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Abstract
Background—The Seventh Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure recommends that clinicians consider use of
multidrug therapy to increase likelihood of achieving blood pressure goal. Little is known about
recent patterns of combination antihypertensive therapy use in patients being initiated on
hypertension treatment.

Methods—We investigated combination antihypertensive therapy use in newly diagnosed
hypertensive patients from the Cardiovascular Research Network Hypertension Registry.
Multivariable logistic regression was used to assess the relationship between combination
antihypertensive therapy and 12-month blood pressure control.

Results—Between 2002–2007, a total of 161,585 patients met criteria for incident hypertension
and were initiated on treatment. During the study period, an increasing proportion of patients were
treated initially with combination rather than single agent therapy (20.7% in 2002 compared to
35.8% in 2007, P<0.001). This increase in combination therapy use was more pronounced in
patients with stage 2 hypertension, whose combination therapy use increased from 21.6% in 2002
to 44.5% in 2007. Nearly 90% of initial combination therapy was accounted for by two
combinations, a thiazide and a potassium-sparing diuretic (47.6%) and a thiazide and an
angiotensin-converting enzyme inhibitor (41.4%). After controlling for relevant clinical factors,
including subsequent intensification of treatment and medication adherence, combination therapy
was associated with increased odds of blood pressure control at 12 months (odds ratio compared to
single-drug initial therapy 1.20; 95% CI 1.15 – 1.24, P<0.001).
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Conclusions—Initial treatment of hypertension with combination therapy is increasingly
common and is associated with better long-term blood pressure control.

Introduction
The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure (JNC-7) recommends consideration of initial
hypertension therapy with more than 1 drug, particularly when blood pressure (BP) is
>20/10 mm Hg above goal, to increase the likelihood of achieving BP goal in a timely
fashion.(1) Moreover, clinical trials demonstrate that most hypertensive patients will not
achieve goal BP with a single drug alone, further supporting the use of multidrug therapy.
(2–4) Combining drugs with complementary mechanisms of action permits use of lower
doses of each, reducing the risk of dose-dependent adverse events. However, to date, little is
known about use of combination therapy for the initial treatment of hypertension in routine
practice.

Prior studies have assessed prevalent combination therapy use for hypertension and found
increasing use over time.(5;6) However, many of these studies are dated, report trends prior
to the release of the JNC-7 report, or provide little detail regarding the most commonly
occurring drug combinations. Weycker et al. found that fewer patients with stage 1 than with
stage 2 hypertension at time of diagnosis achieved adequate blood pressure control
(BP<140/90) at 360 days. However, use of combination therapy was not reported nor its
association with BP control. (7) There is a lack of contemporary data regarding the most
commonly used combination therapy for newly diagnosed hypertension patients and the
association between initial combination therapy use and BP control.

Accordingly, we assessed trends in use of combination versus single agent therapy as initial
treatment for patients with incident hypertension using the Cardiovascular Research
Network (CVRN) Hypertension registry from 2002–2007. Next, we identified the most
common combination agents used over time and stratified use of combination therapy by
stage of hypertension at time of treatment initiation. Finally, we assessed the association
between combination agent use and BP control 12 months following initiation of
hypertension therapy among patients with incident hypertension.

Methods
Definition of the Hypertensive Cohort

This study was conducted within the Cardiovascular Research Network (CVRN), a
consortium of research organizations affiliated with the HMO Research Network and
sponsored by the National Heart, Lung, and Blood Institute. The CVRN Hypertension
Registry includes all adult patients with hypertension at 3 large integrated health care
delivery systems, HealthPartners of Minnesota (HP), Kaiser Permanente Colorado (KPCO),
and Kaiser Permanente Northern California (KPNC). The algorithm for entry into the cohort
has been described previously.(8) Briefly, patients entered into the registry upon meeting
one or more of the following criteria: (1) at least 2 consecutive elevated BP measurements
(i.e., ≥140 mm Hg systolic and/or 90 mm Hg diastolic or ≥130/80 mm Hg in the presence of
diabetes mellitus or chronic kidney disease); (2) 2 diagnostic codes for hypertension
(International Classification of Diseases, 9th Revision, Clinical Modification [ICD-9-CM]
codes: 401.x to 405.x) recorded on separate dates; (3) 1 diagnostic code for hypertension
plus prescription for an antihypertensive medication; or (4) 1 elevated BP measurement plus
1 diagnostic code for hypertension.
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The current analysis included 161,585 patients with incident hypertension between 2002 and
2007 who were started on therapy with antihypertensive medications. Incident hypertension
was defined as having 1 year or longer health plan membership with drug coverage prior to
meeting hypertension registry entry criteria, without a prior hypertension diagnosis, and
without prior pharmacy dispensing or claims filed for antihypertensive medications.
Individuals who qualified for entry into the cohort, but whose initial BP upon cohort entry
was normal (n=16,038) or missing (n=41,473) were excluded. We excluded patients whose
initial BP upon entry into the cohort was normal to help ensure that the patients included in
the analysis did indeed have as-yet-untreated incident hypertension. Only individuals with at
least 180 days of health plan membership with drug coverage after entry into the cohort
were included in the current analysis. Baseline BP was defined as the BP closest to the date
of entry into the cohort and could include BP measurements up to 90 days prior to cohort
entry date. In addition, the 1.4% of patients prescribed 3 or medication classes as initial
treatment for a new diagnosis of hypertension were not included in the analysis since these
patients may have prevalent rather than incident hypertension.

Combination therapy
Combination antihypertensive therapy, the primary exposure of interest, was defined as
treatment initiation with two antihypertensive medications for patients with incident
hypertension. Treatment initiation was defined as the first prescription or set of prescriptions
filled after entry in the hypertension registry in patients without prior diagnosis of
hypertension. Initiation of medication was determined using pharmacy dispensing data,
which include all medications dispensed from health plan outpatient pharmacies, or claims
filed for medications.

Blood Pressure Control at 12 Months
BP control at 12 months was the primary outcome of interest and was assessed using the BP
measurement closest to 12 months after initiation of hypertension treatment (and within a 6
– 18 month window). BP was considered uncontrolled if BP > 140/90 (or >130/80 in
patients with diabetes mellitus or chronic kidney disease). Systolic and diastolic BP data at
12 months were available for 77.4% of the cohort.

Statistical Analysis
The blood pressure levels, stage of hypertension and treatment with either combination or
single agent therapy as well as the specific combination were described for patients with
incident hypertension being started on treatment during the study period. Student’s t test and
χ2 test were used to compare baseline variables in patients treated with combination versus
single agent therapy. Multivariable logistic regression assessed demographic and clinical
factors associated with initial combination antihypertensive drug therapy. The model
included site of care, gender, race, smoking status, year of entry into the cohort, and co-
morbid compelling indications for particular antihypertensive drug classes (e.g., diabetes,
myocardial infarction, heart failure, chronic kidney disease or stroke). ICD-9-CM codes
were used to define myocardial infarction (410.*), congestive heart failure (428.*), and
ischemic stroke (433.*, 434.*, and 436). Diabetes mellitus was defined by the following: (1)
2 outpatient diagnoses or 1 primary inpatient discharge diagnosis of diabetes mellitus
(ICD-9-CM code 250.x); (2) prescription for any antidiabetic medication other than
metformin or thiazolidinediones; or (3) prescription for metformin or a thiazolidinedione
plus a diagnosis of diabetes mellitus; or (4) hemoglobin A1c value > 7% or 2 fasting plasma
glucose values > 7 mmol/L (126 mg/dL) on separate dates. Chronic kidney disease was
defined as 2 consecutive serum creatinine values that yield estimated glomerular filtration
rates < 60 mL/minute when the Modification of Diet in Renal Disease equation is applied or
by an ICD-9-CM diagnostic code for chronic kidney disease (codes 585.1–585.9). To assess
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the association between combination therapy and BP control at 12 months, multivariable
logistic regression models were constructed adjusting for these variables, as well as BP stage
and combination antihypertensive agent use. Data from patients who died or who were
missing a blood pressure measurement within a 6-month window around the 12-month time
point were censored.

To further assess the robustness of our findings, we performed a series of sensitivity
analyses. First, we assessed the association between fixed-dose (i.e., 2 antihypertensive
medications in a single pill) or free (i.e., 2 antihypertensive medications as 2 separate pills)
combinations versus single agent therapy and BP control. Second, we evaluated the
association between ACE/thiazide combination therapy versus single agent and BP control.
Third, we adjusted for adherence to antihypertensive medications in the evaluation of the
association between combination therapy and BP control. Medication adherence was
calculated as total days’ supply dispensed divided by the number of days between first and
last fills for that drug. (9) Patient-level adherence with antihypertensive drugs was calculated
as the time-weighted average of adherence for each antihypertensive drug.

Fourth, we compared therapy intensification between patients initiated on combination
therapy versus single agent therapy. Intensification of antihypertensive therapy was based on
the number of times a drug dose was increased and/or the number of times an
antihypertensive drug class was added (including the addition of a new class in substitution
for another class). Thus, this intensification metric accounts for changes in the
antihypertensive drug regimen after our initial assessment of single vs. combination therapy.
We hypothesized that patients started on combination therapy would have less need to have
therapy intensified during the follow-up period since they were being initiated on more
antihypertensive therapy. Finally, we adjusted for therapy intensification in the assessment
of the association between combination therapy initiation and BP control. All analyses were
two-tailed, and a P < 0.05 was considered significant. All statistical analyses were
completed using SAS v9.1 (SAS Inc, NC). The authors are solely responsible for the design
and conduct of this study, all study analyses, the drafting and editing of the paper and its
final contents. Funding for the study was provided by the NIH.

Results
Baseline Characteristics of Incident Hypertension Patients

Among 161,585 patients with incident hypertension being initiated on therapy during the
study period, there was a decline in the proportion of individuals entering the cohort with
stage 2 hypertension (defined as initial SBP ≥ 160 mm Hg or DBP ≥ 100 mm Hg), from
58.7% in 2002 to 40.0% in 2007 (P<0.001, Figure 1). There was a corresponding decrease in
systolic blood pressure (SBP) during the same time period from a mean SBP of 158.1
mmHg for those entering the cohort in 2002 to a mean of 152.3 mm Hg for those entering in
2007 (Figure 2). The mean diastolic blood pressure (DBP) for those entering the cohort in
2002 was 91.3 mmHg. By 2004, the mean DBP decreased to 89.1 mmHg, subsequently
increasing slightly to 89.6 mmHg in 2007.

Initial Combination Therapy for Incident Hypertension
In both stage 1 and stage 2 hypertensive patients, the proportion initially treated with two
drugs increased from 2002–2007. This increase was larger in patients with stage 2
hypertension. Among patients newly diagnosed with stage 2 hypertension, the proportion
initially treated with two drugs rose from 21.6% in 2002 to 44.5% in 2007 (Figure 3). Nearly
90% of initial combination therapy was accounted for by two combinations of classes. A
combination of a thiazide and a potassium-sparing diuretic accounted for 47.6% of initial
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combination therapy, and a combination of a thiazide and an angiotensin-converting enzyme
(ACE) inhibitor accounted for another 41.4%. Of patients initiated on antihypertensive
treatment with 2 drugs, 86% of first antihypertensive prescriptions were for fixed-dose
combination products.

Less common combinations of antihypertensive medication classes included a thiazide and a
beta blocker (5.3% of all combination therapy), and an ACE inhibitor and a beta blocker
(2.6% of initial combination therapy). The remaining 3.1% of initial combination therapy
was comprised of a wide variety of infrequent combinations, such as ACE inhibitor/loop
diuretic (0.54%), thiazide/calcium channel blocker (CCB) (0.56%), ACE inhibitor/CCB
(0.17%), and thiazide/angiotensin receptor blocker (ARB) (0.14%).

Patients treated with initial combination therapy (fixed-dose or free combinations) were
slightly younger and had higher SBP and DBP than those treated initially with a single agent
(Table I). Compared with patients with stage 1 hypertension, a higher proportion of patients
with stage 2 hypertension were treated with combination therapy. Multivariable logistic
regression identified several factors associated with combination therapy, including more
recent entry into the cohort and prior myocardial infarction (Table II). Conversely, diabetes
mellitus, history of ischemic stroke, and history of chronic kidney disease were associated
with initiation of a single antihypertensive agent.

Blood Pressure Control at 12 Months Following Initiation of Antihypertensive Therapy
After exclusion of patients whose 12-month BP control status was missing, the population
included 124,984 patients with 12-month BP control data. The 12 month BP was controlled
in 78,095 patients (62.5% of participants with incident hypertension). Initial treatment with
two antihypertensive drugs was associated with higher odds of BP control at 12 months
(odds ratio compared to single-drug initial therapy 1.16; 95% CI 1.12 – 1.20, P<0.001
adjusting for demographics and clinical characteristics. The findings were consistent
whether patients were prescribed fixed-dose combination agents (odds ratio compared to
single-drug initial therapy 1.16; 95% CI 1.12 – 1.20, P<0.001) or two free-drug
antihypertensive agents (odds ratio compared to single-drug initial therapy 1.14; 95% CI
1.06 – 1.23, P<0.001). In addition, prescription of the combination thiazide/ACE inhibitor
was also associated with increased odds of BP control compared to initial single agent
therapy (OR 1.25; 95% CI 1.19 – 1.31, P<0.001 for thiazide/ACE inhibitor compared to
single-drug initial therapy).

Next, we compared adherence to antihypertensive medication between patients started on
combination versus single agent therapy. While adherence to antihypertensive medications
was statistically different between the two groups, the difference in adherence levels was not
clinically significant (mean adherence 0.76±0.28 vs. 0.78±0.26 for combination versus
single agent therapy; P<0.001). Further, the association between combination therapy and
improved BP control remained consistent after adjusting for adherence to antihypertensive
medications (OR 1.19; 95% CI 1.15 – 1.24, P<0.001). Patients initiated on combination
therapy were less likely to have an increase in the number of classes of antihypertensive
medications during the year of follow-up compared to patients prescribed single agent
therapy (32.1% vs. 37.4%; for the percent of patients with any increase in classes of
antihypertensive medications; P<0.001); however, there was no difference in the number of
dosing increases of antihypertensive medications (24.6% vs. 24.9%; P=0.33). After
additional adjustment for therapy intensification, combination therapy remained associated
with increased odds of BP control (OR 1.20; 95% CI 1.15 – 1.24, P<0.001). Baseline
systolic blood pressure and initial single vs. combination therapy did not have an interactive
effect on 12-month BP control, P=0.75.
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Discussion
The objectives of this study were to assess trends in use of combination versus single agent
therapy as initial treatment for patients with incident hypertension and to evaluate use of
combination therapy and BP control. We found that initial therapy with two drugs for new-
onset hypertension was associated with better BP control at 12 months compared to single
agent therapy even after adjusting for, among other factors, subsequent therapy
intensification and medication adherence. The association between two-drug initial therapy
for hypertension and better 12-month blood pressure control was found irrespective of use of
fixed-dose or free combination products. In addition, we found increasing use of
combination therapy as first-line therapy for hypertension from 2002 to 2007, with a
particularly large increase in 2006. This increase was larger in patients who were initially
treated for stage 2 hypertension. Finally, between 2002 and 2007, fewer patients were
treated initially for stage 2 hypertension, a finding perhaps related to earlier recognition of
hypertension by clinicians. Our findings highlight not only the increasing role of
combination antihypertensive agents in routine practice, but also the potential long-term
benefit of initiating two antihypertensive medications when hypertension is diagnosed.

Several studies, differing in important ways from the current study, have reported aspects of
the pharmacoepidemiology of combination antihypertensive therapy. A study of Canadian
office visits reported little change in the use of fixed-dose antihypertensive products as a
proportion of all antihypertensive agents used between 1996 and 2006.(10) Our finding of
increasing use of combination therapy is consistent with other studies that have considered
the more common(5) free-drug combinations as well as the less common fixed-dose
combinations. (5;6) In what was perhaps the most detailed longitudinal epidemiologic study
of combination therapy prior to the current study, Ma et al. reported increasing use of
several combinations between 1993 and 2004. Increasingly common combinations included
ACE inhibitor or ARB in combination with diuretic (10% versus 27% of all antihypertensive
drug visits), CCB (8% versus 17%), or beta blocker (9% versus 16%), as well as diuretic/
beta blocker combination therapy (9% versus 16%).(5) Overall, the most common two-drug
combinations in the study by Ma et al. were diuretic/beta blocker, diuretic/ACE inhibitor or
ARB, and ACE inhibitor or ARB/beta blocker. While we also found a high proportion of
patients treated with a combination of a diuretic and an ACE inhibitor, the other common
combinations in the study by Ma et al. were not commonly observed in our cohort. The
practice patterns observed may be related to formulary considerations specific to managed
care organizations. In contrast to Ma’s study, the current study focused on initiation of
therapy. The association between certain comorbid compelling indications and initiation of a
single drug is somewhat surprising. This finding remains unexplained, but may be
attributable to a variety of factors, including a desire to avoid a too-rapid decrease in blood
pressure in patients who have a history of CVA. To our knowledge, the current study is the
first large epidemiologic study reporting the association between initial treatment with
combination antihypertensive therapy and long-term BP control.

Our main finding, the association between initial combination therapy and improved 12-
month BP control, is consistent with clinical trials data. Feldman et al. found improved 6-
month BP control in patients randomized to a treatment algorithm involving initiation of two
antihypertensive drugs compared to guideline-based management.(11) In a large meta-
analysis of antihypertensive therapy, the use of a second antihypertensive agent was
associated with approximately 5 times the extra BP lowering effect compared to doubling
the dose of the initial medication.(12) This increased efficacy likely arises from the fully
additive effect provided by some drug combinations with complementary mechanisms of
actions.(13) Moreover, this finding adds to the evidence supporting current guidelines,
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which recommend consideration of combination antihypertensive therapy in many
situations.

The American Society of Hypertension (ASH) recently published a position paper in which
various two-drug combinations of antihypertensive agents were classified as preferred,
acceptable, or less effective.(13) The combination of a thiazide and a potassium-sparing
diuretic was recognized as a form of combination antihypertensive therapy in both JNC 7
and the ASH guidelines. Preferred combinations include RAAS inhibitor/diuretic and RAAS
inhibitor/CCB. Although the data analyzed in this study predated the publication of this
position paper, 94.2% of prescriptions in our study were accounted for by three
combinations judged to be either preferred or acceptable. A small minority of combinations
were of the less effective type, including ACE inhibitor/beta blocker (2.6% of all
combinations). Although our findings suggests that clinical practice is largely consistent
with expert consensus and clinical trial data, use of a renin-angiotensin-aldosterone system
(RAAS) antagonist in combination with a calcium channel blocker, a preferred combination,
was rare, accounting for <1% of combination therapy. In recommending RAAS/calcium
channel blocker combination therapy, the ASH position paper cites the ACCOMPLISH trial,
(14) which was published after the end of data collection for the present study. It is possible
that the use of RAAS/calcium channel blocker combination therapy has increased since the
publication of ACCOMPLISH. Moreover, it is possible that specific formulary
considerations at the sites involved in the study may have had an impact on the use of
calcium channel blockers in combination with RAAS antagonists, although generic drugs
are available in both of these classes.

This study has several limitations. The study cohort was comprised of patients treated within
integrated healthcare delivery systems, which could limit the applicability of the findings to
other populations. The inclusion of multiple geographically separated sites with different
health plans increases the likelihood that the results reflect practice in many areas. During
the study period, hypertension practice guidelines and algorithms were made available via
paper format and/or the Web within each health care system and disseminated through
educational conferences. These guidelines were consistent with national guidelines (eg,
JNC-7) on hypertension management. In addition, generic medications were encouraged
over brand name medications, but medications representing all therapeutic classes for
hypertension treatment were available. Clinicians were encouraged to follow evidence-based
practice; however, there was no mandate to use a specific agent in the initial treatment of
hypertension. An emphasis on the use of generic drugs may have resulted in greater use of
the combination of hydrochlorothiazide and triamterene than would be observed in other
practice settings. The three large health systems in which the study was conducted have
preferred formularies, and there are financial incentives for both physicians and patients to
avoid expensive and/or non-generic drugs, including many branded combination therapy
treatments. Our analysis, however, was performed at the level of antihypertensive classes,
rather than individual products, and generic drugs were available in most of the classes
during the time period we studied, particularly in the later years. In addition, our analysis of
the association between combination therapy and 12-month BP excluded data from patients
for whom 12-month BP data was not available. It is possible that inclusion of those data, had
they been available, might have altered the findings. Finally, the analysis only takes into
account prescriptions which were filled, rather than all prescribed medications. However,
failure to fill prescriptions would be expected to bias the study toward a lack of effect of
combination antihypertensive therapy on 12-month BP.

Initial treatment of newly diagnosed hypertensive patients with a combination of two
antihypertensive drugs is becoming increasingly common, particularly among patients with
stage 2 hypertension. After controlling for subsequent changes in therapy, initial treatment
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with two antihypertensive agents was associated with a higher odds of BP control at one
year. Clinicians should consider initiation of two antihypertensive agents upon diagnosis of
hypertension.
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Figure 1.
Study participants’ baseline blood pressure upon entering the hypertension cohort. Between
2002 and 2007, there was an increase in the proportion of patients whose baseline blood
pressure was in the stage 1 range (blue line). There was a corresponding decrease in the
proportion with a baseline blood pressure in the stage 2 range (red line).
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Figure 2.
Study participants’ mean blood pressure upon entering the hypertension cohort. The error
bars represent standard deviation. Between 2002 and 2007, the mean systolic blood pressure
of patients with incident hypertension decreased. The mean diastolic blood pressure differed
little in 2002 compared to 2007.
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Figure 3.
The use of two-drug combination antihypertensive therapy as initial treatment for incident
hypertension increased significantly between 2002 and 2007. The increase was larger among
patients with stage 2 hypertension at time of diagnosis.
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Table II

Results of Logistic Regression Model Predicting Initiation of Combination Therapy Upon Entry Into CVRN
Hypertension Registry, 2002–2007.

Predictor Odds Ratio 95% CI

Year

 2002 1.00 Reference

 2003 1.11 1.05 to 1.18

 2004 1.02 0.96 to 1.08

 2005 1.08 1.02 to 1.15

 2006 2.11 1.98 to 2.24

 2007 2.40 2.25 to 2.56

Systolic Blood Pressure (per 10 mm Hg increase) 1.15 1.14 to 1.16

Diastolic Blood Pressure (per 10 mm Hg increase) 1.14 1.13 to 1.16

Site

 KPNC 1.00 Reference

 KPCO 1.20 1.15 to 1.25

 HP 0.77 0.71 to 0.83

Age (per 10 year increase) 1.04 1.03 to 1.06

Gender, Female vs Male 1.01 0.98 to 1.04

Race

 White 1.00 Reference

 Black 1.21 1.14 to 1.27

 Hispanic 1.03 0.99 to 1.08

 Asian or Other 1.05 1.01 to 1.10

 Missing 1.16 1.12 to 1.20

Smoking status

 Current 1.00 Reference

 Former 0.86 0.80 to 0.93

 Never 0.91 0.87 to 0.94

 Other 0.91 0.83 to 0.99

 Missing 1.10 1.01 to 1.20

Body Mass Index (per 5 unit increase) 1.09 1.08 to 1.11

Congestive Heart Failure, Yes vs No 1.74 1.50 to 2.03

Diabetes Mellitus, Yes vs No 0.58 0.55 to 0.61

Myocardial Infarction, Yes vs No 2.07 1.74 to 2.47

Ischemic Stroke, Yes vs No 0.77 0.68 to 0.87

Chronic Kidney Disease, Yes vs No 0.77 0.71 to 0.83

KPNC, Kaiser Permanente Northern California; KPCO, Kaiser Permanente Colorado; HP, HealthPartners
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