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Abstract

INTRODUCTION: Effective, equity-promoting interventions
implemented by health care systems are needed to address health care
disparities and population-level health disparities. We evaluated the
impact of a clinical decision support tool to improve evidence-based
thiazide diuretic prescribing among Black patients to address racial
disparities in hypertension control.

METHODS: We employed an interrupted time series design and
qualitative interviews to evaluate the implementation of the tool.

Our primary outcome measure was the monthly rate of thiazide

use among eligible patients before and after implementation of the
tool (January 2013-December 2016). We modeled month-to-month
changes in thiazide use for Black and White patients, overall, and

by sex and medical center racial composition. We conducted key
informant interviews to identify modifiable facilitators and barriers to
implementation of the tool across medical centers.

RESULTS: Of the 318,720 patients, 15.5% were Black. We observed

no change in thiazide use or blood pressure control following the
implementation of the tool in either racial subgroup. There was a slight
but statistically significant reduction (2.32 percentage points, p <0.01)
in thiazide use among Black patients following the removal the tool
that was not observed among White patients. Factors affecting the
tool’s implementation included physician and pharmacist resistance to
thiazide use and a lack of ongoing promotion of the tool.

DISCUSSION: The clinical decision support tool was insufficient to
change prescribing practices and improve blood pressure control
among Black patients.

CONCLUSIONS: Future interventions should consider physician
attitudes about thiazide prescribing and the importance of multilevel
approaches to address hypertension disparities.
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Introduction

Effective, equity-promoting interventions
implemented by health care systems are needed to
address health care disparities and population-level
health disparities. Pragmatic strategies that can be
scaled and integrated into routine care to address
health disparities, particularly in large, diverse
health care settings, are needed, and health care
leaders must identify determinants of disparities
that are potentially modifiable through health
system intervention. One key challenge for health
care systems is the identification of modifiable
determinants of suboptimal blood pressure
management among Black patients.?

Hypertension is a leading cause of preventable
disease and death in the United States,* and

racial disparities in hypertension prevalence and
control are well-documented and persistent.*
Approximately 40% of non-Hispanic Black adults
have hypertension, the highest prevalence among
all US racial/ethnic groups, and Black adults have
higher rates of uncontrolled hypertension than
non-Hispanic White adults.®> While the causes of
hypertension-related disparities are multi-factorial
and include factors related to individual patients,
their support systems, local and policy environments
as well as clinicians and systems,®> one key aspect of
uncontrolled hypertension is appropriate medication
therapy. Guidelines from the Joint National
Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure indicate

that thiazide diuretics are recommended as first-
line therapy for uncomplicated hypertension and
frequently should be added to treatment regimens
to improve blood pressure control.? Thiazide
diuretics may be especially effective in the control
of hypertension and in the prevention of strokes
among Black patients.t-®

However, evidence suggests suboptimal
prescribing among clinicians with respect to the
Joint National Committee recommendation,*?
resulting in an underuse of these medications in
clinical practice. Thus, the promotion of the use
of thiazide diuretics at clinically effective doses in
routine clinical practice is one strategy that health
systems can use to address racial disparities in
hypertension control. In 2015, Kaiser Permanente
Northern California (KPNC) implemented a region-
wide clinical decision support tool to identify
Black patients with poor blood pressure control
who might have benefited from thiazide diuretic
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initiation or intensification.”” Given that health
systems’ quality improvement efforts to address
disparities are understudied™ and a need for
greater attention to hypertension implementation
and dissemination research specifically for African
American patients,”” the purpose of present study
was to evaluate the tool’s real-world effectiveness
in improving thiazide use among Black relative to
White patients.

Materials and Methods

SETTING AND DESCRIPTION OF CLINICAL
DECISION SUPPORT INTERVENTION

KPNC is a large integrated delivery system
consisting of 250 medical offices serving over

4.5 million members in a 13-county area of
Northern California. KPNC has a robust population
management infrastructure for hypertension,” a
hypertension quality measure linked to financial
incentives for each facility, and an equity-specific
measure on hypertension control among Black
patients that is shared on a monthly basis with
senior leadership. In January of 2015, KPNC
implemented a decision support tool region-

wide designed to aid clinical care teams in the
identification of Black patients at risk for suboptimal
use of thiazide diuretics and to facilitate clinically
appropriate changes in treatment. The tool utilized
data from the electronic health record (EHR),
including pharmacy data, to identify patients with
poor blood pressure control who were potentially
eligible for changes in treatment (ie, no known
allergy to thiazides or thiazide-like diuretics). The
tool was designed to be used by medical assistants
to identify patients for targeted outreach. Once
identified, patients were contacted by a medical
assistant to encourage repeat blood pressure
measurement. Patients whose tests indicated
persistent poor control were then contacted by a
pharmacist to discuss thiazide use. The tool was
implemented following a brief pilot test in one
medical center to assess feasibility.” All quality
improvement managers received training on the tool
at a region-wide meeting in February 2015, which
included education about disparities in hypertension
among Black patients and training in effective
communication strategies. The clinical decision
support tool was available to health care teams
starting in January 2015. However, due to a change
in pharmacy management systems, the tool was
phased out across the system over a period of time
between September 2015 and

April 2016.
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STUDY DESIGN

We employed an interrupted time series (ITS)
design to test whether the proportion of Black
patients using thiazides increased after the
implementation of the thiazide tool (tool off/on/off
again). We also conducted key informant interviews
to identify modifiable facilitators and barriers to
the tool’s implementation. This study was approved
by the Institutional Review Board of the Kaiser
Foundation Research Institute.

Qualitative Data

We conducted interviews with quality and
operations leaders to understand the context of
decision-making related to thiazide diuretics and
knowledge and use of the tool. We used purposive
sampling to select the participants, focusing on
the medical centers serving a higher and lower
proportion of Black patients in the region. We
developed a theory-informed,”™ semi-structured
interview to assess how the tool was used, who
used the tool, and general impressions of its utility.
All interviews were recorded and transcribed.
Three authors (CM, ASA, AA) coded interview
transcripts using a thematic approach to identify
salient themes as well as barriers and facilitators to
the tool’s implementation. Themes were mapped
to a commonly used implementation science
framework.”®

Setting and Study Population

Our sample included Black and White patients aged
18 to 85 with diagnosed hypertension between
January 2013 and December 2016. Patients were
required to have at least one inpatient diagnosis

or two outpatient diagnoses of hypertension
(n=819,300). We excluded patients based on age
(269,458), non-Black or White race (n=17,310), and
with known allergies to thiazide or thiazide-like
diuretics (n=28,080). Allergies were ascertained
from the EHR. To ensure stable population
characteristics over time and complete data on
thiazide use, we required that patients be alive

for the entire study period and have continuous
enrollment for at least 10 months per year. The
final analytic cohort consisted of 49,035 Black and
269,415 White patients (Figure 1). Table 1 describes
the baseline characteristics of the study cohort by
race.

Measures

All data were extracted from the patient EHR. The
primary outcome was the monthly proportion of
patients with a prescription for a thiazide (thiazide
use). Thiazide use referred to any thiazide use

At least one inpatient diagnosis or two
outpatient diagnosis of hypertension
(2013- 2016)

N=819,300

!

Age 18-85 (2013-2016)
n=740,227

l

Non-Hispanic Black/AA or White race
n=470,769

L

No known allergies
n=453,459

|

Vital status is “Alive” (2013-2016)
n=425,379

exclusions

0

n=269,458

0

n=28,080

/
§

!

Continuous Enrollment
(<2 months disenrolled)
n=318,720

l |

Black patients White patients
n=49,305 n=269,415

n=106,659

/
y

Figure 1: Description of the application of inclusion and exclusion criteria and impact on
sample size.

during the month (new users or ongoing users).
Patients needed to have at least 1 day of drug
coverage per month. Thiazides under study were:
hydrochlorothiazide, chlorthalidone, metolazone,
indapamide, chlorothiazide, and methyclothiazide.
Combination therapy was included. Secondary
outcomes included the proportion of patients whose
blood pressure was controlled and the proportion
of patients using an optimal dosage of thiazides.
Blood pressure control was defined as blood
pressure >139/89 for patients younger than 60,
>139/89 for patients 60 or older who had evidence
of diabetes, and 149/89 for patients 60 or older who
had no evidence of diabetes. Suboptimal dosages
were defined as <50 mg/d for hydrochlorothiazide,
<25mg/d for chlorthalidone, <5.0mg/d

for metolazone, <2.5mg/d for indapamide,

<500 mg/d for chlorothiazide, and <2.5mg/d for
methyclothiazide. We created separate dichotomous
variables to indicate before the clinical decision
support tool was turned on, was available, and

was turned off. We also characterized patients

into subgroups by race (Black, White), age (18-
44/45-64/65-85), sex (male/female), and the racial
composition of the home medical facility (= 20%
Black, <20% Black) to facilitate stratified modeling
approaches. In this setting, race and ethnicity are
available in the EHR and primarily self-reported.
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that led to the phase out of the tool. We had at

least 8 monthly observations before and after the
introduction of the thiazide tool to have sufficient
power to estimate regression coefficients.”” Our
models controlled for autocorrelation by testing for
first-order autoregressive processes and correcting
for significant correlations. We also tested for
nonlinearity of the models. The effect of the thiazide
tool for Black patients and White patients was
estimated separately. We also constructed models to
examine changes in thiazide use among Black and
White patients by age, sex, and facility. All statistical
analyses were conducted using SAS software version
9.4 (SAS Institute, Cary, North Carolina).

Results

Black patients White patients
n % n %
Total 49,305 15.46 269,415 84.53
Characteristic
Age
18-44 6,443 13.07 17,454 6.48
45-64 26,668 54.09 116,483 4323
65+ 16,194 32.84 135,478 50.29
Sex
Male 28,951 58.72 134,924 50.08
Female 20,352 41.28 134,488 4992
Unknown 2 0.00 3 0.00
Facility
<20% Black 26,967 54.69 237,220 88.05
>20% Black 21,663 43.94 29,066 10.79
Unknown 675 1.37 3129 116

Table 1: Baseline characteristics of the study cohort by race (N = 318,720)

Data Analysis

We used contingency tables (x?) to examine
differences in characteristics between Black and
White patients in the sample. To examine the impact
of the clinical decision support tool on thiazide

use and dosing, we used segmented regression
models to evaluate the effect of the introduction and
subsequent removal of the tool on the proportion
of thiazides prescribed among Black and White
patients. Segmented regression analysis of ITS data
allowed us to evaluate the immediate discontinuity
and longer-term slope change in thiazide use after
the introduction of the thiazide tool. For the ITS
models, we excluded patients from one medical
center (n=15,995) due to the presence of a co-
occurring intervention to address hypertension
disparities in that setting.’® The periods before,
during, and after the implementation period
constitute the three segments of the regression
models. For these models, baseline (January

2013 to December 2014), time the tool was active
(January to December 2015), and time the tool was
off (January to December 2016) were 24, 12, and 12
months, respectively. To control for a phase-in and
phase-out period, we excluded the observations
between December 2014 and February 2015 and
December 2015 and March 2016, respectively. We
chose December 2015 to March 2016 for the phase
out period as this represents when approximately
50% of the service areas within KPNC had changed
over to the new pharmacy management system

14 | THE PERMANENTE JOURNAL

QUALITATIVE FINDINGS

We interviewed six quality and operations leaders
at five medical centers. There was considerable
variation among the key informants with respect
to their knowledge of the tool and its purpose.
Interviews revealed that an existing and ongoing
interest in addressing racial disparities in
hypertension control facilitated use of the thiazide
tool. In addition, the presence of a champion, that
is, a staff member who was dedicated to patient
outreach for hypertension control, also positively
influenced the tool’s implementation. For example,
one medical center described having a medical
assistant who was especially effective in interacting
with and motivating elderly patients to come in for
blood pressure retesting.

In terms of barriers and challenges related to the
thiazide tool faced by the medical centers, some
participants reported limited awareness of the tool
and its purpose. This was described as possibly due
to the absence of ongoing messages from health
system leadership about the thiazide tool. Another
identified barrier was the presence of competing
priorities, including other ongoing hypertension-
related quality improvement initiatives at the
medical center. Some key informants described
being focused on these initiatives, such as a
program for home blood pressure monitoring,

as opposed to the tool. Another barrier was

that there appeared to be some level of clinician
resistance and hesitation regarding prescribing
thiazides at higher dosages. Despite the existence
of a systemwide guideline relating to the use of
thiazides as first line therapy for Black patients

in this setting, some key informants described
concerns regarding the safety of thiazides at higher
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dosages for patients with hypertension. This belief,
which was mentioned as being connected to post-
graduate education and training for physicians and
pharmacists, contributed to an underutilization

of the thiazide tool. Table 2 summarizes the key
facilitators and barriers.

QUANTITATIVE FINDINGS

Baseline Characteristics Of the 298,921 patients
included in the ITS models, 13.4% of patients were
Black (Table 3). A significantly greater proportion
of Black patients were women compared to White
patients (58.2% versus 50.2%). At baseline, the
proportion of patients with their blood pressure
controlled was 83.1% for Black patients compared to
89.7% for White patients, a gap of 6.6 percentage
points (Table 4). Thiazide use was higher among
Black patients than White patients at baseline
(40.8% versus 35.2%) (Table 3); with Black women
having the highest rates of thiazide use.

Changes in Thiazide Use Among Black and White
Patients Overall, throughout KPNC, the proportion
of Black patients using thiazides was stable before
and after the introduction of the thiazide tool
(Table 3). The implementation of the tool was not
associated with a statistically significant immediate
increase (Black patients: 0.25 percentage point
increase; p=0.58) or increasing trend (Black
patients: 0.02 percentage point decrease; p=0.69)
in the proportion of thiazide use. However, following
the removal of the tool, we observed an immediate
2 percentage points decrease in the proportion

of Black patients using thiazides (p <0.01). This
change was consistent across sex- and age-specific
subgroups. The proportion of White patients using
thiazides was stable throughout the study period.

Figure 2 depicts time series of changes in

the proportion of Black and White patients

using thiazides by facility before and after the
introduction and removal of the thiazide tool. We
observed an increasing trend in the proportion

of thiazide use among Black patients in facilities
with less than 20% of Black patients following

the introduction of the tool, although this did not
reach statistical significance (0.1 percentage points;
95% confidence interval [CI]: —=0.0, 0.2) (Table 3).
Following the removal of the tool, there was a
statistically significant reduction in the proportion
of Black patients using thiazides in these facilities
(2.3 percentage points; 95% Cl: —=3.9, —0.8). Thiazide
use among White patients at both facility types was
stable following the introduction and removal of the
tool (Table 3).

There were no clinically or statistically significant
changes in blood pressure control for either Black
or White patients before or after the intervention.
Table 4 presents the proportion of Black and
White patients in control at baseline, while the tool
was active, and after the tool was inactive. The
proportion of patients with a suboptimal thiazide
dose was similarly stable across the study period
(Table 4).

Discussion

The purpose of this study was to evaluate an EHR
embedded tool designed to improve thiazide use
among Black patients with poor blood pressure
control and reduce disparities in hypertension
control within an integrated delivery system. Over
the 4-year study period, there were no clinically

COM-B Category Barriers

Facilitators

Capability

e Little knowledge of thiazide tool and/or tool’s purpose

e High awareness of tool and
tool’s purpose

Opportunity

e Lack of ongoing messages about tool from health
system leadership
e Tool was not designed to be used for use during
a clinical encounter
e The presence of other facility-initiated hypertension projects

Motivation

e Clinician and pharmacist concern about safety of thiazides at
certain dosages
e Belief that tool was just ‘one more thing to do’ in the presence
of many other tasks and quality improvement initiatives

e An already-existing interest in and
motivation towards addressing racial
disparities in hypertension
e Belief that the tool was useful
and valuable
e The presence of a “champion”

Table 2: Barriers and facilitators of the use of the thiazide tool mapped to the Capability, Opportunity, and Motivation (COM-B) model

COM-B = Capability, Opportunity, and Motivation model.
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Figure 2: Monthly thiazide use among Black and White patients by racial composition of the home medical facility (= 20% Black, < 20% Black) before, after, and following the removal
of the thiazide tool (2013 to 2016). The predicted line reflects the regression results for each segment. The shaded areas represent the tool phase-in and phase-out periods. These data

points are not included in the regression model.

or statistically significant increases in thiazide use
following the implementation of the tool in either
racial subgroup. However, we did observe a slight
but statistically significant reduction in thiazide
use among Black patients following the removal
the tool that was not observed among White
patients. In addition, there was a slight but clinically
significant increasing trend in thiazide use among
Black patients in facilities with a smaller proportion
of Black patients. These findings indicate the tool
may have had some limited impact on thiazide use
in Black patients, but no changes were found for
hypertension control.

Our findings are similar to another study that
examined the impact of an educational intervention
for primary care clinicians to increase thiazide
prescribing overall.®® In that study, researchers
similarly did not find differences in thiazide
prescriptions and identified clinician attitudes

and beliefs as one reason for the limited impact.
However, another study targeting patient rather
than clinician behavior reported increases in thiazide
prescriptions among patients with poor blood
pressure control.”®

We believe there are several factors that may have
contributed to the limited impact of the tool. The
qualitative interviews suggested several possibilities
including physician attitudes toward thiazides, lack
on ongoing promotion of the thiazide tool, and

the limited time the thiazide tool was operational.
Of note, physician concerns about thiazides and,
specifically, the possibility of serious side effects
have been found in other studies.?°2' Another
possible explanation for our findings is that the
timing and placement of the tool may not have
been optimal for the behavior required to enact
change. Kawamoto and colleagues noted that
clinical decision support interventions should ideally

Baseline Tool on Tool off
Al White Black All White Black Al White Black
patients patients patients patients patients patients
Blood Pressure control (%) 88.8 89.7 831 89.1 90.0 83.4 88.6 89.5 82.8
Optimal thiazide dose (%) 1.5 10.8 14.9 n.2 10.4 15.3 n.4 10.6 15.7

Table 4: Secondary outcomes of blood pressure control and thiazide dosing during the study period, Kaiser Permanente Northern California, 2013-2016
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be delivered at the time and location of decision-
making.??2 The optimal timing and placement of the
thiazide tool may be in the clinical setting prior to
making treatment decisions with a patient. Instead,
the tool alerted medical assistants to have patients
potentially eligible for thiazides retest their blood
pressure. The qualitative findings also suggested
that the region-wide implementation plan may

not have adequately accounted for differences in
priorities across individual medical centers, thereby
limiting the impact of the thiazide tool. Finally, as
this is a setting with very high rates of hypertension
control,¥?* the lack of movement may also reflect a
ceiling effect, limiting the impact of any additional
interventions.

An important finding from the interviews is that,
overall, the key informants believed there were
things that the health system could do to address
racial disparities in hypertension control. In fact,
some of the medical centers were proactively
addressing racial disparities in hypertension control
via other center-level initiatives. This is encouraging
and suggests an openness toward innovative quality
improvement interventions to address disparities.?>2¢
Importantly, reducing racial disparities in
hypertension control likely requires addressing the
barriers to hypertension control in Black patients
that exist at multiple levels, including factors related
to individual patients, families, communities, and
policy.6?72% Thus, health systems should consider
multilevel approaches, with clinical decision support
as just one piece of the larger picture to address
disparities, as it is unlikely that clinical decision
support systems alone will improve clinical care.?®

In one integrated system, a multilevel approach that
incorporated care team redesign, improvements

to access to care, programs on culturally tailored
communication, as well as physician-led education
on treatment guidelines, closed the gap in
hypertension control between Black and White
patients.?®

To our knowledge, our study is one of the first to
examine the impact of a clinical decision support
intervention to improve thiazide use as a means

of narrowing racial disparities in hypertension
control by changing physician prescribing related
to thiazide diuretics. Strengths of our study include
a rigorous quasi-experimental study design and the
use of qualitative methods to provide contextual
insights. In addition, our use of the well-tested
implementation science framework'™ provided a
structure to reveal barriers and facilitators of the

implementation of the tool into the clinical workflow.
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Despite these strengths there are some limitations
that deserve consideration. There is a possibility that
patients may have obtained their prescription from
outside of the KPNC health system and therefore
were not captured in our analyses. However, this

is unlikely as most KPNC members use KPNC
pharmacies to fill their prescriptions due to the
co-location of pharmacies and medical centers as
well as the strong financial incentive to use KPNC
pharmacies. It should be noted that our analysis
only included Black and White patients due to the
historical disparity in hypertension control between
these two groups in this setting. It is possible that
there are other racial/ethnic disparities that were
not explored in this analysis. Finally, our findings
were generated in the context of an integrated
delivery system with very high publicly reported
hypertension management performance®™ and in
which disparities have been eliminated for some
subsets of the population,?* so the results may not
be generalizable to other health systems. Further, a
decision support tool of this nature, which involves
both medical assistants in the clinical setting as well
as pharmacists, may not be feasible in nonintegrated
health settings.

Nevertheless, we believe this study offers lessons for
health care practices and systems. Both integrated
and nonintegrated health systems use population
management, including hypertension registries and
decision support tools, as part of their hypertension
care programs.° Our study describes one relatively
simple way that technology can be leveraged (via
the EHR) to address disparities and identify specific
patients who may benefit from additional attention.
Although we observed the thiazide tool did not
improve thiazide use, our findings offer insights into
future approaches that may be used to improve

the impact of a thiazide decision support tool. This
includes better incorporating facility-level variation in
quality priorities, accounting for physician concerns
about thiazide dosage, and having a clinician use the
tool in the clinical setting prior to making treatment
decisions with a patient. As mentioned above, decision
support tools should be used as part of multilevel
approach to improve care and address hypertension
disparities.

Conclusion

Our findings suggest that, in the absence of
additional educational supports, a clinical
decision support tool to increase thiazide use
among Black patients was insufficient to change
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prescribing and did not impact blood pressure
control. Future interventions may need to address
variation in competing quality improvement
priorities and consider strong physician attitudes
about thiazide prescribing in the intervention
design.®! Given challenges in changing physician
prescribing behavior and the importance of
multilevel approaches to address hypertension
disparities, health systems and future studies
consider interventions aimed at increasing
patient engagement to facilitate self-efficacy and
management.’

Supplementary Materials
Supplemental Material is available at: www.
thepermanentejournal.org/files/2021/21.024supp.pdf
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