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Background: Current evidence that patient portal use improves disease management is inconclusive.
Randomized controlled trials have found no benefit of Web-based patient-provider communication for
blood pressure (BP) control, but patients from these studies were not selected for uncontrolled hyper-
tension, nor did measures of portal use occur in a real-world setting, as captured in the electronic med-
ical record. This study determined whether patient portal use by patients with treated, incident hyper-

tension was associated with achieving BP control.

Methods: Between 2008 to 2010, 1571 patients with an incident hypertension diagnosis, ages 21 to
>89 years, were identified from an academic medical center primary care patient data registry. Cox
proportional hazard models were computed to estimate the association between portal use and incident
BP control during follow-up (2011-2015), before and after adjusting for covariates. Covariates in-
cluded sociodemographics, smoking, obesity and other physical and mental health comorbidities, and

volume of health care utilization.

Results: After adjusting for age, portal users were more likely than nonusers to achieve BP control
(hazard ratio, 1.24; 95% confidence interval, 1.06—1.45). After adjustment for sociodemographics, por-
tal use was no longer associated with BP control (hazard ratio, 0.98; 95% confidence interval, 0.83—

1.16).

Conclusions: Patient sociodemographic factors, including race, sex, and socioeconomic status, ac-
count for the observation that portal use leads to BP control among persons with newly diagnosed hy-
pertension. Further research is warranted to determine whether there are benefits of portal use for
other chronic conditions.(J Am Board Fam Med 2016;29:452—459.)
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Approximately 70 million people in the United
States have hypertension, and this number is ex-
pected to increase as the population ages.' Further-
more, the rate of blood pressure (BP) control is
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below the HealthyPeople 2010 goal (NHLBI).> As
a major risk factor for cardiovascular disease, this
trend is problematic from a public health perspec-
tive.

Antihypertensive medications and lifestyle mod-
ification require consistency to be effective. Fol-
low-up appointments with a physician or other
health care providers should happen at regular in-
tervals to monitor progress and adjust medication
dosages accordingly until the BP goal is reached.’
After the patient’s BP is controlled, follow-up visits
may be spaced farther apart.” Therefore, ongoing
patient communication with their providers can aid
patients in treating hypertension by allowing for
medication adjustments as necessary and patient
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questions on lifestyle modifications to be addressed
between appointments.

Patient portals within electronic health records
provide a unique opportunity for patients to be
involved in their care and to communicate with
their provider between appointments.* A recent
systematic review of the impact of patient portals
on chronic disease management concluded that the
evidence is insufficient to draw conclusions regard-
ing their benefit.’ At this time, we are unaware of
any studies that have investigated patient portal use
on outcomes among patients with a new diagnosis
of hypertension. The few reports comparing the
use and nonuse of patient portals and similar web-
enhanced communication related to BP control
have been in patients with diabetes,®® and all con-
sistently found no effect of portal use on BP con-
trol.

Additional research on BP outcomes and patient
portal use is needed because the literature is incon-
sistent on the benefits of patient portal use and has
been dominated by controlled studies that assigned
patients to portal access.” Most of all, in our review
of the available literature, there are no reports on
outcomes among patients with newly diagnosed
hypertension. Therefore, we sought to determine
whether patients who voluntarily used a patient
portal, compared with those who did not, had a
greater likelihood of achieving controlled BP in an
academic primary care setting.

Methods

Subjects

The Department of Family and Community Med-
icine’s Primary Care Patient Data Registry (PCPD)
at Saint Louis University School of Family Medi-
cine was the source of data. The PCPD consists of
all family medicine (FM) and general internal med-
icine (GIM) patients (n = 33,661) who had at least
1 face-to-face encounter (eg, office visit, procedure
visit, or clinical support) between July 1, 2008, and
June 30, 2015. Study variables were created from
International Classification of Diseases, 9th Revi-
sion, Clinical Modification (ICD-9-CM) codes,
prescription orders, Current Procedure Terminol-
ogy 4 codes, social history, family history, demo-
graphics, laboratory orders, referrals, and vital
signs. The PCPD has been previously described,
and additional details on the method of creating the
resource are available.'”™'? The institutional review

board approved the creation of this retrospective
cohort and its use for primary care research.

The analytic cohort for this analysis was devel-
oped by first selecting adult patients aged =18
years with a diagnosis of new-onset hypertension
between 2008 and 2010 (n = 5153). The sample
was then limited to patients that had uncontrolled
hypertension at their last visit before 2011 (n =
2073), which was the year the patient portal was
implemented. Eligible patients must have had at
least 1 visit during follow-up (January 1, 2011,
through June 30, 2015; n = 1645) and have re-
ceived treatment for hypertension (n = 1600). Af-
ter removing 8 patients with missing race, 2 with
missing socioeconomic status (SES), and 20 with
missing marital status, the final analytic sample was
1571 patients aged =23 years.

Measures

The exposure variable was patient portal use. In
2010, primary care patients were invited to register
for the online portal. This allowed patient access to
lab results, vital signs, diagnosis, medication fill
requests, and a message interface to communicate
with their providers via the Internet. Patients or
providers could initiate messages. Patients with or-
ders to monitor blood pressure at home were asked
to use an arm BP cuff 2 to 3 times a week, with
measures taken 5 minutes apart. Radial and digital
artery measures were not allowed. Patients were
able to submit discrete BP values to their provider,
but this occurred infrequently, and such data were
not stored in the patient’s vital sign record, that is,
the source of data for this study. For this analysis
we created a binary variable indicating active pa-
tient portal use (the patient wrote messages) versus
no active use (the patient did not register or regis-
tered but did not write messages [ie, only read
physician messages]).

Outcome: BP Control
BP measures were obtained from vital sign data
available from the electronic medical record. Pa-
tients were considered to have uncontrolled hyper-
tension if they met 1 of the following 8th Joint
National Committee 2014 guidelines for elevated
BP: 150/90 mmHg for patients =60 years old with-
out diabetes and without chronic kidney disease or
140/90 mmHg for all other patients.’

Following the 8th Joint National Committee
2014 guidelines, we defined incident control in the
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follow-up period (2011 to 2015) as (1) systolic
blood pressure <150 and diastolic <90 for patients
=60 years of age without diabetes and without
chronic kidney disease, or (2) systolic <140 and
diastolic <90 for all other patients.

Covariates

Covariates were selected to control for both the
voluntary nature of portal use with the assumption
that patients who had more comorbidity would be
more likely to use the portal. We controlled for
smoking, depression, obesity, comorbidity, and
volume of health care use, which all impact contact
with the health care system and odds of hyperten-
sion control. In addition, controlling for FM versus
GIM clinic and patient sex, age, race, and SES
adjustment improved generalizability and con-
trolled for differences in access to Internet resourc-
es; for example, older patients were less likely to
have easy Internet access.

Sociodemographic variables available in the
medical record included age, race, sex, and marital
status. Following a method described by Roblin,'*
we used ZIP codes to compute SES status. Specif-
ically, the SES index was based on information
from 7 measures of SES obtained from 5-year cen-
sus estimates (2009 to 2013) from the American
Community Survey. The 7 variables included (1)
the percentage of households with income below
the poverty level, (2) the percentage of households
receiving public assistance, (3) the percentage of
households with an annual income <$35,000, (4)
the percentage of adult males aged 20 to 64 years
not in the labor force, (5) the percentage of adults
=25 years old with less than a high school educa-
tion, (6) log of median household income, and (7)
log of median value of single family homes. Median
household income and value of single family homes
were log transformed so that values were on a
similar scale to the other 5 measures. Using a prin-
cipal components analysis of all 33,120 US ZIP
codes and their corresponding 7 measures of SES,
a standardized factor score was assigned to each US
ZIP code. A higher standardized factor score indi-
cates lower SES. Standardized factor scores com-
puted from all US ZIP codes were then matched to
ZIP codes of the entire primary care patient pop-
ulation from 2008 to 2015 (n = 33,661 patients;
n = 1326 ZIP codes). Based on SES factor score
distribution in the entire primary care population,
eligible patients were assigned into quartiles (eg,

lowest, low-middle, upper-middle, and highest
SES).

We adjusted for whether patients were seen by
providers in FM or GIM. To adjust for the volume
of health care use, the average number of clinic
visits per month was calculated and the distribution
divided into quartiles. Health care use was modeled
as a binary variable, with high use representing the
top quartile of health care use versus all other levels
of use. A history of smoking from social history
information or an ICD-9-CM code for nicotine
dependence was used to create a never, former, and
current smoker (2008 to 2015) variable. Obesity
was determined from body mass index or an ICD-
9-CM code for obesity. The comorbidity index was
based on the Charlson Comorbidity Index adapted
by Romano et al."” The index is derived from the
presence of 17 health conditions associated with
morbidity and mortality, with higher scores indi-
cating worse health.'” Depression was defined by 2
outpatient visits with an ICD-9-CM code for de-
pression (codes 296.2x, 296.3x, or 311) in the same
12-month period.'®'” A single occurrence of an
ICD-9-CM code was used to define conditions in
the comorbidity index.

Analytic Approach

Descriptive statistics were computed for bivariate
associations between covariates and both portal use
and incident BP control. x* Tests and independent
samples 7 tests were used to assess the distributions
of covariates among portal use and BP control.
Hazard ratios for incident BP control were esti-
mated using Cox proportional hazards models. Pa-
tient portal use, obesity, comorbidity index, and
depression were treated as time-dependent covari-
ates. Follow-up time was in months. The relation-
ship of age and BP control followed a polynomial
relationship, so age-adjusted models included an
age + age squared + age cubed term.

Follow-up continued until the first controlled
BP or until the last date of available data (eg, date
of the last clinical encounter). The Proc PHREG
procedure in SAS version 9.4 (SAS Institute, Cary,
NCO), with a set at 0.05, was used for the Cox
regression models. Two-tailed tests were con-
ducted to allow for both risk factors and protective
effects. To assess the contribution of each individ-
ual covariate to the association between portal use
and BP control, separate proportional hazard mod-
els were assessed, beginning with an age-adjusted
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Table 1. Distribution of Sociodemographics, Covariates, and Incident Blood Pressure Control Among Adult
Primary Care Patients with Treated Hypertension and Uncontrolled Blood Pressure at Baseline (2008-2010), by
Patient Portal Use During the Follow-up Period (2011-2015) (N = 1571)

Total Cohort

Patient Portal Nonusers

Patient Portal Users

Variable (N = 1571) (n = 1171) (n = 400) P Value
Blood pressure control (yes) 1425 (90.7) 1045 (89.2) 380 (95.0) .001
Age (years), mean (SD) 64.1 (13.3) 65.1 (13.5) 60.9 (12.2) <.0001
Nonwhite race 931 (59.3) 819 (69.9) 112 (28.0) <.0001
Female sex 988 (62.9) 726 (62.0) 262 (65.5) 211
Married 632 (40.2) 401 (34.2) 231 (57.7) <.0001
SES index (by zip code) <.0001
Lowest 603 (38.4) 530 (45.3) 73 (18.2)
Lower-middle 347 22.1) 271 (23.1) 76 (19.0)
Upper-middle 376 (23.9) 233 (19.9) 143 (35.8)
Highest 245 (15.6) 137 (11.7) 108 (27.0)
Clinic type' <.0001
GIM 1224 (77.9) 965 (82.4) 259 (64.8)
Family medicine 347 (22.1) 206 (17.6) 141 (35.2)
High clinic utilization 876 (55.8) 632 (54.0) 244 (61.0) .015
Smoking status, 2008-2015 <.0001
Never 758 (48.3) 537 (45.9) 221(55.2)
Former 403 (25.6) 295 (25.2) 108 (27.0)
Current 410 (26.1) 339 (28.9) 71 (17.8)
Depression 262 (16.7) 179 (15.3) 83 (20.8) .011
Obesity 1051 (66.9) 772 (65.9) 279 (69.7) 161
Comorbidity index, mean 2124 2324 1.6 2.3) <.0001
(SD)

Data are n (%) unless otherwise indicated.

GIM, general internal medicine; SD, standard deviation; SES, socioeconomic status.

base model assessing the bivariate relationship be-
tween portal use and BP control. Separate models
added each individual covariate to the base model
to assess the impact on the hazard ratio for the
relationship of portal and BP control; last, a fully
adjusted model containing all covariates was com-
puted.

Results

On average, patients were 64.1 years old (stan-
dard deviation, 13.3 years); the majority were
women (62.9%) and nonwhite race (59.3%), and
40.2% were married. As shown in Table 1,
among this patient cohort, 74.5% (n = 1171)
actively used the patient portal, and the remain-
der either did not register or registered but did
not actively use it. During follow-up, 90.7% of
the total cohort achieved BP control. Signifi-
cantly more patients achieved BP control if they
used the portal compared with those who did not
(95.0% vs 89.2%; P = .001). Compared with

nonusers, portal users were significantly younger
(P < .0001), more often white (P < .0001), and
more often married (P < .0001). Portal users
versus nonusers were significantly from upper-
middle to highest SES (P < .0001). Portal use
was more common among FM patients than
GIM patients (P < .0001), and users were more
often high health care utilizers (P = .015). Portal
use was less common among current smokers
(P <.0001). Portal users were more likely to have
depression (P = .011) and have significantly
lower comorbidity scores (P < .0001).

The distribution of covariates by BP control
during follow-up are shown in Table 2. Patients
who achieved control, compared with those re-
maining uncontrolled, were significantly older (P <
.0001), less often of minority race (P < .001), and
more likely to be married (P = .038). BP control
was positively associated with higher SES (P =
.003) and with high health care utilization (P <
.0001). Patients who achieved control were signif-
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Table 2. Distribution of Sociodemographics and Covariates Among Adult Primary Care Patients with Treated
Hypertension and Uncontrolled Blood Pressure at Baseline (2008 -2010), by Patient Portal Use During the Follow-

Up Period (2011-2015) (N = 1571)

No BP
Control BP Control
Variable (n = 1406) (n = 1425) P Value
Age (years), mean (SD) 59.8 (14.3) 64.5 (13.1) <.0001
Nonwhite race 105 (71.9) 826 (58.0) .001
Female sex 86 (58.9) 902 (63.3) .295
Married 47 (32.2) 585 (41.1) .038
SES index (by zip code) .003
Lowest 76 (52.0) 527 (37.0)
Lower-middle 30 (20.6) 317 (22.3)
Upper-middle 25 (17.1) 351 (24.6)
Highest 15 (10.3) 230 (16.1)
Clinic type' 794
GIM 115 (78.8) 1109 (77.8)
Family Medicine 31(21.2) 316 (22.2)
High clinic utilization 24 (16.4) 852 (59.8) <.0001
Smoking status, 2008-2015 .023
Never 82 (56.2) 676 (47.4)
Former 24 (16.4) 379 (26.6)
Current 40 (27.4) 370 (26.0)
Depression 10 (6.8) 252 (17.7) .001
Obesity 92 (63.0) 959 (67.3) 295
Comorbidity index, mean (SD) 1.7 2.0) 2225 .007

Data are n (%) unless otherwise indicated.

BP, blood pressure; GIM, general internal medicine; SD, standard deviation; SES, socioeconomic status.

icantly more likely to be former smokers (P =
.023), have a diagnosis for depression (P < .001),
and have a significantly higher comorbidity index
score (P = .007).

Results of age-adjusted, bivariate regression
models estimating the association between portal
use, covariates, and incident BP control during fol-
low-up are shown in Table 3. Patients who used the
portal, compared with nonusers, were 24% more
likely to achieve BP control (hazard ratio [HR],
1.24; 95% confidence interval [CI], 1.06-1.45). Pa-
dents of a minority race were significantly less likely
to achieve BP control (HR, 0.79; 95% CI, 0.71-0.88).
Female patients (HR, 1.13; 95% CI, 1.02-1.26) and
those who were married (HR, 1.12; 95% CI, 1.01-
1.24) were significantly more likely to have BP con-
trol. Patients in the upper-middle and highest SES
categories were about 30% more likely to achieve BP
control compared with those with the lowest SES.
FM patients were more likely to achieve BP control
(HR, 1.12; 95% CI, 1.02-1.31), and high health care
utilizers had greater risk of BP control (HR, 1.76;

95% Cl, 1.58-1.96). Last, patients with depression
were significantly more likely to achieve BP control
(HR, 1.35; 95% CI, 1.16-1.58).

Results of Cox proportional hazard models are
shown in Table 4. In the base model adjusting
only for age, patients who were active portal
users were 24% more likely to gain BP control
compared with nonactive users. Five separate
models adjusting for race, sex, SES index, clinic
type, and volume of health care utilization all
resulted in a smaller and nonsignificant hazard
ratio (HR range, 1.11-1.16). Models that sepa-
rately adjusted for depression, obesity, and co-
morbidity index and a multivariate with all these
health conditions included resulted in HRs sim-
ilar to the base model (HR range, 1.22-1.24).
Multivariate models that simultaneously adjusted
for demographics, clinic setting, and utilization
and the full model both resulted in a nonsignif-
icant association between active portal use and
BP control (HR, 0.98; 95% CI, 0.83-1.16 and
HR, 0.97; 95% CI, 0.82-1.15, respectively).
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Table 3. Age-Adjusted Bivariate Associations of Patient
Portal Use, Sociodemographics, and Covariates with
Incident Blood Pressure Control Among Adult Primary
Care Patients with Treated Hypertension and
Uncontrolled Blood Pressure at Baseline (N = 1571)

Table 4. Association Between Patient Portal Use and
Incident Blood Pressure Control Adjusting for Each
Covariate in a Cohort of Adult Primary Care Patients
with Treated Hypertension and Uncontrolled Blood
Pressure at Baseline (N = 1571)

Variable Bivariate HR (95% CI)

Model* Portal Activity, HR (95% CI)f

Portal activity (yes)
Age (years)
Nonwhite race
Female sex
Married
SES index (by zip code)
Lowest
Lower-middle
Upper-middle
Highest
Clinic type'
GIM
Family medicine

High clinic utilization

Smoking status, 2008-2015

1.24 (1.06-1.45)
0.92 (0.80-1.06)
0.79 (0.71-0.88)
1.13 (1.02-1.26)
1.12 (1.01-1.24)

1.00
1.11 (0.97-1.28)
1.30 (1.14-1.49)
1.33 (1.14-1.55)

1.00
1.16 (1.02-1.31)
1.76 (1.58-1.96)

Base model (portal activity) 1.24 (1.06-1.45)

Base + race

Base + sex

marital status
SES index

Base
Base
Base + clinic type*
Base + smoking

Base

+
+
+

Base + utilization
+
+ depression
+

Base

obesity
Base + comorbidity index

Base + race + gender +
marital status + SES
index + clinic type +
utilization

Base + smoking +

1.13 (0.96-1.33)
1.14 (1.02-1.27)
1.22 (1.04-1.43)
1.16 (0.99-1.36)
1.13 (0.99-1.28)
1.11 (0.95-1.30)
1.24 (1.05-1.45)
1.23 (1.05-1.44)
1.24 (1.06-1.45)
1.24 (1.06-1.46)
0.98 (0.83-1.16)

1.22 (1.04-1.44)

Never 1.00

Former 1.12 (0.98-1.27)

Current 1.09 (0.96-1.24)
Depression 1.35 (1.16-1.58)
Obesity 1.07 (0.96-1.19)

Comorbidity index 1.01 (0.98-1.04)

CI, confidence interval; GIM, general internal medicine; HR,
hazard ratio; SES, socioeconomic status.

Discussion

In a retrospective cohort of 1571 patients with
uncontrolled hypertension between 2008 and 2010,
active patient portal users were 24% more likely to
achieve BP control than nonusers during follow-up
in 2011 to 2015. However, after adjusting for so-
ciodemographic factors, this association was no
longer present (HR, 0.98; 95% CI, 0.83-1.16).
However, adjusting for health conditions and co-
morbidity index did not contribute to the associa-
tion between portal use and BP control. To our
knowledge, these results are novel in determining
whether patient portal use is associated with BP
control in patients with newly diagnosed hyperten-
sion. Overall, the relationship between portal use
and BP control is explained by demographic fac-
tors, whether patients are FM or GIM users, and
total health care utilization. Our results are consis-
tent with previous findings that portal use, and
other electronic communication, was not associated
with BP control among patients with diabetes.®™® A

depression + obesity +
comorbidity index

Base + all covariates 0.97 (0.82-1.15)

*All models are adjusted for age: age + age (squared) + age
(cubed).

TAIl hazard ratios (HRs) and confidence intervals (Cls) were
calculated using Cox proportional hazards models.

*Clinic types included general internal medicine and family
medicine.

SES, socioeconomic status.

systematic review of patient portals and outcomes
found weak evidence that portal use is associated
with better patient outcomes, including improved
self-care, medication adherence, and chronic dis-
ease management.'® Using data from the same
source as used in this study, we recently reported a
positive association between greater volume of por-
tal use and better glycemic control.'” However, this
cross-sectional study did not allow us to determine
whether the association was due to portal use lead-
ing to better diabetes management, or whether
patients with better diabetes management were
more likely to use the patient portal. Given the
variety of methodologies and study designs and
varying definitions of portal use in the extant liter-
ature, additional research designed to detect
chronic disease outcomes using a standard defini-
tion of portal use is needed.

Because patient portal use alone is associated
with BP control, factors associated with not using
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the portal may explain adjusted results. Only 28%
of nonwhites used the portal, and only 18.2% of the
patients from the lowest SES and 19.0% from the
lower-middle SES used the portal, compared with
35.8% and 27.0% from the 2 highest SES catego-
ries. We speculate that low rates of portal use
among minorities and disadvantaged patients con-
tribute to a decreased likelihood of achieving BP
control.

The lower portal use in GIM compared with
FM may be because of the presence of the medical
home in FM, which encourages more communica-
tion and preventive care. Patients who are high
utilizers are both more likely to achieve BP control
and use the patient portal, suggesting that detection
bias accounts for much of the portal use-BP con-
trol association. Despite this limitation, our results
point to a health disparity related to SES and race.
Targeted interventions to disadvantaged minority
patients may include education about portal com-
munication, but this will only be effective if access
to the Internet is equitable.

These results are limited in several ways. First,
the patient population is from a Midwestern aca-
demic medical center and may not generalize to
other parts of the country. Data on what compo-
nents of the portal were used by patients are not
available, and we are unable to determine whether
users utilized all available information (eg, medica-
tions prescribed, laboratory results, vital signs). Itis
possible that among users, those who take advan-
tage of all aspects of the patient portal would still
benefit in terms of BP control. Change in home
access to the Internet has increased rapidly from
2009, when 68.7% had home Internet, to 2013,
when 83.8% of households had Internet.”?' We
did not account for potential yearly variation in
changing access to patient portals, and it is un-
known whether increasing availability, especially
for high-speed Internet, will result in a greater
contribution of patient portals to disease manage-
ment. BP control could be misclassified if patients
had good control at home but not when BP is
measured in the physician’s examination room.
Last, medical record data do not contain informa-
tion on beliefs and attitudes about medical care,
self-care, and using electronic sources to commu-
nicate with physicians. Thus, these results may
change if adjusted for individual preferences that
may influence portal use and self-care. To partially
address this limitation, we conducted further eval-

uation of portal access, comparing average BP con-
trol for the subset of active and nonactive subjects
in the sample who used the primary care clinics
before implementation of the patient portal in 2008
and 2009 (n = 1282). The prevalence of BP control
among those who eventually activated (n = 423)
their portal access was 54.6% versus 43.7% among
those who remained inactive (n = 859; P < .001).
The mean systolic pressure for activators was
138.3, versus 141.4 among nonactivators (P <
.001), and mean diastolic was 82.3 versus 81.8 for
activators and nonactivators, respectively (P = .41).
These results suggest our findings may be partly
explained by a slightly healthier subsample among
eventual portal users compared with persistent
nonusers. However, given the minimal size of mean
difference in systolic and diastolic pressures in 2008
to 2009, it would seem unlikely that incident BP
control could be entirely explained by patient BP
characteristics before portal availability.

Conclusions

Our results are inconclusive, as is the current liter-
ature,” and prevent the conclusion that patient por-
tal use alone accounts for BP control. However, we
uncovered some evidence that a health disparity
exists in the use of patient portals and its benefits
for BP control. Additional research is needed to
determine which sociodemographic groups benefit
the most from access to patient portals and what
conditions and what outcomes are most sensitive to
improvement via portal use.
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