to improve patient ratings of
patient—provider communication [29]. Thus, SM may also affect
adherence by facilitating patient—provider communication about
medication or behavioral concerns, which are barriers to
adherence. It may also facilitate coordination of care and make
it easier for primary care clinicians to refer patients to other
related services such as nutrition consults, diabetes counseling,
or weight loss programs [30]. This may explain why glycemic
control, which requires significant and often complex patient
self-management in addition to medication management, was
found to be significantly associated with sustained use of SM.

This work also expands on previous research that has often
focused generally on the patient portal or PHR use [12] or the
use of a particular feature such as SM [9,14,17], without
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accounting for their relative effects when used in combination
with other features. Asfeatures continue to be added to portals,
further research should continue to examine the effects of
different portal features both separately and in combination, to
determine which features are most effective at improving the
specific patient outcomes of interest.

Patients who used one or both features during the study period
were more likely to be younger, female, white, and were less
likely to be socioeconomically disadvantaged than other patients
with diabeteswho met our inclusion criteria. Numerous studies
have documented sociodemographic differencesin patient portal
access and adoption [26,31-33]. Although we attempted to
minimize differences in access by limiting our analyses to
patients who had registered for the portal, we still observed
differences across groups. It is important to ensure that any
improvements in health status achieved through the patient
portal do not further widen existing disparitiesin health because
of disparitiesin portal access or adoption. Lyleset al found that
racia or ethnic difference in diabetic patients’ shared medical
record use was not fully explained by differences in patient
sociodemographics, patient health status, or provider
encouragement of SM [26]. We will haveto be mindful of these
potential disparities and specifically target vulnerable patients
with support interventions for use of portal features found to
significantly affect health outcomes.

Limitations

There are anumber of limitationsto this study. The VA patient
portal has been deployed nationwide. Asall patients are freeto
choose whether to use the patient portal, it is difficult to limit
access or to randomize access to various features to conduct a
randomized controlled trial. Because this is an observational
study, it isimpossible to ensure that the comparison group (ie,
the nonusers) is similar in al ways to the portal users. As
discussed, we limited the sample to those who had registered
to use the portal to reduce heterogeneity in measured and
unmeasured confounders. In our prior research [7], we have
demonstrated that demographi ¢ characteristicswere more similar
when comparing registered users and nonusers, versus
comparing those registered and those not registered. By using
patients with diabetes who had registered for MHV (but not
used the prescription refill or SM features more than once, if
ever,) as a comparison group, we minimized some of this bias
by limiting our analysesto patients who had accessto the portal
and who had attended atraining or otherwise shown an interest

Shimadaet al

in using it a some point. We saw that the patients in the
comparison group for each logistic regression model were very
similar intermsof their baseline health care utilization (number
of primary care visits) and number of Elixhauser comorbidities
(see Table 2). However, without a measure of patient
engagement, there is till the possibility that patients may
self-select to use these features precisely because they are
already more engaged in their care; the lack of a measure of
patient engagement is another limitation of this study.
Randomized encouragement trials [34] may be one method to
strengthen the rigor of future work.

Conclusions

Recognizing that our study is an observational study and that
the associations cannot be considered causal, the availability of
multiple years of observational data, detection of a dose
response, and adjustment for patient characteristics known to
influence technology use and diabetes outcomes strengthen the
potential conclusionswe can draw from this analysis about the
differential effects use of patient portal features may have on
physiological outcomes. The results in this study suggest that
measuring the relative use and relative association of each
feature of a patient portal is critical because each can have a
different effect on changesin health care and health outcomes.

Future research should al so focus on uncovering the mechanisms
(causal pathways) through which portal use leads to
physiological improvements. Does improved communication
with providers via SM lead to greater patient engagement
between visits, sustained behavior changes, better continuity of
care, improved medication titration by the clinical team, or
improved adherence to medications by the patients? What
portion of the engagement might be explained by other portal
features such asthe ability to track and chart their blood glucose
or blood pressure measurements? A study of adult diabetes
patients at Kaiser Permanente found that both patient
nonadherence to medications for glycemic, lipid, or blood
pressure control and lack of provider treatment intensification
occurred frequently among patients whose outcomes are above
desired target levels[35]. It may be that portal use assists with
patient adherence to medications by facilitating prescription
refills, and that patient—provider communication between
face-to-face visits can lead to improvements in levels of
appropriate treatment intensification by providers. These
pathways must be better understood to |everage portal features
for interventions.
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