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Hypertension is the most common primary diagnosis in the
United States. Risks for long-term consequences such as
myocardial infarction, heart failure, stroke, and kidney
disease continue to significantly increase as long as hyper-
tension remains uncontrolled. This retrospective cohort
study of 661,075 patients identified with uncontrolled
hypertension, defined as systolic blood pressure (SBP)
>140 mm Hg and/or diastolic blood pressure (DBP) >90
mm Hg, from a large integrated healthcare organization was
conducted to examine multiple patient characteristics to
determine their association with uncontrolled hypertension.
Multivariate analysis revealed that compared with Cauca-
sians, African Americans (odds ratio [OR], 1.18; 95%
confidence interval [Cl], 1.16-1.20) were significantly asso-

ciated with uncontrolled hypertension, as were unpartnered
populations (OR, 1.15; 95% CI, 1.14-1.17), number of
antihypertensive medications prescribed (OR, 1.37; 95%
Cl, 1.33-1.41), and adherence to most antihypertensive
medications. A secondary analysis found an association
between uncontrolled blood pressure and Patient Health
Questionnaire-9 (PHQ-9) score (OR, 1.21; 95% ClI, 1.16-
1.26). Our findings suggest that the presence of these
identified risk factors recommends a commitment to a more
aggressive hypertension management program to prevent
cardiovascular disease caused by uncontrolled hyperten-
sion. J Clin Hypertens (Greenwich). 2014;16:149-154.
©2014 Wiley Periodicals, Inc.

Hypertension is the most common primary diagnosis in
the United States, representing 38.9 million office visits
annually' and affectmg 78 million adults in the United
States and nearly 1 billion worldwide.” Every additional
20 mm Hg in systolic blood pressure (SBP) or
10 mm Hg in diastolic blood pressure (DBP) down to
a threshold of at least 115/75 mm Hg has been shown
to double the risk of cardiovascular disease (CVD) for
individuals aged 40 to 70 years.”> When hypertension
remains uncontrolled, risks for long-term sequelae such
as myocardial infarction, heart failure, stroke, and
kidney disease significantly increase. As the US popula-
tion continues to age, the negative impact of uncon-
trolled hypertension will increase unless risk factors
associated with uncontrolled hypertension are identified
and addressed.

Southern California Kaiser Permanente, a staff
model-integrated healthcare organization, currently
has a hypertension control rate of 84%, which is one
of the highest control rates in the nation. However,
despite intensive efforts over many years to control
blood pressure (BP), the organization has encountered
barriers to achieving higher hypertensmn control rates.*
The aim of this study was to examine a range of clinical
variables to determine the association with failure to
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achieve BP control in a large cohort of patients with
uncontrolled hypertension. Identification of key vari-
ables may allow for a more focused effort to address the
needs of this population as well as to plan for appro-
priate resource allocation. Moreover, significant find-
ings identifying potential risk factors could inform
providers of the need for more aggressive hypertension
management, potentially reducing patient risk for car-
diovascular events.

Large clinical trials such as the Antihypertensive and
Lipid-Lowering Treatment to Prevent Heart Attack
Trial (ALLHAT) suggest that in order to effectively
control BP, the majorit Y, of patients will require >2
antlhypertenswe agents.”® The presence of comorbid
conditions, such as dyslipidemia, type 2 diabetes mell-
itus, and chronic kidney disease is not uncommon with
hypertension, and may frequently result in significant
polypharmacy, which may raise the challenge of med-
ication adherence, despite the availability of combina-
tion products, such as lisinopril-hydrochlorothiazide.

Many studies have examined risk factors for hyper-
tension and many comprehensive management guide-
lines have been published. However, the risk factors for
uncontrolled hypertension are less well established. A
study by Egan and colleagues’ examined uncontrolled
and treatment-resistant hypertension in the United
States. The authors found that individuals diagnosed
with hypertension, whether they have untreated, under-
treated, or treatment-resistant hypertension, have con-
sistent characteristics that could provide insight to
improve BP control. This key study examined race/
ethnicity, diabetes mellitus, Framingham coronary heart
disease risk, insurance status, and antihypertensive
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medications, but there are additional factors that need
to be investigated. The objective of this study is to
identify the risk factors associated with uncontrolled
hypertension within a large, diverse population in a high
performing healthcare system.

METHODS

This retrospective cohort study sought to identify
patient risk factors for uncontrolled BP among Southern
California Kaiser Permanente patients with hyperten-
sion. This study evaluated patients with a diagnosis of
hypertension over a 3-year period between January 1,
2010 and December 31, 2012. Hypertension was
defined as SBP >140mm Hg and/or DBP >90 mm Hg.

Study Cohort

The study cohorts were identified from an electronic
medical record database containing demographic data,
diagnoses, vital signs, pharmacy utilization, and per-
sonal information. Subjects included in the study were
those at least 18 years old with an International
Classification of Diseases-Ninth Revision (ICD-9) code
diagnosis for hypertension and at least 1 elevated
BP reading. Additionally, each subjects had at least 3
ICD-9 hypertension diagnostic coding events and at
least 3 recorded BP readings. The minimum 3 BP
readings occurred within the 3-year study period and
were obtained at separate office visits. A subject’s BP
was measured once, however, if elevated, a repeat BP
was taken 5 minutes later. The lowest BP reading was
recorded. Home BP readings or readings obtained
outside of Kaiser Permanente were not recorded in the
electronic medical record system. Subjects who had a
hypertension diagnosis for <6 months, patients with no
medical record, and patients who were pregnant were
excluded from the study.

Clinical Outcomes. “Uncontrolled hypertension” was
defined as the last BP measurement in the study period
that was elevated. This “last BP uncontrolled” has been
shown to be highly correlated with overall hypertension
control, and reflects Healthcare Effectiveness Data and
Information Set (HEDIS)® and Centers for Medicare &
Medicaid Services (CMS) definitions of uncontrolled BP.”

Covariates. Covariates included in the analysis were
age, gender, race/ethnicity, body mass index (BMI),
non-English speaking, partner status (partnered defined
as any one of the following: married, common law
marriage, co-habitation, or domestic partnership; un-
partnered defined as single, divorced, separated, unmar-
ried, or widowed), family history of hypertension,
thiazide-naive (defined as those who have not been
prescribed a thiazide medication dating as far back as
1996), total number of medications taken, the number
of chronic medications (defined as at least 200 consec-
utive days’ supply within the last 6 months of the last
uncontrolled BP reading), hours of exercise per week
(patient self-reported; assumed to be zero if not

reported), diagnosis of major depression, 9-Item Patient
Health Questionnaire (PHQ-9) score, average number
of primary care provider (PCP) visits per year, average
number of canceled PCP visits per year, average number
of emergency department visits per year, and average
walk-in BP measurements per year. Education level and
median household income were imputed from the
census block group for 2010 (interpolated to 2012).
The 12 classes of antihypertensive medications identi-
fied in the National Health and Nutrition Examination
Survey (NHANES)” were examined. Angiotensin-con-
verting enzyme (ACE) inhibitor and angiotensin II
receptor blocker (ARB) were grouped together as
renin-angiotensin system antagonists (Table I). Combi-
nations of antihypertensive medications were not eval-
uated. Assessment of antihypertensive treatment
occurred in the 6-month period prior to the last
uncontrolled BP reading.

To assess impact of mental health in BP control,
symptoms of depression were assessed by scores on the
PHQ-9, a brief psychological screening instrument
designed to detect depression. The PHQ-9 consists of
9 questions that have been validated to identify patients
with clinically meaningful symptoms of depression
during the previous 2-week period. The PHQ-9 ques-
tionnaire is scored between a range of 0 to 27
(Table 11)."® PHQ-9 scores >10 have a sensitivity of
88% and a specificity of 88% for major depression.
Kaiser Permanente randomly administers the PHQ-9 as
a screening tool for depression.

A key variable considered for our study was adher-
ence to medications, which we defined as proportion of
days covered (PDC) by the prescriptions dispensed. PDC
was calculated by dividing the number of days’ supply
dispensed to the patient by the total number of days in
that period; in other words, PDC was the number of
days with the medication on hand in a period of time."!
We defined adherence to medication as a PDC >80%
based on HEDIS and CMS definitions.®

Statistical Analysis
Descriptive data for patient characteristics were tabu-
lated. Crude odds ratios (ORs) of outcomes on single

TABLE I. Antihypertensive Medication Classes

1. Angiotensin-converting enzyme inhibitor/angiotensin Il receptor
blocker

. a-Blocker

o, B-Blocker

. B-Blocker

. Dihydropyridine calcium channel blocker

. Nondihydropyridine calcium channel blocker

. Aldosterone antagonist

. Potassium-sparing diuretic
9. Loop diuretic

10. Thiazide

11. Sympatholytic

12. Vasodilator

N ORON
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TABLE Il. Interpretation of 9-ltem Patient Health TABLE Ill. Demographic Data
Questionnaire Score Uncontrolled Controlled
Total Score Depression Severity Hypertension Hypertension
1-4 Minimal depression (N=107,016) (N=554,059)
59 Mild depression Age, y 67 64
10-14 Moderate depression Male gender (%) 47,531 (44.4) 255,738 (46.2)
1519 Moderately severe depression Race (%)
20-27 Severe depression Caucasian 46,315 (43.3) 258,113 (46.6)
African American 19,344 (18.1) 77,464 (14.0)
Hispanic 31,019 (29.0) 156,342 (28.2)
covariates were computed as well as adjusted ORs of Asian/Pacific Islander 9,033 (9.3) 60,133 (10.9)
outcomes corrected for the presence of the covariates. Native American 205 (0.2) 1,040 (0.2)
The Wilcoxon rank-sum test was used for comparisons Multiple races 200 (0.2) 967 (0.2)

of demographic patient data. Analysis was performed
using univariate and multivariate logistic regression of
the last BP uncontrolled or controlled on all the derived
demographic, administrative, and pharmacy records in
order to determine ORs with 95% confidence intervals
(CIs). The model was developed using a stepwise
selection procedure requiring that any variable that
was included in the model had to be significant at the
.05 level and had to remain significant at the .05 level to
be retained in the model. A similar secondary analysis
was also performed that examined PHQ-9 scores
utilizing logistic regression analysis.

RESULTS

Study Cohort

A total of 835,465 patients with a diagnosis of
hypertension were identified in the medical record
database. Of these, 174,390 cases were excluded
because of incomplete data; hence, the study cohort
was 661,075, with 107,016 cases of uncontrolled
hypertension and 554,059 with controlled hypertension
(Figure 1). A comparison of patient baseline character-
istics for controlled and uncontrolled hypertension is
presented in Table III.

Adjusted Clinical Outcomes
In order to adjust for important sources of confounding
variables, multivariable logistic regression models were

Patients with diagnosis of HTN

N=835,465
Patients excluded due to
incomplete data
N=174,390
Study Cohort
N=661,075

|
[ ]

Uncontrolled HTN Controlled HTN
N=107,016 N=554,059

FIGURE 1. Flow diagram of study cohort population. HTN indicates
hypertension.

Partner status (%)

Family history of

62,951 (58.8)
31,486 (29.4)

351,011 (63.3)
159,710 (28.8)

hypertension (%)
Thiazide-naive (%)
Non-English-speaking (%)

30,047 (28.1)
13,856 (12.9)

191,174 (34.5)
75,325 (13.6)

created for the primary effectiveness outcome and ORs
were calculated. ORs >1 were associated with uncon-
trolled hypertension and ORs <1 were associated with
controlled hypertension. Following analysis of risk
factors, clinically relevant covariates were identified
for display in a forest plot (Figure 2). Covariates that
were analyzed but found to have clinically insignificant
differences between groups, and thus not reported in the
forest plot, were BMI, hours of exercise per week,
average number of PCP visits per year, average number
of canceled PCP visits per year, average number of
emergency department visits per year, average walk-in
BP measurements per year, and educational levels
achieved.

A significant association was found between race and
BP control: compared with Caucasians, African Amer-
icans (OR, 1.18; 95% CI, 1.16-1.20) were significantly
associated with uncontrolled hypertension. Conversely,
Asian and Pacific Islander race was associated with BP
control (OR, 0.89; 95% CI, 0.87-0.91).

Gender was not associated with BP control (OR,
0.99; 95% CI, 0.98-1.01). However, partner status was
a risk factor associated with uncontrolled BP. Patients
who identified themselves as unpartnered were found to
be associated with uncontrolled hypertension (OR,
1.15; 95% CI, 1.14-1.17).

The class of antihypertensive medications prescribed
had a strong association with BP control. Treatment
with ACE inhibitors/ARBs, a-blockers, o, B-blockers,
aldosterone antagonists, B-blockers, potassium-sparing
diuretics, loop diuretics, nondihydropyridine calcium
channel blockers (CCBs), and thiazides were found to be
associated with BP control. However, patients pre-
scribed dihydropyridine CCBs, sympatholytics, and
vasodilators were found to have an association with
uncontrolled hypertension. Patients who were naive to
thiazide therapy were found to be associated with
controlled BP (OR, 0.62; 95% CI, 0.61-0.63).
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Adjusted Odds Ratio and 95% ClI
Sample Size OR (95% O
Asian/Pacific lslander TOD6E 0.89 [0.87;0.91) En g
Multiple Races 1167 0,98 (0.84; 1.14) =i .
Native American 1245 0.99 (0.85; 1.15) —a—
Hispanic 187361 1.03 (1.01; 1.05) =
African American G680 1.18(1.16; 1.2) =
Took Potassium sparing diuretic IER0OT 0.68 (0.62; 0.73) —0O0—
Took Alpha-blocker 59811 0,73 (0.68: 0.78) —l—
Took Aldosterone Antagonist 19406 0.73 (0.67;0.8) ——
Took Alpha-beta-blocker 25962 0.74 (0.68; 0.81) ——
Took Loop Diuretic 20960 0.75 (0.71: 0.79) —0—
Took Thiazide 333252 0.76 (0.73; 0.79) |-
Took Non-Dihydropyridine CCB 34303 0.79(0.72; 0.86) B
Took Beta-blocker 264413 0.85 (0.81; 0.89) —
Took ACE-l or ARB 454750 0.85(0.82; 0.88) L
Took Dihydropyridine CCB 173388 1.17(1.12;1.22) ——
Took Sympatholytic 19294 1.19(1.09; 1.3) ——
Took Vasodilator 28632 1.27 (1.18; 1.36) o
PODC for Thiazide 291713 0.56 (0.54; 0.58) =
PDC for Dihydropyridine CCB 148692 0.66 (0.63; 0.68) L
PO for ACE-1 or ARB 414668 0.73(0.71; 0.75) -
PDL for Aldosterone Antagonist 14842 0.77 (0.65; 0.86) 00—
POC for Alpha-beta-blocker 21810 0.81 (0.73; 0.89) ——
PDC for Alpha-blocker 48245 0.82(0.76; 0.88) —i—
POC for Potassium sparing diuretic 31847 0.83(0.76;092) — -
PDC for Beta-blocker 23B635 0.84 (0.81; 0.87) -
PO for Loop Diuretic 62638 0.84 (0.8; 0.89) —a—
PO for Non-dihydropyridine CCB 29608 0.96 (0.87; 1.05) -
PDC for Sympathotytic 10631 1.01(0.91;1.12) ——
PO for Vasodilator 22828 12(1.11; 1.3 i
Thiazide naive 2213 0.62 (0.61; 0.63)
Age in Decades E61074 0.91(0.91;0.92) (]
Family history of HTN 191196 0.96 (0.94; 0.97) |
Mon-English speaking #9181 0.96 (0.94; 0.98) L 3
Male vs Female 665188 0.99 (0.98; 1.01) L
Unpartnered vs Partnered 865188 1.15(1.14;1.17) [ ]
Mumber of anti HTN meds &05408 1.37(1.33;1.41) -0
T T 1
0.5 1 2
Decreased Odds of Odds Ratio Increased Odds of
Uncontrolled HTN Uncontrolled HTN

FIGURE 2. Forest plot showing the risk factors associated with uncontrolled vs controlled hypertension. Odds ratios >1 are associated with
uncontrolled hypertension and odds ratios <1 are associated with controlled hypertension. Cl indicates confidence interval; CCB, calcium
channel blocker; ACE-I angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; PDC, proportion of days covered; HTN,

hypertension; meds, medications.

As would be anticipated, an association was found
between adherence to most antihypertensive medica-
tions and BP control. Adherence to thiazides, dihyrdo-
pyridine CCBs, ACE inhibitors/ARBs, aldosterone
antagonists, o, B-blockers, a-blockers, potassium-spar-
ing diuretics, B-blockers, and loop diuretics were found
to be associated with controlled hypertension. Lastly,
the more antihypertensive medications a patient was
provided, the more likely he/she would have uncon-
trolled hypertension (OR 1.37; 95% CI 1.33-1.41).

A secondary analysis was performed investigating
PHQ-9 scores, in which an association with uncon-
trolled hypertension was found (Table II). The scores
were dichotomized into two groups: patients with a
score of >10 and <10.'" This cut-off represents those

who are considered moderately depressed compared
with mildly depressed. This PHQ-9 analysis found the
OR for a patient having uncontrolled BP and scoring
>10 was 1.21 (95% CI, 1.16-1.26) (Figure 3).

DISCUSSION

This retrospective cohort study identified significant
patient characteristics associated with uncontrolled
hypertension that includes African American race,
partner status, medication adherence, and PHQ-9
depression score. The association of last BP uncon-
trolled with antihypertensive treatment in the 6-month
period prior to the uncontrolled BP reading as opposed
to the entire 3-year study period was evaluated in order
to eliminate periods of medication titration and perhaps
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switching of antihypertensive medications as a result of
allergies, intolerances, or adverse reactions. African
Americans, compared with Caucasians, were found to
be at 51gn1ﬁcantly higher risk for uncontrolled hyper-
tension. Similarly, Egan and colleagues’ identified this
racial disparity and found that patients with resistant
hypertension were more likely to be African American.
Hence, prudent vigilance when treating African Amer-
ican patients is warranted as they may benefit from
more aggressive antihypertensive medication manage-
ment.

Partner status also demonstrated an important asso-
ciation with hypertension control: unpartnered status—
divorced, separated, and single—was associated with
higher risk of uncontrolled hypertension. Studies con-
ducted in Europe also evaluated partner status and its
association with hypertension. In a Dutch population,
patients without a partner were found to have had a
higher risk of being unaware of or of not being treated
for existing hypertension.'”> Gaudemaris and col-
leagues'® studied a French population and observed
that single men may have had an association with the
prevalence of hypertension; however, this finding was
not statistically significant.

Treatment with ACE inhibitors/ARBs was found to
be strongly associated with a decreased risk of uncon-
trolled hypertension. Conversely, sympatholytics such
as clonidine and vasodilators such as hydralazine were
associated with uncontrolled hypertension. We postu-
late this is because these alternative antihypertensive
medications are most commonly utilized in highly
refractory patients.

Being thiazide-naive was found to be associated with
BP control. There could be various explanations for this
counterintuitive observation. For example, this finding
could be the result of a cohort of patients in our
population with mild hypertension controlled on a
single (nonthiazide) agent, such as an ACE inhibitor or
ARB. These may represent cases where initiation of a
thiazide antihypertensive agent would be undesirable or
contraindicated, for exa 1ple in the presence of hypo-
kalemia or hyponatremla An additional explanation,
perhaps more likely, is that thiazides are an index of
hypertension severity. In other words, the thiazide-naive
and currently taking thiazide groups are fundamentally

| 210,482 identified with a PHQ-9 score |

Uncontrolled HTN Controlled HTN

PHQ-9<10 PHQ-9210 PHQ-9<10 PHQ-9210

| 27,124 | 3201 | | 164,153 | 16,004 |

FIGURE 3. Flow diagram of 9-ltem Patient Health Questionnaire
Score (PHQ-9) secondary analysis.
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different—the latter group likely being more difficult to
control. It could be postulated that the thiazide group is
indeed more difficult to control, and thus, these patients
should be taking more antihypertensive medication at
the time of control, for example. Our findings also show
that as the number of antihypertensive agents prescribed
per patient increased, there was an increased likelihood
that the patient had uncontrolled hypertension.

Results from the PHQ-9 analysis suggest that uncon-
trolled BP may be associated with depression. Our study
indicates that patients who are considered to have
moderate depression based on a PHQ-9 score >10 have
increased odds of uncontrolled BP. A similar association
has been reported in the literature with depressmn and
asthma. Bender'® found that depression is associated
with nonadherence to medications, poor treatment
outcomes, and death from asthma.

A similar association with depression has also been
shown with diabetes and HIV. Patients who are
depressed were found to be less likely to take their
medications and, thus, more at risk for medication
nonadherence. A meta-analysis found a relationship
between depression and HIV medication nonadher-
ence.'® These results suggest that depression is consis-
tently associated with nonadherence to HIV treatment,
which has important implications for treatment out-
comes at the population level. Furthermore, another
meta-analysis of the literature on depression and diabe-
tes treatment was performed in order to examine the
strength of the relatlonshlp between depression and type
1 or type 2 diabetes.!” The authors found that there was
a significant association of diabetes complications with
depressive symptoms.

In integrated healthcare organizations where hyper-
tension control rates may be high, the risk factors
identified in the remaining uncontrolled cohort may be
different than that of other health systems with lower
control rates. According to NHANES data, the hyper-
tension control rate improved nationwide from 27.3%
in 1988-1994 to 50.1% in 2007-2008.> Thus, factors
associated with treatment resistance in the present study
population may be different than factors associated with
a population that has a control rate of 50%. Internal
data demonstrate that the Kaiser Permanente member-
ship population reflects the general demographics of the
communities it serves. As a result, identifying risk
factors associated with a difficult to control hyperten-
sion population may aid in the improvement of hyper-
tension control rates in cohorts outside the Kaiser
Permanente system.

STUDY STRENGTHS AND LIMITATIONS

This study had a number of strengths, including a large
patient population reflecting the communities from
which it was drawn. Additionally, a large number of
variables were investigated to explore multiple associ-
ations with uncontrolled BP. The model utilized was
robust as it required that each patient have at least 3
coded diagnoses for hypertension and at least 3
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recorded BP readings. Furthermore, excluding patients
with a hypertension diagnosis of <6 months allows for
selection of a cohort with consistent follow-up in the
system.

However, several limitations exist in our investiga-
tion. First, there are inherent limitations associated with
the retrospective cohort study design. Second, the
reliance on ICD-9 codes for diagnoses is a limitation.
This study was designed to minimize the risk of
incorrect hypertension diagnoses by requiring each
patient have 3 or more ICD-9 coding events for
hypertension. Defining uncontrolled hypertension based
on last BP reading creates variability in control status.
However, HEDIS and CMS define uncontrolled hyper-
tension in this manner. Moreover, alternative ways to
define uncontrolled hypertension can be considered. For
example, alternative definitions may define a resistant
hypertension cohort as patients whose BP readings were
never in control or identifying the uncontrolled popu-
lation by isolating the last several uncontrolled BP
measurements.

Future research should evaluate alternative definitions
for uncontrolled hypertension including patients who
never had controlled BP. As BP control status will
fluctuate across visits within an individual over time,
using all of the available BP readings to quantify control
would be a unique analysis to perform. In addition,
other studies should seek to develop a predictive and
multivariate model to identify subgroups of patients
with BP that is likely difficult to control. Lastly,
determining associations between patients found to be
moderately depressed and medication nonadherence
would be worthy of future investigation.

CONCLUSIONS

In this retrospective cohort analysis, we identified
sociodemographic factors and clinical factors associated
with uncontrolled hypertension. Assessment of the
presence of these risk factors is warranted to recom-
mend aggressive hypertension management with the
goal of reducing excessive risk of cardiovascular events
caused by uncontrolled hypertension. Hypertension,
compared with any other cardiovascular risk factor,
has the most medications approved for treatment and
has more clinical practice guidelines written, yet hyper-
tension _still remains underrecognized and under-
treated.” The findings of our study suggest careful
consideration should be ascribed to patients who are
African American, unpartnered, have poor medication

adherence, and have a PHQ-9 score >10 as they are
more likely to have difficulty in controlling their
hypertension.
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