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Introduction: We aimed to standardize data collection from 3 health systems (HS1, HS2, HS3) partici-
pating in the San Francisco Bay Collaborative Research Network, and compare rates and predictors of
uncontrolled blood pressure among hypertensive adults to identify opportunities for regional collabo-

ration in quality improvement.

Methods: Retrospective cohort study using deidentified electronic health record data from all primary
care patients with at least 1 visit in a 2-year period, using standard data definitions in a common data reposi-
tory. Primary outcome was uncontrolled blood pressure at the most recent primary care visit.

Results: Of 169,793 adults aged 18 to 85 years, 53,133 (31.3%) had a diagnosis of hypertension. Of
these, 18,751 (35%) had uncontrolled blood pressure at their last visit, with the proportion varying by
system (29%, HS1; 31%, HS2; and 44%, HS3) and by clinical site within each system. In multivariate
analyses, differences between health systems persisted, with HS2 and HS3 patients having a 1.15 times
(95% CI, 1.11 to 1.19) and 1.46 times (95% CI, 1.42 to 1.50) greater relative risk of uncontrolled blood
pressure compared with HS1. Across health systems, hypertensive patients were more likely to have
uncontrolled blood pressure if they were uninsured, African Americans, current smokers, obese, or had
fewer than 2 primary care visits during the 2-year measurement period.

Conclusions: After controlling for standard individual predictors of hypertension control, significant and
substantial differences in hypertension control persisted between health systems, possibly due to local qual-
ity improvement programs among other factors. There may be opportunities to share best practices and ad-
dress common disparities across health systems. (J Am Board Fam Med 2018;31:897-904.)
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Health systems in the United States frequently use
electronic patient registries to identify and track
individual patients due for preventive care and co-
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with other local stakeholders and health care pro-
viders. In 2014 the San Francisco Bay Collaborative
Research Network, a primary care practice-based
research network including academic, public, and
private health care systems in northern California,
convened health care leaders to explore better use
of patient data. Stakeholders identified hyperten-
sion as a common and often undertreated condi-
tion. The Hypertension Data Collaborative was
formed and supported with a small grant from the
UCSF Clinical and Translational Science Institute.

Hypertension is a leading cause of preventable
disease and death in the United States.” In 2016,
29% of American adults had hypertension, and
only 48% of hypertensive adults had blood pressure
lower than 140/90 mm Hg.’> Hypertension preva-
lence increases with age and is higher among Afri-
can Americans, whereas blood pressure control is
better for non-Latino whites than for African
Americans, Asian Americans, or Latinos.® Those
without insurance® and without a regular primary
care doctor’ are more likely to have uncontrolled
blood pressure. Though some integrated health
systems have improved hypertension diagnosis and
management for their own patients,® hypertension
prevalence has remained constant since 2000, and
blood pressure control has not substantially im-
proved in the last decade.’

The 2014 Evidence-Based Guideline for the
Management of High Blood Pressure in Adults
introduced less stringent blood pressure targets
(<150/790 mm Hg) for adults aged 60 years and
older without related comorbidities,” while retain-
ing uniform blood pressure targets for all others
(<140/90 mm Hg). In January 2017, the American
Academy of Family Physicians and American Col-
lege of Physicians issued their own evidence-based
clinical guidelines and endorsed the 2014 guide-
line.® Newer guidelines from the American College
of Cardiology (ACC) and American Heart Associ-
ation (AHA)” have been met with skepticism,'®
American Academy of Family Physicians has offi-
cially decided against endorsing them.'" The goal
of the UCSF Clinical and Translational Science
Institute Hypertension Data Collaborative was,
therefore, to use electronic health record (EHR)
data to assess blood pressure control among pa-
tients diagnosed with hypertension across partici-
pating health systems, using the guidelines en-
dorsed by primary care organizations in the United
States. We examined similarities and differences

and

across and within health systems as a first step
toward regional collaboration to address hyperten-
sion disparities.

Methods

Study Design and Setting

"This study was a retrospective, observational cohort
analysis using 2 years of EHR data from affiliated
health care systems. Seven health systems were in-
vited to participate, 3 of which declined immediately
due to competing priorities and insufficient internal
resources to extract EHR data. Four health systems
signed data-sharing agreements. Representatives
from the 4 health systems met monthly over a
6-month period to create a shared data dictionary.
One of these 4 health systems, a community clinic
consortium, dropped out because of insufficient
trained personnel and challenges getting indepen-
dent affiliated clinics to agree to share their data
within the timeline required by the project. The
remaining 3 systems submitted deidentified data to
a shared data repository. In meetings including
clinicians familiar with the EHR and data defini-
tions of each system, we created common defini-
tions for all desired variables and then matched
with available data from each EHR. A series of 8
meetings lasting 1 hour each was needed. The 3
health systems included 1 academic and 2 county-
run primary health care systems with a total of 31
primary care clinics. Two were using the Epic
EHR, and 1 the eClinicalWorks EHR. The study
was approved by the institutional review board with
a waiver for informed consent. The 3 health sys-
tems are referred to as HS1, HS2, and HS3.

Inclusion Criteria

We included all patients aged 18 to 85 years at the
beginning of the study period with a hypertension
diagnosis and at least 1 primary care provider care
visit between October 15, 2013 and October 14,
2015 at HS2 and HS3, or between May 1, 2014 and
April 30, 2016 at HS1. The 2-year time period for
HS1 was different from that for HS2 and HS3 due
to local constraints and inability to pull data retro-
spectively to match the dates from HS2 and HS3.
All information was collected using a 1-time extrac-
tion of EHR data. Hypertension diagnosis in each
was defined using Ninth International Classifica-
tion of Disease (ICD-9) visit diagnosis codes 401 to
405 for billing during the study time period or a
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problem list diagnosis indicating “hypertension.”
Exclusion criteria were pregnancy-related hyper-
tension and end-stage renal disease.

Variables

The primary outcome was uncontrolled blood
pressure at a patient’s most recent primary care
visit, defined as a blood pressure reading above the
target set by 2014 guidelines.® We stratified into 3
age groups, ages 18 to 39 years, 40 to 59 years, and
60 years and older, to match the 2014 guidelines
and differentiate between younger and middle-
aged hypertensive patients. All patients aged 18 to
59 years and those =60 to 85 years with ICD-9 visit
diagnosis codes or problem-list diagnoses for
guideline-relevant comorbidities (chronic kidney
disease [CKD], diabetes mellitus [DM], and/or car-
diovascular disease [CVD]) were defined as having
uncontrolled hypertension if their diastolic pres-
sure was =90 mm Hg or systolic pressure =140
mm Hg.®? CVD was defined as having an associ-
ated ICD-9 code for history of coronary artery
disease, stroke, or transient ischemic attack. Al-
though CVD was not included in the 2014 report
as a guideline-relevant comorbidity, we chose to
include this comorbidity because of the recommen-
dation of the American College of Physicians and
the American Academy of Family Physicians.® Pa-
tients aged 60 to 85 years without CKD, DM, or
CVD were considered to have uncontrolled blood
pressure if their diastolic pressure was =90 mm Hg
or systolic pressure =150 mm Hg.

We also collected age at first visit during the
study period, sex, race and Latino ethnicity, body
mass index (BMIL; calculated from height and
weight data), smoking status, preferred language,
insurance status, and number of primary care visits
during the 2-year study period. We combined race
and Latino ethnicity, such that those recorded as
both Latino ethnicity and either white or of un-
known race were classified as Latino, while those
recorded as both Latino ethnicity and either Afri-
can American or Asian/Pacific Islander were clas-
sified as African-American or Asian/Pacific Is-
lander.

Analysis

We report patient characteristics stratified by con-
trolled and uncontrolled blood pressure using pro-
portions. For the primary model, a generalized
linear model with log link was used to identify risk

factors for uncontrolled blood pressure after adjust-
ing for confounders listed below. Generalized lin-
ear models estimate risk ratios instead of odds ra-
tios, avoiding the misinterpretation of odds ratios
and overestimation of risk for frequent outcomes.'?
In a separate model, multivariate logistic regression
was used to compare the probability of patients
having uncontrolled blood pressure at each individ-
ual clinic in the 3 health systems after adjusting for
confounders. Variables included in the 2 models
were sex (male or female, as the 3 health systems
did not record other gender categories); a nominal
variable of age (<60 or =60 years); and the pres-
ence of 1 or more relevant comorbidities (CKD,
DM, or CVD); a combined variable for race and
Latino ethnicity; insurance status (with uninsured
and unknown combined, as 1 health system left
health insurance unfilled for uninsured patients);
smoking status at the most recent appointment
(current or former/never); preferred language
(English, Spanish, Chinese, or Other); obesity sta-
tus (BMI =30 or <30 kg/m?); number of primary
care visits over the 2-year study period (1 to 2, 3 to
4, or =5 total visits); and health system where
primary care was delivered (HS1, HS2, or HS3).
Due to the relatively small number, we excluded
patients with missing values (N = 1726 of 53,133).
We performed 4 sensitivity analyses. First, we sub-
stituted the last recorded blood pressure with the
mean of the last 2 blood pressures on separate dates
for the 2 health systems where those data were
available (HS1 and HS3). Second, we excluded
BMI from the primary model, as that was the most
frequent missing variable, to ensure that BMI data
were missing completely at random. Third, we de-
veloped models of risk factors for uncontrolled
blood pressure restricted to those aged 18 to 40 and
40 to 60 years to examine whether similar risk
factors were seen in both the young and middle
aged. Finally we used =130/80 mm Hg as the
threshold for uncontrolled blood pressure at all
ages, per ACC and AHA recommendations.” Sta-
tistical testing was 2 sided, and significance was set
at P < .05. All analyses were performed using SAS
version 9.2 (SAS Institute, Cary, NC).

Results

Characteristics of Patients with Hypertension

Of 169,793 patients with at least 1 primary care
visit in a 2-year period in the 3 health networks,
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Table 1. Descriptive Characteristics of Patients with Hypertension in Three Health Systems

Characteristic Health System 1, n (%) Health System 2, n (%) Health System 3, n (%) Total, n (%)
n 17,923 13,937 21,273 53,133
Age categories
18 to 39 years 851 (5) 1,072 (8) 2,024 (10) 3,847 (7)
40 to 59 years 7,264 (41) 4,926 (35) 10,514 (49) 22,704 (43)
60 to 85 years 9,808 (55) 7,939 (57) 8,743 (41) 26,482 (50)
Female sex 8,880 (50) 7,317 (53) 12,076 (57) 28,273 (53)
Race/ethnicity
Non-Latino White 3,214 (18) 5,848 (42) 6,197 (29) 15,250 (30)
African-American 4,118 (23) 1,838 (13) 5,088 (24) 11,044 (21)
Latino 3,113 (17) 1047 (8) 4,581 (22) 8,741 (17)
Asian/Pacific Islander 5,976 (33) 3,807(27) 4,420 (21) 14,203 (27)
American Indian or Alaska Native 302 (2) 24 (0) 132.(1) 458 (1)
Other or unknown 1,200 (7) 1,373 (10) 855 (4) 3,428 (6)
Preferred language
English 10,560 (59) 11,661 (84) 15,376 (72) 3,7597 (71)
Spanish 2,569 (14) 356 (3) 2,916 (14) 5,841 (11)
Chinese 2,832 (16) 823 (6) 264 (1) 3,919 (7)
Other’ 1,911 (11) 1,097 (8) 2,714 (13) 5,722 (11)
Insurance
Commercial 1,241 (7) 6,815 (49) 6,117(29) 14,173 27)
Medicaid or local county coverage 10,701 (60) 2,179 (16) 10,252 (48) 23,132 (44)
Medicare 5,177 (29) 4,782 (34) 3,826 (18) 13,785 (26)
No health coverage 804 (4.5) 161 (1.2) 1,078 (5.1) 2,043 (8)
Body mass index in kg/m?
Less than 25 4,705 (26) 4,327 31) 3,787 (18) 12,819 24)
25 to less than 30 5,832 (33) 4,794 (34) 6,181 (29) 16,807 (32)
30 or greater 6,803 (38) 4,638 (33) 10,475 (49) 21,916 (41)
Current smoker 3,811 (21) 996 (10) 4,457 (21) 9,264 (19)
Comorbidities
Chronic kidney disease 2,246 (13) 1,845 (13) 2,943 (9) 6,023 (11)
Diabetes mellitus 6,207 (35) 4,111 (30) 7,803 (37) 18,121 34)
Cardiovascular disease 3,399 (19) 2,620 (19) 2,350 (11) 8,369 (16)
Number of primary care visits
during 2-year period
1 to 2 visits 2,493 (14) 1,385 (10) 2,250 (11) 6,128 (12)
3 to 4 visits 3,191 (18) 1,705 (12) 2,791 (13) 7,687 (14)
5 or more 12,153 (68) 10,847 (78) 16,232 (76) 39,232 (74)
Blood pressure not controlled at last 5,110 (29) 4,337 (31) 9,304 (44) 18,751 (35)

visit

Information taken from electronic health records of all patients with =1 primary care visit over 2 years.
P-values for all comparisons between systems were < .01 using x* tests.
*Most frequent other languages were Tagalog (n = 1,070), Vietnamese (n = 840), Russian (n = 673), Punjabi (n = 390), Farsi (n =

247), and Arabic (n = 210).

53,133 (31%) met criteria for a diagnosis of hyper-
tension. The proportion of patients with hyperten-
sion in each system was 34% (HSI), 29% (HS2),
and 31% (HS3). Patients with hypertension were
slightly more often female, and approximately half
were aged 60 to 85 years. The profile of hyperten-
sive patients varied between systems, with statisti-

cally significant differences across all patient char-

acteristics. Complete characteristic are displayed in
Table 1.

Risk Factors for Uncontrolled Blood Pressure
Descriptive characteristics of patients with con-
trolled and uncontrolled hypertension on the day

900 JABFM November-December 2018 Vol. 31 No. 6

http://www.jabfm.org

yBLAdod Aq palosloid 1senb Ag 520z Ae 2 uo /Bio wigel mmw/:dny wouy papeojumoq “8T0Z J1oqWIBAON 6 U0 99T08T 90'8TOZ Wydel/zzTE 0T Se paysiignd 1siy :paiN We- pJeog Wy


http://www.jabfm.org/

of their last primary care visit are shown in Table 2.
Overall, 18,751 (35.3%) patients had uncontrolled
blood pressure, with substantially higher proportions
among those aged 40 to 59 years, of African-Ameri-
can race, reporting English as a preferred language,
and from HS3. In a multivariate model (Table 3),
several patterns emerged. Those aged 60 years or
older without comorbidities had the lowest risk of
uncontrolled blood pressure (target <150/90 mm
Hg). African Americans had a higher risk of uncon-
trolled blood pressure, and Asian/Pacific Islanders
had a lower risk of uncontrolled blood pressure com-
pared with non-Latino whites; patients whose lan-
guage preference was Cantonese or Mandarin also
had a lower risk of uncontrolled blood pressure com-
pared with those who preferred English. Having in-
surance of any type and more primary care visits were
also independently associated with lower risk of un-
controlled blood pressure. Obesity and smoking were
associated with higher risk of uncontrolled blood
pressure. Risk of uncontrolled blood pressure varied
independently by health system.

Individual Clinic Comparisons

Each health system included multiple primary care
sites. There was significant variation in proportion
of patients with uncontrolled blood pressure at
their last visit, even after adjusting for the same
patient factors as in Table 3. The probability of
patients having uncontrolled blood pressure at each
individual clinic, after adjusting for the same pa-
tient factors, is shown in Figure 1. Individual clinics
ranged from having 16% (95% CI, 14 to 17) to
48% (95% CI, 46 to 50) of their hypertensive
patients having uncontrolled blood pressure at
their last visit. Even within the highest performing
system, HS1, clinics ranged between 16% (95% CI,
14 to 17) and 39% (95% CI, 36 to 41) of patients
with uncontrolled blood pressure at their last pri-
mary care Visit.

Sensitivity Analyses

In sensitivity analyses, taking an average of the last
2 blood pressures, which was available for 2 of the
3 health systems, did not result in substantially
different results from using the most recent blood
pressure measurement. Excluding BMI from the
model did not result in substantially different out-
comes in our multivariate models. When separate
models were created for adults aged 18 to 40 and 40
to 60 years, similar patterns emerged without sig-

Table 2. Descriptive Characteristics of Patients with
Controlled and Uncontrolled Blood Pressure on the
Day of their Last Primary Care Visit (n = 53,133)

Controlled, Uncontrolled,

Characteristic n (%) n (%)
n 34,382 18,751
Age categories

18 to 39 years 2150 (6) 1797 (10)

40 to 59 years 13,520(39) 9184 (49)

60 to 85 years 18,712(54) 7770 (41)
Female sex 18,529(54) 9744 (52)
Race/ethnicity

Non-Latino white 9805 (29) 5454 (29)

African-American 6304 (18) 4740 (25)

Latino 5595 (16) 3146 (17)

Asian/Pacific Islander 10,404 (30) 4257 (23)

Native American 316 (1) 142 (1)

Other or unknown 1958 (6) 1,012 (5)
Language

English 23,607 (69) 13,990 (75)

Spanish 3842 (11) 1999 (11)

Cantonese or 3125 (9) 794 (4)

Mandarin

Others 3775 (11) 1947 (10)
Insurance

Insured or other 33,443 (97) 17,872 (95)

health coverage
No health coverage 1063 (3) 980 (5)
Body mass index (kg/m?)

Less than 25 8949 (27) 5759 (32)
25 to less than 30 14,411 (43) 7134 (40)
30 or greater 13,353 (40) 8563 (48)
Current smoker 5289 (17) 3975 (23)
Number of primary care
visits during 2-year
period
1 to 2 visits 3212 9) 2916 (16)
3 to 4 visits 4761 (14) 2926 (16)
5 or more visits 26,361 (77) 12,871 (69)
Comorbidities
Chronic kidney 3811 (11) 2212 (12)
disease
Diabetes mellitus 11,490 (33) 6631 (35)
Cardiovascular disease 5516 (16) 2853 (15)
Health system
Health System 1 12,813 (37) 5110 (27)
Health System 2 9600 (28) 4337 (23)
Health System 3 11,969 (35) 9304 (50)

Information taken from electronic health records of all patients
with =1 primary care visit over 2 years.

P-values for all comparisons between controlled and uncon-
trolled hypertension were < .01 using X’ tests.
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Table 3. Multivariate Model of Risk of Uncontrolled
Blood Pressure at the Most Recent Primary Care Visit

Characteristic Risk Ratio (95% CI)
Sex

Male (reference) 1.0

Female 0.98 (0.96 to 1.01)
Age/Comorbidity category*

Aged >60 years with no 1.0

comorbidities (reference)
Aged > 60 years with comorbidities  1.64 (1.57 to 1.71)

Aged <60 years with no 1.72 (1.65 to 1.79)

comorbidities
Aged <60 years with comorbidities 1.51 (1.45 to 1.58)
Race/ethnicity
Non-Latino white (reference) 1.0
African American 1.13 (1.09 to 1.16)
Latino 1.01 (0.96 to 1.05)
Asian/Pacific Islander 0.95 (0.91 to 0.98)
American Indian, other, or unknown  0.99 (0.93 to 1.04)
Preferred language
English (reference) 1.0
Spanish 0.97 (0.92 to 1.02)
0.79 (0.73 to 0.85)
1.05 (1.01 to 1.10)

Cantonese or Mandarin

Other language
Insurance status

No health coverage (reference) 1.0

Insured or other health coverage 0.87 (0.83 to 0.92)
Smoking status

Never or past smoker (reference) 1.0

Current smoker 1.12 (1.08 to 1.15)
Body mass index (BMI)

Not overweight or obese (BMI<25 1.0
kg/m?) (reference)

Overweight (BMI 25 to <30 kg/m?)
Obese (BMI > 30 kg/m?)

Number of primary care visits over
2-year period

1.02 (0.99 to 1.06)
1.09 (1.06 to 1.13)

1 to 2 visits (reference) 1.0
0.85 (0.82 to 0.88)
0.71 (0.69 to 0.73)

3 to 4 visits

5 or more visits
Health System

Health System 1 (reference) 1.0
1.15 (1.11 to 1.19)
1.46 (1.42 to 1.50)

Health System 2
Health System 3

BMI, body mass index; CI, confidential interval.

Only patients with complete data were included (n = 51,417).
Statistically significant risk ratio differences in comparison to
reference variables are displayed in bold type.

*Comorbidities relevant to blood pressure target chronic kidney
disease, diabetes, ans cardiovascular disease.

nificant differences between these 2 age groups.
Finally, when defining uncontrolled blood pressure
among hypertensive patients as =130/80 mm Hg,

we found that the overall proportion of patients
with uncontrolled blood pressure doubled from
35% to 70%.

Discussion

We were able to construct a large database of
primary care patients and their outcomes related
to hypertension from 3 heterogeneous health
systems participating in a data-sharing collabor-
ative. Among over 50,000 diverse hypertensive
patients, we found important disparities based not
only on patient characteristics, but also between
and within health systems.

This Hypertension Data Collaborative project
demonstrates the challenges and opportunities of
regional electronic data sharing across health sys-
tems using different EHRs systems. Only 3 of 7
health organizations invited were able to partici-
pate fully. Not surprisingly, the participating health
care systems had more centralized decision-making
processes and more robust internal informatics ex-
pertise. Nonetheless, the project facilitated the cre-
ation of shared research priorities, a common data
dictionary, shared processes for EHR data extrac-
tion, transfer of the data into a shared data repos-
itory, data harmonization, and data analysis. Al-
though created as a single data project without a
solution for sustainable, longitudinal data sharing
at this time, the project demonstrates the potential
of such collaboration to inform future quality im-
provement and research interventions across heter-
ogeneous health systems at the regional level.

Many of our findings related to blood pressure
control among patients diagnosed with hyperten-
sion are consistent with the findings of others."’
Patients in the study cohort were more likely to
have uncontrolled blood pressure if they were Af-
rican Americans, current smokers, obese, had less
frequent primary care visits, or no current health
insurance coverage. What our findings add is that
the same types of disparities are found consistently
across different types of health settings with differ-
ent demographic compositions.

We found that the patients aged 60 years and
older without comorbidities were least likely to
have uncontrolled blood pressure at their last visit.
This finding likely reflects the higher target thresh-
old for this group of patients (<150/90 mm Hg),
demonstrating how shifting blood pressure guide-
lines might influence which patients are targeted by
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Figure 1. Probability of hypertensive patients at each practice having uncontrolled blood pressure at their most
recent primary care visit. Information taken from electronic health records of all patients with =1 primary care
visit over 2 years. Model adjusted for patient age, sex, race/ethnicity, insurance, obesity, smoking status, preferred
language, number of primary care visits, and presence of comorbidities (cardiovascular disease, diabetes mellitus
and chronic kidney disease). Error bars represent 95% CIs (n = 51,417). The vertical axis shows proportion of
patients with hypertension, and the horizontal axis shows data for clinics within each health system. CI,

confidential interval; Clin, Clinic.
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health system and/or whether health systems can
achieve quality metrics. Notably, in our sensitivity
analysis, we found that lowering the target for op-
timal blood pressure control to <130/80 mm Hg
for all patients, per ACC/AHA guidelines, would
double the number of hypertensive patients requir-
ing additional attention to their blood pressure
goals. This change would present a significant new
challenge to health systems and demand additional
resources for risk stratification and treatment of
many hypertensive patients previously believed to
have acceptable blood pressure control.

We also found significant differences in blood
pressure control across these 3 health systems and
between individual clinical sites within each health
system. The health system with the lowest propor-
tion of hypertensive patients with uncontrolled
blood pressure (HS1) was a safety net system that
has focused intensively on quality improvement ini-
tiatives to address hypertension control, at a time
when neither of the other 2 health systems were
implementing comprehensive hypertension quality
improvement initiatives. The pilot site for this ini-
tiative, clinic 2 within HS1 (see Figure 1), started
its work in 2014 and had a significantly lower pro-
portion of hypertensive patients with uncontrolled
blood pressure compared with the other clinics in
this health system, which did not begin participa-
tion until the end of 2015. Results of this quality

3

Health System 2

4 5 6 7 8 1 2 3 4 5 6 7 8 9
Health System 3

10 41

improvement initiative also indicate that this health
system measurably increased the proportion of pa-
tients with controlled hypertension by the time the
intervention was completed in 2016. These results
suggest the potential benefits of hypertension qual-
ity improvement initiatives at the practice level and
the opportunity for clinical teams both within and
across health systems to benefit from sharing best
practices. In addition, the highest performing
health system was a safety net health system, sug-
gesting that good hypertension control can be
achieved in clinical settings with a significant pro-
portion of low-income uninsured patients.

Our analyses are limited by several factors. First,
there may be differences in the way that hyperten-
sion is measured, recorded, and diagnosed by indi-
vidual clinicians within and across health systems,
and this could be reflected in clinical data that is not
collected following strictly validated and uniform
protocols. In addition, comorbidities such as such
as chronic kidney disease may not be accurately
documented in EHRs, and with current guidelines
used in this study, the systems with better docu-
mentation of comorbidities could seem to have
worse blood pressure control.'* Other parameters
such as current smoking status may not always be
captured accurately in the EHRs, and other poten-
tially important variables, such as current alcohol
use, were not captured in this study. There may
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also be differences between health systems that
agreed and declined participation in the data col-
laborative, making our sample less representative of
hypertension control locally or elsewhere in the
United States. These limitations are countered by
the fact that our analyses are based on “real-world”
clinical data that are available to clinical teams that
manage hypertension at the point of care. The
overall consistency of our findings across and
within health systems supports the use of EHR data
such as these to inform regional quality improve-
ment and practice-based research interventions to
address hypertension more effectively.

In conclusion, the Hypertension Data Collabor-
ative successfully demonstrated the challenges and
opportunities for electronic health data sharing and
its use for identifying common disparities in hyper-
tension care across 3 health systems. Future studies
with this dataset will examine patterns of treatment
with antihypertensive medications within these health
systems to explore the relationship between medica-
ton underuse and deviation from guideline-based
treatment algorithms. Sustainable approaches to sup-
port collection and aggregation of hypertension data
longitudinally will be necessary to evaluate the impact

of future interventions to address disparities that are
identified.

The authors would like to acknowledge the clinical leaders and
medical informatics teams at each health system without whose
participation and assistance this research would not have been
possible.

To see this article online, please go to: bttp://jabfm.org/content/
31/6/897 full.
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