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Abstract

Background Hypertension is a major risk factor for heart disease, heart failure and stroke. Lifestyle changes are
recommended as first-line treatment for management of high blood pressure for young adults, when 10-year
atherosclerotic cardiovascular disease risk score is < 10%. If lifestyle changes alone do not control blood pressure, then
providers have access to four classes of first-line blood pressure lowering agents to treat hypertension, when other
contra-indications are not present.

Methods This is a cross-sectional, retrospective, secondary analysis performed of the MyHEART trial on study
participants at enrollment to determine they were prescribed anti-hypertensive medication. Of those prescribed
medications, we aimed to determine the frequency first-line medications including thiazide or thiazide-like
diuretics, angiotensin converting-enzyme inhibitors, angiotensin receptor blockers, and calcium channel blockers
were prescribed. This analysis categorized participants into four medication status categories: no antihypertensive
medication, prescribed only first-line antihypertensives, prescribed only non-first-line antihypertensives, and
prescribed a combination of first-line and non-first-line antihypertensives. Participant clinical and sociodemographic
factors by medication use were evaluated. Linear regression models were fit to determine the association between
antihypertensive medication and blood pressure.

Results At enrollment, 157/311 (50.5%) participants were not on antihypertensives. Of the 154 on antihypertensives,
reported use included monotherapy 97/154 (63.0%), combined therapy 57/154 (37.0%), only first-line
antihypertensive 111/154 (72.0%), and only non-first-line antihypertensives 21/154 (13.6%), and combination of
first-line and non-first-line antihypertensives 22/154 (14.2%). Antihypertension medication use varied based on

age (p<0.001), sex (p=0.008), race (p=0.001), body mass index (BMI) kg/m2 (p=0.016), anxiety and/or depression
(p=0.048), diabetes (p=0.007), and sodium intake (p=0.042). Participants with only first-line medications had lower
in-office systolic (-4.66 mmHg, Cl-8.31 to-1.02, p=0.013) and diastolic (-3.51 mmHg, Cl-6.30 to -0.71, p=0.015),
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antihypertensives.

obtained: IRB # 2017 —-0372.

and lower ambulatory diastolic (-2.12 mmHg, CI -4.15 t0 -0.09, p=0.041) blood pressure than those without

Conclusions Among MyHEART study participants, all of which had uncontrolled hypertension, 50.5% were not on
an antihypertensive at enrollment. This finding supports the call to improve management of blood pressure earlier

in life to potentially contribute to the reduction of long-term cardiovascular disease. Of the participants who were
prescribed blood pressure medication, providers prescribed guideline-based antihypertensive therapy the majority of
the time, however, this study indicates there may be an opportunity to increase the use of first-line, guideline-based
antihypertensives, regardless of age, sex, or type of hypertension to lower long-term cardiovascular risk.

Trial registration https://www.ClinicalTrials.gov Identifier: NCT03158051, registered 5-15-2017. IRB approval
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Background

NHANES data from 2017 to 2020 published in the Amer-
ican Heart Association Heart Disease and Stroke Sta-
tistics-2023 Update reports 28.5% of young adults ages
20—44 years have high blood pressure [1]. Because high
blood pressure is a risk factor for a number of adverse
health outcomes, the AHA designates blood pressure
control as 1 of 8 components to ideal cardiovascular
health [2].

Johnson et al. studied hypertension control in young
adults treated with antihypertensives, and observed
only 34% of over 10,000 young adults had been started
on antihypertensive therapy, or achieved hyperten-
sion control prior to receiving treatment [3]. There is an
association between ambulatory visits and blood pres-
sure control. Gooding and colleagues found 91% of their
young adult patient population achieved a blood pres-
sure goal of <140/<90 mmHg if they received follow-up
within one month of an initial visit [4]. Effective blood
pressure control can reduce future risk for development
of cardiovascular disease including coronary heart dis-
ease, heart failure, stroke, chronic kidney disease and
tens of thousands of premature deaths each year in the
US [5-7]. When lifestyle changes alone do not achieve BP
control antihypertensive medications should be initiated.

US guidelines have recommended, without other con-
traindications present, first-line antihypertensive medi-
cations include thiazide or thiazide-like diuretics (TZD),
angiotensin converting-enzyme inhibitors (ACEi) or
angiotensin receptor blockers (ARBs), and calcium chan-
nel blockers (CCB) [8, 9]. If control is not reached with
one agent, two should be prescribed for Stage 1 HTN,
if Stage 2 HTN is present, consideration of two differ-
ent medication classes is advised [9]. The objective of
this study was to evaluate the use of guideline-directed
antihypertensive medications and associated levels of
blood pressure control among young adult participants
with uncontrolled hypertension upon enrollment in the
MyHEART study.

Methods

The MyHEART study was a multi-center randomized
controlled trial that was conducted at two large Mid-
western academic centers, with enrollment from October
2017 through December 2021 (NCT03158051 registered
on 5-17-2017). The final sample size for trial enrollment
was 316. Study design, inclusion/exclusion criteria, and
results were previously published [10, 11]. In brief, the
study population included male and non-pregnant female
young adults ranging from 18 to 39 years old at enroll-
ment with uncontrolled hypertension. At the time of
study design and protocol implementation, the diagnos-
tic office blood pressure threshold for hypertension was
2140/90 mmHg [12], which was continued throughout
the study. Both in-person research visit blood pressures
and 24-hour ambulatory blood pressure monitoring
(AMBP) were obtained during the trial. Patients met cri-
teria for uncontrolled hypertension and enrollment to
this trial if their mean 24-hour AMBP was a systolic>130
mmHg and/or diastolic=280 mmHg and/or the mean
awake AMBP was a systolic=135 mmHg and/or dia-
stolic>85 mmHg [13, 14]. We did not explicitly exclude
participants for secondary causes of hypertension, how-
ever it is assumed that the majority had essential hyper-
tension. Specific exclusion criteria included between
arm blood pressure difference >20 mmHg, white coat
hypertension (confirmed with 24-hour AMBP), requiring
dialysis or seeing a Nephrologist, congestive heart fail-
ure, sickle cell anemia, cystic fibrosis, stroke, myocardial
infarction, coronary artery revascularization, or prior/
planned organ transplant; inability to provide informed
consent or read or communicate in English; residence
at skilled nursing or correctional facility; prescription
of warfarin, novel oral anticoagulant, planned chemo-
therapy, planned radiation therapy, plan to move out of
area in next 6 months; pregnant or plan to become preg-
nant in next year; illegal drug use other than marijuana
in past 30 days; incarceration; and syncope in past 12
months. Following this exclusion criteria, most if not all,
of the study participants would have been candidates for
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» Unable to participate or not interested (n=4)
» White coat hypertension (n=181)

| Randomized (n=316) |

Intervention (n=157) |

| Control (n=159)

Fig. 1 Consort diagram: MyHEART study

first-line antihypertensive agents. This is in line with the
ACC/AHA guidelines regarding comorbidities with these
medications.

At enrollment, active prescribed antihypertensive med-
ication use was acquired by self-report and confirmed by
the electronic health record system (EHR). This analy-
sis was a planned cross-sectional retrospective second-
ary analysis, categorizing participants into four groups
based on their prescribed baseline antihypertensive

medications usage: (1) no antihypertensive medications,
(2) only guideline-directed first-line antihypertensive
medication, (3) only non-first-line medications, and (4) a
combination of first- and non-first line antihypertensives.
First-line antihypertensive medications were defined as
angiotensin converting enzyme inhibitor (ACEi), calcium
channel blocker (CCB), angiotensin receptor blocker
(ARB), and thiazide (or thiazide-like) diuretics (TZD).
Non-first-line medications were, 3-blocker, a/p blocker,
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central agonist, a-blocker, direct renin inhibitor, vasodi-
lator, and loop diuretics.

Associations of hypertension medication status with
participant demographic and health characteristics were
determined using Kruskal-Wallis tests for continuous
variables and categorical variables with a natural order-
ing (highest level of education and self-perceived health
status) and using chi-square tests for nominal categori-
cal variables. If significance was found across the three
categories, pairwise comparisons were conducted using
chi-square tests or Mann-Whitney-Wilcoxon tests and a
Bonferroni correction was applied.

Four linear regression models were fit to estimate the
relationship between blood pressure and medication
status while adjusting for participant demographic and
health characteristics. Outcomes for each model were
24- hour AMBP and office systolic and diastolic blood
pressures. Estimated differences (mmHg), confidence
intervals, and p-values of these adjusted models were
reported.

Significance was assessed at the alpha=0.05 level. All
statistical analysis was conducted using R version 4.3.1
(2023-06-16).
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Results

Three hundred and eleven of the 316 enrolled partici-
pants were included in this analysis. Baseline demo-
graphics and characteristics have been previously
published [11]. The five participants excluded from this
analysis were due to the participant withdrawing from
the study before medication status was collected (Fig. 1).
Among study participants, 157/311 (50.5%) were not on
any antihypertensive therapy at the time of enrollment,
97/311(31.2%) used monotherapy and 57/311 (18.3%)
combined therapy. Figure 2 displays the distribution of
all mono- and combined antihypertensive therapy regi-
mens participants were using at the baseline study evalu-
ation. Specifically, of those on antihypertensive therapy
(n=154), 111 (72.0%) were on first-line antihypertensives
only, which most commonly was an ACEi followed by
TZD, DHP- CCB and ARBs. Twenty-one (13.6%) were
on non-first line antihypertensives only, most commonly
B-blockers. The remaining 22 (14.2%) were on both first-
and non-first line antihypertensives.

In our initial analysis we evaluated associations of
hypertension medication status with participant demo-
graphic and health characteristics. Antihypertension
medication use varied based on age (p<0.001), sex
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Fig. 2 Distribution of all antihypertensive medication use among MyHEART study participants at baseline
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(p=0.008), race (p=0.001), body mass index (BMI) kg/
m?2 (p=0.016), anxiety and/or depression (p=0.048), dia-
betes (p=0.007), and sodium intake (p=0.042) (Table 1).
The detailed number of participants by sex (Table 2) and
race (Table 3) for each medication category along with
the counts of specific medications are provided. Some
participants were taking multiple medications so the
count of individual medications may be larger than the
number of participants within that group. Given the sig-
nificant differences in sex and race in our initial analy-
sis, pairwise tests were conducted and demonstrated a
lower proportion of male participants in the only non-
first line group (23.8%) compared to those without any
medications (58.6%, p=0.016). A higher proportion of
white participants was found in the group without medi-
cations (78.3%) compared to those on only first-line
(59.5%, p=0.005) or combination (45.5%, p=0.0057). No
other significant findings were demonstrated for sex and
race in any of the pairwise analyses after the Bonferroni
adjustment was performed.

More specifically, we report the prespecified categori-
cal assignment of prescribed antihypertensive use in
comparison to the reference of no prescribed antihyper-
tensive use. Participants not prescribed antihyperten-
sives were younger (p=0.001), had lower BMI (p=0.027),
varied by race/ethnicity (p=0.001), had higher rates of
anxiety or depression (p=0.024), and had lower rates
of diabetes (p=0.016) compared to participants on only
first-line antihypertensives. Participants not prescribed
antihypertensives had lower rates of diabetes (p=0.047)
and higher sodium intake (p=0.046) compared to par-
ticipants on only non-first-line antihypertensives. Par-
ticipants not prescribed antihypertensives were younger
(p=0.020), had lower BMI (p=0.006), varied by race/eth-
nicity (»p=0.001), had lower rates of diabetes (p<0.001),
and higher sodium intake (p=0.046) compared to partici-
pants on combination antihypertensives.

Participants with only non-first-line antihypertensives
were younger than those on only first-line (p=0.019) or
combination medications (p=0.037) and had higher rates
of anxiety (p=0.033) than those on only first-line.

Blood pressure model results by medication use

No significant differences were found in office or 24-hour
AMBP in unadjusted models (Fig. 3). After adjusting
for participant characteristics, participants with only
first-line medications had lower in-office systolic (-4.66
mmHg, CI -8.31 to -1.02, p=0.013) and diastolic (-3.51
mmHg, CI -6.30 to -0.71, p=0.015), and lower 24-hour
ambulatory diastolic (-2.12 mmHg, CI -4.15 to -0.09,
p=0.041) blood pressure than those without medi-
cations. Although the estimated ambulatory systolic
blood pressure was lower in participants with only first-
line medications than those without medications, this
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result was not significant (-2.19mmHg, CI -5.12 to 0.74,
p=0.144). Additionally, participants with only first line
vs. only non-first line in office or 24-hour AMBP com-
parisons were not significant, p>0.05.

The remaining adjusted model covariates are shown in
Fig. 4 for ambulatory (Panel 1) and office (Panel 2) blood
pressures.

Discussion

Overall, 50.5% of the young adults with uncontrolled
hypertension at the time of enrollment in the MyHEART
study were not prescribed antihypertensive medication.
Of the participants who were prescribed blood pressure
medication, 86.4% of the time, guideline recommended
medications were prescribed. Non-guideline-directed
antihypertensive medications were prescribed to 13.6%
of participants. This raises concerns about delays in anti-
hypertensive medication initiation among young adults
with uncontrolled hypertension. Additionally, all study
participants were uncontrolled on the antihypertensive
regimen they were prescribed. This study was unable to
assess non-adherence to antihypertensive treatment as an
indication for uncontrolled hypertension. Additionally,
our analysis demonstrated significant sociodemographic
and clinical characteristics that predicted use of guide-
line-directed antihypertensive therapy. Participants who
were older, Black, had diabetes mellitus, and lower self-
reported sodium intake were more likely to be prescribed
any antihypertensive medication versus no antihyperten-
sive medication. Participants with higher diastolic blood
pressure were more likely to be prescribed only non-
first-line antihypertensive medications instead of at least
one first-line medication. The remainder of clinical and
sociodemographic factors available for this analysis were
not significantly different by status of antihypertensive
use.

The ACC/AHA 2017 guidelines support treatment of
stage 2 hypertension regardless of 10-year ASCVD car-
diovascular risk [9]. All participants had stage 2 hyper-
tension at enrollment, and despite the ACC/AHA
recommendations, only 49.5% of participants who met
criteria for chronic hypertension treatment at enroll-
ment into this study were using pharmacotherapy. Nota-
bly, 63% of participants who were on pharmacotherapy,
were prescribed just one agent. Despite clear recommen-
dations for initiating therapy with 2 agents of different
classes in individuals with stage 2 hypertension, mono-
therapy remains the dominant treatment modality in this
population. Thus, our focus in this discussion is solely on
the initial choice of medication classes rather than on the
use of mono- versus combo therapy.

The MyHEART data shows underutilization of antihy-
pertensive therapy when indicated among young adults
with uncontrolled hypertension. This may be a reflection
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Table 1 Comparison of participants by status of antihypertensive medication use; no antihypertension medications, only first-line
medications, and only non-first-line medications, or combination of first-line and non-first-line medications

Antihypertensive medication status

No meds Only first-line Only non-first- Combination p-
meds line meds meds value

Variable N=157 N=111 N=21 N=22

Age (mean (SD)) 33.04 (4.97) 34.90 (3.91) 32.19(5.10) 35.09 (4.70) 0.001

Sex 0.008
Male (%) 92 (58.6) 61 (55.0) 5(23.8) 8(36.4)

Female (%) 65 (41.4) 50 (45.0) 16 (76.2) 14 (63.6)

Race (%) 0.001
Black 22 (14.0) 36 (32.4) 4(19.0) 10 (45.5)

Other 12(7.6) 9(8.1) 4(19.0) 2(9.1)
White non-Hispanic 123 (78.3) 66 (59.5) 13(61.9) 10 (45.5)

Marital status (%) 0.144
Single 42 (26.8) 42 (37.8) 8(38.1) 12 (54.5)
Married/partnered 111 (70.7) 66 (59.5) 13(61.9) 10 (45.5)
Divorced/widower 4(2.5) 3(2.7) 0 (0.0) 0(0.0)

Highest level of education (%) 0.940
I have not finished high school 6(3.8) 6 (5 4) 0(0.0) 3(13.6)

I have completed high school 22 (14.0) 5(13.5) 3(14.3) 2(9.1)

I'have not finished college or vocation school 24 (15.3) 16 (14.4) 7 (33.3) 5(22.7)
I finished college or vocational school 73 (46.5) 53(47.7) 7(33.3) 4(182)
Some/completed Graduate or Professional School 32(204) 21(18.9) 4(19.0) 8 (36.4)

Number of children at home (mean (SD)) 0.95 (1.38) 1.08(1.43) 1.24(1.47) 0.95(1.12) 0.674

Ever been on Medicaid (%) 30(19.1) 27 (24.3) 5(23.8) 5(22.7) 0.767

Weight (kg) (mean (SD)) 101.87 (30.75) 104.39 (25.08) 96.52 (26.37) 11041 (26.12) 0.149

Waist circumference (cm) (mean (SD)) 107.42 (20.65) 11121 (1845) 107.67 (20.86) 11645 (17.93) 0.091

Body mass index (kg/m2) (mean (SD)) 33.61(9.37) 35.15(8.41) 34.32(8.16) 37.42(6.81) 0.016

Office systolic BP (mmHg) (mean (SD)) 139.15 (13.99) 13741 (13.98) 136.16 (16.20) 138.76 (16.86) 0.579

Office diastolic BP (mmHg) (mean (SD)) 9142 (11.35) 90.57 (11.49) 93.16 (1243) 94.14 (9.79) 0.230

Ambulatory systolic BP (mmHg) (mean (SD)) 133.10 (1244) 132.79(12.42) 129.86 (10.13) 134.86 (9.37) 0.368

Ambulatory diastolic BP (mmHg) (mean (SD)) 87.08 (8.45) 86.28 (7.89) 87.86 (6.46) 87.05 (6.26) 0.554

e-cigarette/vaping use in past 6 months (%) 15(9.6) 9(8.1) 2(9.5) 0(0.0) 0.504

Cigarette tobacco status (%) 0.929
I currently smoke cigarettes 19 (12.1) 15(13.5) 2(9.5) 4(18.2)

I have never smoked cigarettes 105 (66.9) 77 (694) 16 (76.2) 14 (63.6)
| used to smoke cigarettes 33(21.0) 19(17.1) 3(14.3) 4(18.2)

Alcohol beverages/week (mean (SD)) 552 (6.22) 551 (6.26) 3.86 (4.29) 423 (6.55) 0376

Anxiety and/or depression (%) 87 (55.4) 46 (41.4) 14 (66.7) 13 (59.1) 0.048

Dyslipidemia (%) 38(24.2) 28 (25.2) 1(4.8) 6(27.3) 0212

Chronic kidney disease (%) 1(0.6) 2(1.8) 0 (0.0) 0 (0.0) 0.703

Diabetes (%) 3(1.9) 9(8.1) 2(9.5) 4(18.2) 0.007

Other chronic comorbidity (%) 57 (36.3) 46 (41.4) 7(33.3) 11 (50.0) 0.540

Family history of heart disease or stroke (%) 48 (30.6) 49 (44.1) 6 (28.6) 10 (45.5) 0.089

Self-perceived health status (%) 0.133
Excellent 6(3.8) 1(0.9) 0(0.0) 0(0.0)

Very good or good 79 (50.3) 59 (53.2) 6 (28.6) 9(42.9)
Fair 52(33.1) 40 (36.0) 13(61.9) 6 (28.6)
Poor or no response 20 (12.7) 1(9.9) 2(9.5) 6(28.6)
Financial status: inadequate income (%) 130 (82.8) 81 (73.0) 17 (81.0) 15 (68.2) 0.164
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Table 1 (continued)

Antihypertensive medication status

No meds Only first-line Only non-first- Combination p-
meds line meds meds value
Variable N=157 N=111 N=21 N=22
Godin-Shephard Physical Activity, Insufficiently active (%) 80 (51.0) 56 (50.5) 14 (66.7) 12 (54.5) 0.564
Sodium intake (mg/day) (mean (SD)) 3897.25 3384.44 3002.62 (973.85) 3083.73 0.042
(2067.46) (1436.45) (1512.78)

Comparisons of nominal categorical variables were made using chi-square tests; continuous variables and categorical variables with a natural ordering (highest
level of education and self-perceived health status) were tested using Kruskal-Wallis tests. Bold values are significant at the alpha=0.05 level

Percent is calculated using the denominator at the top of each column
P-values show overall associations between medication category and each characteristic

Table 2 Number of participants by sex for each medication category along with the counts of specific medications. Some participants
were taking multiple medications so the count of individual medications may be larger than the number of participants within that
group

Nomeds  Only first-line Only non-first-line Combination
Sex N=157 N=111 N=21 N=22
Female, 65 (41.4) 50 (45.0) N=16 (80.0) N=14(63.6)
(N,%)
ACE-inhibitor (17), Angiotensin Recep-  Alpha/beta blocker (2), ACE-inhibitor (3), Alpha/beta blocker (1), Angiotensin
tor Blocker (10), Dihydropyridine CCB Beta Blocker (10), Central Receptor Blocker (5), Beta Blocker (8), Dihydropyri-
(21), Thiazide diuretic (18) agonist (2), Loop diuretic dine CCB (3), Loop diuretic (1), Potassium-sparing
(1), Potassium-sparing diuretic (5), Thiazide diuretic (5), Vasodilator (1)
diuretic (3), Vasodilator (1)
Male, 92 (58.5) 61 (55.0) N=5(24.0) N=5(22.7)
(N, %)
ACE-inhibitor (37), Angiotensin Recep-  Beta Blocker (5) ACE-inhibitor (4), Alpha/beta blocker (1), Angiotensin
tor Blocker (11), Dihydropyridine CCB Receptor Blocker (3), Beta Blocker (4), Central agonist
(15), Non-dihydropyridine CCB (1), (1), Dihydropyridine CCB (2), Loop diuretic (2),
Thiazide diuretic (20) Potassium-sparing diuretic (1), Thiazide diuretic (3)

Table 3 Number of participants by race for each medication category along with the counts of specific medications. Some
participants were taking multiple medications so the count of individual medications may be larger than the number of participants
within that group

No Only first-line Only non-first-line Combination
meds

Race/ethnicity N=157 N=111 N=21 N=22

Black N=22 N=36 N=4 N=10

ACE-inhibitor (14), Angiotensin Re-  Alpha/beta blocker (1), Beta  ACE-inhibitor (3), Angiotensin Receptor
ceptor Blocker (9), Dihydropyridine  Blocker (1), Potassium-spar-  Blocker (3), Beta Blocker (7), Dihydropyridine

CCB (22), Thiazide diuretic (17) ing diuretic (1), Vasodilator (1) CCB (4), Loop diuretic (2), Potassium-sparing
diuretic (3), Thiazide diuretic (5), Vasodilator (1)
Other N=12 N=9 N=4 N=2
ACE-inhibitor (5), Angiotensin Re- Beta Blocker (4), Central Alpha/beta blocker (1), Angiotensin Receptor
ceptor Blocker (1), Dihydropyridine  agonist (1) Blocker (2), Beta Blocker (1)

CCB (2), Non-dihydropyridine CCB
(1), Thiazide diuretic (3)
White non-Hispanic  N=123  N=66 N=13 N=10
ACE-inhibitor (35), Angiotensin Re-  Alpha/beta blocker (1), Beta  ACE-inhibitor (4), Alpha/beta blocker (1),
ceptor Blocker (11), Dihydropyridine  Blocker (10), Central agonist ~ Angiotensin Receptor Blocker (3), Beta Blocker
CCB (12), Thiazide diuretic (18) (1), Loop diuretic (1), Potassi-  (4), Central agonist (1), Dihydropyridine CCB
um-sparing diuretic (2) (1), Loop diuretic (1), Potassium-sparing
diuretic (3), Thiazide diuretic (3)

of lifestyle modifications commonly being the initial diastolic hypertension to be significantly associated with
treatment for hypertension rather than initiation of anti- an increased risk of cardiovascular events, cardiovas-
hypertensive medications in young adults [9]. A meta- cular mortality, and stroke, especially when diagnosed
analysis conducted by Long and colleagues found isolated  in young adults and Asian patients [15]. Diastolic blood
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pressure has also been linked to increased risks of car-
diovascular disease before 45 years of age and coronary
heart disease in men [16]. The specific recommendations
for antihypertensive medication treatment are the same
for isolated systolic or combined systolic/diastolic hyper-
tension. Treatment directed at diastolic hypertension will
inadvertently also lower systolic values. This study and
the volume of available literature is limited in the ability
to determine why we identified more participants using
non-first line antihypertensive agents with isolated dia-
stolic hypertension. It has been reported in the literature
that isolated diastolic hypertension is underdiagnosed
[17]. This is an area of needed future research and an
opportunity to recommend treatment of this type of
hypertension with the same first-line agents to optimize
the long-term cardiovascular event risk reduction [9, 15,
16].

The guidelines recommend that monotherapy in
patients of Black race include CCBs and TZDs over
ACEi/ARBs. Thus, this will have an impact on the racial
interpretations. However, our findings do fit with the
current shift away from race-based prescribing of medi-
cations [18].

. The number of participants in this study using only
non-first-line antihypertension medications were small;

however, it is worth noting there was a higher number
of women using non-first line medications. This may be
explained by the fact that young women of child birthing
age are often prescribed recommended antihypertensive
agents that are deemed safe in pregnancy: labetalol, nife-
dipine, or methyldopa [9, 19, 20]. Therefore, women may
be more likely prescribed non-guideline based first-line
therapy for non-pregnant adults, specifically p-blockers.
Compared to first-line antihypertensive agents in the
treatment of primary chronic hypertension, -blockers
have been associated with less protection against stroke
risk and all-cause mortality and have been associated
with an increased risk of impaired glucose tolerance
and development of diabetes mellitus [21-28]. Lim-
ited data has suggested women respond more favorably
to diuretics, ACE inhibitors and P-blockers, however,
more research is needed to understand sex differences
in response to treatment [29]. It is well understood that
women should discontinue the use of ACEis and ARBs
prior to becoming pregnant [6]. However, our data sug-
gests there may be an opportunity to increase the use
of guideline based first-line agents in women not plan-
ning to become pregnant or transitioning back to these
agents outside the immediate postpartum period and
more selectively use B-blockers in the preconception/
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Fig. 4 Adjusted linear models for ambulatory (panel 1) and office (panel 2) blood pressure results. Unadjusted and adjusted coefficients of medication
use for each blood pressure outcome.Panel 1 Adjusted linear model results with ambulatory blood pressure as outcomes. Weight and waist circumfer-
ence were excluded from the adjusted model due to collinearity with BMI. Green and red dots are significant at the alpha=0.05 level. Panel 2 Adjusted
linear model results with office blood pressure as outcomes. Weight and waist circumference were excluded from the adjusted model due to collinearity
with BMI. Green and red dots are significant at the alpha = 0.05 level

pregnancy periods. Lastly, the study exclusion criteria
excluded the majority of patients with secondary causes

of hypertension; however, it is possible that people pre-
scribed non-first line antihypertensives may have had a
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secondary cause of hypertension (e.g.; primary aldoste-
ronism) that we were unaware of and may have influ-
enced the prescribed treatment choice.

Limitations

This was a planned analysis of the MyHEART Trial; how-
ever, the authors acknowledge it was a cross-sectional
evaluation of enrollment data. Enrollment inclusion
criteria specified inclusion of patients with a confirmed
medical diagnosis of elevated blood pressure or hyper-
tension and was confirmed to have uncontrolled hyper-
tension at the time of enrollment. Study exclusion criteria
eliminated the majority of people with secondary hyper-
tension, however, cannot rule out that a minority could
have had an undiagnosed secondary hypertension. A
strength was that each participant’s medication pre-
scription was confirmed by each participant and verified
in the EHR. Study staff did not evaluate the decision as
to why antihypertensive medications were or were not
prescribed prior to study enrollment. For those partici-
pants who were prescribed antihypertensives, this study
did not collect details on medication adherence and/or
why the participant’s blood pressure was uncontrolled
on the regimen at enrollment. An additional limitation
of this analysis is the small sample size hinders the abil-
ity to assess true practice differences by sex and race.
Additionally, it is possible this study was underpowered
to detect significant differences among other clinical or
sociodemographic variables and is an opportunity for
future research. Future research should collect more of
these details to shed light on provider and patient prac-
tices that may also contribute to suboptimal control of
hypertension among adults.

Conclusion

Globally, lack of hypertension control is a public health
problem and is more commonly underdiagnosed and
uncontrolled in young adults [30, 31]. All study partici-
pants in this study had uncontrolled hypertension upon
study enrollment and only half were on antihypertensive
therapy at the time of enrollment. Of those taking anti-
hypertensive medication, key demographic and clini-
cal variables were identified that influenced the use of
guideline-directed antihypertensive medication. An addi-
tional emphasis should be placed on initiating pharma-
cotherapy in young adults, especially if they have stage
two hypertension, to reduce the long-term damage that
high blood pressure exerts on blood vessels over more
life years. There is a call to improve management of blood
pressure earlier in life [32]. In addition to pharmaco-
therapy, increased healthcare contact and BP monitoring,
including home BP monitoring, can increase hyperten-
sion detection, more timely initiation of antihyperten-
sive therapy and adjustments of medications to achieve
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adequate BP control [31, 33]. These findings may help to
address potential areas of future investigation as well as
more effective treatment strategies and interventions.

Providers are prescribing guideline-based antihyper-
tensive therapy the majority of the time, however, there
may be an opportunity to increase the use of first-line,
guideline-based antihypertensives, regardless of age, sex,
or type of hypertension to lower long-term cardiovascu-
lar risk.

Abbreviations

AMBP  Ambulatory Blood Pressure Monitoring
ACEi Angiotensin converting enzyme inhibitor
CccB Calcium channel blocker

ARB Angiotensin receptor blocker
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