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BACKGROUND: The Chronic Care Model (CCM) has been
endorsed by experts to reduce disparities in chronic dis-
ease outcomes but benefits may be slow to appear in low-
income populations.
OBJECTIVE: To evaluate the effect of CCM implementa-
tion on systolic blood pressure (SBP) control in minority
patients with diabetes mellitus (DM).
DESIGN: Retrospective study from 2012 to 2016 in two
primary care clinics with primarily uninsured, Hispanic
patients.
PATIENTS: Four 2-year cohorts of patients aged 18–75
with DM and SBP ≥ 140 mmHg on HTN drugs in year 1
and SBP measured 1 year later in year 2.
INTERVENTION: Implementation of CCM for DM in Jan-
uary 2014 involved: electronic medical record revision, a
DM registry, hypertension (HTN) treatment protocol, team
education, performance feedback, and casemanagement.
MAIN MEASURE: SBP < 140 mmHg in year 2.
KEY RESULTS:Of 2354 patients, the mean age was 56.2
(SD 9.5), baseline SBP 153.8 (SD 14.9) mmHg, and 79.8%
Hispanic. Last SBP < 140 mmHg was 58.4% for cohort 1
(2012–2013) and 68.5% for cohort 4 (2015–2016). Adjust-
ed odds ratios (AORs) for SBP control versus cohort 1were
1.35 (95% CI 1.07, 1.69) for cohort 3 (2014–2015) and
2.13 (95% CI 1.60, 2.80) for cohort 4. AORs for SBP con-
trol were reduced by 15% per HTN drug at baseline (P =
0.001), 9% per HTN drug added at last SBP (P = 0.024),
and 22% for multi-dose HTN drugs (P = 0.004). Among
patients with persistent elevated SBP and represented in
multiple cohorts, AORs for control were still over 2-fold
higher for cohort 4 versus cohort 1.
CONCLUSIONS: After adopting the CCM for primarily
Hispanic patients with DM, SBP control increased signif-
icantly despite treatment with fewer HTN drugs. Yet im-
provement took 3–4 years, suggesting that financial re-
wards for using the CCM to achieve improved clinical
outcomes for low-income, minority patients may be
delayed.

KEY WORDS: chronic disease management; diabetes mellitus; patient-

centered care; quality improvement.

J Gen Intern Med 33(9):1498–503

DOI: 10.1007/s11606-018-4526-3

© Society of General Internal Medicine 2018

INTRODUCTION

Myocardial infarction and all-cause mortality in persons with
diabetesmellitus and systolic blood pressure (SBP)≥ 140mmHg
are significantly reduced by antihypertensive therapy.1 Yet
racial-ethnic minorities are less likely to achieve hypertension
control2,3 even when being treated.4 To reduce disparities in
quality of care and outcomes of patients with diabetes, experts
have endorsed implementing the Chronic Care Model (CCM).5

Another systematic review of outcomes after implementing the
CCM reported that processes of care improved within 1–2 years
but intermediate clinical outcomes such as hemoglobin A1c did
not significantly improve until 2–4 years afterward.6 Waiting
years after investing in the CCM to receive incentives for
meeting metrics for clinical outcomes may be especially burden-
some for primary care practices serving vulnerable populations.
In a 4-year 1115 Medicaid waiver project in two primary

care residency training practices serving low-income, predom-
inantly Hispanic patients, we examined secular trends in
achieving SBP control after implementing the CCM for dia-
betes. Evidence-based components of the CCM7 included the
following: electronic medical record (EMR) redesign, creation
of a diabetes registry, an antihypertensive management proto-
col, clinician and staff education, performance feedback, and
case management support. In four consecutive two-cohorts,
we studied patients with baseline SBP ≥ 140 mmHg while on
treatment in year 1 and achievement of SBP control (<
140 mmHg) per expert guidelines8,9 at the last SBP measure-
ment in year 2. We also examined covariates associated with
achievement of SBP control including patient demographics,
clinical characteristics, and medication management. This
analysis offers insights into the time to realize benefits from
the CCM and factors that may influence achievement of
hypertension control in a low-income, minority population.
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METHODS

Setting and Patients

The project was conducted for the Texas Healthcare Transfor-
mation and Quality Improvement Program (1115 Medicaid
Waiver) in family medicine and general internal medicine
residency training clinics in south central Texas. The 1115
Medicaid Waiver allowed the state of Texas to expand Med-
icaid managed care and services for the uninsured. The study
practices served a largely uninsured, Hispanic patient popula-
tion. Clinic faculty is stable but new residents arrive each year.
From the electronic medical record (EMR) plus scheduling
data, a new diabetes registry was created with patients meeting
the following criteria: age 18 to 75; diabetes mellitus (one
inpatient or two outpatient encounters with ICD-9-CM 250.xx
or ICD-10 E10.xx or E11.xx) or a hemoglobin A1c ≥ 6.5% (≥
48 mmol/mol); and least one clinic visit from January 1, 2012
through December 31, 2016. The registry offered the follow-
ing: demographics, ICD-9-CM and ICD-10 diagnoses from all
encounters, prescribed medications, laboratory test results,
preventive health care, insurance type, and health care utiliza-
tion.10 Results of tests from outside laboratories were extract-
ed from the companies’ databases and added to the registry.
For 1115 Medicaid waiver diabetes quality metrics, the

blood pressure goal was < 140/90. Four cohorts of patients
treated in consecutive year-pairs (e.g., 2012–2013; 2013–
2014; 2014–2015, 2015–2016) were created with a SBP ≥
140 mmHg in year 1 while prescribed antihypertensive thera-
py and a SBP measured in clinic at least 12 months afterward.
Because CCM program was implemented in 2014, the first
and second cohorts served as a baseline before full
implementation.

Chronic Care Model Implementation

The CCM had six major components. First, a diabetes registry
(described above) was developed and continuously updated to
generate daily reports for scheduled patients with most recent
blood pressure, hemoglobin A1c, LDL cholesterol, immuni-
zations, patient adherence to scheduled visits, urgent care
encounters, and hospitalizations. Second, clinic directors, re-
searcher-clinicians, and pharmacists adapted an evidence-
based hypertension treatment protocol11 for patients with dia-
betes, prioritizing accessible drugs on local formularies while
minimizingmedication burden12–14 and costs15 (Supplemental
Figure 1-online). Third, a retrievable field for repeat blood
pressure measurements was added to the EMR when the first
measurement was elevated per HTN guidelines.8,9 Fourth,
clinicians and staff were trained in using the protocol, accu-
rately measuring blood pressure, and supporting medication
adherence through reminders and patient education. Fifth,
clinicians received a biannual summary of their patients’ met-
rics on blood pressure, hemoglobin A1c, and LDL cholesterol
with abnormal values highlighted. Sixth, trained bilingual case
managers assisted patients with uncontrolled hypertension in

clinic or by telephone. They addressed the following:
obtaining medications and timely refills, visit adherence,
transportation assistance, obtaining blood tests, and lifestyle
changes to improve diabetes and hypertension control.

Analyses
Dependent Variable. For each 2-year cohort, the dichoto-
mized outcome was controlled SBP defined as < 140 mmHg
at last clinic measurement in year 2.

Independent Variables. For each of the four cohorts,
demographic, clinical, and health care variables were
extracted from the diabetes registry. Demographics included
age, race/ethnicity, and sex. Clinical variables included
baseline SBP in year 1 categorized in 10 mmHg increments
from 140 to ≥ 170 mmHg; mean hemoglobin A1c in year 1
categorized as < 7, 7–7.9, 8–8.9, ≥ 9% (< 53, 53–63, 64–74, ≥
75 mmol/mol) or missing, and Elixhauser comorbidity index
with up to 19 comorbidities.10 Health care variables for each
2-year cohort included the following: observation time (days
from first elevated SBP in year 1 until last SBP in year 2),
insurance type, scheduled primary care and specialty clinic
visits, and adherence to scheduled visits [< 60%, 60–< 75%, ≥
75%].10 Prescribed antihypertensive drugs were grouped by
class (i.e., angiotensin converting enzyme inhibitors, angio-
tensin II receptor blockers, anti-adrenergic agents, beta-
blockers, calcium channel blockers, diuretics, and vasodila-
tors) and totaled at first elevated SBP in year 1. To evaluate
secular changes in treatment, the number of prescribed anti-
hypertensive classes was measured at the last SBP in year 3
and the difference from year 1 determined. A binary variable
was created for any prescribed antihypertensive drug with
multiple daily doses. From a REDCap database of case man-
agement services, a four-level categorical variable was devel-
oped for services provided in year 1, year 2, both years, or
none.

Statistical Analyses. Descriptive characteristics for the four
cohorts were compared using the chi-square test or Fisher’s
exact test for categorical variables and Kruskal-Wallis H test
for continuous variables. In mixed effects logistic regression
accounting for correlations introduced by patients in multiple
cohorts, predictors for controlled last SBP in each cohort were
examined. The full model included all independent variables
described above and indicator for each cohort. We also exam-
ined first-order interactions between each independent vari-
able with time (i.e., the cohort variable) to examine whether
the effect was modified by time. Clinical judgment guided
removal of non-significant main effects and interaction terms.
A post hoc analysis was conducted adjusting for patients
represented in only one cohort versus those in multiple cohorts
whose blood pressure likely stayed uncontrolled. Bivariate
associations for single versus multi-cohort patients were ex-
amined with the outcome. The same final mixed effects model
predicting SBP control was fitted, adding a variable for
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patients in a single or multiple cohorts and an interaction term
with the four-level cohort variable.
All analyses were performed using Stata/SE (version 14.1,

2015, StataCorp LP, College Station, TX). This study was
approved by the Institutional Review Boards of both the
University of Texas Health Science Center at San Antonio
and University Health System (HSC20140003N).

RESULTS

Among all 5990 patients with diabetes in the study clinics over
a 5-year timeframe (January 1, 2012 to December 31, 2016),
3691 (61.6%) had blood pressure measurements in consecu-
tive years and, of these, 2354 (63.8%) had uncontrolled SBP
(≥ 140 mmHg) in year 1 while on treatment. These patients
were characterized by mean age 56.2 (SD 9.5), baseline SBP
153.8 mmHg (SD 14.9), and 79.8% Hispanic. Because the
CCM was initiated in January 2014, cohort 1 (2012–13) and
year 1 for cohort 2 (2013–2014) reflect performance before
implementation. Each four 2-year cohorts had at least 1000
patients (Table 1). Over time, the proportion of uninsured
persons declined after the Affordable Care Act but proportions
on Medicaid and Medicare remained relatively stable
(Table 1). At baseline, the SBP declined slightly from 154.2
to 152.6 mmHg for successive 2-year cohorts and the propor-
tion with a SBP from 140 to 149mmHg increased from 51.3 to
57.8%. On the other hand, mean baseline hemoglobin A1c
increased from 7.9 to 8.3% (63 to 67 mmol/mol) for succes-
sive cohorts. The Elixhauser comorbidity score and mean
follow-up time were similar for all cohorts. Successive cohorts
had fewer visits in year 1 but adherence to scheduled visits did
not change significantly. Notably, approximately one-fifth of
patients had low visit adherence (< 60% of visits attended).
The mean antihypertensive drug classes prescribed in year 1

declined slightly from cohort 1 to 4 (Table 1). At the time of
the last SBP in year 2, cohorts 1 and 2 were prescribed more
antihypertensive medications but cohorts 3 and 4 were pre-
scribed fewer. Multiple daily dose drugs declined significantly
over time from 45 to 35%. Case management was initiated
during cohort 2 and fully operative in cohorts 3 and 4 when it
was provided to over half of the patients.
SBP control (≤ 140 mmHg) at the last measurement in year

2 increased significantly (P < 0.001) from 58.4 to 68.5% from
cohort 1 to 4 (Fig. 1). Mean last SBP also declined (P = 0.01)
for cohorts 1 to 4 (137.0 (SD 18.5), 137.7 (SD 19.8), 136.4
(SD 19.1), 135.4 (SD 19.4), respectively). In mixed effects
logistic regression with cohort 1 as the reference, the adjusted
odds ratios (AORs) for SBP control in year 2 were 1.35 (95%
CI 1.07–1.69; P = 0.01) for cohort 3 and 2.13 (95% CI 1.60–
2.80; P < 0.001) for cohort 4 (Table 2). Older age and Black
race (versus Hispanic) were negatively associated with control
(both P < 0.01) while Medicare insurance was positively as-
sociated versus uninsured (P = 0.04). Mean hemoglobin A1c
≥ 9% (≥ 75 mmol/mol) in year 1 was associated with a lower

AOR (0.79, 95% CI 0.65, 0.96) of SBP control in year 2
versus A1c < 7% (< 53 mmol/mol) (P = 0.02). Increasing
baseline levels of SBP were associated with monotonically
lower AORs of achieving control in year 2 (all P < 0.0001).
When at least 75% of scheduled visits were kept, the AOR of
SBP control in year 2 was higher 1.33 (95% CI 1.08, 1.64)
compared with < 60% (P = 0.007).
AORs of SBP control were reduced by 15% for each

additional antihypertensive medication class prescribed at
baseline (P = 0.001) and 9% lower for each medication added
by the last SBP (P = 0.024). Multiple daily dose drugs were
associated with a 22% reduction in the AOR of SBP control
(P = 0.004). Case management services were associated with
significantly lower AORs of SBP control except when only
delivered in the first of the year-pairs.
In a post hoc analysis (Table 3), we examined SBP control

among patients in only one cohort (N = 1101) and those in
multiple cohorts (N = 1253). For the single cohort group,
proportions with SBP control in year 2 for cohorts 1–4 were
63.8, 73.7, 74.2, and 70.1%, respectively. For the multi-cohort
group, these values for cohorts 1–4 were 55.9, 54.2, 59.2, and
67.9%, respectively. A significant (P = 0.012) interaction ap-
peared between single versus multi-cohort patients and the
cohort variable in the fully adjusted model. Among single
cohort patients, the AORs of controlled SBP in year 2 were
increased for cohorts 2 to 4 versus cohort 1 (all P < 0.05)
(Table 3). Among the multiple cohort group, SBP control
was significantly increased only for cohorts 3 and 4 (both <
0.02).

CONCLUSIONS

After implementation the Chronic Care Model (CCM) for
diabetes in two primary care clinics serving an indigent, His-
panic majority population, systolic blood pressure (SBP) con-
trol (< 140 mmHg) improved markedly among patients whose
baseline SBP was ≥ 140 mmHg while on antihypertensive
therapy. Among successive 2-year patient cohorts from 2012
through 2016, controlled SBP in year 2 rose from 58% of
cohort 1 (N = 1151 to 68% of cohort 4 (N = 1080). By com-
parison, 53% of Hispanics in a 2008 national diabetes study
had controlled hypertension16 and, in a national study from
2015 to 2016, only 45% of Hispanics with diagnosed hyper-
tension were controlled (< 140/90 mmHg).17 We studied SBP
control as our outcome because it is the dominant abnormality
in hypertension. We also focused on a challenging group of
patients whose blood pressure was uncontrolled at baseline
despite treatment, making the 68% control achieved in year 2
for cohort 4 even more impressive.
Chin and colleagues’ review of outcomes from

implementing the CCM in practices serving indigent popula-
tions reported that glycemic control for diabetes did not sig-
nificantly improve until 2–4 years after implementation.6 Sim-
ilarly, we found that SBP control did not improve until 3–
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4 years after CCM implementation, with over 2-fold higher
AORs of SBP control for cohort 4 versus cohort 1.
Implementation of the CCM requires both time and money

to create a disease registry, modify the EMR to support quality
of care, develop and train clinicians and staff, provide quality
of care feedback, and offer case management. For example,
our program used 2.0 FTE community health workers
(CHWs) at $33,000/each ($66,000 total), a 1.0 FTE RN
($60,000) as well as 0.2 FTE senior health services researcher
($57,000), 1.0 FTE project coordinator ($45,000), and 0.6
FTE data analyst ($37,000). Although ultimately, the CCM
will be supported only by clinical personnel and a data analyst,
this is still costly. In a cost-effectiveness analysis, CCM in a
military diabetes clinic was estimated to cost $45,495 per
quality-adjusted life-year (QALY) from a health system per-
spective.18 But this practice redesign can be promoted with

Table 1 Characteristics of four cohorts of patients with diabetes and uncontrolled systolic blood pressure (≥ 140 mmHg) at baseline

Study variables Cohort 1 (2012–
2013)

Cohort 2 (2013–
2014)

Cohort 3 (2014–
2015)

Cohort 4 (2015–
2016)

P value

N = 1151 N = 1199 N = 1106 N = 1080

Demographics
Age, mean (SD) years 57.3 (9.5) 57.3 (9.3) 58.1 (9.1) 57.9 (9.2) 0.07†
Women, n (%) 710 (61.7) 715 (59.6) 645 (58.3) 653 (60.5) 0.42‡
Race-ethnicity, n (%) 0.63‡
Hispanic 908 (78.9) 938 (78.2) 876 (79.2) 871 (80.7)
Non-Hispanic White 117 (10.2) 128 (10.7) 110 (10.0) 87 (8.1)
Black 97 (8.4) 106 (8.8) 90 (8.1) 100 (9.3)
Other 29 (2.5) 27 (2.3) 30 (2.7) 22 (2.0)
Insurance, n (%) < 0.001†
Uninsured 532 (46.2) 580 (48.4) 429 (38.8) 414 (38.3)
Medicaid 161 (14) 159 (13.3) 147 (13.3) 158 (14.6)
Medicare 424 (36.8) 415 (34.6) 432 (39.1) 402 (37.2)
Private/health maintenance organization 34 (3) 45 (3.8) 98 (8.9) 106 (9.8)
Clinical
Baseline SBP* (mmHg), mean (SD) 154.2 (14.5) 153.9 (14.3) 152.4 (13.7) 152.6 (14.4) < 0.001†
Baseline SBP* categories (mmHg), N (%)
140 to < 150 590 (51.3) 606 (50.5) 600 (54.3) 624 (57.8)
150 to < 160 262 (22.8) 306 (25.5) 302 (27.3) 216 (20)
160 to < 170 138 (12) 129 (10.8) 87 (7.9) 100 (9.3)
≥ 170 161 (14) 158 (13.2) 117 (10.6) 140 (13)
Hemoglobin A1c in baseline year, mean (SD) 7.9 (1.9) 63

mmol/mol
7.8 (1.9) 62
mmol/mol

8.0 (2.1) 64
mmol/mol

8.3 (2.2) 67
mmol/mol

< 0.001‡

Elixhauser comorbidity score, mean (SD) 5.2 (2.5) 5.3 (2.5) 5.3 (2.5) 5.1 (2.5) 0.11†
Health care utilization
Days from first high SBP* to last SBP, mean (SD) 558 (98) 556 (97) 547 (101) 545 (91) 0.002†
# visits attended in year 1, mean (SD) 12.6 (6.4) 10.6 (5.4) 10.6 (5.4) 11.4 (5.4) < 0.001‡
Adherence to scheduled visits in year 1 0.50†
Low (< 60%) 225 (19.6) 240 (20.0) 198 (17.9) 204 (18.9)
Moderate (60 to < 75%) 424 (36.8) 408 (34.0) 401 (36.3) 356 (33.0)
High (≥ 75%) 502 (43.6) 551 (46.0) 507 (45.8) 520 (48.2)

Hypertension management
Antihypertensive drug classes prescribed at first
elevated SBP*, mean (SD)

1.7 (1.2) 1.6 (1.1) 1.6 (1.1) 1.6 (1.1) 0.07†

Change in antihypertensive drug classes prescribed
at last SBP*, mean (SD)

0.15 (1.0) 0.1 (1.0) − 0.07 (1.0) − 0.23 (1.1) < 0.001‡

Any antihypertensive drug with multiple daily
doses N (%)

514 (44.7) 498 (41.5) 430 (38.9) 382 (35.4) < 0.001‡

Case management services, N (%) < 0.0001‡
None 1151 (100.0) 857 (71.5) 576 (52.1) 474 (43.9)
Only in year 2 0 342 (28.5) 207 (18.7) 225 (20.8)
Only in year 1 0 0 (0.00) 171 (15.5) 145 (13.4)
In years 1 and 2 0 0 (0.00) 152 (13.7) 236 (21.9)

*SBP systolic blood pressure
†Kruskal-Wallis H test
‡Chi-squared test

Fig. 1 Proportion of patients in each 2-year cohort with systolic
blood pressure control (< 140 mmHg) on the last measurement in

year 2.
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financial incentives. In a trial of pay-for-performance incen-
tives for small New York City practices, significant improve-
ment in blood pressure control in patients with diabetes ap-
peared in less than 1 year but only 26% achieved control.19

More financially sound practices serving insured patients can
better afford the cost of the CCM. Over 85% of all patients
served after practice improvements in Kaiser Permanente

Southern California had controlled hypertension.20 In our
primarily Medicaid and uninsured, minority population,
CCM implementation was made possible by the 1115 Medic-
aid waiver to Texas to defray the costs.
A key feature of our CCMwas implementing a protocol for

hypertension treatment in patients with diabetes following the
example of an evidence-based protocol in an insured popula-
tion.11 By adapting this protocol to feature effective, lower
cost medications, improved control was achieved despite pre-
scribing fewer drugs. We also avoided drugs requiring multi-
ple daily doses (e.g., enalapril versus lisinopril) which were
associated with a 22% lower AORs of SBP control. These
results lend support to an international initiative to improve
blood pressure control by implementing an evidence-based
treatment protocol.21

Even with CCM, SBP control was less likely for older
patients, Blacks versus Hispanics, and patients with mean
baseline hemoglobin A1c ≥ 9% (≥ 75 mmol/mol) versus <
7% (< 53 mmol/mol). Further, we found that patients who
kept at least 75% of scheduled visits were more likely to
be controlled than those keeping < 60%. Similarly, poor
adherence to visits (< 70%) in a large HMO was associ-
ated with significantly poorer glycemic control.22 Al-
though case management was not associated with im-
proved control, this finding may represent confounding
by indication because case managers target patients who
continue to have uncontrolled hypertension or diabetes.
We also found that patients represented in only one cohort
showed improvement more rapidly, with SPB control in-
creasing from 63 to 73% by cohort 2 (the first year of the
CCM). This likely represents an artifact of study eligibil-
ity criteria because patients who remain uncontrolled con-
tinue to appear in multiple cohorts. But even this more
challenging group showed marked improvement in SBP
control in the later years of the study.
In regard to limitations, these primary care practices serving

Hispanic-majority patients may not be generalizable to other
settings serving minority groups. Second, this 5-year study
may reflect secular changes in hypertension control but

Table 2 Adjusted associations of patient characteristics with
controlled systolic blood pressure (< 140 mmHg) at last

measurement in year 2

Study variables Adjusted odds ratio
(95% CI)†

P value

Patient cohort
2012–2013 1
2013–2014 1.11 (0.91, 1.35) 0.31
2014–2015 1.35 (1.07, 1.69) 0.01
2015–2016 2.13 (1.60, 2.83) <

0.0001
Age
Per 1-year increase 0.98 (0.97, 0.99) 0.001
Sex
Male 1
Female 0.9 (0.76, 1.05) 0.18
Race-ethnicity
Hispanic 1
Non-Hispanic White 0.93 (0.71, 1.21) 0.58
Black 0.67 (0.50, 0.89) 0.005
Other 0.68 (0.41, 1.13) 0.13
Insurance
Uninsured 1
Medicaid 1.1 (0.86, 1.4) 0.43
Medicare 1.23 (1.01, 1.5) 0.037
Private/health maintenance
organization

0.91 (0.65, 1.27) 0.57

Elixhauser comorbidity score
Per 1-point increase 1.0 (0.97, 1.03) 0.92
Baseline mean hemoglobin a1c (%)
< 7 (< 53 mmol/mol) 1
Missing 0.97 (0.66, 1.42) 0.86
7–7.9 (53–63 mmol/mol) 0.86 (0.70, 1.06) 0.17
8–8.9 (64–8.9 mmol/mol) 0.94 (0.74, 1.19) 0.62
≥ 9 (≥ 75 mmol/mol) 0.79 (0.65, 0.96) 0.02
Baseline SBP* (mmHg)
140 to < 150 1
150 to < 160 0.73 (0.61, 0.87) <

0.0001
160 to < 170 0.59 (0.46, 0.75) <

0.0001
≥ 170 0.4 (0.32, 0.5) <

0.0001
Adherence to scheduled visits
Low (<60%) 1
Moderate (60 to < 75%) 1.19 (0.96, 1.46) 0.11
High (≥ 75%) 1.33 (1.08, 1.64) 0.007
Antihypertensive drug classes prescribed at first elevated SBP*
Per each additional class 0.85 (0.78, 0.93) 0.001
Change in antihypertensive drug
classes at last SBP*
Per each additional category 0.91 (0.84, 0.99) 0.024
Prescribed antihypertensive drug with multiple daily doses
Yes 0.78 (0.65, 0.92) 0.004
No 1
Case management services
None 1
Only in year 2 0.58 (0.47, 0.71) <

0.0001
Only in year 1 1.21 (0.87, 1.68) 0.25
In years 1 and 2 0.50 (0.37, 0.68) <

0.0001

*SBP systolic blood pressure
†Mixed effects logistic regression

Table 3 Adjusted odds ratio* for controlled last systolic blood
pressure for model with the interaction term for cohort year and

patients in one cohort versus in multiple cohorts

Interaction Adjusted odds ratio (95% CI) P value

Single cohort
2012–2013 Reference
2013–2014 1.77 (1.16–2.71) 0.008
2014–2015 1.64 (1.02–2.64) 0.041
2015–2016 1.69 (1.10–2.60) 0.016
Multiple cohorts
2012–2013 Reference
2013–2014 1.05 (0.85–1.31) 0.64
2014–2015 1.36 (1.06–1.74) 0.015
2015–2016 2.32 (1.70–3.15) < 0.0001

*Mixed effects logistic regression including all variables in Table 2, a
binary variable for single versus multiple cohort patients and the
interaction with the four-level cohort year variable
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national studies do not show similar improvement in hyper-
tension control over this timeframe. The National Center for
Health Statistics reported that 53.3% of adults were controlled
(< 140/90 mmHg) in 2010–2011, 54.0% in 2013–2014, and
50.8% in 2015–2016.3,17 Third, blood pressures were obtained
from office readings that were repeated when elevated per
guidelines but did not reflect home monitoring.9 Fourth, we
cannot distinguish CCM features that were more effective.
Lastly, only two-thirds of patients achieved SBP control but
we focused only on persons with uncontrolled SBP while on
treatment.
Developing effective models of hypertension care for His-

panics with diabetes is a national priority because of the rising
prevalence of diabetes complicated by hypertension in this US
population, from 4.8% in 1999–2000 to 7.7% in 2011–2012,21

and increasing hypertension-related death.22 This study offers
promising evidence supporting the CCM to improve SBP
control in our minority patient population. However, our prac-
tice redesign was supported by external funding so it is im-
portant for administrators and policymakers to understand that
it may take 3 to 4 years to observe clinical benefits from this
investment in practices serving low-income, minority
populations.
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