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Introduction
Pediatric hypertension affects 2% to 5% of children and 

adolescents in the United States and is frequently un-
derdiagnosed and undertreated.1–6 A study by Shapiro et 
al2 found that as many as two-thirds of pediatric patients 
are not screened for hypertension at clinic visits. Kaelber 
et al4 found that only 23% of patients who meet criteria 
for hypertension are diagnosed with hypertension, and 
only 5.6% of diagnosed patients are treated. Patients 
with pediatric hypertension are frequently referred to 
cardiology or nephrology subspecialists for workup 
and treatment.1 However, the Association of American 
Medical Colleges predicts a shortage of 9300 to 17,800 
medical specialists including pediatric subspecialists by 
2033, and rural communities may have fewer than 20% 
the number of general pediatricians and specialists per 
capita as urban communities.7,8 Rural patients also report 
statistically significantly lower appointment adherence 
and lower-quality patient-provider communication on 

quality of care surveys.9 Data show that the prevalence 
of pediatric obesity is increasing in the United States, the 
so-called obesity epidemic, and obesity is strongly linked 
to primary hypertension in pediatric patients.3,10,11 As the 
care gap for children and adolescents with hypertension 
widens, and as hypertension and elevated blood pres-
sure in pediatric patients most likely contributes to car-
diovascular disease in adults, there is a need to improve 
drug therapy management for pediatric hypertension.

Pharmacists engaged in ambulatory care clinics ex-
tend ambulatory care services, reduce the burden on 
overloaded physicians, and decrease costs.12–14 Physi-
cians respond well to pharmacists in ambulatory care 
settings and pharmacists can improve outcomes for pa-
tients and practices.13–15 Although the benefit of deploy-
ing pharmacists in ambulatory care settings has been 
demonstrated, the pharmacist’s role in these settings is 
still being defined, including pediatric settings, where 
there is no standard practice model.16,17 The objective 
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ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CDTM, collaborative drug therapy management; CKD, 
chronic kidney disease; DHP, dihydropyridine.

*  Contraindications to ACE-Is include pregnancy, angioedema, and coadministration with aliskiren.

Figure 1. CDTM treatment algorithm.
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of this study was to determine if pharmacist-physician 
collaborative drug therapy management (CDTM) could 
improve rates of blood pressure control in a pediatric 
hypertension clinic.

Methods
This study was a controlled trial of physician-phar-

macist CDTM versus traditional care. We intended to 
determine if CDTM for pediatric hypertension is non-
inferior to traditional care.

Participants. Participants were patients at a pedi-
atric cardiology clinic in Northeast Louisiana with 2 
pediatric cardiologists. To be included in the study, 
patients needed to be aged 4 to 20 years at enrollment 
and have a diagnosis of elevated blood pressure or 
primary or secondary hypertension as defi ned in the 
2017 pediatric hypertension guidelines.1 Patients who 
were pregnant or had physical preclusion to routine 
blood pressure measurement, such as patients with 
missing limbs or abnormal vasculature, were excluded. 
Patients in the CDTM group provided consent or assent 
as appropriate for age. We were not able to conduct 
the consent/assent process in languages other than 
English, so to respect patient autonomy and rights, 
patients who could not speak English or did not have 
a caregiver able to speak English were excluded from 
the study. Non–English-speaking patients were not 
excluded from the CDTM service.

Comparisons. Patients were enrolled in the CDTM 
group prospectively from January 2020 through De-
cember 2021. Patients were seen and diagnosed by 
1 of 2 supervising cardiologists and referred to the 
pharmacist for CDTM. CDTM visits were placed on 
the pharmacist’s schedule, which had 20 hours/week 
available for appointments. During visits, the pharmacist 
could counsel about medications and therapeutic life-
style choices such as diet and exercise, issue prescrip-
tion orders and laboratory orders by way of a protocol 
based on the 2017 pediatric hypertension guidelines, 
and order follow-up visits (Figure 1).1 The pharmacist also 
issued oscillometric blood pressure devices for home 
blood pressure monitoring at no cost to patients and 
taught proper use to patients and caregivers. Patients 
aged 13 years and older who were capable of home 
blood pressure monitoring were invited to schedule 
virtual visits after their fi rst visit with the pharmacist.

Patients with hypertension who were seen in the 
clinic between January 2018 and December 2019 
were retrospectively included in the traditional care 
group. Traditional care patients were managed by the 
pediatric cardiologists with or without assistance from 
nurse practitioners or physician assistants. Traditional 
care patients did not have the option for telemedicine, 
nor were they issued home blood pressure monitors.

Outcomes. The primary outcomes were the propor-
tion of patients at goal blood pressure at 3, 6, and 12 
months and time to control (TTC) of blood pressure. 

Goal blood pressure was defi ned as in-clinic blood 
pressure <95th percentile for age, sex, and height in 
children or <130/80 mm Hg in adolescents. Time to 
control was defi ned as days until achievement of goal 
blood pressure, provided goal blood pressure was 
maintained through the end of the study period. The 
start date for all primary outcomes was the fi rst visit 
with above-goal blood pressure. Secondary outcomes 
included appointment adherence and a composite of 
serious adverse drug events and hypertension-related 
unanticipated health care encounters. All appointments 
with any provider or service in the cardiology clinic were 
counted for adherence outcomes, but if a patient had 
multiple appointments on the same day, such as an 
echocardiogram and a provider visit, this was counted 
only once.

Statistical Methods. All categorical outcomes were 
assessed with chi-square statistics with a non-inferiority 
margin of 20% (δ = 0.2). TTC was assessed by using 
a Kaplan-Meier estimate. With an alpha of 0.05, we 
determined that we would need 324 patients for 90% 
power to establish non-inferiority. All patients who met 
inclusion criteria, attended at least 2 visits with the 
pharmacist (CDTM) or physician (traditional care), and 
were followed up for at least 3 months were included 
in the intention-to-treat (ITT) analysis. ITT patients who 
had at least 1 visit with above-goal blood pressure were 

BP, blood pressure; CDTM, collaborative drug therapy management; 
ITT, intention to treat.

Figure 2. Patient fl owchart for patients in the CDTM 
(prospective) group. 
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included in the modifi ed intention-to-treat (mITT) analy-
sis. The mITT population was used for assessments of 
blood pressure control. The ITT population was used 
for assessments of adherence and safety. All statistical 
analyses were performed by using R in the RStudio 
environment.18,19 Assessment was conducted with group 
assignments blinded.

Results
One hundred fi fty-six patients were screened for in-

clusion in the CDTM group. Of those patients screened, 
151 were included. Reasons for exclusion included not 
providing or withdrawing consent (3) or not having a 
caregiver who speaks English (2). In the traditional care 
group, 115 patients were screened and all 115 met inclu-
sion criteria. Of all patients included, 125 (CDTM) and 79 
(traditional) were included in the ITT analysis, and 100 
(CDTM) and 78 (traditional) were included in the mITT 
analysis (Figures 2 and 3). Baseline characteristics were 
similar between groups (Table 1).

Primary Outcomes. Achievement of at-goal blood 
pressure at 12 months was statistically signifi cantly 
higher in the CDTM group, occurring in 54 (54%) pa-
tients in the CDTM group compared with 28 (36%) in 
the traditional care group (OR, 2.09; 95% CI, 1.14–3.85; 
p = 0.016) (Table 2). This diff erence also existed at 6 
months (OR, 2.21; 95% CI, 1.18–4.12; p = 0.012) and at 3 
months (OR, 2.92; 95% CI, 1.44–5.91; p = 0.002). Median 
TTC was 44 days shorter in the CDTM group (63.5 days; 
IQR, 36.75–129.75) than in the traditional care group 

(107.5 days; IQR, 58.25–249) (p = 0.026) (Figure 4).
Safety Outcomes. One patient in each group expe-

rienced possible angioedema while taking lisinopril. 
Both patients’ symptoms resolved after discontinuing 
lisinopril. Two patients in the CDTM group and 1 patient 
in the traditional care group were referred to acute 
care for observation following elevated blood pressure 
measurements. All 3 patients’ blood pressure resolved 
during observation. No other study-related serious ad-
verse events or unanticipated health care encounters 
were reported.

Appointment Adherence. In the CDTM group, 35 
(28%) patients had at least 1 “no show” missed appoint-
ment, compared with 23 (29%) in the traditional care 
group (OR, 0.95; p = 0.86). There were a total of 58 (9%) 
no show appointments for CDTM patients, compared 
with 45 (16%) no show appointments for traditional care 
patients (p < 0.01) (Table 3).

Medication Usage. Drug choice was similar between 
groups, except that patients in the CDTM group were 
more likely to receive angiotensin receptor blockers 
(ARBs) (p = 0.03) (Table 4). This refl ects the success 
of challenging some CDTM patients on ARBs who did 
not tolerate angiotensin-converting enzyme inhibitors 
(ACE-Is).20

Discussion
In this study, we improved drug therapy management 

in hypertensive pediatric patients through use of a phar-
macist-physician collaboration. Our primary outcomes, 
at-goal blood pressure at 12 months and TTC of blood 
pressure, both met statistical criteria for non-inferiority 
and superiority of CDTM. The number needed to treat 
was 6 patients enrolled for 12 months in CDTM to achieve 
1 additional controlled hypertension case. This mirrors 
similar results found when deploying clinical pharma-
cists in adult settings, where pharmacist collaborators 
with the ability to issue prescription orders improve 
rates of at-goal blood pressure by as much as double 
traditional care.13,21–24 The results of this study provide 
another mechanism to improve the nationwide low rates 
of successful treatment for pediatric hypertension.25–31

We expected telemedicine to improve appointment 
adherence by reducing travel time and time away from 
home, work, and school for patients and caregivers. 
While telemedicine was underused, our missed appoint-
ment rate was still lower in the CDTM group. In both 
groups, patients were called after missed appointments 
to reschedule, by a nurse for traditional care and by the 
pharmacist for CDTM. It is possible that the novelty of the 
clinic motivated patients to keep CDTM appointments, 
or else the increased frequency of visits made it easier 
for CDTM patients to remember their appointment times.

Pharmacotherapy choices were similar between 
groups. CDTM patients were more likely to receive 
a thiazide-like antihypertensive or renin-angiotensin-
aldosterone system (RAAS) inhibitors, and traditional 

Figure 3. Patient fl owchart for patients in the tradi-
tional care (retrospective) group.
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care patients were more likely to receive beta blockers, 
but these diff erences were not statistically signifi cant. 
This diff erence can be explained by the pharmacist’s 
protocol, which preferred fi rst-line agents (thiazides, 
RAAS inhibitors, dihydropyridines) over second-line 

agents (including beta blockers). The only statistically 
signifi cant diff erence was ARB use. During the study, 
1 patient experienced dramatically improved blood 
pressure after switching from an ACE-I to an ARB.20

This resulted in the pharmacist’s attempting the same 
switch in some other patients who were not at goal on 
dual therapy as an extra step before advancing to triple 
therapy or moving to second-line agents.

In addition to the clinical pharmacist’s time, resources 
required for our practice model included physician time 
for protocol and collaborative care discussions; admin-
istrative support for credentialing, electronic medical 
record access, and scheduling; clinic staff  support for 
rooming patients; clinic space; and home blood pressure 
monitors. In practice, the cost of home monitors may be 
transferred to some third-party payors or to patients. 
For this study, the most challenging resource was clinic 
space, as the examination rooms and other clinic space 
were shared by physicians, advanced practice providers, 
and the pharmacist.

Strengths of this study include a realistic, easy-to-
replicate practice. We designed this practice to resemble 
typical pharmacist-provider clinics across the United 
States.32 The pharmacist’s schedule was open for the 
entire 20 hours/week for patient appointments, which 

Table 1. Baseline Characteristics

CDTM Traditional p

Age, mean ± SD, yr
 Age 4–12, n (%)
 Age 13–17, n (%)
 Age 18–20, n (%)

12.4 ± 3.5
57 (46)
66 (53)

2 (2)

12.6 ± 3.5
36 (46)
37 (47)
6 (8)

0.67
>0.99
0.41
0.03

SBP, median (IQR), percentile* 95 (88–98) 97 (92–99) 0.06

DBP, median (IQR), percentile* 89 (74–96) 78 (50–94) 0.01

BMI, mean ± SD, kg/m2 28.7 ± 7.8 28.8 ± 7.8 0.91

BMI, median (IQR), percentile† 97 (90–99) 97 (88.5–99) 0.67

Obese, n (%) 83 (66) 51 (65) 0.79

Severely obese, n (%) 52 (42) 30 (38) 0.61

Height, median (IQR), percentile† 86 (60–98) 82 (56–96.5) 0.37

BMI, body mass index; CDTM, collaborative drug therapy management; DBP, diastolic blood pressure; SBP, systolic blood pressure

*  Percentile for age, height, and sex.
†  Percentile for age.

Table 2. Primary Outcomes: At-Goal Blood Pressure at 3, 6, and 12 Months and Time to Control of Hypertension

CDTM (N = 100) Traditional (N = 78) OR (95% CI) 

Outcome

At-goal blood pressure
 12 mo
 6 mo
 3 mo

54 (54%)
48 (48%)
39 (39%)

28 (36%)
23 (29%)
14 (18%)

2.09 (1.14–3.85)
2.21 (1.18–4.12)

2.92 (1.44–5.91)

CDTM, collaborative drug therapy management.

Strata
— Group = CDTM

– •– •– Group = Traditional

Figure 4. Kaplan-Meier graph for time to control of 
hypertension.
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could be 30 minutes or 1 hour. Patient appointment slots 
were supposed to be long enough for the pharmacist 
to prepare to see the patient, conduct the visit, consult 
with the physician, if necessary, and write a progress 
note into the patient’s chart—the pharmacist schedule 
was designed to closely emulate other provider sched-
ules. Patient scheduling was managed mostly by clinic 
staff, so appointments could be added even when the 
pharmacist was not present. Finally, this is the first study 
in pediatric hypertension to report rates of control at 
short-term intervals.26

Our study also had some limitations. We originally 
intended for many of our CDTM patient encounters to 
occur via telemedicine. After the initial in-person visit to 
enroll patients and provide and teach patients to use 
a home blood pressure monitor, we expected eligible 
patients—those patients at least 13 years of age who 
could fit one of our home monitoring cuffs and demon-
strate proper technique—would be managed mostly by 
telemedicine. This would have helped with the problem 
of clinic space and the need for patient rooms. However, 
telemedicine acceptance was low in our study patients. 
Early in the COVID-19 pandemic, our clinic encouraged 
telemedicine visits where possible. This might have 
reasonably catalyzed our telemedicine service, but only 
7 patients chose to schedule and attend more than 1 
telemedicine session during the entire duration of the 

study. Reasons for low acceptance of telemedicine are 
unknown.

As an additional limitation, only in-clinic blood pres-
sure measurements were used in assessing outcomes, 
instead of gold standard ambulatory blood pressure 
monitoring. Home blood pressure logs for CDTM patients 
were reviewed and may have influenced provider deci-
sions but were not used to assess study outcomes. Also, 
there are no home blood pressure monitors available in 
the United States that are validated for use in children.33 
Because of this, we could not take full advantage of 
home blood pressure monitoring for patients aged 12 
years and younger.

This article describes clinical outcomes associated 
with physician-pharmacist CDTM. We are planning a 
pharmacoeconomic analysis of the cost-effectiveness 
of our model, which may provide further justification 
for deploying a clinical pharmacist in similar settings. 
We also recognize the need for further research into 
telemedicine, specifically the reasons for low adoption 
of telemedicine, billing, and clinics covering multiple 
disease states.

Conclusion
This study describes a novel pediatric hypertension 

clinic using physician-pharmacist CDTM. We found that 

Table 3. Secondary Outcomes: Missed Appointments

CDTM Traditional OR (95% CI) 

Outcome

Patients with ≥1 “no show” 35/125 (28%) 23/79 (29%) 0.95 (0.51–1.8)

“No show” appointments 58/620 (9.4%) 45/280 (16%) 0.54 (0.35–0.82)

CDTM, collaborative drug therapy management

Table 4. Medication Usage

CDTM, % Traditional, % p 

ACE-I or ARB*
 ACE-I
 ARB

73
62
14

61
57
4

0.13
0.37
0.03

Aldosterone antagonist 1 0 -

Alpha agonist 11 5 0.22

Amiloride 2 0 -

Beta blocker 13 23 0.11

Calcium channel blocker (dihydropyridine) 28 33 0.52

Calcium channel blocker (non-dihydropyridine) 1 1 0.94

Thiazide-like antihypertensive 27 16 0.08

ACE-I, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CDTM, collaborative drug therapy management

* �Some patients received both an ACE-I and ARB at different times in their therapy (no patients received an ACE-I and ARB concomitantly).
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this approach improves rates of at-goal blood pressure, 
time to at-goal blood pressure, and appointment adher-
ence without compromising patient safety. Physician-
pharmacist collaboration is permitted in most US jurisdic-
tions, so provided resources such as pharmacist time and 
clinic space can be allocated, our practice model could 
be reasonably emulated and improve patient manage-
ment in a variety of settings.
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