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Thomas E. Kottke, Jeanette Y. Ziegenfuss, Rae Ann Williams, Patrick J. O’Connor

BACKGROUND: A team approach is one of the most effective ways to lower blood pressure (BP) in uncontrolled hypertension, 
but different models for organizing team-based care have not been compared directly.

METHODS: A pragmatic, cluster-randomized trial compared 2 interventions in adult patients with moderately severe 
hypertension (BP≥150/95 mm Hg): (1) clinic-based care using best practices and face-to-face visits with physicians and 
medical assistants; and (2) telehealth care using best practices and adding home BP telemonitoring with home-based care 
coordinated by a clinical pharmacist or nurse practitioner. The primary outcome was change in systolic BP over 12 months. 
Secondary outcomes were change in patient-reported outcomes over 6 months.

RESULTS: Participants (N=3071 in 21 primary care clinics) were on average 60 years old, 47% male, and 19% 
Black. Protocol-specified follow-up within 6 weeks was 32% in clinic-based care and 27% in telehealth care. BP 
decreased significantly during 12 months of follow-up in both groups, from 157/92 to 139/82 mm Hg in clinic-
based care patients (adjusted mean difference −18/−10 mm Hg) and 157/91 to 139/81 mm Hg in telehealth care 
patients (adjusted mean difference −19/−10 mm Hg), with no significant difference in systolic BP change between 
groups (−0.8 mm Hg [95% CI, −2.84 to 1.32]). Telehealth care patients were significantly more likely than clinic-
based care patients to report frequent home BP measurement, rate their BP care highly, and report that BP care 
visits were convenient.

CONCLUSIONS: Telehealth care that includes extended team care is an effective and safe alternative to clinic-based care for 
improving patient-centered care for hypertension.
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Elevated blood pressure (BP) is the largest modifiable 
risk factor contributing to all-cause and cardiovascu-
lar mortality in the United States.1,2 Decades of ran-

domized trials have shown that treatment to lower levels 
of BP decreases the risk of future cardiovascular events,3 
but better control of BP has been difficult to achieve at 
the population level. In the United States, BP control to a 
goal of <140/90 mm Hg steadily improved from 32% in 
1999 to 53% in 2010, held at just over 50% until 2014, 
but declined to 44% by 2018.4 In recognition of the 
negative effects of hypertension on population health, in 
2020 the US Surgeon General issued a Call to Action to 
Control Hypertension with 3 goals: to make hypertension 
control a national priority, to encourage community sup-
port, and to optimize patient care.5

Team-based care was among the top strategies to 
improve hypertension care recommended by the Sur-
geon General. Team-based care to improve BP control 
is an organizational intervention that uses new staff 
or changes the roles of existing staff who work with a 
primary care provider. In a recent review of 54 studies, 
the Community Preventive Services Task Force found 

strong evidence of effectiveness of team-based care for 
improving BP control and reducing systolic and diastolic 
BP (SBP and DBP).6 Team-based care often incorpo-
rates patient self-monitoring of BP, a care improvement 
strategy also included in the Call to Action that has small 
effects on its own but may be synergistic with additional 
support interventions.7–10

In the previous Hyperlink 1 randomized trial, we com-
bined home BP telemonitoring with team-based pharma-
cist-led telephone care in 450 consenting patients with 
uncontrolled hypertension at 16 primary care clinics.11 
Patients who received this intervention achieved a 23/9 
mm Hg BP reduction during 12 months, 10/5 mm Hg 
more than patients who received routine primary care, and 
experienced fewer cardiovascular events.11,12 Research in 
other settings has shown similar BP improvement with-
out the need for clinic visits.13–16 However, some group 
practices have achieved very high rates of BP control 
using quality-improvement methods without routine use 
of expanded care teams, home BP monitoring, or tele-
health.17–19 Hyperlink 3 is a larger-scale, pragmatic trial 
in primary care clinics comparing the previously tested 
pharmacist-led telehealth hypertension program with 
clinic-based care that is organized according to current 
best practices.

METHODS
The data that support the findings of this study are available 
from the corresponding author upon reasonable request. 
Detailed methods for the study have been published.20 The 
study was designed as a cluster-randomized comparative 
effectiveness pragmatic trial in 21 HealthPartners primary care 
clinics. HealthPartners is a nonprofit integrated health system in 
Minnesota and western Wisconsin serving 1.2 million patients. 
Clinics were eligible to participate if they had a doctoral-level 
medication therapy management (MTM) pharmacist21 onsite at 
least one half-day per week and used standardized methods to 

Nonstandard Abbreviations and Acronyms

BP blood pressure
DBP diastolic blood pressure
EHR electronic health record
ITT intention-to-treat
MA medical assistant
MTM medication therapy management
PCP primary care professional
PRO patient-reported outcome
RR relative risk
SBP systolic blood pressure

NOVELTY AND RELEVANCE

What Is New?
Comparing outcomes of 2 models of team-based care for 
moderately severe uncontrolled hypertension in routine 
primary care: (1) clinic-based care using best practices 
and face-to-face visits with physicians and medical assis-
tants; and (2) telehealth care including the same best 
practices, but with added home blood pressure (BP) tele-
monitoring and home-based care coordinated by a clini-
cal pharmacist or nurse practitioner.

What Is Relevant?
Systolic BP declined significantly by a similar amount 
(18–19 mm Hg) in both groups from a baseline of 157 

to 139 mm Hg over 12 months of follow-up, with no sig-
nificant difference between groups in systolic BP change 
over time (−0.76 [95% CI, −2.84 to 1.32] mm Hg).
Several patient-reported outcomes were more favor-
able in the telehealth care group: higher satisfaction 
with hypertension care, more frequent self-monitoring 
of home BP, perception that medications were changed 
based on home BP, and less inconvenience related to BP 
care visits.

Clinical/Pathophysiological Implications?
Telehealth care by pharmacists is an effective and 
safe alternative to clinic-based care for uncontrolled 
hypertension.
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measure BP with validated oscillometric BP monitors in early 
2017. All 21 eligible clinics agreed to participate. Two pairs 
of clinics were each randomized as a single unit due to colo-
cation with shared MTM pharmacist and clinic management, 
resulting in a total of 19 randomized units (9 clinics [9 units] 
randomized to clinic-based care and 12 clinics randomized 
to telehealth care, including all 4 of the colocated clinics [10 
units]). The HealthPartners Institutional Review Board reviewed 
and approved the study protocol including a waiver of written 
informed consent for participation.

Patient eligibility was evaluated using automated real-time 
algorithms that ran upon BP entry into the electronic health 
record (EHR) during office encounters in randomized clinics. 
Patients were eligible if they (1) were age 18 to 85 years; (2) 
had ≥2 qualifying encounters with a hypertension diagnosis 
code within the last 24 months; (3) had an encounter with 
their designated primary care professional (PCP) in the last 12 
months; (4) had the current encounter in the clinic where their 
assigned PCP practiced; (5) had SBP ≥150 mm Hg or DBP 
≥95 mm Hg in the first BP and in a repeated BP at the cur-
rent encounter; and (6) had SBP ≥150 mm Hg or DBP ≥95 
mm Hg for the last measured BP at their most recent previ-
ous qualifying encounter. The BP entry criteria were chosen 
based on clinic capacity to conduct additional follow-up visits. 
Patients were excluded if they were (1) pregnant, (2) had stage 
5 chronic kidney disease, (3) were in hospice care, or (4) per-
manently resided in a nursing home.

For eligible patient encounters, a best practice alert auto-
matically displayed prompting the medical assistant (MA) to set 
up a referral order for hypertension follow-up in 1 to 2 weeks 
for the clinician to review and sign. The referral order defaulted 
to an intended provider/visit type depending on clinic random-
ization (MA for BP check for clinic-based care, MTM pharma-
cist for telehealth care). Other follow-up options included PCP, 
cardiology, or nephrology. Clinicians were able to change the 
provider type or timing of follow-up from the defaulted choice 
on the referral order if they felt that a different choice was 
best for an individual patient, but telehealth care with home 
BP telemonitoring was only available for patients in telehealth 
clinics. The clinician signing the referral order served to enroll 
the eligible patient into the study and to denote the eligible 
encounter as the index visit from which follow-up time was cal-
culated. Patients were enrolled over an 18-month period from 
November 15, 2017, to April 15, 2019, and followed for 24 
months postindex.

The Hyperlink 3 interventions are summarized in Table 1. 
The clinic-based care intervention was developed by the care 
system from then-current best practices recommendations 
that were affirmed in subsequent national guidelines.18,19,22–25 It 
relied on face-to-face visits with the PCP with the assistance of 
an MA and standardized workflows including: BP measurement 
exclusively using validated automated oscillometric BP moni-
tors (Omron HEM 907XL)26; repeating BP if the initial BP was 
elevated; recognition of and action for uncontrolled BP via an 
evidence-based hypertension treatment protocol that included 
recommending lifestyle modification, monitoring adherence, 
and intensifying pharmacological treatment when BP was not 
at goal (preferably by adding a synergistic medication class and 
using low-cost generic medications); regular follow-up at 2- to 
4-week intervals until BP was controlled; and a standing order 
for registered nurses to adjust antihypertensive medications. 

Performance of these components was supported by a hyper-
tension registry and regular measurement and feedback of 
the care processes. Last, the preexisting hypertension referral 
order process was used systematically to offer timely no-cost 
follow-up with an MA.

The telehealth care intervention adapted and implemented 
a previous successful research-tested model and used a similar 
hypertension treatment protocol.11 It included all components 
of clinic-based care and offered home BP telemonitoring and 
BP medication management by pharmacists. In one eligible 
large clinic with limited MTM pharmacist capacity, telehealth 
care management was done by nurse practitioners with assis-
tance by registered nurses. However, for simplicity we refer 
to pharmacists carrying out the telehealth care management, 
since it was designed to be adaptable for shared coordination 
by other qualified members of primary care teams.

Enrolled telehealth care patients were offered a 1-hour 
in-person intake visit with the pharmacist including a medica-
tion review, medication adherence assessment, lifestyle and 
nutrition counseling, titration of antihypertensive medication, 
and the opportunity to initiate home BP telemonitoring. For 
those patients who agreed to home monitoring, pharmacists 
also introduced the home monitor, trained on proper BP self-
measurement, reviewed home BP goals (≥75% of home BPs 
<135/85 mm Hg, 5 mm Hg lower than clinic goal), and ordered 
the equipment from the vendor (AMC Health, New York, NY). 
Patients received equipment by mail with detailed instructions 
and technical assistance. Home BP devices automatically 
transmitted data to the EHR. Pharmacists conducted follow-
up primarily by phone every 2 to 4 weeks, using the home BP 
goals to guide treatment intensification and counseling deci-
sions. Patients continued telehealth care until ≥75% of home 
BPs were <135/85 mm Hg for 3 consecutive phone visits or 
until the pharmacist and patient agreed to discontinue. The 
telehealth care intervention was expected to last an average of 
4 months, with flexibility as needed.27

Clinic-based care referral orders were added to a referral 
work queue used by clinic assistants for scheduling outreach. 
Clinic assistants placed up to 2 phone calls to patients who had 
not scheduled their appointments and sent a letter to those not 
reached by telephone. This process was similar in telehealth 
care clinics, except that pharmacist scheduling outreach was 
done by an MTM program coordinator. All clinics received feed-
back from the study on completion of follow-up visits. As a fur-
ther backup in both groups, the hypertension registry was used 
to identify and contact hypertension patients with uncontrolled 
BP and no scheduled follow-up.

The primary outcome was SBP change from index to 12 
months postindex. BP values that were routinely collected in 
clinical encounters were extracted from the EHR to estimate 
change in SBP (Figure S1). Other data extracted from the EHR 
included sex, age at index visit, race and ethnicity, DBP, antihy-
pertensive medication orders, insurance payor, sodium, potas-
sium, creatinine, and diagnostic codes. Secondary outcomes 
were change in patient-reported outcomes (PROs) between 
baseline and 6 months, collected by patient surveys. Baseline 
surveys were mailed within 1 week of the index visit, with tele-
phone follow-up of initial nonresponders by trained interview-
ers. Baseline respondents received follow-up surveys at 6, 12, 
and 24 months postindex. Survey questions included demo-
graphics, rating of general health, rating of BP care over the 
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past 6 months,16 patient experience of hypertension care (mod-
ified from Patient Assessment of Chronic Illness Care survey),28 
frequency and sharing of BP measurements outside of clinic,16 
confidence in managing BP,16 side effects from medications 
(developed for this study), and overall burden of BP care (modi-
fied from the Treatment Burden Questionnaire).29 The definition 
and sources for study outcomes are detailed in Table S1.

An a priori power analysis (power=0.80, 2-sided α=0.05) 
estimated the minimum detectable standardized effect for 
a linear time by treatment parameter in a random coeffi-
cients model under assumptions of N=2000 (20 clinics, 100 
patients per clinic), 3 SBP measures per patient, clinic intra-
class correlation in SBP values 0.01 to 0.03, and SD for SBP 
20.4 mm Hg. The estimated minimum detectable standardized 
effect =0.12 to 0.17 corresponded to a 2.53 to 3.55 mm Hg 
differential change in SBP among patients in telehealth rela-
tive to clinic-based care clinics. We anticipated a 5 mm Hg 
greater reduction in SBP in patients in telehealth compared 
with clinic-based care.11,30,31 A 5 mm Hg reduction in SBP is a 
clinically important reduction that substantially lowers the risk 
of stroke and heart disease, and even smaller reductions of 2 
or 3 mm Hg have clinically important effects.3,32–36 The mini-
mum detectable standardized effect for between-groups dif-
ferences in 6-month PROs was 0.24 to 0.27 when intraclass 
correlation=0.02 to 0.03.

In the primary intention-to-treat (ITT) analysis, the between-
group difference in SBP change was tested using a random 
coefficients model. All SBP values from index (day 0) through 
365 days postindex were predicted from random clinic and 
patient intercepts and fixed effects for clinic-randomized treat-
ment group, time in days elapsed from index to the SBP, the 
treatment by time interaction, index SBP and several key char-
acteristics that were imbalanced: index age and DBP, sex, and 
Asian race. The study protocol analysis plan specified a linear 
relationship between time and SBP but anticipated a nonlinear 
rate of change in SBP. We estimated a time relationship that 
incorporated spline knots at clinically meaningful lags follow-
ing the index visit (days 1, 42, 90, and 180). The model was 
adapted for the secondary PRO outcomes by replacing the nor-
mal distribution and identity link specifications with Poisson-log 
specifications, replacing the time parameters with an indica-
tor to denote a 6-month survey PRO, and estimating a patient 
level scale parameter. We analyzed whether treatment effects 

differed among patient subgroups defined by sex, age (≥60 
versus <60 years), race (Black versus White), socioeconomic 
status (medicaid insurance versus other payor), hypertension 
severity (number of current classes of antihypertensive medi-
cations at index), and comorbidity (diagnosed diabetes, cardio-
vascular disease at index).

To complement the ITT analysis, we also conducted a per-
protocol analysis to evaluate the comparative effect of the 
intervention on study outcomes, among patients who adhered 
to the study protocol as intended.37,38 In telehealth care, patients 
were considered adherent to protocol if they: (1) attended an 
intake visit with an MTM pharmacist within 6 weeks of the 
index date, (2) submitted ≥1 home BP measurement, and (3) 
completed ≥1 follow-up visit with the pharmacist. Patients in 
clinic-based care were considered adherent to protocol if they 
followed-up with an MA within 6 weeks postindex. In sensitiv-
ity analyses, we also evaluated the effect of the intervention in 
those who were partially adherent to telehealth care (fulfilling 
1 or 2 components). To account for potential bias due to post-
randomization selection of patients who (1) were enrolled, (2) 
were adherent to protocol, and (3) responded to surveys (for 
PROs), we calculated inverse probability weights as a function 
of individuals’ propensity for enrollment, adherence, and survey 
response, respectively.39–42 Candidate variables for these pro-
pensity models were specified a priori and were selected for 
inclusion via a least absolute shrinkage and selection operator 
approach in which the Bayesian Information Criterion was opti-
mized. Stabilized inverse probability weights were truncated at 
the 1st and 99th percentiles and applied to outcome mod-
els among adherent patients that were otherwise analogous 
to the ITT models described above.42,43 The propensity mod-
els are shown in Tables S2 through S4 and sample sizes are 
shown in Figure 1.

RESULTS
Participant Inclusion and Intervention Exposure
Figure 1 provides a flow diagram of participants in the 
study. Of 57 primary care clinics screened, 21 met study 
eligibility criteria. Patients aged 18 to 85 years who had 
an encounter during the 18-month enrollment period 

Table 1. Components of the Clinic-Based and Telehealth Care Interventions

Clinic-based care components Telehealth care components 

Index visit

 BP measurement with automated monitor BP measurement with automated monitor

 Repeat BP if first measurement ≥140/90 mm Hg Repeat BP if first measurement ≥140/90 mm Hg

 Recognition of uncontrolled BP by PCP Recognition of uncontrolled BP by PCP

 Action taken for uncontrolled BP by PCP Action taken for uncontrolled BP by PCP

 Refer to MA for hypertension follow-up visit Refer to pharmacist for hypertension follow-up visit

Following index visit

 Attend follow-up with MA to re-assess BP Attend follow-up with pharmacist for intake visit

 Ad hoc home BP monitoring Systematic home-based BP monitoring

 Re-assess uncontrolled BP after 2–4 wk Pharmacist home-based care for uncontrolled home BP every 2–4 wk

  Team-based care between pharmacist and PCP

BP indicates blood pressure; MA, medical assistant; and PCP, primary care professional.
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Figure 1. Hyperlink 3 participant flow diagram.
BP indicates blood pressure; CKD, chronic kidney disease; ITT, intention-to-treat; MA, medical assistant; MTM, medication therapy 
management; PCP, primary care professional; PRO, patient-reported outcome; and SBP, systolic blood pressure.
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and 2 or more previous encounters with a hypertension 
diagnosis code within the past 24 months were poten-
tially eligible: 34 421 in clinic-based care and 35 509 in 
telehealth care clinics. Of these patients, 3794 (5.5%) 
met the remaining eligibility criteria. The eligible propor-
tion and ineligibility reasons were similar in both groups. 

Hypertension follow-up orders for the 3794 eligible 
patients were signed for 85% of eligible patients in 
clinic-based care and 77% in telehealth care.

PCPs were less likely to change the default follow-
up from the intended provider in clinic-based care 
(90% retained MA BP check) than in telehealth care 

Table 2. Baseline Characteristics of Hyperlink-Enrolled Patients

Characteristic 
All clinics 
(N=3071) 

Clinic-based care 
clinics (n=1648) 

Telehealth care 
clinics (n=1423) P value 

Age, mean (SD) 60.2 (14.4) 58.3 (14.2) 62.4 (14.2) 0.02

Male, n (%) 1432 (46.6) 814 (49.4) 618 (43.4) 0.15

Race

 American Indian/Alaska Native, n (%) 19 (0.6) 15 (0.9) 4 (0.3) 0.06

 Asian, n (%) 213 (6.9) 92 (5.6) 121 (8.5) 0.006

 Black/African American, n (%) 594 (19.3) 329 (20.0) 265 (18.6) 0.69

 Hawaiian/Pacific Islander, n (%) 3 (0.1) 1 (0.1) 2 (0.1) 0.50

 Multiracial, n (%) 15 (0.5) 8 (0.5) 7 (0.5) 0.81

 Unknown, n (%) 95 (3.1) 59 (3.6) 36 (2.5) 0.43

 White, n (%) 2132 (69.4) 1144 (69.4) 988 (69.4) 0.99

Hispanic ethnicity, n (%) 60 (2.0) 46 (2.8) 14 (1.0) 0.06

Education

 n responders 1688 908 780  

<High school or GED, n (%) 563 (33.4) 316 (34.8) 247 (31.7) 0.38

 Some college or technical school, n (%) 599 (35.5) 315 (34.7) 284 (36.4) 0.62

 4-y college degree, n (%) 308 (18.3) 171 (18.8) 137 (17.6) 0.65

 >4-y college degree, n (%) 218 (12.9) 106 (11.7) 112 (14.4) 0.49

Employment

 n responders 1693 908 785  

 Full time, n (%) 582 (34.4) 351 (38.7) 231 (29.4) 0.05

 Part time, n (%) 139 (8.2) 71 (7.8) 68 (8.7) 0.54

 Retired, n (%) 682 (40.3) 332 (36.6) 350 (44.6) 0.23

 Otherwise not working for pay, n (%) 290 (17.1) 154 (17.0) 136 (17.3) 0.90

Annual income

 n responders 1481 798 683  

 <$20 000, n (%) 307 (20.7) 164 (20.6) 143 (20.9) 0.86

 $20 000–<$50 000, n (%) 443 (29.9) 258 (32.3) 185 (27.1) 0.13

 $50 000–<$100 000, n (%) 469 (31.7) 231 (29.0) 238 (34.9) 0.38

 ≥$100 000, n (%) 262 (17.7) 145 (18.2) 117 (17.1) 0.74

SBP, mm Hg, mean (SD) 158.0 (15.3) 157.4 (15.4) 158.8 (15.2) 0.20

DBP, mm Hg, mean (SD) 91.7 (13.9) 93.1 (13.8) 90.0 (13.8) 0.02

No. antihypertensive medication classes

 Mean (SD) 1.7 (1.1) 1.7 (1.1) 1.7 (1.2) 0.92

 0, n (%) 466 (15.2) 245 (14.9) 221 (15.5) 0.60

 1, n (%) 1006 (32.8) 538 (32.7) 468 (32.9) 0.89

 2, n (%) 915 (29.8) 512 (31.1) 403 (28.3) 0.12

 3+, n (%) 684 (22.3) 353 (21.4) 331 (23.3) 0.60

BMI >30 kg/m2, N (%) 1730 (57.1) 987 (60.9) 743 (52.7) 0.03

Diabetes, N (%) 773 (25.2) 407 (24.7) 366 (25.7) 0.81

Cardiovascular disease, N (%) 512 (16.7) 247 (15.0) 265 (18.6) 0.04

BMI indicates body mass index; DBP, diastolic blood pressure; GED, General Educational Development test; n or N, number; 
and SBP, systolic blood pressure.
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(74% retained pharmacist). Most enrolled patients had 
follow-up within 6 weeks postindex with a PCP, MA, or 
pharmacist (54% in clinic-based care and 62% in tele-
health care). Of the enrolled patients, 532 (32%) in the 
clinic-based care group and 385 (27%) in the telehealth 
care group attended a follow-up visit with the intended 
provider within 6 weeks postindex. Most telehealth care 
patients who attended the pharmacist visit within 6 
weeks sent in ≥1 home BP measurement (80%) and 
had ≥1 phone visit with the pharmacist (71%).

Characteristics of Enrolled Study Patients
Enrolled patients had a mean age of 60 years and were 
about 47% male, 7% Asian, 19% Black, 69% White, 
and 2% Hispanic (Table 2). The mean BP at index was 
158/92 mm Hg. About 15% of enrollees did not have 
any current classes of antihypertensive medication at 
index. The mean number of current antihypertensive 
classes was 1.7 (median=2). Diabetes was diagnosed 
in 25% and cardiovascular disease in 17% of enrolled 
patients. There were some differences in patient char-
acteristics by treatment group (at least in part owing to 
a women’s health clinic, a geriatrics clinic and an inter-
national health clinic all being randomized to telehealth 
care): compared with clinic-based care, telehealth care 
patients were about 4 years older (P<0.02), more likely 
to be Asian (P=0.006), had lower DBP (P<0.02), less 
likely to be obese (P<0.03), and more likely to have car-
diovascular disease (P<0.04).

Change in SBP From Baseline to 12 Months
There were N=17 545 SBP values (clinic-based care, 
n=8768 and telehealth care, n=8777) included in pri-
mary analysis. Model-estimated SBP was similar in the 
2 groups at index (157.1 mm Hg clinic-based care and 
157.5 mm Hg in telehealth care). Estimated change 

in SBP over 365 days in clinic-based care was −18.0 
mm Hg (95% CI, −19.4 to −16.5 mm Hg) to 139.2 
mm Hg. The comparable change in telehealth care was 
−18.7 mm Hg (95% CI, −20.2 to −17.2 mm Hg) to 138.8 
mm Hg (Figure 2). The model-estimated between-groups 
difference in SBP change was −0.76 mm Hg (95% CI, 
−2.84 to 1.32 mm Hg; P=0.45).

The per-protocol model-estimated difference in 
change in SBP between groups from day 0 to day 
365 was −2.7 mm Hg (95% CI, −6.4 to 1.0; P=0.159), 
slightly greater than in the ITT analysis, but less than the 
hypothesized 5 mm Hg effect size and not statistically 
significant in this smaller sample.

Change in PROs From Baseline to 6 Months
The baseline survey was completed by 1719 of 3071 
enrolled patients (56%) and the 6-month survey was 
completed by 1301 of enrolled patients that completed 
the baseline survey (76%), with similar response rates 
in clinic-based care and telehealth care (Figure 1). The 
characteristics of baseline survey respondents and non-
respondents are shown in Table S5 and of baseline sur-
vey respondents by randomized group in Table S6.

Several key PROs changed differentially over time in 
the hypothesized direction, while others did not change 
(Table 3). At baseline, <30% of patients rated their sat-
isfaction with care as 9 or 10 versus 0 to 8. Compared 
with the minimal change from baseline to 6 months in 
the clinic-based care group, the telehealth care group 
had a higher proportion of patients who rated their care 
as 9 or 10 versus 0 to 8 at 6 months (29.3%–39.5%). 
The increase in satisfaction from baseline to 6 months 
was significantly greater in the telehealth care group 
than the clinic-based care group (adjusted relative risk 
[RR], 1.25 [1.02–1.52]).

Compared with no change in frequency of home BP 
monitoring from baseline to 6 months in the clinic-based 

Figure 2. Observed systolic blood 
pressure (SBP) by treatment group 
from index visit to 365 d postindex.
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Table 3. Patient-Reported Outcomes at Baseline and 6 Months

  Clinic-based care Telehealth care Intent-to-treat Per-protocol

Survey item Baseline 6 mo Baseline 6 mo RR adj 95% CI RR adj 95% CI 

Survey respondents, n 921 683 798 618     

Overall rating of health, % (excellent/very good vs 
good/fair/poor)

24.6 27.8 29.3 32.2 0.96 0.80–1.15 0.93 0.71–1.21

 Rating of hypertension care, % (9–10 vs 0–8) 27.6 30.2 29.3 39.5 1.25* 1.02–1.52 1.67* 1.23–2.27

When receive BP care in past 6 mo how often were you … (most times/always vs sometimes/ generally not/never)

 Asked for ideas on treatment plan, % 44.1 47.2 52.2 59.3 1.06 0.93–1.20 1.15 0.94–1.41

 Given treatment choices, % 46.4 49.8 54.1 63.7 1.10 0.97–1.25 1.21 0.99–1.48

 Asked to talk about problems with medicines, % 58.5 59.5 65.2 68.4 1.04 0.93–1.15 1.27* 1.08–1.49

 Asked to talk about goals of BP care, % 46.0 47.3 53.0 59.2 1.08 0.95–1.23 1.33* 1.11–1.60

 Confident people involved in care on same page, % 72.5 77.9 77.6 79.5 0.95 0.88–1.02 0.99 0.87–1.12

Activities helpful for managing BP in past 6 mo (extremely/very vs moderately/somewhat/not at all)

 Physical activity, % 42.8 52.0 46.3 50.6 0.90 0.77–1.06 0.99 0.74–1.33

 Decreasing salt, % 46.4 50.9 49.5 51.4 0.95 0.82–1.11 1.14 0.87–1.49

 Watching weight, % 49.1 52.2 47.9 51.0 1.04 0.89–1.22 1.20 0.93–1.56

 Reducing stress, % 44.7 49.1 49.7 50.4 0.92 0.78–1.09 1.28 0.96–1.72

 Limiting alcohol, % 44.6 43.4 45.5 47.8 1.09 0.87–1.37 0.99 0.62–1.57

Home BP monitoring

 Frequency, % (≥2×/wk vs less often) 28.2 28.1 28.6 43.9 1.53* 1.27–1.85 1.99* 1.46–2.73

 Share home BP with care team, % (Y/N)† 75.3 71.2 77.2 82.2 1.13* 1.01–1.26 1.44* 1.19–1.75

  How do you share home BP, % (electronically vs 
other)‡

4.4 2.0 5.6 37.4 13.14* 4.92–35.12 13.58* 3.65–50.56

  BP treatment changed based on home BP, % 
(Y/N)‡

39.7 34.5 39.2 57.3 1.68* 1.31–2.17 2.24* 1.45–3.47

For managing BP in past 6 mo, confidence in ability to … (extremely/very vs moderately/somewhat/not at all)

 Contact care team, % 69.4 71.7 73.8 78.1 1.02 0.94–1.10 1.07 0.94–1.22

 Measure BP at home, % 54.8 57.7 62.8 69.0 1.04 0.94–1.16 1.00 0.85–1.18

 Know BP target numbers, % 61.9 66.0 70.4 78.3 1.04 0.95–1.13 1.10 0.96–1.26

 Keep BP below target, % 24.0 36.1 27.3 42.1 1.02 0.83–1.25 1.21 0.88–1.68

 Take BP medications, % 82.0 84.6 85.7 89.4 1.01 0.95–1.07 1.00 0.91–1.10

Problem with common symptoms that may be related to BP medications in past 6 mo (very big/big/moderate/some vs none)

 Tiredness, % 70.6 66.6 67.2 63.4 0.99 0.91–1.08 1.02 0.88–1.17

 Dizziness or lightheadedness, % 43.6 37.7 40.8 39.1 1.11 0.95–1.29 1.10 0.85–1.43

 Swelling of feet or legs, % 36.8 37.7 36.3 35.1 0.93 0.80–1.08 0.95 0.74–1.22

 Cough, % 33.8 30.8 34.2 35.8 1.17 0.98–1.40 1.22 0.92–1.62

 Frequent urination, % 55.4 50.5 55.4 49.4 0.98 0.87–1.11 1.16 0.95–1.42

 Sexual symptoms, % 25.9 26.5 22.5 22.3 0.95 0.76–1.19 0.90 0.64–1.26

Stopped medications due to symptoms (Y/N) 23.2 15.3 20.5 16.7 1.22 0.89–1.67 1.41 0.84–2.36

Satisfaction with medications, % (very/somewhat sat-
isfied vs neutral/somewhat/very dissatisfied)

53.1 66.0 54.5 66.9 0.99 0.87–1.12 1.06 0.84–1.32

Problem with frequency, time spent or inconvenience related to BP care past 6 mo (very big/big/moderate/some vs none)

 Measuring BP, % 32.3 26.9 29.5 29.4 1.21 0.97–1.50 1.63* 1.03–2.58

 Clinic visits, % 34.9 31.0 34.9 25.8 0.84 0.68–1.03 0.74 0.51–1.08

 Phone visits, % 18.0 19.6 20.0 13.7 0.64* 0.45–0.92 0.47 0.21–1.05

 Scheduling visits 27.5 29.1 29.8 21.9 0.70* 0.55–0.89 0.54* 0.36–0.80

 Time away from work or responsibilities, % 29.0 26.9 24.3 17.3 0.78 0.60–1.01 0.46* 0.28–0.75

 Increasing physical activity, % 43.5 38.4 43.6 43.8 1.14 0.98–1.33 1.06 0.81–1.37

 Lifestyle changes, % 47.7 41.8 41.8 36.3 0.98 0.83–1.16 1.22 0.93–1.59

 Cost of care or medications, % 34.2 29.0 31.2 22.8 0.90 0.73–1.11 0.93 0.68–1.29

BP indicates blood pressure; N, no; RR adj, adjusted relative risk; and Y, yes.
*Statistical significance (95% CI that excludes 1.0).
†Of people who reported measuring their BP outside of a clinic visit at least twice per month.
‡Of people who said “yes” to sharing their home BP with their care team.
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care group, the telehealth care group had a significant 
increase in the proportion of patients who checked their 
BP ≥2 times per week (from 28.6% to 43.9%, RR, 1.53 
[1.27–1.85]). The telehealth care group was also signifi-
cantly more likely over time to (1) report that they shared 
their home BP data with their care team, (2) that they 
shared the data electronically, and (3) that someone on 
their health care team had ever changed their BP medi-
cation because of the home BP measurements.

Over 6 months, the Telehealth Care and Clinic-Based 
Care groups reported different reductions in burden 
related to BP care. The Telehealth Care reported sig-
nificantly less burden from scheduling visits and attend-
ing phone visits. We did not observe a difference over 
time between groups in overall rating of health, rating of 
chronic illness care from items from the Patient Assess-
ment of Chronic Illness Care survey, helpfulness of life-
style activities for managing BP, confidence in self-care, 
or BP medication side effects.

The per-protocol and ITT analyses of PROs gener-
ally had congruent results but point estimates of effect 
sizes for the statistically significant findings were gen-
erally of greater magnitude and CIs were wider in the 
per-protocol analysis (Table 3). As in the ITT analysis, 
telehealth care had a significantly higher proportion of 
patients who rated their care as 9 or 10 versus 0 to 8 
at 6 months, but the adjusted RR was 1.68 (95% CI, 
1.23–2.27) rather than 1.25 (95% CI, 1.02–1.52). The 
telehealth care group had a significantly greater change 
in the proportion of patients monitoring BP at home ≥2 
times per week (RR, 1.99 versus 1.53 in the ITT analy-
sis), sharing their home BP data with their care team (RR, 
1.44 versus 1.13), sharing the data electronically (RR, 
13.6 versus 13.1), and that someone on their health care 
team had ever changed their BP medication because 
of the BP measurements taken outside of clinic visits 
(RR, 2.24 versus 1.68). The telehealth care group also 
reported a greater increase in the burden of measuring 

BP (RR, 1.63 versus 1.21) and greater decrease in bur-
den related to scheduling visits (RR, 0.54 versus 0.70) 
and time away from work or other responsibilities (RR, 
0.46 versus 0.78). Unlike in the ITT analysis, the burden 
for phone visits in the per-protocol analysis was not sig-
nificantly different in the 2 groups, although the point 
estimates of the RR were similar. Conversely, in the per-
protocol analysis (but not in the ITT analysis) the tele-
health care group reported less inconvenience related to 
time away from work or other responsibilities and were 
more likely to report being asked to talk about problems 
with medications and goals in caring for their BP than 
the clinic-based care group.

Per-Protocol Sensitivity Analyses
The model-estimated difference in change in SBP 
between groups from day 0 to day 365 in the par-
tial adherence models was not significantly different 
than zero, but the point estimates were intermediate 
between the point estimates in the prespecified per-
protocol analysis (−2.7 mm Hg) and the ITT analysis 
(0.8 mm Hg). A similar set of sensitivity analyses was 
done for the PRO outcomes. The estimates from these 
models were also generally closer to the null value and 
intermediate between the prespecified per-protocol 
and the ITT results.

Other Outcomes
DBP differed by about 3 mm Hg in the 2 groups at base-
line, likely due to the older age of the patients in the 
telehealth care group (93.1 mm Hg in clinic-based care 
and 90.0 mm Hg in telehealth care). Adjusting for this 
difference and other covariates, model-estimated DBP 
changed nonlinearly over 12 months by −10.0 mm Hg 
(95% CI, −10.8 to −9.1 mm Hg) in clinic-based care 
and by −9.7 mm Hg (95% CI, −10.6 to −8.8 mm Hg) in 

Figure 3. Observed diastolic blood 
pressure (DBP) by treatment group 
from index visit to 365 d postindex.
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telehealth care (Figure 3). The model-based difference 
in change in DBP between groups was 0.3 mm Hg (95% 
CI, −1.0 to 1.5 mm Hg).

Antihypertensive medication class additions were 
examined using EHR orders. On the index date about 1/3 
of patients in both groups (31% in telehealth care and 
32% in clinic-based care) had an order for a new antihyper-
tensive medication class added to their existing treatment 
regimen (adjusted odds ratio, 1.19 [95% CI, 0.90–1.56]). 
Among patients without a medication class added on the 
index date, telehealth care patients (36%) were more 
likely than clinic-based care patients (30%) to have a new 
medication class added to their treatment (adjusted odds 
ratio, 1.40 [95% CI, 1.08–1.83]) over the next 12 months. 
Nevertheless, the number of current classes of antihyper-
tensive medications was similar in both groups at baseline 
(mean=1.7) and at 12 months (mean=2.1).

Among patients who were eligible but not enrolled, 
21% had an order for a new antihypertensive medication 
class added on the date of the visit when they became 
eligible, another 21% had a medication class added dur-
ing the next 12 months, and 57% did not have any new 
antihypertensive medication classes added. The propor-
tion of patients with newly added antihypertensive medi-
cation was significantly lower than in enrolled patients 
(index adjusted odds ratio, 0.45 [95% CI, 0.36–0.57]; 
follow-up adjusted odds ratio, 0.41 [95% CI, 0.33–0.51]).

There was no significant difference in change over 
time by treatment group for any safety indicators (diagno-
sis codes for dizziness, fainting or hypotension; hypoka-
lemia, hyperkalemia, hyponatremia, or reduced estimated 
glomerular filtration rate [eGFR]), whether analyzed as 
events per patient-year or as the proportion of patients 
with one or more events. There was also no differential 
change in laboratory values of potassium, sodium, or 
eGFR.

We observed no significant differences in SBP or 
DBP change over 12 months in telehealth care rela-
tive to clinic-based care by patient subgroups defined 
by sex, age, race, diabetes, cardiovascular disease, and 
insurance type (commercial/medicare versus medic-
aid). There was, however, a significant difference in SBP 
change over 12 months in telehealth care relative to 
clinic-based care by the number of medication classes 
at index (6.6 [95% CI, 1.8–11.3] mm Hg). Patients with 0 
to 2 medication classes had more SBP reduction in tele-
health care than clinic-based care (−2.5 [−4.9 to −0.05] 
mm Hg) while those with 3 to 6 medication classes had 
more SBP reduction in clinic-based care than telehealth 
care (4.1 [−0.04 to 8.2] mm Hg).

DISCUSSION
The Hyperlink 3 pragmatic cluster-randomized trial 
compared 2 team-based care models for moderately 
severe uncontrolled hypertension, clinic-based care and 

telehealth care, and found that they were both safe and 
effective for lowering BP. SBP declined significantly by 
a similar amount (18–19 mm Hg) in both groups from a 
baseline of 157 to 139 mm Hg over 12 months of fol-
low-up, with no significant difference between groups in 
SBP change over time (−0.76 [95% CI, −2.84 to 1.32] 
mm Hg). Similarly, DBP declined significantly by 10 
mm Hg in both groups (from 93 mm Hg in clinic-based 
care and 90 mm Hg in telehealth care) with no signifi-
cant differences between groups in DBP change over 
time a (0.3 [95% CI, −1.0 to 1.5] mm Hg). There was no 
difference in key safety parameters from preintervention 
to postintervention between groups, including electrolyte 
disturbances, reduced kidney function, or diagnoses of 
dizziness, fainting, or hypotension.

Although most PROs did not change significantly 
between groups, several important ones did. There were 
clinically important and statistically significant changes 
over time in favor of improved satisfaction with hyperten-
sion care in telehealth care. Telehealth care patients also 
reported a decrease in their sense of burden in caring 
for their hypertension (time and inconvenience related to 
scheduling visits and attending phone visits), and adher-
ent patients reported more burden related to measuring 
BP, but less time away from work and other responsibili-
ties. Improving satisfaction and convenience are goals of 
most health systems and may reduce barriers to care for 
marginalized populations. Although we did not observe a 
difference in between-group BP change, several patient-
reported processes that could mediate improvements in 
BP were reported more frequently in the telehealth care 
group, including more monitoring of home BP, electronic 
sharing of BP data, and use of the home BP data by the 
care team to change treatment.

In pragmatic trials, low adherence to the randomly 
assigned interventions or substantial crossover from one 
intervention to the other is common.44–46 A per-protocol 
analysis can help determine whether the interventions have 
differential effectiveness when delivered as intended, and 
is an important analytic tool in pragmatic trials.38 Because 
adherence to both interventions was lower than expected, 
as measured by completion of key steps in clinic-based 
care and telehealth care in under 1/3 of participants, we 
undertook a planned per-protocol analysis that accounted 
for measurable confounders and selection bias in enroll-
ment, adherence, and survey completion. The SBP effect 
size was larger in the inverse probability weight per-pro-
tocol models (≈3 mm Hg) compared with the ITT analy-
sis (<1 mm Hg), and similarly, there were larger effect 
sizes in the per-protocol analysis for the PROs that were 
improved in the ITT analysis. The per-protocol analyses 
had larger standard errors due to low adherence and use 
of inverse probability weight. Nevertheless, the general 
similarity of the results suggests that low adherence to 
the telehealth care intervention alone does not explain the 
lack of a between-group difference in SBP. In fact, in this 
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population with moderately severe uncontrolled hyperten-
sion, it supports the conclusion that clinic-based care and 
telehealth care were equally effective for lowering SBP, 
although there may be a differential effect related to the 
number of prescribed BP medications.

In retrospect, including a usual care group could have 
helped to distinguish whether the best practices incorpo-
rated in both the clinic-based care and telehealth care clin-
ics were responsible for the equivalent effectiveness for 
BP lowering compared with telehealth care. In particular, 
the best practice alert that we used to prompt enrollment 
via the hypertension referral order may have resulted in 
the unexpectedly high proportion of patients who had an 
antihypertensive medication class added at the index visit. 
Patients who were eligible for the trial but not enrolled were 
significantly less likely to have an antihypertensive medica-
tion added to treatment, even after adjusting for ways they 
may have differed from enrolled patients. Thus, we suspect 
that the similar BP reduction in both treatment groups could 
represent improvement in routine hypertension care that is 
sufficient to negate the advantage that previous trials have 
shown for extended team-based care and telemonitoring 
interventions.30,47,48 In the Hyperlink 1 trial mean baseline 
BP was 148/85 mm Hg.11 BP change from baseline to 
12 months was −13/−4 mm Hg in the usual care group, 
which did not include many of the best practices in place for 
Hyperlink 3, and −23/−9 in the telemonitoring group, which 
had much higher adherence to protocol-specified pharma-
cist visits and home BP monitoring.27,49 The BP reduction in 
Hyperlink 3 was substantially greater than that observed in 
the usual care group of Hyperlink 1, despite the potentially 
more difficult-to-treat patient population (higher baseline 
BP, treated with more medications, and not selected for 
interest in participating in research).50

Pragmatic trial designs are meant to test interven-
tions under realistic conditions but require researchers 
to think about many potential trade-offs in implementa-
tion.51 The research team prioritized pragmatic design in 
the domains of recruitment, resources needed to deliver 
the telehealth intervention, flexibility of delivery of the 
telehealth intervention, flexibility of adherence to the 
intervention, and data collection.50 Although low-touch 
recruitment methods were successful in enrolling most 
of the eligible patients, there was much lower adher-
ence to the follow-up visit than the 98% we observed 
in Hyperlink 1. Had we anticipated this important limita-
tion, we could have planned for alternative methods to 
either make it easier to decline participation, enhance 
adherence to follow-up, allowed PCPs to manage the 
telehealth intervention, or offered patients more freedom 
of choice on intervention content and delivery.

Several additional factors are important to keep in mind 
when interpreting the study results. Hyperlink 3 enrolled 
patients with moderately severe uncontrolled hyperten-
sion who were prescribed a median of 2 antihypertensive 
medication classes at baseline. Some of the BP reduction 

we observed likely resulted from regression to the mean.52 
Previous research suggests that self-monitoring and phar-
macist management interventions are effective in patients 
with SBP ranging from 140 to 169 mm Hg10,16 but may 
be less effective as we observed in patients on ≥3 antihy-
pertensive medications.10,53 These patients made up about 
20% of our study sample, and is likely a group for whom 
it is especially challenging to find additional effective and 
tolerable therapy. The study included both pharmacists and 
nurse practitioners to manage the telehealth intervention 
but did not test a care model where telemonitoring was 
managed by a PCP and MA or RN, although that configu-
ration would probably be quite appealing to some patients 
and PCPs. There were limitations on data collection owing 
to the pragmatic use of the EHR, so we lack information 
on some important care processes (eg, granular informa-
tion on medication intensification). However, our previous 
research suggests that using BP measured in a research 
clinic, rather than EHR measurements, would not have 
changed the study results.54

A recent systematic review of 20 trials found that 
replacing or augmenting usual in-person care with video 
teleconferencing generally resulted in similar clinical 
effectiveness, health care use, patient satisfaction, and 
quality of life.55 However, none of these studies exam-
ined hypertension care or diagnosis. Future research and 
practice for improving hypertension care through remote 
monitoring and virtual care should focus on (1) offering 
a variety of evidence-based choices to patients and cli-
nicians, (2) streamlining and supporting access to tele-
health, and (3) adopting newly available technology to 
obtain accurate remote BP measures, and (4) develop-
ing sustainable reimbursement models for virtual care.

In summary, with low exposure to the pragmatic tele-
health intervention that may be typical of what would 
be observed in clinical practice, both telehealth and 
clinic-based care were effective in lowering BP by 18 
to 19/10 mm Hg with no statistically significant BP dif-
ference between groups. Despite low intervention expo-
sure, there were more favorable PROs in the telehealth 
care group: patients were 26% more likely to highly rate 
their BP care experience, 55% more likely to report fre-
quent self-monitoring of BP (and electronic sharing), 
and 68% more likely to report changes made to medica-
tions based on home BP. There was less inconvenience 
related to BP care visits but more burden for measuring 
BP. We conclude that telehealth care by pharmacists is 
an effective and safe alternative to clinic-based care for 
improving patient-centered care for hypertension.

PERSPECTIVES
Comparing outcomes of different models of team-based 
care for uncontrolled hypertension may help primary care 
practices decide how to organize and allocate resources 
for this important aspect of cardiovascular risk reduction. 
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Previous studies with highly selected research volunteers 
had shown that home BP telemonitoring with pharmacist 
care management lowered BP more than usual in-per-
son primary care. This study enrolled typical primary care 
patients with moderately severe uncontrolled hyperten-
sion. It compared (1) clinic-based care using best practices 
and face-to face visits with physicians and MAs; and (2) 
telehealth care including the same best practices, but with 
added home BP telemonitoring and home-based care 
coordinated by a clinical pharmacist or nurse practitioner. 
Only about 1/3 of patients in both groups attended the ran-
domly assigned follow-up visit with the intended nonphysi-
cian team member within 6 weeks. Clinic-based care and 
telehealth care were similarly effective in lowering BP by 18 
to 19/10 mm Hg. Several PROs were more favorable in the 
telehealth care group: higher satisfaction with hypertension 
care, more frequent self-monitoring of home BP, perception 
that medications were changed based on home BP, and 
less inconvenience related to BP care visits. There was no 
difference in safety. In patients typical of those encountered 
in primary care practice, these results suggest that tele-
health care by pharmacists is an effective and safe alter-
native to clinic-based care for uncontrolled hypertension. 
Because adherence to follow-up with a randomly assigned 
nonphysician team member was low, patients should be 
offered a range of options for timely follow-up care.
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