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ARTICLE

Optimizing Precision of Hypertension Care to Maximize 
Blood Pressure Control: A Pilot Study Utilizing a 
Smartphone App to Incorporate Plasma Renin Activity 
Testing

Mai Mehanna1, Yiqing E. Chen1, Yan Gong1, Eileen Handberg2, Brittney Roth3, Jessica De Leon4, Steven M. Smith1,  
Jonathan G. Harrell5 and Rhonda M. Cooper-DeHoff1,*

Only half of patients with hypertension (HTN) respond to any given antihypertensive medication. Heterogeneity in pathophysi-
ologic pathways underlying HTN is a major contributor. Personalizing antihypertensive therapy could improve blood pressure (BP) 
reduction. The objective of this study was to assess the effect of pragmatic implementation of a personalized plasma renin activity 
(PRA)-based smartphone app on improving BP reduction. Patients with untreated or treated but uncontrolled HTN were recruited. 
BP and PRA were measured at baseline with final BP measured at 6 months. Patient’s information was entered into the app and 
treatment recommendations were returned. Clinicians were at liberty to follow or disregard the app’s recommendations. BP levels 
and percent BP control among patients whose clinicians did and did not follow the app’s recommendations were compared using 
independent t-test and Fisher’s exact test, respectively. Twenty-nine European American patients were included (38% women) 
with mean age of 52 ± 9 years and median PRA of 1.3 ng/mL/hr (interquartile range 0.5–3.1 ng/mL/hr). Participants whose clini-
cians followed the app’s recommendations (n = 16, 55%) as compared with those whose clinicians did not (n = 13, 45%), had a 
greater reduction in 6-month systolic BP (−15 ± 21 vs. −3 ± 21 mm Hg; adjusted-P = 0.1) and diastolic BP (−8 ± 8 vs. −1 ± 8 mm 
Hg; adjusted-P = 0.04). BP control at 6 months tended to be greater among patients whose clinicians accepted the app’s recom-
mendations vs. those whose clinicians did not (63% vs. 23%, P = 0.06). This pilot study demonstrates that acceptance of the app’s 
recommendations was associated with a greater BP reduction. Future studies to confirm these pilot findings are warranted.

Hypertension (HTN) is one of the most common chronic 
diseases, affecting ~ 45.6% of the US adults aged 20 years 
old and over.1 It is considered a major risk factor for mul-
tiple cardiovascular adverse outcomes, including angina, 

heart failure, stroke, and myocardial infarction,2 and has 
been also associated with target organ damage and a high 
global mortality rate.2,3 Despite the availability of multiple 
antihypertensive drugs, all of which have blood pressure 
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE  
TOPIC?
✔  Only half of the patients with hypertension (HTN) have 
their blood pressure (BP) controlled. Discordance in the 
pathophysiologic pathways underlying HTN is likely a 
contributor to the observed high interindividual variability 
in BP response to antihypertensive medications.
WHAT QUESTION DID THE STUDY ADDRESS?
✔  Does the plasma renin activity (PRA)-based smart-
phone app, which allows for the incorporation of the PRA 
biomarker into clinical care, affect BP lowering and BP 

control in patients with untreated or treated but uncon-
trolled HTN.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
✔  This pilot study demonstrates that there was greater 
BP reduction and better BP control when the PRA-based 
app treatment recommendations were accepted.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOL-
OGY OR TRANSLATIONAL RESEARCH?
✔  Use of this smartphone app and PRA as a biomarker 
could be used in clinical practice to help clinicians person-
alize the antihypertensive therapy to improve BP control.
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(BP) lowering efficacy, population-level BP control is only 
~  50%.4,5 Discordance in the pathophysiologic pathways 
underlying HTN and pathways targeted by antihypertensive 
mechanism of action is likely a major contributing factor in 
the observed interindividual variability in BP response to 
antihypertensive medications and poor BP control.6

One of the important physiologic pathways regulating BP 
is the renin-angiotensin-aldosterone system (RAAS). It has 
been demonstrated that plasma renin activity (PRA)—an in-
dicator of the RAAS activity—is a predictive biomarker of BP 
response to different antihypertensives.7 Previous studies 
have shown that patients with predominantly sodium vol-
ume-mediated HTN (PRA < 0.65 ng/mL/hr) respond better 
to diuretics and α-blockers (anti-volume, or “anti-V” drugs), 
whereas those with predominantly renin vasoconstriction-me-
diated HTN (PRA ≥ 0.65 ng/mL/hr) respond better to drugs 
that block the RAAS, such as angiotensin-converting enzyme 
(ACE) inhibitors, angiotensin-receptor blockers (ARBs), and 
β-blockers (anti-renin, or “anti-R” drugs).8-12 Moreover, it has 
been suggested that using PRA testing to personalize antihy-
pertensive therapy in treated, but patients with uncontrolled 
HTN could improve BP control and decrease the number of 
drugs needed to optimally treat HTN, which would in turn 
lead to improved adherence, fewer adverse events, and de-
creased cost associated with treatment.13

Recently, we demonstrated that a PRA cutoff point of 
0.60–0.65  ng/mL/hr is a predictive biomarker of BP re-
sponse with good sensitivity and specificity in European 
American (EA) patients with uncomplicated HTN.14 However, 
it is important to prospectively assess the value of utilizing 
PRA as a biomarker in a systematic practical treatment algo-
rithm to improve the precision of antihypertensive therapy in 
both untreated and treated patients with uncontrolled HTN. 
Therefore, the objective of this pilot study was to assess the 
effect of a pragmatic implementation of a personalized anti-
hypertensive treatment smartphone app, used to guide the 
selection of physiologically optimal HTN treatment based on 
PRA biomarker and treatment factors, on improving BP re-
duction and BP control in EA patients with uncomplicated 

HTN. We provide descriptive results of this pilot pragmatic 
implementation herein.

METHODS
Study population
The Optimizing Precision of Hypertension Care to Maximize 
Blood Pressure Control (OPTI-BP) study was a prospective, 
multicenter, open-label, factorial pilot clinical trial (clinical-
trials.gov identifier: NCT02814552). Study participants were 
recruited from three rural primary care clinics: University of 
Florida Health Family Medicine-Crossroads, University of 
Florida Health Family Medicine-Old Town, and Tallahassee 
Memorial Healthcare Physician Partners - Quincy. The study 
was conducted in accordance with the Declaration of Helsinki 
and the protocol was approved by the institutional review 
boards for all study sites. All participants provided voluntary, 
written informed consent prior to participation in the study.

Participants aged between 18 and 65  years with un-
treated HTN or treated but uncontrolled HTN were included. 
Patients with untreated and treated HTN were included to 
assess the utility of the PRA biomarker across the spec-
trum of uncomplicated HTN. Participants were excluded if 
they had controlled BP, significantly elevated BP, secondary 
causes of HTN, or intolerance to two or more antihyperten-
sive drug classes. The full list of inclusion and exclusion 
criteria are presented in Table S1.

Study procedures
Measurement of BP took place in the clinic and was doc-
umented in the electronic health record. Baseline BP was 
obtained at the first initial visit, or from a previous visit clos-
est to when the baseline PRA measurement was obtained. A 
blood sample for PRA measurement was collected at base-
line and sent to LabCorp for analysis. Upon receipt of the PRA 
result (usually within 24–48 hours of the visit), the PRA level 
and current antihypertensive medications (if any) were en-
tered into the PRA smartphone intervention clinical decision 
support app (Figure 1), and treatment recommendations 
to optimize antihypertensive drug usage were returned via 

Figure 1 Example screenshots of the personalized PRA-based smartphone app. Anti-R, anti-renin drugs including angiotensin 
converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs), β-blockers, direct renin inhibitors and central α2-agonists; 
Anti-V, anti-volume drugs including diuretics, aldosterone receptor antagonists, calcium channel blockers, vasodilators and α1-
blockers; BP, blood pressure; HTN, hypertension; PRA, plasma renin activity.
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the app to the provider. The treatment recommendations 
are based on adding and/or subtracting antihypertensive 
medications (anti-V or anti-R) according to PRA level(s) 
(Table 1).8,15 Mechanisms of action of each anti-V and an-
ti-R drug class are presented in Table 2. The app takes into 

account the type of the current antihypertensive medica-
tion(s) (if any) the patient is taking, and Table 1 includes the 
listing of recommendations based on a patient’s individual 
clinical scenario. For example, if the patient is taking an ACE 
inhibitor/ARB and has a PRA < 6.5 ng/mL/hr or is taking a 

Table 1 PRA-based app treatment recommendations for untreated and for treated but uncontrolled HTN

Current drug therapy PRA, ng/mL/hr Drug therapy recommendation

Untreated HTN

None < 0.65 Anti-V; titrate as needed

None ≥ 0.65 Anti-R; titrate as needed

Treated, uncontrolled HTN

≥ 1 Anti-V drug; no anti-R drug < 0.65 Titrate current anti-V as needed  
If BP uncontrolled, add another anti-V; titrate as needed

0.65–6.5 Add anti-R; titrate as needed

> 6.5 Stop anti-V if no compelling indication  
If BP uncontrolled, add anti-R; titrate as needed

≥ 1 Anti-R drug (ACE inhibitor/ARB), 
no anti-V drug

< 6.5 Stop anti-R if no compelling indication  
If BP uncontrolled, add anti-V; titrate as needed

≥ 6.5 Titrate anti-R as needed  
If BP uncontrolled, add another anti-R; titrate as needed

≥ 1 Anti-R drug (β-blocker/DRI/central 
α2-agonists), no anti-V drug

< 0.65 Stop anti-R if no compelling indication  
If BP uncontrolled, add anti-V; titrate as needed

≥ 0.65 Titrate anti-R as needed  
If BP uncontrolled, add another anti-R; titrate as needed

≥ 1 Anti-V drug + ≥ 1 anti-R drug < 0.65 Titrate current anti-V as needed  
If BP uncontrolled, add another anti-V; titrate as needed

≥ 0.65 Stop anti-V if no compelling indication  
If BP uncontrolled, titrate current anti-R as needed  

If BP uncontrolled, add another anti-R

ACE, angiotensin converting enzyme; Anti-R (anti-renin) drugs including ACE inhibitors, ARBs, β-blockers, DRIs, and central α2-agonists; Anti-V (anti-
volume) drugs including diuretics, aldosterone receptor antagonists, calcium channel blockers, vasodilators, and α1-blockers; ARB, angiotensin receptor 
blocker; BP, blood pressure; DRI, direct renin inhibitor; HTN, hypertension; PRA, plasma renin activity.

Table 2 Mechanisms of action of anti-V and anti-R drug classes

Drug class Mechanism of action

Anti-V drug classes

Thiazide diuretics Inhibit the sodium-chloride transporter in the distal tubule, leading to the inhibition of the reabsorption of about 
5% of the filtered sodium.32

Loop diuretics Inhibit the sodium-potassium-chloride cotransporter in the thick ascending limb of the loop of Henle, leading to 
the inhibition of the reabsorption of about 25% of the sodium load.32

Aldosterone receptor antagonists Block the effect of aldosterone at the distal segment of the distal tubule, leading to the excretion of more 
sodium and water in the urine.32

Calcium channel blockers Inhibit the calcium entry into the cells by binding to the L-type calcium channels located on the vascular 
smooth muscles (including those of the preglomerular arterioles) and heart, causing vascular smooth muscle 

relaxation (vasodilatation) and decreased heart rate.33

Vasodilators Relax the smooth muscles in the blood vessels, including those in the renal artery, causing vasodilatation.34

α1-Blockers Block the binding of the norepinephrine to the vascular smooth muscles by blocking the α1-adrenoreceptors, 
including those in the renal artery, causing vasodilatation.35

Anti-R drug classes

ACE inhibitors Block the conversion of angiotensin I into angiotensin II by blocking the ACE.36

ARBs Block the binding of the angiotensin II to the AT1 receptors on blood vessels and heart.36

β-blockers Block the binding of the norepinephrine and epinephrine to the β-adrenoreceptors located on the heart and the 
vascular smooth muscles, including those in kidneys, causing inhibition of the renal renin release.37

Direct renin inhibitors Inhibit the binding of renin to angiotensinogen by binding to the active site of renin, causing inhibition of the 
formation of both angiotensin I and angiotensin II.36

Central α2-agonists Inhibit the renin production via specific renal α2-adrenoreceptors.38

ACE, angiotensin converting enzyme; Anti-V (anti-volume) drug classes increase the renal sodium excretion by one of the mechanisms mentioned in the 
table. Anti-R (anti-renin) drug classes block one of the different sites (mentioned in the table) in the overactive renin angiotensin aldosterone system; ARBs, 
angiotensin II receptor blockers; AT1, type 1 angiotensin II.
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β-blocker/direct renin inhibitor/central α2-agonist and has a 
PRA  <  0.65  ng/mL/hr, the app recommends stopping the 
anti-R drug and adding an anti-V drug. In contrast, if a pa-
tient is taking an ACE inhibitor/ARB and has a PRA ≥ 6.5 ng/
mL/hr or is taking a β-blocker and has a PRA ≥ 0.65 ng/mL/
hr, the app recommends adding a second anti-R drug. A 
brief video demonstrating use of the app can be viewed at 
https://www.larag hmeth od.org/pra-htn-app/. Data for final 
BP, determined by the last available BP measurement in the 
electronic health record obtained within 6 months of study 
enrollment, was collected. In the case of uncontrolled BP, 
PRA could be re-checked as needed during the 6 months of 
follow-up, with results entered into the app for refinement of 
antihypertensive drug therapy as necessary. Clinicians were 
at liberty to follow or disregard the smartphone app treat-
ment recommendations in accordance with their clinical 
judgment and preference for antihypertensive medication 
prescribing based on patient-specific factors. REDCap 
was the data collection tool used to collect and store study 
data.16

Laboratory analysis
Blood samples for PRA analyses were collected at baseline 
and as needed during the ensuing 6 months, and sent to 
LabCorp, a commercial laboratory. To prevent cryoactiva-
tion, blood samples were processed at room temperature, 
then stored frozen.17 PRA was measured by incubating 
plasma at physiologic temperature in a buffer that facilitates 
its enzymatic activity. The PRA results reported are depen-
dent on both renin concentration and the concentration of 
its substrate in the patient’s plasma. Renin cleaves angio-
tensinogen to produce a decapeptide, angiotensin-I. After 
generation of angiotensin-I at 37°C in buffering conditions 
at pH 6, 10% formic acid containing angiotensin-I internal 
standard was added. An offline solid phase extraction step 
was conducted, followed by two wash steps, methanol elu-
tion and injection into the liquid chromatography tandem 
mass spectrometry system, which allows for measurement 
of the concentration of angiotensin-I. PRA levels were re-
ported as the amount of angiotensin-I generated (in ng/mL) 
per hour.18

Statistical analyses
Data for continuous variables are presented as means with 
SDs, except for PRA, which is not normally distributed, thus 
is presented as median with interquartile range. Data for 
categorical variables are presented as numbers and per-
centages. The primary outcome was BP change, defined as 
the difference between the 6-month visit and the baseline 
visit (BP at 6 months subtracted from baseline BP). Data 
normality for BP change was confirmed using qq plots and 
Shapiro–Wilk test. Independent t-test was used to compare 
the BP change of participants whose clinicians followed 
the app’s recommendations vs. those whose clinicians did 
not follow the app’s recommendations. Multivariable linear 
regression was conducted to estimate the difference in 
mean BP change comparing participants whose clinicians 
followed the app’s recommendations and those whose cli-
nicians did not, adjusting for baseline BP. In addition, BP 

control, defined as systolic BP (SBP) < 140 mmHg and di-
astolic BP (DBP) < 90 mmHg based on the last available 
BP was reported and compared using Fisher’s exact test, 
between participants whose clinicians followed the app’s 
recommendations and those whose clinicians did not.

RESULTS
Study population
The study population included 29 EA participants, 38% 
were women. Average age was 52 ± 9 years and the me-
dian baseline PRA was 1.3  ng/mL/hr (interquartile range, 
0.5–3.1  ng/mL/hr). At baseline, 10% of the participants 
had untreated HTN, whereas 52%, 21%, and 17% of pa-
tients had uncontrolled BP treated with one, two, or three 
antihypertensive medications, respectively (Table 3). The 
mean  ±  SD baseline SBP was 153  ±  11 and DBP was 
90 ± 7 mmHg (Table 4).

Reduction and control of BP at 6 months according to 
acceptance of the app’s recommendations
Among the 29 participants included, the app treatment rec-
ommendations were accepted for 16 (55%) and were not 
accepted for 13 (45%). Among those participants whose 
clinicians accepted the app treatment recommendations, 
average SBP was lower at 6 months than those whose clini-
cians did not accept the app’s recommendations (137 ± 20 
vs. 152 ± 21 mmHg; P = 0.05). Likewise, DBP was also lower 
comparing those whose clinicians accepted the app’s rec-
ommendations vs. those whose clinicians did not (81 ± 8 
vs. 89 ± 9 mmHg; P = 0.02). At 6 months, BP control oc-
curred in 63%10,16 of participants whose clinicians accepted 
the app treatment recommendations compared with 23% 
(3 of 13) of participants whose clinicians did not (P = 0.06; 
Table 4 and Figure 2).

Following adjustment for baseline BP, participants whose 
clinicians accepted the app’s recommendations as com-
pared with those whose clinicians did not, had a greater 

Table 3 Characteristics of the study participants

Study participants (n = 29)

Age, years 52 ± 9

Female 11 (38%)

Baseline PRA, ng/mL/hr 1.3 (0.5–3.1)

Number of antihypertensive drug classes at baseline

1 Anti-V 6 (21%)

1 Anti-R 9 (31%)

2 Anti-R 2 (7%)

1 Anti-V + 1 anti-R 4 (14%)

1 Anti-V + 2 anti-R 4 (14%)

2 Anti-V + 1 anti-R 1 (3%)

None 3 (10%)

Age is summarized as mean ± SD, PRA as median (interquartile range), and 
categorical variables as N (percentage).
Anti-V (anti-volume) drugs including diuretics, aldosterone receptor an-
tagonists, calcium channel blockers, vasodilators, and α1-blockers; Anti-R 
(anti-renin) drugs including angiotensin converting enzyme inhibitors, an-
giotensin receptor blockers, β-blockers, direct renin inhibitors, and central 
α2-agonists; PRA, plasma renin activity.

https://www.laraghmethod.org/pra-htn-app/
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reduction in 6-month SBP (−15  ±  21 vs. −3  ±  21  mmHg; 
adjusted-P  =  0.1) and DBP (−8  ±  8 vs. −1  ±  8  mmHg; 
 adjusted-P = 0.04; Figure 3).

DISCUSSION

To our knowledge, this is the first study to implement a 
smartphone app designed to incorporate PRA as a way 
to personalize antihypertensive medication selection. In 
this pilot study, we have shown that it is possible to imple-
ment use of PRA as a biomarker, along with information 
on current therapies to further optimize antihypertensive 
therapy and reduce BP. We believe, if widely applied in clin-
ical setting, this PRA-based smartphone app could have 
substantial significant impact on the 116.4 million US adults 
with HTN through reducing risk of drug adverse events and 
cardiovascular events.1

Only half of patients with HTN have controlled BP.4,5 
Several studies postulate that restricted access to health 
care and medication nonadherence are major contributors 
to poor BP control; yet, there is evidence that even patients 
who have health insurance and those who do adhere to 
their antihypertensive medications have uncontrolled BP.19 
In addition to the potential increased cardiovascular risks, 
uncontrolled BP often leads to the prescription of additional 
antihypertensive medications, which may increase risk for 
adverse events and result in additional cost estimated at US 
$467 million per year among US patients.20,21

Uncontrolled BP likely reflects the high interindivid-
ual variability in BP response to various antihypertensive 
medications, which is mainly due to the heterogeneity 
in the pathophysiologic pathways underlying HTN.6 The 
RAAS pathway plays a significant role in regulating BP. 
Within this system, renin converts angiotensinogen into 
angiotensin-I, which is rapidly converted by the ACE into 
angiotensin-II. Angiotensin-II elevates BP by causing vaso-
constriction and by stimulating the aldosterone secretion 
which leads to sodium retention.7 RAAS activity is clini-
cally estimated by PRA.7 Using a personalized approach 
that is based on PRA—a biomarker that can be aligned 
with the mechanism of action of many antihypertensive 

drug classes—could improve BP lowering and control 
with fewer medications.8

For a biomarker to be clinically embraced, its utility should 
be systematically evaluated.22 Recently, we and others 
demonstrated that PRA is statistically significantly associ-
ated with BP response to multiple antihypertensives and that 
patients—especially EAs—with higher-PRA vs. lower-PRA 
categories have different BP responses to antihypertensive 
medications.9,10,14 Moreover, we have shown that a PRA 
cutoff point of 0.60  ng/mL/hr, a cutoff point originally es-
tablished in a cohort of EA patients decades ago,23 has a 
sensitivity of 48.3% and a specificity of 85.1% to predict the 
BP response to chlorthalidone vs. metoprolol in EA patients 
with primary uncomplicated HTN.14

The clinical utility of PRA as a biomarker was evaluated 
in a prospective study of 73 resistant patients with HTN 
followed for 1 year. This study showed that PRA-guided an-
tihypertensive medication selection resulted in significantly 
fewer antihypertensive medications required to control BP.24 
Additionally, in a randomized controlled clinical trial where 77 
patients were treated, but had uncontrolled HTN (mostly white 
patients) were randomized to either a PRA-guided treatment 
approach or to the usual clinical HTN specialists’ care, those 
treated based on a PRA-guided approach had a significantly 
greater reduction in SBP and were treated with fewer anti-R 
drugs compared with those treated based on the usual clini-
cal HTN care.13 In our pilot pragmatic trial, we demonstrated 
that deployment of a smartphone app that can aid clinicians 
in interpretation of PRA to optimize BP lowering across the 
spectrum of patients with uncomplicated HTN is feasible. In 
addition, we documented that participants whose clinicians 
accepted the app’s recommendations had on average about 
12  mmHg greater 6-month SBP reduction compared with 
those whose clinicians did not. This difference is clinically 
meaningful because a reduction in SBP of just 5 mmHg from 
baseline has been associated with 27% and 15% declines 
in risk of coronary heart disease and stroke, respectively.25 
In addition, acceptance of the smartphone app treatment 
recommendations was associated with a greater BP control.

The antihypertensive medication recommendations trig-
gered by the app were based on adding and/or subtracting 

Table 4 BP of the study participants

Study participants 
(n = 29)

Acceptance of 
app treatment 

recommendations (n = 16)

Non-acceptance 
of app treatment 

recommendations (n = 13) P value*

Baseline SBP, mmHg 153 ± 11 150 ± 12 157 ± 9 0.1

Baseline DBP, mmHg 90 ± 7 88 ± 7 91 ± 6 0.2

SBP at 6 months, mmHg 143 ± 22 137 ± 20 152 ± 21 0.05

DBP at 6 months, mmHg 85 ± 9 81 ± 8 89 ± 9 0.02

SBP change after 6 months, mmHg −10 ± 20 −14 ± 20 −5 ± 21 0.3

DBP change after 6 months, mmHg −5 ± 9 −7 ± 9 −2 ± 9 0.1

BP control (SBP < 140 and 
DBP < 90 mmHg) at 6 months

13 (45%) 10 (63%) 3 (23%) 0.06

All continuous variables are summarized as mean ± SD and compared using independent t-test. Discrete values are summarized as N (percentage) and 
compared using Fisher’s exact test.
BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure.
*P values for comparison between participants whose clinicians accepted the app treatment recommendations vs. those whose clinicians did not.
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anti-V and anti-R drugs according to the patient’s PRA. It 
is possible that PRA is altered based on the prescribed an-
tihypertensive medication. Studies have demonstrated that 
anti-V drugs can cause a reactive rise in PRA in response to 

the reduced sodium content caused by diuresis.15 Through 
blocking the formation of angiotensin-II or its action, ACE 
inhibitors and ARBs can also increase PRA.26 Conversely, 
β-blockers decrease PRA by directly blocking the release of 

Figure 2 Each line represents a study participant. BP changes of participants whose clinicians accepted the app recommendations 
and those whose clinicians did not (a) SBP changes of participants whose clinicians accepted the app’s recommendations (n = 16) 
and those whose clinicians did not accept the app’s recommendations (n = 13). (b) DBP changes of participants whose clinicians 
accepted the app’s recommendations (n = 16) and those whose clinicians did not accept the app’s recommendations (n = 13). BP, 
blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure.

Figure 3 Adjusted BP changes of participants whose clinicians accepted the app recommendations vs those whose clinicians did 
not (a) Adjusted SBP changes (mean with SD) of participants whose treatment recommendations provided by the app were accepted 
(n = 16; −15 ± 21 mmHg) vs. those whose treatment recommendations provided by the app were not accepted (n = 13; −3 ± 21 mmHg; 
adjusted-P = 0.1). (b) Adjusted DBP changes (mean with SD) of participants whose treatment recommendations provided by the app 
were accepted (n = 16; −8 ± 8.4 mmHg) vs. those whose treatment recommendations provided by the app were not accepted (n = 13; 
−1 ± 8 mmHg; adjusted-P = 0.04). All values were adjusted for baseline SBP/DBP. BP, blood pressure; DBP, diastolic blood pressure; 
SBP, systolic blood pressure.
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renin from kidneys.27,28 Although the study protocol allowed 
clinicians to re-evaluate PRA during a patient’s HTN treat-
ment course in this pilot study, PRA was not re-tested.

In addition to reducing BP, improving control, and reduc-
ing the number of antihypertensives needed to control BP, 
PRA has been demonstrated to be cost-effective. The cost 
of a PRA test is US $100–150 in the United States and is 
reimbursed by Medicare and many third-party insurance 
providers.15,29 Treating patients based on a PRA-based 
treatment strategy has been demonstrated to be associ-
ated with a 20% reduction in the total cost of medication 
per patient.24 Moreover, using a simulation model, we have 
previously shown that a PRA-guided treatment approach 
increases quality-adjusted life years and is more cost-ef-
fective than standard treatment care owing to improved BP 
and a corresponding reduction in complications, such as 
heart failure, stroke, acute myocardial infarction, and renal 
disease.29 Therefore, use of a PRA-based smartphone app 
could prevent additional potential costs while improving BP 
control. Additionally, the PRA-based smartphone app could 
be useful in patients with resistant HTN, where the treatment 
costs are high due to the substantial increase in multiple 
comorbidities. Use of this app and PRA levels to guide se-
lection of antihypertensive therapy could prevent the need 
for future procedures like renal denervation, in the high-risk 
resistant hypertensive population.30

Our study adds to the existing literature by further as-
sessing the utility of PRA as a biomarker in clinical practice, 
using an innovative, systematic, precision-focused HTN 
management approach. In our study, our sites were all rural 
primary care practices where access to specialty care is 
limited. Implementing this tool in sites like this provides the 
opportunity for optimized care that might otherwise not be 
possible. This easy-to-use smartphone app can be imple-
mented in any hypertensive population, including those who 
are treated, untreated, or resistant to antihypertensive ther-
apy, and of any race, to minimize HTN-related disparities 
and improve HTN outcomes. However, findings from this 
pilot study should be considered in light of its limitations. 
First, our pilot study included a small sample size. Despite 
the small sample size, when the app’s recommendations 
were accepted, patients had a statistically significant greater 
reduction in DBP. Another limitation is the lack of randomiza-
tion and blinding in this clinical trial. However, this pragmatic 
pilot trial was conducted to assess the effect of clinical im-
plementation of a personalized PRA-based smartphone app 
within the real-world clinic setting on BP reduction and con-
trol. Currently, this app does not function with direct renin 
but that could be added in a future upgrade to the app soft-
ware.31 Additionally, having the smartphone app available 
to apply the app treatment recommendations when clinical 
decisions are made is a necessity.

In conclusion, our data suggest that a PRA-guided 
smartphone app offering individualized therapy recommen-
dations can be implemented in a real-world setting, and 
that HTN management concordant with these recommen-
dations appears to improve BP response. We also believe 
that findings from this pilot study and others serve as the 
basis for building a model to personalize the antihyper-
tensive therapy based on demographic, clinical, PRA, and 

genetic factors rather than implementing the “one size fits 
all” approach. To assess and confirm the clinical utility of 
the smartphone app and a PRA-based treatment strategy, 
randomized blinded clinical trials with larger sample sizes 
are needed.
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