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Abstract
Background—Although many studies have identified patient characteristics or chronic diseases
associated with medication adherence, the clinical utility of such predictors has rarely been assessed.
We attempted to develop clinical prediction rules for adherence with antihypertensive medications
in two health care delivery systems.

Methods and Results—Retrospective cohort studies of hypertension registries in an inner-city
health care delivery system (N = 17176) and a health maintenance organization (N = 94297) in
Denver, Colorado. Adherence was defined by acquisition of 80% or more of antihypertensive
medications.

A multivariable model in the inner-city system found that adherent patients (36.3% of the total) were
more likely than non-adherent patients to be older, white, married, and acculturated in US society,
to have diabetes or cerebrovascular disease, not to abuse alcohol or controlled substances, and to be
prescribed less than three antihypertensive medications. Although statistically significant, all
multivariate odds ratios were 1.7 or less, and the model did not accurately discriminate adherent from
non-adherent patients (C-statistic = 0.606). In the health maintenance organization, where 72.1% of
patients were adherent, significant but weak associations existed between adherence and older age,
white race, the lack of alcohol abuse, and fewer antihypertensive medications. The multivariate model
again failed to accurately discriminate adherent from non-adherent individuals (C-statistic = 0.576).
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Conclusions—Although certain socio-demographic characteristics or clinical diagnoses are
statistically associated with adherence to refills of antihypertensive medications, a combination of
these characteristics is not sufficiently accurate to allow clinicians to predict whether their patients
will be adherent with treatment.
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Although adherence with medications for hypertension and other chronic health conditions is
essential to achieving treatment goals, only 50% of individuals take their long-term
medications as prescribed.1 Several recent studies have found statistically significant
associations between adherence and a wide array of socio-demographic characteristics such as
age, gender, race/ethnicity, socioeconomic status, or insurance payer and clinical conditions
such as chronic medical and psychiatric problems.2-9 These associations were typically modest
in magnitude, and the findings were often inconsistent between studies. Although multivariable
prediction rules that classify patients as adherent or non-adherent on the basis of these
characteristics could allow clinicians or care managers in integrated health care delivery
systems to focus adherence interventions on individuals who might benefit the most,10 such
prediction rules have not been developed or confirmed.

To determine if a combination of socio-demographic and clinical characteristics could
accurately classify individuals with respect to adherence, we developed a clinical prediction
rule for adherence in refilling antihypertensive medications in the comprehensive hypertension
registry of a large, inner-city, “safety net” delivery system. To assess the generalizability of
our findings from this analysis, we then repeated our analysis in a hypertension registry of
patients from a large managed care organization in the same geographic area.

Methods
Derivation of Prediction Rule

We developed our prediction rule using data from the hypertension registry of Denver Health
(DH), a nationally recognized delivery system in inner-city Denver, Colorado, which provided
health care to more than 140,000 persons in Denver County in 2007. 11-12 A clinical
information system integrates information from all DH community health centers, the hospital,
emergency services, pharmacies and the clinical laboratory. Since DH patients without third-
party health insurance make minimal or no co-payments for medications from DH pharmacies,
DH pharmacy records provide an essentially complete record of medications for those
individuals.

Participants for this study were drawn from a registry of patients with hypertension who
received care at Denver Health between January 1, 2000, and December 31, 2006. This cohort
included all DH patients with one or more ICD9-CM code for hypertension (401, 401.0, 401.1,
401.9, 405, 405.0, 405.01, 405.09, 405.1, 405.11, 405.19, 405.9, 405.91, 405.99, 642.0x,
642.1x, 642.2x, 642.3x, 642.4x, 642.5x, 642.6x, 642.7x, 642.9x) on any outpatient or inpatient
claim. We previously found that a single ICD-9 CM code for hypertension had a sensitivity of
88% and a specificity of 78% for hypertension as defined by comprehensive medical record
review while alternative definitions that required multiple visits had higher specificity but
lower sensitivity.13 We chose the more sensitive definition to maximize inclusion of
individuals with hypertension when constructing the registry, recognizing that some of those
included would not in fact have the disease. Clinical blood pressure measurements were
unavailable for most individuals.
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We excluded individuals with missing gender; no contact with the DH system after the date of
hypertension diagnosis; age less than 21 years; one or more hospital stays of ≥ 30 days (for
whom adherence estimates may have been inaccurate); ICD-9-CM codes associated with
pregnancy or delivery at any point after the first encounter for hypertension; nursing home
residents; and individuals receiving hospice care. Finally, we excluded patients obtaining 0 or
1 fill of any antihypertensive medication, because their refill adherence could not be calculated.
In our prior work, requiring two or more fills along with an ICD-9- CM diagnosis had a
specificity of 90.5% for a true diagnosis of hypertension. 13 Figure 1 depicts the number of
individuals excluded at each step.

Our primary outcome measure was adherence in obtaining medication refills from the DH
pharmacy. Although refill adherence is only moderately correlated with adherence in
consuming medications,14 refill adherence is an important behavior in its own right, and
correlates with other adherence behaviors and with patient outcomes at DH and elsewhere.
15, 16 We calculated refill adherence for each antihypertensive drug as the total days’ supply
dispensed, divided by the number of days between the first and last fills for that drug.15,17 The
proportion of adherence could exceed 100% if patients obtained (and potentially consumed)
more medication than prescribed. We calculated patient-level adherence with antihypertensive
drugs as the time-weighted average of adherence for each antihypertensive drug.

We limited our selection of possible predictors of adherence to socio-demographic variables
and clinical conditions that would be widely available in the electronic medical records of
integrated health care delivery systems. For all 35,573 patients in the hypertension registry,
we obtained information from registration files (all available socio-demographic variables),
claims (site, date, payer, and diagnostic codes), laboratory, and pharmacy (medication name
and dosage, dates filled, and days’ supply obtained). For race and ethnicity, 4.4% of subjects
had missing data. Because primary language or country of birth were missing in some cases
(15.2% and 18.6%, respectively), we defined individuals as having low acculturation in the
US if their primary language was not English, or if language was missing and their country of
birth was outside the US. Otherwise, acculturation was defined as high; 6.2% of values for this
composite variable were missing. In general, we identified clinical conditions that might be
associated with adherence, cardiovascular risk, or adverse outcomes of hypertension based on
one or more inpatient or outpatient ICD-9 CM codes. A clinical diagnosis of chronic kidney
disease within the first 180 days following hypertension diagnosis was based on laboratory
findings of two or more estimated GFR values of less than 60 ml/min/1.73m2, calculated from
serum creatinine levels more than 90 days apart using the abbreviated MDRD equation,18 or
two or more urine albumin to creatinine ratios >0.02 at least 90 days apart. A diagnosis of
dyslipidemia was based on the presence of a total fasting cholesterol > 240 mg/dL or a low-
density lipoprotein level > 160 mg/dL. Diagnoses of alcohol abuse or substance abuse were
based either on ICD-9-CM codes or on a laboratory finding such as an elevated blood alcohol
level or an abnormal urine toxicology screen. We previously found that the sensitivity and
specificity of these criteria was generally high.13 We counted the overall number of comorbid
diagnoses using the Quan index.19

Confirmation of Prediction Rule
To confirm findings from DH, we repeated our analysis using data from the hypertension
registry of Kaiser Permanente Colorado (KP).20 This registry included patients who received
care over the same time period (January 1, 2000, to December 31, 2006). Hypertensive patients
were identified by the presence of 2 or more ICD-9 CM codes, dispensing of one or more fills
of an anti-hypertensive medication, and BP measurements. We applied the same exclusion
criteria as for the DH cohort; the number of KP patients excluded at each step is shown in
Figure 1. Whenever possible, we defined variables identically in both registries. Information
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on marital status and acculturation was not included in the KP registry. The presence of
dyslipidemia, chronic kidney disease, alcohol abuse and substance abuse were identified from
ICD9-CM codes alone in the KP registry. Overall 3 of the 4 common sociodemographic
variables and 10 of 13 clinical conditions were defined identically in both data sets. Previous
research in KP has shown that approximately 95% of patients obtain their medications within
the system,21 and has supported the validity of the refill adherence measure.22

Statistical Analysis
We dichotomized refill adherence at a cutoff of 80%.16,22 A secondary analysis using an
adherence cutoff of 70% within the DH registry demonstrated similar results, and is not
reported here. We conducted bivariate analyses to identify associations between all candidate
predictors and refill adherence, using t-tests or Wilcoxon rank-sum tests for continuous
variables, and chi-square or Fisher exact tests for dichotomous or categorical predictors.
Because the association between age and adherence was linear across age categories, we
dichotomized age (≤ 55 years vs. >55 years) for the multivariate analysis. Additional analyses
in which the effect of age was assessed in 5-year increments did not differ from the main
analyses, and are not reported here.

Using logistic regression, we then developed a multivariable prediction model for high refill
adherence. All variables with a p-value < 0.25 from bivariate analysis were entered into the
model.23 We assessed the ability of the multivariate model to discriminate between adherent
and non-adherent individuals using the c-statistic, which expresses the probability that the
model will correctly classify the adherence of pairs of subjects randomly selected from the
sample, one of whom is non-adherent and the other of whom is adherent. C-statistics of
0.70-0.75 are generally viewed as providing good discrimination.24 To evaluate the calibration
of the models, we calculated the Hosmer-Lemeshow statistic to compare predicted with actual
risk of adherence across risk deciles.25 We used the final predictive model at DH to develop a
summary score for each subject, multiplying the regression coefficient for each significant
predictor by 10 and summing the points for the number of predictors each patient had for high
adherence.26 Higher scores represented a higher likelihood of being adherent to anti-
hypertensive medications. We then calculated the sensitivity and specificity of the rule at
several cutpoints, defining sensitivity as the proportion of adherent patients with scores at or
above the cutpoint, and specificity as the proportion of nonadherent patients with scores below
the cutpoint.

To determine if our overall conclusions applied to individuals with uncontrolled blood
pressure, for whom assessment of adherence would be most clinically beneficial, we repeated
our analysis for KP patients who had persistently elevated blood pressure, defined as two initial
blood pressure readings and two final blood pressure readings, separated by more than 180
days, of greater than 140/90 mm Hg (or greater than 130/80 mm Hg for individuals with
diabetes or chronic renal disease).

This study was approved by the Colorado Multiple Institutional Review Board and the
institutional review board of Kaiser Permanente Colorado. All analyses were conducted with
SAS Version 9.1 (SAS Institute, Inc., Cary, NC). The authors had full access to the data and
take responsibility for its integrity. All authors have read and agreed to the manuscript as
written.

Results
The characteristics of the 17176 Denver Health patients included in the final sample are shown
in Table 1. Most of these individuals were Hispanic/Latino (45.0%) or African-American
(26.7%), and 22.2% had low acculturation. Psychiatric diagnoses, alcohol abuse, and substance
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abuse were common. Median medication adherence was 70.6% (interquartile range 48.2% to
87.0%). Only 36.3% of these individuals obtained more than 80% of their antihypertensive
medications over a median of 2.1 years. In bivariate analyses, individuals who were older,
white, or more highly acculturated were more likely to be adherent. Individuals with clinical
diagnoses of cerebrovascular disease, dyslipidemia, or peripheral artery disease were more
likely to be adherent, as were those without alcohol or substance abuse (data not shown).

Table 2 shows the results of two logistic regression models for the DH cohort. The first model
contains socio-demographic variables that were statistically significant at a bivariate p-value
of <0.25. While age, race, marital status, and acculturation were statistically significant
predictors of adherence, the c-statistic for the multivariable model was 0.580. Addition of
individually significant clinical conditions improved the c-statistic to 0.606. The Hosmer-
Lemeshow χ2 statistic to assess the calibration of this model was 14.7 (8 df, p = 0.07). Adding
the total number of diagnoses, measured by the Quan index, produced a model with a c-statistic
of 0.601 (data not shown). When adherence was treated as a continuous dependent variable
rather than using a cutoff of 80%, a multivariable linear regression model including only socio-
demographic variables had a R2 of 0.038. Even with the addition of statistically significant
clinical conditions, the final model explained only about 5% of the variance in adherence
(R2 = 0.053).

The lack of ability to predict adherence is further shown in Table 3, in which a simple score
was calculated to identify high adherence based on the parameter estimates from the logistic
regression model. No cutoff score distinguished high from low adherence with accuracy. For
example, a cutoff value of 9 points or higher had a sensitivity of 57% and a specificity of 57%
for identifying adherent individuals.

The characteristics of the 94,297 eligible patients from the KP hypertension registry are
compared to the DH cohort in Table 1. These groups showed substantial differences in socio-
demographic characteristics, and lesser differences in clinical diagnoses. The median
medication adherence in KP patients was 92.6% (interquartile range 77.5% to 99.7%). Of these
individuals, 72.1% obtained more than 80% of their antihypertensive medications over a
median of 3.2 years. In bivariate analyses, older age, white race, the presence of coronary artery
disease, dyslipidemia, or a psychotic disorder and the absence of chronic kidney disease,
depression, bipolar disorder, substance abuse, or alcohol abuse were associated with higher
adherence (data not shown).

Multivariable logistic regression models to identify independent predictors of high adherence
in the Kaiser Permanente registry are shown in Table 2. While age, race and gender remained
statistically significant predictors of adherence, the c-statistic for the multivariate model was
0.555. Addition of significant clinical conditions improved the c-statistic to 0.575. The
Hosmer-Lemeshow χ2 statistic for this model was 25.2 (8 df, p = 0.001). Adding the total
number of diagnoses using the Quan index produced a model with a c-statistic of 0.568 (data
not shown). When adherence was treated as a continuous dependent variable, a multivariable
linear regression model including only socio-demographic variables had a R2 of 0.013. Even
with statistically significant comorbid conditions, the model explained less than 2% of the
variance in adherence (R2 = 0.015). An analysis limited to the 2010 individuals in KP with
persistently elevated blood pressure showed similar findings. In a model including both socio-
demographic variables and clinical conditions, only age> 55 years (OR = 1.79, 95% CI 1.45
to 2.23) and dyslipidemia (OR = 1.30, 95% CI 1.05 to 1.60) were associated with high
adherence. The c-statistic for the model was 0.585.
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Discussion
We found that individuals in both a large “safety-net” delivery system and a health maintenance
organization who were younger, white, did not have a diagnosis of alcohol abuse, and received
fewer antihypertensive drugs were more likely to be adherent with refills for antihypertensive
medications than those without these characteristics. No single socio-demographic or clinical
variable discriminated accurately between individuals with higher and lower refill adherence
in either system, however. The c-indices for the best multivariable predictive models in both
settings were 0.60 or less, suggesting that these models were unable to accurately discriminate
adherent from non-adherent patients.

The predictors of high adherence in both models—white race, younger age, and the absence
of alcohol abuse—were consistent with the findings of some recent research.2-6 On the basis
of such associations, prior studies have often concluded that efforts to improve adherence
should focus on specific sub-populations at risk of low adherence.4-6,9 Our findings suggest
that such a conclusion is fundamentally mistaken, since it is based on a failure to recognize
that risk factors identified at the population level may not translate into clinically useful
predictors for individuals.27,28 The clinical utility of any predictor is dependent not only on its
statistical significance, but also on the strength of the association. Odds ratios of 16 or greater
may be necessary for an individual risk factor to discriminate between those who achieve the
outcome of interest and those who do not, since only above that level are the sensitivity and
specificity of the risk factor sufficiently high to substantially change the probability of the
outcome.27,28 Odds ratios of this magnitude are uncommon in clinical research, and none of
the odds ratios in our study or in most prior clinical or behavioral adherence research approach
this threshold.

These findings have important implications. First, clinicians cannot accurately predict
adherence based on a patient's appearance, background, or “problem list” of physical or mental
health conditions. Prior reviews have made this assertion, although it has not previously been
supported by information from quantitative clinical prediction rules.1,29-31 In particular, the
mistaken assumption that adherence can be predicted on the basis of race or ethnicity may in
fact worsen health care disparities if it leads clinicians to withhold effective treatment from
minority patients. Such a concern is plausible, since studies have shown that many clinicians
hold implicit attitudes that racial minorities or substance abusers are less likely to adhere to
treatment.32-35

A striking finding of our study was the difference in refill adherence between individuals with
hypertension in DH and KP. Not surprisingly, the two populations differed in many ways.
While we assessed some of these differences (Table 1), other potentially important predictors
of adherence, such as health beliefs, economic security, social support for adherence and the
severity of coexisting clinical conditions, could not be measured from available data.
Differences in adherence could also have been due to features of the two delivery systems,
although both DH and KP are nationally recognized for the quality of care they provide.12,36

Nevertheless, unmeasured characteristics such as language concordance between patients and
providers, access to clinic appointments or pharmacy services, and the presence or
effectiveness of chronic disease management programs may in part explain these differences,
although prior studies have generally found modest associations between these characteristics
and adherence.3 The causes of differences in refill adherence between delivery systems
constitute an important avenue for further research.

Strengths and Limitations
Our study has several strengths. Both studies took place in large delivery systems, using
comprehensive, multi-year hypertension registries. Both systems provided low copayments as
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an incentive to obtain medications, improving the ascertainment of refills within the system.
The characteristics associated with adherence were similar in the two systems and consistent
with prior research, suggesting that our findings may be generalizable to other settings.

Several limitations must also be recognized. Neither delivery system may be representative of
other practice settings. Because we used administrative data, we may have misclassified some
individuals with respect to race, ethnicity or the presence of clinical conditions. In a prior DH
study, we found that ICD9-CM based criteria compared favorably to medical record review
for the comorbid conditions assessed in this study, however.13 We used pharmacy refill
information to assess adherence, rather than measures of medication consumption. Thus, some
individuals may have obtained medication that they did not take, while patients at DH with
commercial insurance, Medicare or Medicaid may have obtained medications from other
pharmacies. The use of pharmacy refill information also prevented us from identifying
individuals whose level of adherence was so low that they obtained 0 or 1 fill of
antihypertensive medication. On the other hand, obtaining medications is an important health
behavior in its own right, and research in DH, KP, and elsewhere has shown that individuals
who are adherent with refills have lower mortality rates, fewer hospitalizations, and are more
likely to achieve condition-specific clinical outcomes.15,16,22

While we applied uniform exclusion criteria to both hypertension registries, the criteria for
entry into these registries differed, as did the definitions of some variables. Further, missing
data (such as race/ethnicity data at Kaiser Permanente) makes the predictive models less
directly comparable, while additional characteristics, such as income and education, might
improve prediction if available. Finally, we did not include treatment response as measured by
blood pressure as part of our predictive model, although clinicians in practice often use blood
pressure to identify potential adherence problems.1 This decision reflected our intent to develop
a prediction rule using only the socio-demographic and diagnostic information that is
commonly available in large delivery systems and insurance plans.

Our findings suggest that individuals with low adherence cannot be accurately identified using
information that is routinely collected by health care delivery systems. The only clinical useful
approach to assessing adherence is to assess it directly, through discussion with patients or
through sources such as pharmacy records.29,37 Instead of using socio-demographic
characteristics and concurrent medical conditions to predict the likelihood of adherence with
antihypertensive medications, clinicians and population-based disease management programs
should assess and reinforce adherence in all their patients.29

What is Known

• Prior studies that have attempted to identify sociodemographic and clinical
predictors of adherence with medications have produced conflicting findings with
relatively weak associations.

• The ability of a combination of these characteristics to predict adherence has not
been assessed.

What this Article Adds

• In both a delivery system for disadvantaged patients and a health maintenance
organization, older age, white race, lack of alcohol abuse and use of fewer
antihypertensive drugs were statistically significant predictors of higher adherence
with antihypertensive drugs, although these associations were weak in magnitude.

• Multivariable models based on these predictors were not able to accurately
discriminate adherent from non-adherent individuals
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• These findings suggest that clinicians should not rely on sociodemographic or
clinical characteristics of their patients in attempting to predict who will be
adherent with their antihypertensive medications.
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Figure 1.
Inclusion criteria for adherence study, Denver Health (DH) and Kaiser Permanente of Colorado
(KP)
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Table 1

Characteristics of patients in hypertension registries of Denver Health and Kaiser Permanente Colorado

Variable Denver Health (N =
17176) N (%)

Kaiser Permanente
(N = 94297) N (%)

p value

Socio-demographics

Mean (sd) / Median Age in years 54.4 (12.1) / 53.9 64.9 (13.8) / 65 <.001

Male gender 7749 (45.1%) 43680 (46.3%) 0.004

Race <.001

    African American 4589 (26.7%) 2114 (2.2%)

    Hispanic/Latino 7725 (45.0%) 3116 (3.3%)

    Other 378 (2.2%) 1618 (1.7%)

    White 4103 (23.9%) 28267 (30.0%)

    Missing 381 (2.2%) 59182 (62.8%)

Marital Status*

    Divorced 2318 (13.5%) ---

    Married 5458 (31.8%)

    Single 6873 (40.0%)

    Widowed 1391 (8.1%)

    Unknown 1136 (6.6%)

Country of birth*

    United States 11381 (66.3%) ---

    Mexico 3188 (18.6%)

    Other 1020 (5.9%)

    Missing 1587 (9.2%)

Language preference*

    English 11066 (64.4%) ---

    Spanish 3187 (18.6%)

    Other 309 (1.8%)

    Missing 2614 (15.2%)

Acculturation†

    High 13360 (77.8%) ---

    Low 3816 (22.2%)

Primary Payer‡ <.001

    Colorado Indigent Care Program 8515 (49.6%) N/A

    Medicaid 2234 (13.0%) 377 (0.4%)

    Medicare 4733 (27.6%) 39488 (41.9%)

    Other 76 (0.4%) 351 (0.4%)

    Commercial 992 (5.8%) 50737 (53.8%)

    Self-Pay 603 (3.5%) 2992 (3.2%)

    Missing 23 (0.1%) 352 (0.4%)

Baseline coexistent medical conditions

Diabetes 5704 (33.2%) 22616 (24.0%) <.001
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Variable Denver Health (N =
17176) N (%)

Kaiser Permanente
(N = 94297) N (%)

p value

Coronary Artery Disease 1632 (9.5%) 13169 (14.0%) <.001

Congestive Heart Failure 74 (0.4%) 982 (1.0%) <.001

Chronic Kidney Disease§ 876 (5.1%) 2008 (2.1%) <.001

Cerebrovascular Disease 685 (4.0%) 4513 (4.8%) <.001

Dyslipidemia§ 2514 (14.6%) 27004 (28.6%) <.001

Peripheral Artery Disease 1014 (5.9%) 3925 (4.2%) <.001

Baseline mental health conditions

Depression 2993 (17.4%) 12373 (13.1%) <.001

Bipolar Disorder 571 (3.3%) 929 (1.0%) <.001

Psychotic Disorder 427 (2.5%) 1312 (1.4%) <.001

Baseline alcohol/substance abuse

Alcohol Abuse∥ 1953 (11.4%) 2172 (2.3%) <.001

Substance Abuse∥ 615 (3.6%) 353 (0.4%) <.001

Total number of Quan Comorbidities 19 <.001

    0 3940 (22.9%) 19857 (21.1%)

    1 4797 (27.9%) 27711 (29.4%)

    2 3574 (20.8%) 19415 (20.6%)

    3 2138 (12.5%) 11330 (12.0%)

    4 1238 (7.2%) 6447 (6.8%)

    5 or more 1489 (8.7%) 9537 (10.1%)

Number of Hypertension Medications in
Pharmacy data

<.001

    1 5251 (30.6%) 33276 (35.3%)

    2 4926 (28.7%) 28307 (30.0%)

    3 or more 6999 (40.8%) 32714 (34.7%)

*
Variable not present in both registries

†
High acculturation defined as have English as a primary language, or (if language information missing) being born outside the United States

‡
No patients at Kaiser Permanente were eligible for the Colorado Indigent Care Program; statistical comparison includes other payer categories only.

§
Variable definition based on laboratory values in Denver Health registry, and on ICD-9 CM codes only in Kaiser Permanente registry

∥
Variable definition based on combination of laboratory values and ICD9-CM codes in Denver Health registry, and on ICD-9 CM codes only in Kaiser

Permanente registry
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Table 2

Logistic regression models for associations with ≥ 80% adherence to refills, Denver Health and Kaiser
Permanente Colorado

Model Description* Denver Health OR (95% CI) Kaiser Permanente OR
(95% CI)

Demographics Only

Age >55 1.38 (1.29-1.48) 1.57 (1.52-1.63)

White Race 1.65 (1.53-1.78) 1.17 (1.13-1.21)

Married or Widowed 1.13 (1.06-1.21) --

High Acculturation 1.30 (1.19-1.41) --

Colorado Indigent Care Program Insurance 1.02 (0.96-1.09) N/A

Kaiser Commercial Insurance -- 1.02 (0.98-1.05)

Male Gender -- ---

C statistic for overall model 0.580 0.555

Demographics, Individual Comorbidities, and Number of Antihypertensive Medications Prescribed

Age >55 1.39 (1.30-1.49) 1.58 (1.52-1.64)

White Race 1.64 (1.52-1.78) 1.17 (1.14-1.21)

Married or Widowed 1.10 (1.03-1.18) --

High Acculturation 1.36 (1.25-1.48) --

Colorado Indigent Care Program Insurance 1.01 (0.95-1.08) N/A

Kaiser Commercial Insurance -- 0.97(0.94-1.01)

Male Gender -- ---

Diabetes 1.10 (1.02-1.17) 0.97 (0.94-1.01)

Coronary Artery Disease 0.98 (0.88-1.11) 0.93 (0.88-0.97)

Congestive Heart Failure -- ---

Chronic Kidney Disease 1.06 (0.92-1.23) 0.76 (0.69-0.84)

Cerebrovascular Disease 1.33 (1.14-1.56) 0.98 (0.91-1.05)

Dyslipidemia 1.05 (0.96-1.15) 1.24 (1.19-1.28)

Peripheral Artery Disease 1.04 (0.90-1.20) ---

Depression 1.03 (0.95-1.12) 0.89 (0.85-0.93)

Bipolar Disorder -- 0.94 (0.82-1.09)

Psychotic Disorder -- 1.31 (1.15-1.49)

Substance Abuse 0.79 (0.65-0.95) 0.86 (0.69-1.08)

Alcohol Abuse 0.77 (0.69-0.86) 0.73 (0.67-0.80)

<3 Hypertension Meds 1.56 (1.46-1.67) 1.22 (1.19-1.26)

C - statistic for overall model 0.606 0.575

Hosmer-Lemeshow χ2 statistic (p-value) 14.7 (8 df, p = 0.07). 25.2 (8 df, p = 0.001).

*
Models for Denver Health and Kaiser Permanente differ due to variables not contained in hypertension registry or not statistically significant at p<

0.25 in bivariate analysis
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