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the 
cerebrovascula
r event, pts 
treated with 
anticoagulants 
for a cardiac 
arrhythmia, 
high-grade 
aortic or mitral 
valve stenosis, 
or UA pectoris. 

PROFESS 
Yusuf S, et al., 
2008 (211) 
18753639  

Aim: To evaluate the 
effects of therapy with 
an ARB, telmisartan, 
initiated early after a 
stroke 
 
Study type: Double-
blind RCT  
 
Size: 20,332 pts 

Inclusion 
criteria: Pts 
≥55 y with an 
ischemic stroke 
<90 d before 
randomization 
 
Exclusion 
criteria: 1° 
hemorrhagic 
stroke, severe 
disability after 
the qualifying 
stroke 

Intervention: 
Telmisartan 80 mg 
daily (n=10,146) 
 
Comparator: 
Placebo (n=10,186) 

1° endpoint: Recurrent stroke 
 
Key findings: During mean follow-up of 
2.5 y, mean BP was 3.8/2.0 mm Hg lower 
in telmisartan group vs. placebo group. 
880 pts (8.7%) in telmisartan group vs. 
934 pts (9.2%) in placebo group had a 
subsequent stroke (HR: 0.95; 95% CI: 
0.86–1.04; p=0.23).  

Relevant 2° endpoint: Major CV events 
(death from CV causes, recurrent stroke, MI, 
or new or worsening HF) occurred in 1,367 
pts (13.5%) in telmisartan group vs. 1,463 
pts (14.4%) in placebo group (HR: 0.94; 95% 
CI: 0.87–1.01; p=0.11).  
 
Summary: 
● Therapy with telmisartan initiated soon 
after ischemic stroke and continued for 2.5 y 
did not significantly lower Rate of recurrent 
stroke, or major CV events. 
● Impact of treatment with telmisartan may 
have been affected by the high rate of 
discontinuation of treatment medication 
because of hypotensive symptoms, syncope, 
diarrhea, and nausea experienced in the 
telmisartan arm and the more aggressive 
treatment with other standard 
antihypertensive therapies in the placebo 
arm. Thus, adverse side effects from 
treatment medications may affect quality of 
life and thus medication adherence after 
stroke. 

SPS-3 
Benavente OR, et 
al., 2013 (212) 
23726159 

Aim: To investigate 
effects of different BP 
targets on rate of 
recurrent stroke in pts 

Inclusion 
criteria: Pts 
with recent, 
MRI-defined 
symptomatic 

Intervention: SBP 
target of 130–149 
mm Hg (n=1,519) 
 

1° outcome: All stroke (including 
ischemic strokes and intracranial 
hemorrhages). 
 
Key findings: 

2° outcomes: No difference between target 
groups in disabling or fatal stroke 0.81, (95% 
CI: 0.53–1.23; p=0.32) or composite 
outcome of MI or vascular death 0.84 (95% 
CI: 0.68–1.04; p=0.32). However, 
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Agarwal R, et al., 
2011 (27) 
21115879 

Aim: Quantify both the 
magnitude and 
mechanisms of benefit 
(including effect on 
therapeutic inertia) of 
home BP monitoring on 
BP reduction. 
Therapeutic inertia was 
defined as no change 
in medications 
combined with 
uncontrolled BP. 
 
Study type: 
Systematic review and 
meta-analysis 
 
Size: 37 RCTs with 
9,446 pts. Trial settings 
included community 
(n=5), dialysis unit 
(n=2), general 
practices (n=18), 
hospitals and general 
practice (n=1), and 
hospital-based 
outpatient units (n=11). 

Inclusion criteria: 
Studies that randomized 
pts to control or home BP 
monitoring group 
 
Exclusion criteria: 
Absence of above  

Intervention: Home BP 
monitoring as an adjunct 
to usual care for HTN 
 
Comparator: Usual care 
with BP monitoring in 
clinic 

1° endpoint: Compared with 
usual care alone, home-
based BP monitoring: 
•Reduced SBP: -2.63 mm Hg 
(95% CI: -4.24 – -1.02) and 
• Reduced DBP: -1.68 mm 
Hg (95% CI: -2.58– -0.79) 
• Greater reduction in SBP by 
HBPM interventions was seen 
with added telemonitoring 
(effect size -3.20; 95% CI: -
4.66– -1.73) vs. home BP 
monitoring (effect size -1.26; 
95% CI: -2.20– -0.31; 
p=0.029). This finding is 
relevant to telemonitoring 

2° endpoints:   
• More frequent reductions in 
antihypertensive medication 
(presumably due to identification of 
white coat HTN): RR: 2.02 (95% CI: 
1.32–3.11)  
• Lowered therapeutic inertia (i.e., 
unchanged medication despite 
elevated BP: RR for unchanged 
medication 0.82 (95% CI: 0.68–0.99) 
 
Limitations: Different inclusion and 
exclusion criteria, different BP 
measurement techniques, drug 
titration protocols, pt populations, and 
duration of follow-up across studies 
likely introduced significant 
heterogeneity in effect size. 
 
Summary: Home BP monitoring leads 
to a small but significant reduction in 
SBP and DBP. Greater reduction in 
SBP is seen when HBPM is 
accompanied by specific programs to 
titrate antihypertensive drugs. 1 such 
strategy is telemonitoring, in which BP 
readings obtained at home are 
relayed to the provider who can then 
take appropriate action, thus reducing 
therapeutic inertia. 

 

Data Supplement 65. RCTs and Observational Studies that Report on the Effect of Performance Measures and on Hypertension Control 
(Section 12.4.1) 

Study Acronym; 
Author;  

Year Published 

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Study Intervention (# patients) 
/  

Study Comparator (# patients) 

Endpoint Results 
(Absolute Event Rates, P 
value; OR or RR; & 95% 

CI) 

Relevant 2° Endpoint (if any); 
Study Limitations; 

Adverse Events 

http://www.ncbi.nlm.nih.gov/pubmed/21115879?dopt=Citation
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Svetkey LP, et al., 
2009 (336)  
19920081 

Aim: Study the effect of 
physician intervention 
and/or pt intervention vs. 
usual care, to assess the 
impact of education, 
monitoring, and feedback 
protocol to help improve 
HTN control 
 
Study type: Nested 2×2 
RCT 
 
Size: 8 primary care 
practices, 32 physicians, 
574 pts 

Inclusion criteria: 
Practices: matched pairs 
(intervention vs. usual 
care) by specialty (internal 
medicine vs. family 
physician) and by pt 
socioeconomic mix. All 
physicians were invited to 
participate.  
 
Pt eligibility: ≥25 y, 
hypertensive by billing 
code. 
 
Pt exclusion: Self-
reported CKD, CVD event 
within past 6 mo, 
pregnant, breastfeeding, 
or planning a pregnancy. 

Physician Intervention: 18 mo 
of online training, self-
monitoring, quarterly feedback 
reports. 
 
Pt Intervention: 20 weekly 
group sessions for 6 mo, 
followed by 12 monthly 
telephone counseling contacts, 
focused on weight loss, DASH 
dietary patter, exercise, and 
reduce sodium intake.  
  
Comparator: Usual care 

1° endpoint: Pt 
intervention + physician 
intervention group had 
greatest BP lowering at 6 
mo (-9.7 mm Hg ± 12.7), 
but at 18 mo there was no 
significant difference 
between groups. 
 
1° Safety endpoint: N/A 

• This trial suggests that pt level 
monitoring and feedback, in combination 
with physician level monitoring and 
feedback, provides additional 6 mo BP 
control above and beyond usual care. 
The impact of the intervention diminished 
after the weekly pt group sessions ended 
and monthly telephone calls began 
instead. 

Jaffe MG, et al., 
2013 (329) 
23989679 

Aim: Study the effect of a 
multipronged, system-
based, QI approach on 
HTN control. 
 
Study type: 
Observational 
 
Size: All pts with HTN in 
the KPNC system were 
included 

Inclusion criteria: 
350,000 pts in the KPNC 
system with HTN in 2001, 
increasing to 650,000 in 
2009 
 
Eligibility:  
• ≥2 HTN diagnoses 
coded in primary care 
visits in the prior 2 y 
• ≥1 primary care HTN 
diagnoses and 1 or more 
hospitalizations with a 1° 
or 2° HTN diagnosis in 
the prior 2 y 
• ≥1 primary care HTN 
diagnoses and 1 or more 
filled prescriptions for 
HTN medication within the 
prior 6 mo, or  

Intervention: KPNC HTN 
Program includes: HTN registry, 
HTN control monitoring and 
feedback system, evidence-
based practice guidelines, 
medical assistant BP recheck 
program, and promotion of 
single polypill formulation 
(lisinopril-hydrochlorothiazide) 
  
Comparator: Insured pts in 
California from 2006–2009 who 
were included in the HEDIS 
commercial measurement by 
California health insurance plans 
participating in the NCQA quality 
measure reporting process. A 2º 
comparison group was included 
to obtain the reported national 
mean NCQA HEDIS commercial 
rates of HTN control from 2001–

1° endpoint:  
• HTN control rates in 
KPNC pts with HTN 
improved from 43.6% 
(95% CI: 39.4%–48.6%) in 
2001 to 80.4% (95% CI: 
75.6%–84.4%) by the end 
of the study period 
(p<0.001 for trend). 
• By comparison, national 
mean NCQA HEDIS 
commercial measurement 
HTN control increased 
from 55.4%–64.1%.  
• California mean NCQA 
HEDIS commercial rates 
of HTN control were 
similar to those reported 
nationally from 2006–2009 
(63.4%–69.4%). 
 

• A system-based approach to HTN 
control that includes performance 
measurement and QI strategies led to a 
significant improvement in HTN control 
(80%, compared to 44% baseline control) 
in a large population of pts in a managed 
care health plan. 

http://www.ncbi.nlm.nih.gov/pubmed/19920081?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/23989679?dopt=Citation
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• ≥1 primary care HTN 
diagnoses and 1 or more 
stroke-related 
hospitalizations or a 
history of coronary 
disease, HF, or DM 

2009 from health plans that 
participated in the NCQA HEDIS 
quality measure reporting 
process. 

1° Safety endpoint: N/A 

Lusignan Sd, et 
al., 2013 (337) 
23536132 

Aim: Study the effect of 
an audit-based education 
intervention to 
guidelines/prompts, vs. 
usual care, to help 
improve BP control in pts 
with CKD 
 
Study type: Cluster RCT 
 
Size: 93 general 
practices (30 audit-based 
education intervention, 32 
Guidelines/prompts, and 
31 usual care) 

Inclusion criteria: All pts 
with CKD in the 
participating practices 

Intervention: Audit-based 
education vs. 
guidelines/prompts 
 
Comparator: Usual care 

1° endpoint: SBP was 
significantly lower in the 
audit-based education 
group (-2.41 mm Hg; 95% 
CI: 0.59–4.29). There was 
no significant change in 
BP in the other 2 groups. 
 
1° Safety endpoint: No 
reports of harm. 

• This trial suggests that an intervention 
that includes specific performance and 
feedback reports improves BP control in 
pts with CKD, compared to usual care. 
To the contrary, the use of practice 
guidelines and prompts did not improve 
BP control compared to usual care. 

 

Data Supplement 66. RCTs, Meta-analyses, and Systematic Reviews on Quality Improvement Strategies on Hypertension Treatment Outcomes 
(Section 12.4.2) 

Study Acronym; 
Author;  

Year Published 

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Study Intervention (# 
patients) /  

Study Comparator (# 
patients) 

Endpoint Results 
(Absolute Event Rates, P 

value; OR or RR; & 95% CI) 

Relevant 2° Endpoint (if any); 
Study Limitations; 

Adverse Events Summary 

Walsh JM, et al., 
2006 (338) 
16799359 

Aim: Assess the 
effectiveness of QI 
strategies in lowering 
BP 
 
Study type: 
Systematic review  
 

Inclusion criteria: Trials, 
controlled before–after 
studies, and interrupted 
time series evaluating QI 
interventions targeting 
HTN control and reporting 
BP outcomes. 
 

Intervention: QI 
interventions targeting 
some component of 
provider behavior or 
organizational change to 
improve HTN control 
  
Comparator: 
Contemporaneous 

• The majority of articles 
described interventions 
consisting of more than 1 
strategy with the median 
number of QI strategies per 
comparison =3. Results are 
organized below by type of QI 
strategy. 
• Variety of strategies used 

Limitations: Studies varied by 
design, population, sample size, 
setting, and methodological quality. 
Definition of each QI strategy varied 
across studies. Few studies assessed 
a single QI strategy; because most 
studies included more than 1 QI 
strategy, it could not be discerned 
which individual QI strategies had the 

https://www.ncbi.nlm.nih.gov/pubmed/?term=23536132
http://www.ncbi.nlm.nih.gov/pubmed/16799359?dopt=Citation
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Size: 44 articles 
reporting 57 
comparisons 

Exclusion criteria: 
Articles focusing only on 
2º HTN or specialized 
subpopulations (e.g., HTN 
in pts with alcoholism) 

observation of cohorts 
differing primarily with 
respect to exposure to 
the QI intervention 

SBP/DBP, median reduction: 
4.5 mm Hg (IQR: 1.5–11.0)/ 
2.1 mm Hg (IQR: -0.2–5.0) 
SBP/DBP control: 16% (IQR: 
10.3–32.2)/ 6% (IQR: 1.5–
17.5) 
• Provider reminders 
SBP/DBP, median reduction: 
1.2 mm Hg (IQR: 1.0–1.9)/ 0.3 
mm Hg (IQR: -0.2–1.7) 
DBP control: 5% (IQR: 2.0–
7.0) 
• Facilitated relay of clinical 
data 
SBP/DBP, median reduction: 
8.0 mm Hg (IQR: 2.5–12.3)/ 
1.8 mm Hg (IQR: -0.1–4.5) 
SBP/DBP control: 25% (IQR: 
17.0–34.2)/ 2% (IQR: 1.6–5.0) 
• Audit and feedback  
SBP/DBP, median reduction: 
1.5 mm Hg (IQR: 1.2–1.7)/ 0.6 
mm Hg (IQR: 0.4–1.0) 
SBP/DBP control: -3.5% (IQR: 
-5.7–1.4)/ 2.0% (IQR: 1.7–4.3) 
• Provider education  
SBP/DBP, median reduction: 
3.3 mm Hg (IQR: 1.2–5.4)/ 0.6 
mm Hg (IQR: -0.7v3.4) 
SBP/DBP control: 11% (IQR: 
1.4–13.1)/ 4% (IQR: 1.7–11.3) 
• Pt education  
SBP/DBP, median reduction: 
8.1 mm Hg (IQR: 3.3–11.8)/ 
3.8 mm Hg (IQR: 0.6–6.7)  
SBP/DBP control: 19% (IQR: 
11.4–33.2)/ 17% (IQR: 11.4–
24.5) 
• Promotion of self–
management 

greatest effects or whether certain 
combinations of individual QI 
strategies were more “potent” than 
others. 
 
Summary: QI strategies are 
associated with improved HTN 
control. QI strategies improved SBP 
and the proportion of pts achieving 
SBP control and had a more modest 
effect on DBP and the proportion of 
pts achieving DBP control. Team 
change (i.e., a focus on HTN by 
someone in addition to the pt’s 
physician) had the largest effect on 
both SBP and DBP. All of the 
strategies assessed may be beneficial 
in terms of clinically meaningful 
reductions in BP under some 
circumstances and in varying 
combinations. 
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SBP/DBP, median reduction: 
3.3 mm Hg (IQR: 2.6–10.1)/ 
2.8 mm Hg (IQR: 0.4–6.7) 
SBP/DBP control: 13%/ 9% 
(IQR: 5.3–11.4) 
• Pt reminders  
SBP/DBP, median reduction: 
3.3 mm Hg (IQR: 2.3–4.5)/ 0.4 
mm Hg (IQR: -2.4–5.0) 
DBP control: 2% (IQR: 1.1–
9.4) 
• Team change  
SBP/DBP, median reduction: 
9.7 mm Hg (IQR: 4.2–14.0) 
(p<0.05)/ 4.2 mm Hg (IQR: 
0.2–6.8) (p<0.05) 
SBP/DBP control: 22% (IQR: 
9.0–33.8)/ 17% (IQR: 5.7–
24.5) 
• Financial incentives 
SBP/DBP, median reduction: -
13.3 mm Hg/ 0.0 mm Hg (IQR: 
-2.0–2.5) 
DBP control: 4% (IQR: -1.1–
9.4) 
 
Safety endpoint: N/A 

Carter BL, et al., 
2009 (321) 
19858431 

Aim: Determine 
potency of 
interventions for BP 
involving nurses and 
pharmacists 
 
Study type: Meta-
analysis 
 
Size: 37 RCTs of 
team-based HTN care 
involving nurse or 

Inclusion criteria: RCT of 
team-based HTN care 
involving nurse or 
pharmacist intervention 
 
Exclusion criteria: 
Absence of above  

Intervention: Team-
based HTN care 
involving nurse or 
pharmacist intervention 
In nearly all studies 
involving nurses or 
pharmacists in clinics, 
consistent and dedicated 
case management 
activities were provided 
that were distinct from 
traditional nursing or 

1° endpoint:   
• OR (95% CI) for controlled 
BP were: nurses: 1.69 (1.48, 
1.93); pharmacists within 
primary care clinics: 2.17 
(1.75, 2.68); and community 
pharmacists: 2.89 (1.83, 4.55).  
• Mean (SD) reductions in 
SBP were: nurse intervention: 
5.84 (8.05) mm Hg;  
pharmacists in clinics: 
7.76(7.81) mm Hg; and 

• Stepwise regression was used to 
compare studies that included a given 
intervention strategy with studies that 
did not. Several individual 
components of the interventions were 
associated with significant reductions 
in mean SBP including pharmacist 
recommended medication to physician 
(-27.21 mm Hg; p=0.002), counseling 
about lifestyle modification (-12.63 
mm Hg; p=0.03), pharmacist 
performed the intervention (-11.70 mm 
Hg; p=0.03), use of a treatment 

http://www.ncbi.nlm.nih.gov/pubmed/19858431?dopt=Citation
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pharmacist 
intervention 

pharmacist duties. 
However, pharmacists 
in community 
pharmacies usually had 
to incorporate the 
intervention with 
traditional medication 
dispensing functions. 
 
Comparator: Usual care 

community pharmacists: 9.31 
(5.00) mm Hg.  
• There were no significant 
differences between nurse 
and pharmacist effects 
(p≥0.19). 
 
Safety endpoint: N/A 

algorithm (-8.46 mm Hg; p<0.001), 
completion of a drug profile and/or 
medication history (-8.28 mm Hg; 
p=0.001), and the overall intervention 
potency score assigned by the study 
reviewers (p<0.001). The factors 
associated with a reduction in DBP 
were: referral was made to a specialist 
(−19.61 mm Hg; p=0.04), providing pt 
education about BP medications (-
17.60 mm Hg; p=0.003), completion of 
a drug profile and/or medication 
history (-7.27 mm Hg; p=0.006), 
pharmacist performed the intervention 
(-4.03 mm Hg; p=0.04), or nurse 
performed the intervention (-3.94 mm 
Hg; p=0.04). 
 
Summary: Interventions involving 
pharmacists or nurses were 
associated with significantly improved 
BP control. 

Agarwal R, et al., 
2011 (27) 
21115879 

Aim: Quantify both the 
magnitude and 
mechanisms of benefit 
(including effect on 
therapeutic inertia) of 
home BP monitoring 
on BP reduction. 
Therapeutic inertia 
was defined as no 
change in medications 
combined with 
uncontrolled BP. 
 
Study type: 
Systematic Review 
and Meta-analysis 
 

Inclusion criteria: 
Studies that randomized 
pts to control or home BP 
monitoring group 
 
Exclusion criteria: 
Absence of above  

Intervention: Home BP 
monitoring as an adjunct 
to usual care for HTN 
 
Comparator: Usual care 
with BP monitoring in 
clinic 

1° endpoint: Compared with 
usual care alone, home-based 
BP monitoring: 
• Reduced SBP: -2.63 mm Hg 
(95% CI: -4.24– -1.02) and 
• Reduced DBP: -1.68 mm Hg 
(95% CI: -2.58– -0.79) 
• Greater reduction in SBP by 
home BP monitoring 
interventions was seen with 
added telemonitoring effect 
size: -3.20 (95% CI: -4.66– -
1.73) vs. home BP monitoring 
effect size: -1.26; 95% CI: -
2.20– -0.31; p=0.029.  
 
Safety endpoint: N/A  

2° endpoints:   
• More frequent reductions in 
antihypertensive medication 
(presumably due to identification of 
white coat HTN): RR: 2.02; 95% CI: 
1.32–3.11  
• Lowered therapeutic inertia (i.e., 
unchanged medication despite 
elevated BP: RR for unchanged 
medication 0.82 (95% CI: 0.68–0.99) 
 
Limitations: Different inclusion and 
exclusion criteria, different BP 
measurement techniques, drug 
titration protocols, pt populations, and 
duration of follow-up across studies 
likely introduced significant 
heterogeneity in effect size. 

http://www.ncbi.nlm.nih.gov/pubmed/21115879?dopt=Citation
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Size: 37 RCTs with 
9446 pts. Trial settings 
included community 
(n=5), dialysis unit 
(n=2), general 
practices (n=18), 
hospitals and general 
practice (n=1), and 
hospital-based 
outpatient units (n=11). 

 
Summary:  
• Home BP monitoring leads to small 
but significant reduction in SBP and 
DBP. Greater reduction in SBP is 
seen accompanied by specific 
programs to titrate antihypertensive 
drugs. One such strategy is 
telemonitoring, in which BP readings 
obtained at home are relayed to the 
provider who can then take 
appropriate action. 

Anchala R, et al., 
2012 (339) 
23071713 

Aim: Evaluate the role 
of decision support 
systems in prevention 
of CVD among pts 
 
Study type: 
Systematic review and 
meta-analysis 
 
Size: 10 studies with 5 
studies reporting effect 
on BP (BP results only 
reported here) 

Inclusion criteria: 1) 
Cross-sectional, case 
control, cohort, and RCTs, 
2) Studies conducted 
among adult pts ≥18, 3) 
studies on prevention of 
CV disorders (MI, stroke, 
CHD, peripheral vascular 
disorders and HF) and 
management of HTN, 4) 
studies on interventions 
including: decision support 
systems, clinical decision 
supports systems, 
computerized decision 
support systems, clinical 
decision making tools and 
medical decision making 
 
Exclusion criteria: 
Absence of above 

Intervention: Decision 
support systems, clinical 
decision supports 
systems, computerized 
decision 
support systems, clinical 
decision making tools 
and medical decision 
making in the 
management of HTN 
 
Comparator: Usual care 

1° endpoint:  
• Reduction in SBP (5 
studies): 2.32 mm Hg (95% 
CI: -3.96– -0.69) 
• Reduction in DBP (2 
studies): 0.42 mm Hg (95% 
CI: -2.30–1.47) 
 
Safety endpoint: N/A 

Limitations: 
• Small number of studies of varied 
quality. 
• Interventions varied across studies. 
 
Summary: Clinical decision support 
resulted in modest reduction of SBP 
and no significant reduction of DBP. 

Proia KK, et al., 
2014 (323) 
24933494 

Aim: Examine current 
evidence on the 
effectiveness of team-
based care in 
improving BP 
outcomes (update of 

Inclusion criteria: Study 
of team-based care; 
conducted in a high-
income economy; reported 
at least 1 BP outcome of 
interest; included a 
comparison group or had 

Intervention: Team-
based care was defined 
as adding new staff or 
changing the roles of 
existing staff to work with 
a PCP for HTN care. 
Team members who 

1° endpoint:   
• Proportion with controlled 
BP: Absolute percentage point 
(pct pt) change in pts with 
controlled BP from 33 studies 
comparing team-based care to 
usual care: median effect 

2° endpoints: Compared with pts in 
usual care, the proportion of pts 
receiving team-based care with “high” 
medication adherence (defined as 
taking medications as prescribed 
>80% of the time) increased by a 
median of 16.3 pct pts (9 studies). 

http://www.ncbi.nlm.nih.gov/pubmed/23071713?dopt=Citation
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prior systematic 
review) 
 
Study type: 
Systematic review 
 
Size: 52 studies of 
team-based primary 
care for pts with 1° 
HTN 

an interrupted time-series 
design with at least 2 
measurements before and 
after the intervention; 
targeted populations with 
1° HTN or populations 
with comorbid conditions 
such as DM as long as the 
primary focus of the 
intervention was BP 
control; and did not  
 
Exclusion criteria: 
Inclusion of populations 
with 2º HTN (e.g., 
pregnancy) or with a 
history of CVD (e.g., MI) 

collaborated with pts and 
PCPs were 
predominantly nurses 
(28 studies); 
pharmacists (15 
studies); both nurses 
and pharmacists (5 
studies); or community 
health workers, 
integrated care 
managers, or behavioral 
interventionists (4 
studies). Key roles 
included HTN 
medication 
management, active pt 
follow-up, and 
adherence and self-
management support. 
Interventions were 
usually implemented 
across multiple settings 
in the healthcare system 
and in the community, 
where they were 
implemented in 
pharmacies and through 
home outreach visits. 
 
Comparator: Usual care 

estimate was 12 pct pts 
(IQI=3.2–20.8 pct pts). Most 
individual effect estimates in 
the favorable direction were 
significant (p<0.05). 
• Reduction in SBP (44 
studies): The median 
reduction in SBP was 5.4 mm 
Hg (IQI=2.0–7.2 mm Hg). 
Most individual effect 
estimates were significant 
(p<0.05). 
• Reduction in DBP: The 
overall median reduction in 
DBP was 1.8 mm Hg 
(IQI=0.7–3.2 mm Hg) from 38 
studies. 
 
Safety endpoint: No harm to 
pts was identified from team-
based care interventions in the 
included studies or the 
broader literature. 

 
Stratified analyses for BP 
outcomes: 
• Team member role in medication 
management: Larger improvements in 
BP outcomes than overall estimates 
were demonstrated when team 
members could make changes to 
medications independent of the PCP 
or team members could provide 
medication recommendations and 
make changes with the PCP’s 
approval as compared to team 
members providing only adherence 
support and information on medication 
and HTN. 
• Number of team members added: 
Adding ≥2 members demonstrated 
larger improvements in the proportion 
of pts with controlled BP and reduction 
in DBP compared to adding only 1; 
median reductions in SBP were 
similar regardless of team size. 
• Improvement in the proportion of pts 
with controlled BP was similar for 
studies from both healthcare and 
community settings. 
 
Limitations: Included studies 
reported significant differences in pt 
demographics between intervention 
and comparison groups at baseline, 
possible contamination within 
intervention and comparison groups, 
and issues related to inadequate 
description of populations and 
implemented interventions. 
 
Summary: There is strong evidence 
that team-based care is effective in 
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improving BP outcomes, especially 
when pharmacists and nurses are part 
of the team. 

 

Data Supplement 67. Nonrandomized Trials, Observational Studies, and/or Registries of Effect of Quality Improvement Strategies on 
Hypertension Treatment Outcomes (Section 12.4.2) 

Study Acronym; 
Author;  

Year Published 

Study Type/Design; 
Study Size (N) 

Patient Population Primary Endpoint and Results 
(include P value; OR or RR;  

& 95% CI) 

Summary/Conclusion 
Comment(s) 

Thomas KL, et al., 
2014 (340) 
25351480 

Study type: Community-
based HTN QI program 
[multifaceted BP control 
program using a web-based 
health portal (Heart360), 
community health coaches, 
and PA guidance] to improve 
HTN control in a diverse 
community setting 
 
Design: Pre-post study 
without a concurrent control 
 
Size: 1756 pts with HTN from 
8 clinics: 
• Median age, 60 y 
• Female, 65.6% 
• African American, 76.1% 

Inclusion criteria: 
Individuals from pt sites 
>18 y with a previous 
billing diagnosis of HTN 
(ICD-9 code 401.X) or 
a previous clinical 
diagnosis of HTN in the 
medical record. 
 
Exclusion criteria: Did 
not reside in Durham 
County or had a 
neurocognitive disorder 
that prevented 
enrollment 

1° endpoint: 1) Difference in SBP and DBP from 
enrollment (BP obtained in the clinic at enrollment) to 
the last BP as measured in clinic within 6 mo after 
enrollment, 2) proportion of pts that achieved BP 
<140/90 mm Hg by last clinic visit within 6 mo, and 3) 
proportion of pts with BP <140/90 mm Hg or drop in 
SBP ≥10 mm Hg by last visit relative to their 
enrollment BP. 
 
Results:   
• Mean change in BP: -4.7 mm Hg (SD ± 21.4) / -2.8 
mm Hg (SD ± 11.8) after 6 mo 
• BP control (<140/90 mm Hg) rate: Increased from 
51% at baseline to 63% at 6 mo 
• Proportion with BP<140/90 or ≥10 mm Hg decrease 
in SBP at 6 mo was 69% 
• Among those who were in tiers 1 (BP=140/90–
159/99 mm Hg) and 2 (BP≥159/99 mm Hg) at 
enrollment (n=889), BP change was -8.8 mm Hg (SD ± 
15.8) / -5.0 mm Hg (SD ± 10.0) and -23.7 mm Hg (SD 
± 26.5) / -10.1 mm Hg (SD ± 14.1), respectively. 

Summary: A multicomponent-
tiered HTN program that included 
team-based care with PAs and 
community health coaches was 
associated with improved BP 
control in a diverse community-
based population. Though the 
web-based approach presented 
technical challenges for some 
pts, there was a direct 
association between higher use 
of Heart360 and larger recorded 
BP declines as entered into 
Heart360. This provides some 
indirect evidence that those pts 
who were more engaged with 
their BP self-monitoring achieved 
better BP control.  

Jaffe MG, et al., 2013 
(329) 
23989679 

Study type: Quasi-
experimental evaluation of 
multi-faceted QI program that 
included 1) Health system-
wide HTN registry, 2) HTN 
control rates (with provider 
audit and feedback), 3) 

Inclusion criteria: Pts 
identified with HTN 
within an integrated 
health care delivery 
system (KPNC) from 
2001–2009 
 

1° endpoint: BP control using NCQA HEDIS 
measures 
 
Results: BP control increased from 44%–80% from 
2001–2009 with the KPNC QI program compared to 
55.4% to 64.1% for the national mean and 63.4% to 

Summary: Implementation of a 
large-scale HTN program was 
associated with a significant 
increase in HTN control 
compared with state and national 
control rates. 

http://www.ncbi.nlm.nih.gov/pubmed/25351480?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/23989679?dopt=Citation
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evidence-based practice HTN 
guideline, 4) medical assistant 
visits for follow-up 
measurements with no pt 
copayment for these follow-up 
visits, and 5) promotion of 
single-pill combination 
therapy. 
 
Design: Contemporaneous 
control group external to 
healthcare system 
 
Size: Kaiser HTN registry 
increased from 349,937 pts in 
2001 to 652,763 in 2009. 

Exclusion criteria: 
None stated  

69.4% for the Ca mean from 2006 to 2009 NCQA 
HEDIS commercial measurement comparison groups.  

 

Data Supplement 68. RCTs Comparing Financial Incentives (Section 12.5) 

Study Acronym; 
Author;  

Year Published 

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Study Intervention (# 
patients) / 

Study Comparator (# 
patients) 

Endpoint Results (Absolute 
Event Rates, P value; OR or 

RR; & 95% CI) 

Relevant 2° Endpoint (if any); 
Study Limitations; Adverse 

Events Summary 

Peterson LA, et al., 
2013 (341) 
24026599 
 
Hysong, SJ, et al., 
2012 (342) 
23145846 

Aim: To test the effect 
of explicit financial 
incentives to reward 
guideline 
recommended HTN 
care. 
 
Study type: Cluster 
randomized trial of 12 
VA Outpatient clinics 
with 5 performance 
periods and a 12-mo 
washout 
 
Size: 83 PCPs and 42 
nonphysician 

• Study population was 
providers, not pts: a 
minimum of 5 fulltime 
PCPs from 12 hospital-
based primary care clinics 
in 5 A Networks. Then, 
the clinics were 
randomized to 1 of 4 
study groups, 1) physician 
level (individual) 
incentives, 2) practice-
level incentives, 3) 
physician-level plus 
practice-level (combined) 
incentives, and 4) no 
incentives (control).  

Interventions: 
Education, Financial 
Incentives, Audit and 
Feedback; Intervention 
group pts received up to 
5 incentive payments in 
their paychecks ~every 
4 mo and were notified 
each time a payment 
was posted. 
  
Comparator: 4 different 
groups,1 paid incentives 
at the practice level,1 
paid incentives at the 
physician level, 1 paid 

1° endpoint: In unadjusted 
analyses, the percentage of pts 
either with controlled HTN or 
receiving an appropriate 
response increased for each 
incentive group between 
baseline and final performance 
period, 75% to 84% in the 
individual group, 80% to 85% in 
the practice group, and 79% 
to88% in the combined group. 
Performance did not change in 
control group, 86%. The 
adjusted estimated ab-solute 
change over the study of the pts 
meeting the combined BP or 

Summary:  
• Mean (SD) total payments over the 
study were $4,270 ($459), $2672 
($153), and $1,648 ($248) for the 
combined, individual, and practice-
level interventions, respectively. 
Change in BP control or appropriate 
response to uncontrolled BP 
compared with the control group was 
significantly greater only in the 
individual incentives group. Change 
in guideline-recommended 
medication use was not significant 
compared with the control group. 
The effect of the incentive was not 
sustained after a washout. 

http://www.ncbi.nlm.nih.gov/pubmed/24026599?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/23145846
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personnel (e.g., 
nurses, pharmacists). 
 
Main Outcomes and 
Measures: Among a 
random sample, 
number of pts 
achieving guideline-
recommended BP 
thresholds or receiving 
an appropriate 
response to 
uncontrolled BP, 
number of pts 
prescribed guideline-
recommended 
medications, and 
number who developed 
hypotension. 

for both levels and the 
4th paid no incentives. 
(19–20 physicians in 
each group) 

appropriate response measure 
was 8.84% (95% CI: 4.20%–
11.80%) for the individual group, 
3.70% (95% CI: 0.24%, 7.68%) 
for the practice group, 5.54% 
(95% CI: 1.92%–9.52%) for the 
combined group, and 0.47% 
(95% CI: −3.12%–4.04%) for the 
control group. The adjusted 
estimated absolute difference 
over the study in the change 
between the proportion of the 
physician’s pts achieving BP 
control or receiving an 
appropriate response for the 
individual incentive group and 
the controls was 8.36% (95% 
CI: 2.40%–13.00%; p=0.005). 
 
1° Safety endpoint: N/A 

• Financial incentives may constitute 
an insufficiently strong intervention to 
influence goal commitment when 
providers attribute performance to 
external forces beyond their control. 

Karunaratne K, et 
al., 2013 (343) 
23658247 

Aim: The aim of this 
study was to evaluate 
the effectiveness of 
renal indicators 
outlined in P4P on the 
management of HTN in 
primary care. To 
estimate the cost 
implications of the 
resulting changes in 
prescribing patterns of 
antihypertensive 
medication following 
introduction of such 
indicators. 
 
Study type: 
Prospective cohort 
study using a large 
primary care database. 

Inclusion criteria: A total 
of 10,040 pts had 
confirmed stage 3–5 CKD 
in the 2 y pre-QOF and 
formed the study cohort. 
 
Exclusion criteria: None  

Intervention: The 
implementation of 
national estimated GFR 
reporting and the 
inclusion of renal-
specific indicators in a 
primary care P4P 
system since April 2006 
has promoted 
identification and better 
management of risk 
factors related to CKD. 
In the UK, the P4P 
framework is known as 
the QOF. 
  
Comparator: N/A 

• Mean age of the cohort at the 
start of the study period was 
64.8 y, 55% were female. In 
those pts with stage 3–5 CKD 
83.9% were hypertensive, 
defined by a pre-P4P BP of 
>140/85 or currently taking 
antihypertensive medication. 
The proportion of pts with CKD 
3–5 attaining the BP target of 
145/80 increased from 41.5% in 
the pre-QOF period to 50.0% in 
the post-QOF period. This 
increase was even more marked 
for those with HTN in the pre-
QOF period (28.8%–45.1%). In 
the hypertensive pts, mean BP 
fell from 146/79 mm Hg to 
140/76 in the first 2 y post-P4P 
[p<0.01, analysis of variance]. 

Summary: Population BP control 
has improved since the introduction 
of P4P renal indicators, and this 
improvement has been sustained. 
This was associated with a 
significant increase in the use of 
antihypertensive medication, 
resulting in increased prescription 
cost. Longer-term follow-up will 
establish whether or not this 
translates to improved outcomes in 
terms of progression of CKD, CVD 
and pt mortality. 
 

http://www.ncbi.nlm.nih.gov/pubmed/23658247?dopt=Citation
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This cohort was taken 
from a database 
collated as part of a 
clinical decision 
support system used to 
assist the management 
of CKD in primary care. 
 
Size: 90,250 pts on 
general practitioner 
registers with a valid 
serum creatinine 
estimation in the 6-y 
study period. A total of 
10 040 pts had 
confirmed stage 3–5 
CKD in the 2 y pre-
QOF and formed the 
study cohort. 

BP reduction was sustained in 
the last 2 y of the study, 139/75 
(p<0.01, analysis of variance). 
The proportion of hypertensive 
pts taking ACEIs or angiotensin 
blockers increased, this was 
also sustained in the third time 
period. An increase in the 
prescribing of diuretics, CCBs 
and BBs was also observed. 
The additional cost of increased 
prescribing was calculated to be 
euro 25.00 per hypertensive pt 
based on GP prescription data. 

Serumaga B, et 
al., 2011 (344) 
21266440 

Aim: The aim of this 
study was to evaluate 
the effectiveness of 
renal indicators 
outlined in P4P on the 
management of HTN in 
primary care. To 
estimate the cost 
implications of the 
resulting changes in 
prescribing patterns of 
antihypertensive 
medication following 
introduction of such 
indicators. 
 
Study type: 
Interrupted time series 
study  
 

Inclusion criteria: Pts 
with HTN diagnosed 
between Jan. 2000–Aug. 
2007. 
 
Exclusion criteria: None  

Intervention: The UK 
P4P incentive (the 
Quality and Outcomes 
Framework), which was 
implemented in April 
2004 and included 
specific targets for 
general practitioners to 
show high quality care 
for pts with HTN (and 
other diseases). 
  
Comparator: None  

• After accounting for secular 
trends, no changes in BP 
monitoring: level change: 0.85 
(95% CI: −3.04–4.74), p=0.669 
and trend change: −0.01, (95% 
CI: −0.24–0.21), p=0.615, 
control: −1.19 (95% CI: -2.06–
1.09), p=0.109 and −0.01 (95% 
CI: −0.06–0.03), p=0.569, or 
treatment intensity; 0.67: (95% 
CI: −1.27–2.81), p=0.412 and 
0.02 (95% CI: −0.23–0.19, 
p=0.706 were attributable to 
P4P. P4P had no effect on the 
cumulative incidence of stroke, 
MI, renal failure, HF, or all-
cause mortality in both 
treatments experienced and 
newly treated subgroups. 

Summary: Good quality of care for 
HTN was stable or improving before 
P4P was introduced. P4P had no 
discernible effects on processes of 
care or on HTN related clinical 
outcomes. Generous financial 
incentives, as designed in the UK 
P4P policy, may not be sufficient to 
improve quality of care and 
outcomes for HTN and other 
common chronic conditions. 

http://www.ncbi.nlm.nih.gov/pubmed/21266440?dopt=Citation
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Size: 470,725 pts with 
HTN diagnosed 
between Jan 2000–
Aug 2007. 

Bardach NS, et al., 
2013 (327) 
24026600 

Aim: To assess the 
effect of P4P 
incentives on quality in 
EHR-enabled small 
practices in the context 
of an established QI 
initiative. 
 
Study Type & Size: A 
cluster-randomized trial 
of small (<10 
clinicians) primary care 
clinics in New York City 
from April 2009–March 
2010.  

• Participating clinics 
(n=42 for each group) had 
similar baseline 
characteristics, with a 
mean of 4,592 (median, 
2,500) pts at the 
intervention group clinics 
and 3,042 (median, 
2,000) at the control 
group clinics. 

• A city program 
provided all participating 
clinics with the same 
EHR software with 
decision support and pt 
registry functionalities 
and QI specialists 
offering technical 
assistance. 
• Incentivized clinics 
were paid for each pt 
whose care met the 
performance criteria, but 
they received higher 
payments for pts with 
comorbidities, who had 
Medicaid insurance, or 
who were uninsured 
(maximum payments: 
$200/pt; 100,000/clinic). 
Quality reports were 
given quarterly to both 
the intervention and 
control groups. 

• Intervention clinics had greater 
adjusted absolute improvement 
in rates of appropriate 
antithrombotic prescription 
12.0% vs. 6.1%, difference: 
6.0% (95% CI: 2.2%–9.7%; 
p=0.001 for interaction term), BP 
control (no comorbidities): 9.7% 
vs. 4.3%, difference: 5.5% (95% 
CI: 1.6%–9.3%; p=0.01 for 
interaction term); with DM: 9.0% 
vs. 1.2%, difference: 7.8% (95% 
CI: 3.2%–12.4%; p=0.007 for 
interaction term); with DM or 
ischemic vascular disease: 9.5% 
vs. 1.7%, difference: 7.8% (95% 
CI: 3.0%–2.6%; p=0.01 for 
interaction term), and in 
smoking cessation interventions 
(12.4% vs. 7.7%), difference: 
4.7% (95% CI: −0.3%–9.6%; 
p=0.02 for interaction term). 
Intervention clinics performed 
better on all measures for 
Medicaid and uninsured pts 
except cholesterol control, but 
no differences were statistically 
significant. 

Summary: In our study, although the 
effect of the intervention was lower 
than the 10% improvement that we 
estimated a priori, the absolute risk 
reduction for BP control among pts 
with DM was 7.8% (NNT, 13). This 
suggests that, for every 13 pts 
seeing incentivized clinicians, 1 more 
pt would achieve BP control. The 
7.8% absolute change in BP control 
for pts with DM represents a 46% 
relative increase in BP control 
among intervention pts compared 
with the baseline of 16.8%. Further 
research is needed to determine 
whether this effect of the P4P 
intervention on BP control increases 
or decreases over time. However, 
this NNT to achieve BP control 
through incentives, taken together 
with the large relative increase in 
percentage of pts with BP control 
and the potential effect of BP control 
on risk of ischemic vascular events, 
suggests a reasonable opportunity to 
reduce morbidity and mortality 
through P4P as structured in this 
study. 
 
Limitations: Some clinics exited the 
program after randomization, with 
more control clinics leaving than 
intervention clinics. Additionally, this 
intervention occurred in the setting of 
a voluntary QI program. This may 
reflect a high level of intrinsic 
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motivation to improve among 
practices in the study, as 
demonstrated by engagement with 
the QI specialists 

Maimaris W, et al., 
2013 (345) 
23935461 

Aim: To assess 
strategies for 
influencing HTN care 
including procurement 
of essential 
medications, the 
existence of simple 
national guidelines for 
HTN management, 
introduction of financial 
incentives for health 
care practitioners to 
diagnose or treat HTN, 
and enhanced health 
insurance coverage. 
 
Study type: 
Systematic review 
examining the effect of 
national or regional 
health system 
arrangements on HTN 
care and control 

Study selection criteria 
based on: 1) HTN 
awareness. Defined as 
pts with clinically 
measured hypertensives 
who have been 
diagnosed by a health 
care professional as 
hypertensive. 2) HTN 
treatment. Defined as the 
use of at least 1 
antihypertensive 
medication in a pt with 
known HTN. 3) 
Antihypertensive 
medication adherence. 
Defined as consistently 
taking the 
antihypertensive 
medication regimen as 
prescribed by the health 
care provider. 4) HTN 
control: defined as the 
achievement of 
BP<140/90 mm Hg (or 
other explicitly defined 
threshold) in individuals 
being treated for HTN, or, 
alternatively, measured 
by the mean BP amongst 
individuals with HTN. 

• The screening 
process is described 
using an adapted 
PRISMA flowchart. 
5,514 articles were 
screened by title and 
abstract for inclusion. 
The full text of 122 of 
the 5,514 articles was 
obtained and assessed 
for eligibility. 53 studies 
met eligibility criteria for 
this review. 51 of the 
included studies were 
quantitative and 2 were 
qualitative. Of the 51 
quantitative studies, 1 
was an RCT; 12 were 
cohort studies, 2 of 
which were 
retrospective; 3 were 
case-control studies; 32 
were cross-sectional 
studies; and 3 were 
ecological studies. 42 of 
the 53 studies (79%) 
were carried out in 
countries classified by 
the World Bank as high-
income countries, 36 of 
which were in the U.S. 6 
studies were carried out 
in upper middle-income 
countries, 3 in lower 
middle-income 

• Health insurance status: 15 
cross-sectional studies reported 
comparisons of HTN outcomes 
in insured and uninsured pts. 8 
of these 15 studies reported that 
insurance was associated with 
improved HTN treatment, 
control or medication 
adherence. The 7 other cross-
sectional studies that compared 
HTN outcomes in insured pts 
and uninsured pts, reported no 
significant negative or positive 
associations between insurance 
status and HTN outcome.  
• Medication costs or 
medication co-payments: All 6 of 
these studies reported 
significant associations between 
reduced co-payments or costs 
and improved HTN control or 
medication adherence. 
• Co-payments for medical care: 
14 quantitative studies 
measured the association of 
medication co-payments or 
costs with HTN control or 
treatment adherence, 9 of which 
were set in the U.S., and 1 in 
each of Cameroon, China, 
Finland, Israel, and Brazil. 2 of 
the 14 studies had a low risk of 
bias. 7 of the 14 studies were 
cohort studies, 1 was a case-
control study, and 6 were cross-
sectional studies. All 7 cohort 

• Although lacking longitudinal 
studies, we found a large positive 
association between having a routine 
physician or place of care for HTN 
management and treatment, 
awareness, control, and adherence 
to antihypertensive treatment, again 
in the U.S. publication and reporting 
bias noted by authors.  
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countries, and 1 in a 
low-income country. 

studies reported associations 
between increased medication 
costs or co-payments and 
reductions in HTN control or 
reduced adherence to 
antihypertensive medication, 
although for 1 of these 7 cohort 
studies, the association between 
increased copayments and 
reduced medication adherence 
was only found for low 
medication co-payments, and at 
high co-payment levels 
medication adherence was 
actually found to increase (OR 
for medication adherence vs. 
baseline of 1 for $0 co-
payments was 0.72 for $1–$9 
co-payments (p=0.05), 1.02 for 
$10–$29 co-payments (p=0.05), 
and 1.32 for co-payments . $30 
(p=0.05) 
• Physician remuneration 
models: 2 studies evaluated the 
association of physician 
remuneration models with HTN 
control or treatment adherence, 
1 an ecological study set in 
Canada, and 1 a U.S. cross-
sectional study. Neither study 
had a low risk of bias. The U.S. 
study reported improved rates of 
HTN control amongst pts treated 
under a capitation model 
compared to fee-for service pts 
(adjusted OR for HTN control: 
1.82 (95% CI: 1.02–3.27) for 
capitation vs. fee-for-service 
pts). The Canadian study 
reported highest rates of HTN 
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treatment and control among 
practices using a capitation 
model, compared to fee-for-
service and salary model. HTN 
awareness levels were highest 
in practices with a fixed salary 
remuneration model. 
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Additional Data Supplement Tables and Figures 

Data Supplement A. Treatment of HFrEF Stages C and D 

 

Colors correspond to COR in Table 1. For all medical therapies dosing should be optimized and serial assessment 
exercised.  

*See text for important treatment directions. 

†Hydral-Nitrates Green Box- The combination of ISDN/HYD with ARNI has not been robustly tested. BP response 
should be carefully followed.  

‡See 2013 HF guideline.  

§Participation in investigational studies is also appropriate for stage C, NYHA class II and III HF. 

ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin 
receptor-neprilysin inhibitor; BP, blood pressure; bpm, beats per minute; C/I, contraindication; CRT-D, cardiac 
resynchronization therapy-device; COR, class of recommendation; Dx, diagnosis; GDMT, guideline-directed 
management and therapy; HFrEF, heart failure with reduced ejection fraction; ICD, implantable cardioverter-
defibrillator; ISDN/HYD, isosorbide dinitrate hydral-nitrates; LBBB, left bundle-branch block; LVEF, left ventricular 
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ejection fraction; LVAD, left ventricular assist device; NSR, normal sinus rhythm; and NYHA, New York Heart 
Association. 

Data Supplement B. Medication Adherence Assessment Scales 

Hill-Bone Compliance Scale (346) 
How often do you: 

1. Forget to take your high BP medicine?  
2. Decide NOT to take your high BP medicine? 
3. Eat salty foods 
4. Shake salt on your food before you eat it? 
5. Eat fast food? 
6. Make the next appointment before you leave the doctor’s 

office? 
7. Miss scheduled appointments? 
8. Forget to get prescriptions filled? 
9. Run out of high BP pills? 
10. Skip your high BP medicine before you go to the doctor? 
11. Miss taking your high BP pills when you feel better?  
12. Miss taking your high BP pills when you feel sick? 
13. Take someone else’s high BP pills? 
14. Miss taking your high BP pills when you are careless? 

 
Response: 

1. All of the Time 
2. Most of the Time  
3. Some of the Time 
4. None of the Time 
 

Medication taking subscale: Items 1,2, 
8,9,10,11,12,13,14. 

Reducing sodium intake subscale: 
Items 3,4,5.  

Appointment keeping subscale: Items 
6,7.  

BP indicates blood pressure. 

Data Supplement C. Categories Defining Normal BP, Elevated BP, and Stages 1, 2, and 3 
Hypertension 
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Stages 1, 2, and 3 refer to the stage of hypertension. 

BP indicates blood pressure; DBP, diastolic blood pressure; and SBP, systolic blood pressure. 
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Data Supplement D. Fixed-Dose Combination Antihypertensive Drugs 

Class Drug Dosage Strengths (mg/mg) Daily 
Frequency* 

2-drug combinations 
ACE Inhibitors + Thiazide Benazepril/Hydrochlorothiazide 10/12.5, 20/12.5, 20/25 1 

Captopril/Hydrochlorothiazide 25/15, 50/15, 25/25, 50/25 2 
Enalapril/Hydrochlorothiazide 5/12.5, 10/25 1 or 2 
Fosinopril/Hydrochlorothiazide 10/12.5, 20/12.5 1 
Lisinopril/Hydrochlorothiazide 10/12.5, 20/12.5, 20/25 1 
Moexipril/Hydrochlorothiazide  7.5/12.5, 15/12.5, 15/25 1 or 2 
Quinapril/Hydrochlorothiazide 10/12.5, 20/12.5, 20/25 1 or 2 

ARBs + Thiazide  Azilsartan/Chlorthalidone 40/12.5, 40/25 1 
Candesartan/Hydrochlorothiazide 16/12.5, 32/12.5, 32/25 1  
Eprosartan/Hydrochlorothiazide 600/12.5, 600/25 1 
Irbesartan/Hydrochlorothiazide 150/12.5, 300/12.5, 300/25 1 
Losartan/Hydrochlorothiazide 50/12.5, 100/12.5, 100/25 1 or 2 
Olmesartan/Hydrochlorothiazide 20/12.5, 40/12.5, 40/25 1 
Telmisartan/Hydrochlorothiazide 40/12.5, 80/12.5, 80/25 1 
Valsartan/Hydrochlorothiazide 80/12.5, 160/12.5, 320/12.5, 

160/25, 320/25 
1 

CCB – dihydropyridine + ACEIs Amlodipine/Benazepril 2.5/10, 5/10, 5/20, 10/20, 5/40, 
10/40 

1 

Enalapril/Felodipine 5/5 1 
Perindopril/Amlodipine 3.5/2.5, 7/5, 14/10 1 

CCB – dihydropyridine + ARB Amlodipine/Olmesartan 5/20, 10/20, 4/40 1 
Amlodipine/Valsartan 5/160, 10/160, 5/320, 10/320 1 
Telmisartan/Amlodipine 40/5, 80/5, 40/10, 80/10 1 

CCB – nondihydropyridine + ACEIs Trandolapril/Verapamil 2/180, 1/250, 2/240, 4/240 1 
Beta blocker + Thiazide Atenolol/Chlorthalidone 50/25, 100/25 1 

Bisoprolol/Hydrochlorothiazide 2.5/6.25, 5/6.25, 10/6.25 1 
Metoprolol succinate/Hydrochlorothiazide 25/12.5, 50/12.5, 100/12.5 1 
Metoprolol tartrate/ Hydrochlorothiazide 50/25, 100/25, 100/50 1 or 2 
Nadolol/Bendroflumethiazide 40/5, 80/5 1 
Propranolol/Hydrochlorothiazide 40/25, 80/25 1 or 2 

Direct renin inhibitor + CCB – 
dihydropyridine 

Aliskiren/amlodipine 150/5, 150/10, 300/5, 300/10 1 

Direct renin inhibitor + Thiazide Aliskiren/ Hydrochlorothiazide 150/12.5, 150/25, 300/12.5, 300/25 1 
Direct renin inhibitor + CCB – 
dihydropyridine 

Aliskiren/Amlodipine 150/5, 150/10, 300/5, 300/10 1 

Direct renin inhibitor + Thiazide Aliskiren/Hydrochlorothiazide 150/12.5, 150/25, 300/12.5, 300/25 1 
Central acting agent + Thiazide 
 

Clonidine/Chlorthalidone 0.1/15, 0.2/15, 0.3/15 1 or 2 
Methyldopa/Hydrochlorothiazide 250/15, 250/25 2 

Diuretic- potassium sparing + 
Thiazide 

Amiloride/Hydrochlorothiazide 5/50 1 
Triamterene/Hydrochlorothiazide 37.5/25, 75/50 1 

Diuretic- aldosterone antagonist + 
Thiazide 

Spironolactone/ Hydrochlorothiazide 25/25 1 or 2 

3-drug combinations 
ARB + CCB – dihydropyridine + 
Thiazide 

Amlodipine/Valsartan/ Hydrochlorothiazide 5/160/12.5, 10/160/12.5, 5/160/25, 
10/160/25, 10/320/25  

1 

Olmesartan/Amlodipine/ 
Hydrochlorothiazide 

20/5/12.5, 40/5/12.5, 40/5/25, 
40/10/12.5, 40/10/25 

1 

Direct renin inhibitor + CCB – 
dihydropyridine + Thiazide 

Aliskiren/Amlodipine/Hydrochlorothiazide 150/5/12.5, 300/5/12.5, 300/5/25, 
300/10/12.5, 300/10/25 

1 

*Dosages may vary from those listed in the FDA approved labeling http://dailymed.nlm.nih.gov/dailymed/index.cfm).  

http://dailymed.nlm.nih.gov/dailymed/index.cfm
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ACE indicates angiotensin-converting enzyme; ARB, angiotensin-receptor blocker; and CCB, calcium channel blocker. 

From Chobanian et al. JNC 7. (347) 

Data Supplement E. Examples of Hypertension Quality Improvement Strategies 

Quality Improvement Strategy Examples 

Audit and feedback on performance 

• Feedback of performance to individual providers 
• Benchmarking – provision of outcomes data from top performers for 

comparison with provider’s own data 
• Performance measures, quality indicators and reports 
• Use of registries to track BP control status at system and provider 

levels 

Provider education 

• In person, online, or other education to improve BP measurement and 
management skills 

• Training to improve communication, cultural competency, and ability 
to inspire and support lifestyle modification  

Patient education 
• Intensive education strategies promoting hypertension self-

management 
• Cultural and linguistic tailoring of materials to increase acceptability 

Promotion of self-management • Reduce barriers for patients to receive and adhere to medications and 
to implement lifestyle modification 

Patient reminder systems 
(for follow-up appointments, BP checks, 
and self-management) 

• Postcards, calls, texts, or emails to patients 
• Telehealth-delivered reminders 

System change 

• Standardization of BP measurement using an automated device and 
standardized protocol 

• Screening to identify all patients eligible for hypertension management  
• Systematic follow-up of patients for the initiation and intensification of 

antihypertensive therapy 
• Decision support to providers to guide protocol-based treatment 

decisions  
• Physician or other clinical champion designated to lead hypertension 

care improvement initiatives 
• Hypertension specialist available for consult 
• Partner with community resources to support BP management 

BP indicates blood pressure.  

Adapted with permission from Walsh et al. (348).  
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Data Supplement F. Barriers and Improvement Strategies in Antihypertensive Medication 
Adherence (349-353) 

Barriers Improvement Strategies 
Patient Level 
• Multiple comorbid conditions 

requiring complex medication 
regimens 

• Convenience factors (e.g., dosing 
frequency)  

• Health beliefs 
• Behavioral factors  
• Lack of involvement in the treatment 

decision–making process 
• Issues with treatment of 

asymptomatic diseases (e.g., 
treatment side effects)  

• Resource constraints  
• Suboptimal health literacy 

• Educate patients about hypertension, consequences of hypertension, and 
possible adverse effects of medications 

• Collaborate with patient to establish goals of therapy and plan of care 
• Maintain contact with patients; consider telehealth approaches (Section 

12.3.2). 
• Integrate pill-taking into daily routine activities of daily living with 

adherence support tools such as reminders, pillboxes, packaging, or other 
aids 

• Use motivation interventions to support medication adherence and 
lifestyle modification efforts 

• Use medication adherence scales to facilitate identification of barriers and 
facilitators to and behaviors associated with adequate adherence 

• Address health literacy 
o Teach-back method 
o Empower patients to ask questions 
o Use visual, interactive education  
o Health literacy universal precautions tool kit  
o Provide medication list/pictorial medication schedule 

Provider and Health System Levels 
• Prescription of complex drug 

regimens 
• Inadequate communication with 

patient about regimen, adverse 
effects, treatment goals 

• Inadequate communication among 
multiple providers  

• Office visit time limitations 
• Limited access to care, pharmacies, 

prescription refills 

• Assess for nonadherence and explore barriers to medication adherence 
• Use a multifactorial approach to optimize adherence 
• Participate in training to enhance communication skills and increase 

cultural competence 
• Use a multifactorial approach to optimize adherence 
• Reduce complexity of medication regimen 
• Utilize agents that are dosed once daily over those which require multiple 

daily doses 
• Utilize fixed-dose combination agents when available and simplify drug 

regimens 
• Consider overall side effect profile and preferentially use agents that are 

well tolerated 
• Use low-cost and generic antihypertensives from drug classes where RCTs 

have demonstrated a reduction in cardiovascular events when 
appropriate (354) 

• Use team-based care approaches (Section 12.2) 
• Use health information technology-based approaches (Section 12.3) 

RCTs indicate randomized controlled trials. 
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Data Supplement G. Examples of Strategies to Promote Lifestyle Modification Interventions in 
Patients With Hypertension (318, 319, 355-361) 

 Lifestyle Modification Intervention References 
Tobacco Cessation  • Ask all adults about tobacco use 

• Advise them to stop using tobacco 
• Provide behavioral interventions 
• Consider pharmacotherapy for tobacco cessation 

(361, 362) 

Weight Loss  • Offer or refer obese adults to intensive cognitive and behavioral 
interventions aimed at to improve weight status and other risk factors 
for important health outcomes. 

(355, 356) 

Sodium Reduction • Offer or refer to behavioral counselling aimed at reduced intake of 
dietary sodium 

• Encourage use of food labels to choose lower sodium products 

 

Alcohol  • Screen adults ≥18 y of age for alcohol misuse and provide persons 
engaged in risky or hazardous drinking with behavioral counseling 
interventions to reduce alcohol misuse. 

(357, 358) 

Physical Activity 
and Diet  

• Use medium- to high-intensity behavioral counseling interventions to 
improve intermediate health outcomes; addressing barriers, such as 
lack of access to affordable healthier foods, transportation barriers 
and poor local safety.  

(359, 360) 
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Data Supplement H. Responsibilities and Roles of the Hypertension Team 

Hypertension Team Responsibilities 
• Communication and care coordination among various team members, the patient and family members or 

other support persons.  
• Effective use of evidence-based diagnosis and management guidelines 
• Regular, structured follow-up mechanisms and reminder systems to monitor patient progress  
• Engage patients in their care by shared decision making  
• Medication adherence support and appropriate education about hypertension medication 
• Medication addition and titration using evidence-based treatment algorithms 
• Use of evidence-based tools and resources designed to maximize self-management (including health 

behavior change, lifestyle modification, etc.) 
• Follow a single, personalized plan of care based upon patient characteristics and needs 

Individual Hypertension Team Members Roles (examples) 
Primary Care Physician, Physician 
Assistant, Advanced Practice Nurse 

Routine and complex hypertension care, managing primary care 
issues. 

Cardiologist Routine and complex hypertension care, especially for patient with 
cardiac disease or high risk for major cardiovascular events. 

Nephrologist, Endocrinologist, 
Hypertension Specialist 

Management of complex hypertension care, especially due to 
secondary causes, and/or resistant hypertension. 

Nurse (including in-office, home care, 
internal and external population health 
personnel) 

Accurate assessment of BP, medication reconciliation, patient 
education, self-management, lifestyle modification and adherence. 

Clinical Pharmacist  Comprehensive medication management, which involves identification 
and documentation of medication-related problems, initiating, 
modifying, and discontinuing medication to address identified 
problems, and educating patients on their medication regimen.  

Dietician  Ongoing patient-centered counseling to assess dietary habits and 
preferences, set and monitor goals for healthy lifestyle 

Social Worker Assess for psychosocial, cultural and financial barriers, find solutions 
to overcome these barriers. 

Community Health Providers  Assess for psychosocial, cultural and financial barriers, identify and 
promote acceptable community-based resources to overcome these 
barriers. 

BP indicates blood pressure. 
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Data Supplement I. Examples of Telehealth Strategies and Technologies to Promote Effective 
Hypertension Management 

Telehealth strategies  
• Automated BP data capture and transmission of the patient’s self-measured BP  
• Self-management support including education, reminders, and feedback that is automated or delivered by a 

healthcare professional 
• Medication titration and follow-up monitoring protocols/algorithm 
• Prescription refill reminders 
• Medication adherence assessments  
• Self-monitoring of lifestyle behaviors 
• Integration of behavior change techniques, including in person or e-counseling 
• Case/care/population health management 
Commonly used telehealth technologies  
• Wired “land line” telephone 
• Wireless smart phone applications 
• Internet-based website via computers and handheld devices 
• Text messaging  
• E-mail messaging 
• Social networking and social media websites/applications  
• Wireless BP measurement devices 
• Electronic pill dispensers/counters 

BP indicates blood pressure. 
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Data Supplement J. Publicly Available Performance Measures Used to Assess Hypertension Care 
Quality Services (363-367) 

Quality Measure Source Description Additional information 

Controlling High BP 
PQRS Measure #236; NQF 
#0018 

NCQA Percentage of patients 18–85 y of 
age who had a diagnosis of 
hypertension and whose BP was 
adequately controlled (<140/90 mm 
Hg during the measurement period) 

Used in the CMS, PQRS, MSSP, Medicare 
Advantage “Stars” ratings; component of 
Commercial Health Plan HEDIS quality measure 
set 

Comprehensive Diabetes 
Care: BP Control (<140/90 
mm Hg) 
NQF #0061 

NCQA  The percentage of patients 18–75 y 
of age with DM (type 1 and type 2) 
whose most recent BP level taken 
during the measurement y is 
<140/90 mm Hg 

Used for: 
• Accreditation  
• Decision-making by businesses about health 

plan purchasing  
• Decision-making by consumers about health 

plan/provider choice  
• External oversight/Medicaid  
• External oversight/Medicare  
• External oversight/State government 

program  
• Internal quality improvement  
• Public reporting 

Adult Kidney Disease: BP 
Management 
PQRS #122 

PCPI, 
RPA 

Percentage of patient visits for those 
patients ≥18 y of age with a 
diagnosis of CKD (stage 3, 4, or 5, not 
receiving renal replacement therapy) 
with a BP<140/90 mm Hg OR 
≥140/90 mm Hg with a documented 
plan of care 

Used in PQRS 

Percentage of patients ≥18 y 
of age with BP documented in 
the medical record (every 2 y 
if <120/80 mm Hg, every y if 
120–139/80–89 mm Hg) 

ICSI This measure is used to assess the 
percentage of patients age 18 y of 
age and older with BP documented 
in the medical record (every 2 y if 
<120/80 mm Hg, every y if 120–
139/80–89 mm Hg) 

Used for internal quality improvement 

Controlling High BP for People 
with Serious Mental Illness  
NQF #2602 

NCQA  The percentage of patients 18–85 y 
of age with serious mental illness 
who had a diagnosis of hypertension 
and whose BP was adequately 
controlled during the measurement  

Current Use:  
• Accreditation  
• Decision-making by businesses about health 

plan purchasing  
• Decision-making by consumers about health 

plan/provider choice  
• External oversight/Medicaid  
• External oversight/state government 

program \internal quality improvement 
Diabetes Care for People with 
Serious Mental Illness: BP 
Control (<140/90 mm Hg) 
NQF #2606 

NCQA  The percentage of patients 18–75 y 
of age with a serious mental illness 
and DM (type 1 and type 2) whose 
most recent BP reading during the 
measurement year is <140/90 mm 
Hg 

Current Use: 
• Accreditation  
• Decision-making by businesses about health 

plan purchasing  
• Decision-making by consumers about health 

plan/provider choice  
• External oversight/Medicaid  
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Quality Measure Source Description Additional information 

• External oversight/state government 
program  

• Internal quality improvement 
Hypertension diagnosis and 
treatment: percentage of 
adult patients ≥18 y of age 
diagnosed with hypertension 
who are not at goal for 
hypertension and have 
received counseling on diet 
and physical activity in the 
past 12 mo 

ICSI Used to assess the percentage adult 
patients ≥ 18 y of age diagnosed 
with hypertension who are not at 
goal for hypertension and have 
received counseling on diet and 
physical activity in the past 12 mo 

Used for Internal Quality Improvement  

Ambulatory care sensitive 
conditions: age-standardized 
acute care hospitalization rate 
for conditions where 
appropriate ambulatory care 
prevents or reduces the need 
for admission to the hospital 
per 100,000 population <75 y 
of age 

 CIHI Used to assess the age-standardized 
acute care hospitalization rate for 
conditions where appropriate 
ambulatory care prevents or reduces 
the need for admission to the 
hospital per 100,000 population <75 
y of age 

Used for: 
• Monitoring health state(s) 
• National health policymaking 
• National reporting 
• State/Provincial health policymaking 

Hypertension: the relative 
resource use by members 
with hypertension during the 
measurement y 

NCQA  Used to assess the relative resource 
use by members with hypertension 
by reporting total standard cost and 
service frequency for all services for 
which the organization has paid or 
expects to pay during the 
measurement y 

Used for: 
• Accreditation 
• External oversight/Medicaid 
• External oversight/Medicare  
• External oversight/State government 

program 
• Monitoring and planning 
• Public reporting 

BP indicates blood pressure; CIHI, Canadian Institute for Health Information; CKD, chronic kidney disease; CMS, Centers for 
Medicare and Medicaid Services; DM, diabetes mellitus; HEDIS, healthcare Effectiveness Data and Information Set; ICSI, Institute 
for Clinical Systems Improvement; MSSP, Medicare Shared Savings Program; NCQA, National Committee for Quality Assurance; 
NQF, National Quality Forum; OR, odds ratio; PCPI, Physician Consortium for Performance Improvement; and PQRS, Physician 
Quality Reporting System; and RPA, Renal Physicians Association. 
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Data Supplement K. Online Quality Improvement Resources for Treatment and Control of 
Hypertension 

American College of Cardiology/American Heart Association/Centers for Disease Control Science Advisory for the 
Effective Approach to High Blood Pressure Controli 

http://content.onlinejacc.org/article.aspx?articleid=1778408 

 

American Medical Association Measure, Act and Partner (M.A.P.) to help patients control blood pressure and 
ultimately prevent heart disease 

http://www.ama-assn.org/ama/pub/about-ama/strategic-focus/improving-health-outcomes/improving-blood-
pressure-control.page 

 

United States Health and Human Services (HHS)/Centers for Disease Control (CDC) Million Hearts Campaign 
Evidence-based Treatment Protocols for Improving Blood Pressure Control 

http://millionhearts.hhs.gov/resources/protocols.html 

 

Department of Defense/Veterans’ Affairs  

http://www.healthquality.va.gov/guidelines/CD/htn/ 

 

Kaiser Permanente Hypertension Management programs to improve blood pressure control 

http://kpcmi.org/how-we-work/hypertension-control/ 

 

Institute for Clinical Systems Improvement (ICSI) Hypertension Diagnosis and Treatment Guidelines 

https://www.icsi.org/guidelines__more/catalog_guidelines_and_more/catalog_guidelines/catalog_cardiovascular_g
uidelines/hypertension/ 

 

New York Health and Hospitals Corporation (HHC) Hypertension Collaborative Care Pathway  

http://millionhearts.hhs.gov/Docs/NYC_HHC_Hypertension_Protocol.pdf 

 

http://content.onlinejacc.org/article.aspx?articleid=1778408
http://www.ama-assn.org/ama/pub/about-ama/strategic-focus/improving-health-outcomes/improving-blood-pressure-control.page
http://www.ama-assn.org/ama/pub/about-ama/strategic-focus/improving-health-outcomes/improving-blood-pressure-control.page
http://millionhearts.hhs.gov/resources/protocols.html
http://www.healthquality.va.gov/guidelines/CD/htn/
http://kpcmi.org/how-we-work/hypertension-control/
https://www.icsi.org/guidelines__more/catalog_guidelines_and_more/catalog_guidelines/catalog_cardiovascular_guidelines/hypertension/
https://www.icsi.org/guidelines__more/catalog_guidelines_and_more/catalog_guidelines/catalog_cardiovascular_guidelines/hypertension/
http://millionhearts.hhs.gov/Docs/NYC_HHC_Hypertension_Protocol.pdf
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