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Abstract

Sixteen percent of patients referred for cardiology evaluation are found to have no

cause for palpitations. Studies show that hypertension intricately influences “heart

rate” and “contractility,?” the key components of “palpitation.” While the prevalence

of hypertension is 22.4% in 18–39-year-olds, the relationship between palpitations

and hypertension remains unknown in this age group. In our study, we assessed the

incidence and prevalence of hypertension over 5 years in 18–40-year-olds referred

for palpitations who had no known arrhythmic cause for palpitations between Jan-

uary 1, 206 and December 31, 2017. We found that over a period of 2.2 (0.7–4.1)

years, an additional 56% patients were diagnosed with stage 1 (65/130) and stage 2

(28/130) hypertension, increasing the prevalence from 16% at the start of the study

period to 72% at the end of the study period (p < .0001). Hypertensive patients were

obese (BMI: 29 [24–36] kg/m2 vs. 25 [22–31] kg/m2; p = .03), used nonsteroidal anti-

inflammatory drugs (NSAIDs) (62 vs. 35%; p = .04), had a stronger family history

of hypertension (55 vs. 4%; p < .0001) and exhibited higher systolic (124[120–130]

mmHg vs. 112[108–115]mmHg; p< .0001) and diastolic (80[76–83]mmHg vs. 72[69–

75] mmHg; p < .0001) blood pressures. Hypertension is commonly diagnosed in

18–40-year-old predominantly white female patients referred for palpitations with-

out a known arrhythmic cause. The possibility of untreated hypertension causing

palpitations in this cohort needs further evaluation.
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1 BACKGROUND

“Palpitations” is defined as a subjective ability to feel one’s own heart-

beat, which can be rapid and/or forceful. Palpitation is the secondmost

common reason for cardiology referral after chest pain. Despite exten-

sive clinical evaluation, no cause for the palpitations can be found in up

to 16% of patients.1

Systemic hypertension continues to be a major public health prob-

lem. Its definition was revised in 2017 when the ACC/AHA guidelines

lowered the blood pressure cutoff for its diagnosis.2 Consequently, the

prevalence of hypertension increased in the age group 18−39 years

from 7.5 to 22.4%.3

We have anecdotally noted young patients with undiagnosed

hypertension being referred for palpitations who upon evaluation

are found to have no arrhythmic cause for their condition. These

patients report feeling better with hypertension treatment, suggest-

ing causality. Despite the above, the relationship between untreated

hypertension and palpitations remains unknown in this young referral

population.

We sought to determine the incidence and prevalence of undiag-

nosedhypertension inayoungerpatient cohort aged18−40years,who

were referred to an outpatient cardiology clinic for evaluation of pal-

pitations and were noted to have normal cardiac monitor findings as

judged by the evaluating cardiac electrophysiologist.

2 METHODS

Weconducted a retrospective, chart review of a cohort study to assess

the prevalence of hypertension at the time of referral for the symp-

tom of palpitations, and the incidence and prevalence of hypertension

over a 5-year follow-up period.We also analyzed the salient attributes

of patients diagnosed with hypertension and their differences from

normotensive patients. Following were the study inclusion criteria:

1. Patient age was ≥18 years and ≤40 years at the time of consulta-

tion.

2. Patient was evaluated for palpitations in an outpatient cardiology

clinic between January 1, 2016, and December 31, 2017.

3. Patient cardiac monitoring (1–30 days) showed no arrhythmic

cause for palpitations.

4. Patients had at least 1-year follow-up with ≥2 BP readings in an

outpatient setting.

Patients were referred from outpatient primary care offices to an

outpatient cardiology office and evaluated by board-certified cardiac

electrophysiologists for palpitations. Patientswere evaluatedwith per-

tinenthistory, physical examination, and laboratory testswith the focus

on the symptom of palpitations. Cardiac monitors ranging from 24 h

to 30-day duration based on the clinical features of palpitations were

ordered and reviewed. A limited number of patients underwent repeat

cardiac monitoring as judged clinically necessary by the evaluating

cardiac electrophysiologist. After patient monitors were deemed to

exhibit normal findings4 by the evaluating cardiac electrophysiologist,

the patients were generally referred back to the referring primary care

physician for continued routine follow-up care.

For the purpose of our study, “palpitations” was defined as a subjec-

tive ability for the patient to feel one’s own heartbeat, which could be

rapid and/or forceful.

Diagnosis of normotension, elevated BP, and hypertension was

made based on the ACC/AHA 2017 High Blood Pressure Clinical Prac-

tice Guidelines, by averaging BP readings on at least two separate

occasions as noted in their chart review.2

Patient’s electronic medical records were reviewed for data extrac-

tion from the time of palpitation evaluation till up to 5 years follow-up.

A REDCap database was used for storing extracted data, which was

then used for statistical analysis. Pertinent patient data as listed in sup-

plemental data were extracted for the research study purposes. The

study was approved by the ethics committee of OhioHealth IRB.

2.1 Statistical analysis

For continuous variables that were normally distributed, mean and

standard deviation were computed. Median and 25th and 75th per-

centile were calculated if the data were not normally distributed.

For categorical variables, proportion and frequency count were cal-

culated. Group comparisons of categorical variables were made using

Fisher’s exact or Chi-square test and of continuous variables using Stu-

dent’s t-test (for normally distributed variables) and nonparametric

t-test or Mann–Whitney U test (for variables not distributed nor-

mally). Multiple continuous independent variables were compared

usingANOVAorKruskal–Wallis test for normally and not normally dis-

tributed variables, respectively. Paired continuous variables pre- and

post-interventionwere comparedwith either paired t-test orWilcoxon

signed-rank test for normally or not-normally distributed data, respec-

tively. Kaplan–Meier analysis with Mantel–Cox (Log-Rank) test was

used to explain the relationship between a dependent binary outcome

(incidence of hypertension) and an independent variable (family his-

tory of hypertension). Yearly incidence of hypertension was calculated

by dividing the number of patients newly diagnosed with hypertension

with the total number of patients at risk of developing hypertension

at the end of each specified year. Similarly, yearly prevalence of hyper-

tension was calculated by taking a total number of cumulative patients

diagnosed with hypertension until the end of the specified year and

dividing by 130, the total number of patients in the cohort study.

We used GraphPad statistical software Prism 9 Version 9.1.2 for

statistical analysis of the data.

3 RESULTS

A total of 130 patients aged 28 ± 6 years, of whom 72% were females

and 88% were White, were included in the study and retrospectively

followed over 2.2 (0.7–4.1) years. During the course of the study,

patients underwent an average of 1.1 ± 0.4 cardiac monitors. Table 1
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TABLE 1 Patient characteristics and results.

Patient characteristics Normotensive (n= 23) Hypertensive (n= 94) p-value

Demographics

Age (years) 29± 6 28± 6 ns

Female gender 19 (83%) 64 (68%) ns

White race 22 (96%) 83 (88%) ns

Medical history pertinent to “palpitations”

Alcohol consumption 12 (52%) 50 (53%) ns

Nicotine use 4 (17%) 11 (12%) ns

Beta-agonist use 6 (26%) 16 (17%) ns

Anticholinergic use 1 (4%) 15 (16%) ns

Antidepressant/Antipsychotic use 8 (35%) 30 (32%) ns

Illicit drug use 2 (9%) 9 (10%) ns

NSAIDs use 7 (35%) 45 (62%) .04

Corticosteroid use 5 (22%) 19 (20%) ns

Family history of hypertension 1 (4%) 51 (55%) <.0001

Hyper/Hypothyroidism 3 (13) 8 (9%) ns

Pregnancy 1 (5%) 6 (9%) ns

Anemia 10 (43%) 21 (22%) .04

Caffeine use 5 (22%) 18 (19%) ns

Physical Eexamination pertinent to “palpitations”

Bodymass Index (kg/m2) 25 (22–31) 29 (24–36) .03

Average systolic BP (mmHg) 112 (108–115) 124(120–130) <.0001

Average diastolic BP (mmHg) 72 (69–75) 80 (76–83) <.0001

Echocardiographic data

LV posterior wall diastolic thickness (cm) 0.86± 0.18 0.90± 0.18 ns

Left Ventricular ejection fraction (%) 59± 4 60± 4 ns

Left atrial dimension (cm) 3± 0.4 3.2± 0.6 ns

Mitral regurgitation 4 (17%) 39 (41%) .03

Tricuspid regurgitation 3 (13%) 39 (41%) .01

Pulmonic regurgitation 2 (9%) 27 (29%) ns

Baseline laboratory data

Serum sodium (meq/L) 140± 2.2 140± 2.3 ns

Serum potassium (mmol/L) 3.8± 0.5 4± 0.4 ns

depicts the clinical features of the study patient cohort dichotomized

based on the diagnosis of hypertension.

3.1 Incidence and prevalence of hypertension in
the study cohort

At the time of initial evaluation of palpitations, 21/130 (16%) referred

patients already had the diagnosis of hypertension. Over the study

period of 2.2 (0.7–4.1) years, an additional 73 patients met the

ACC/AHA criteria per 2017 guidelines for hypertension and 13

patients were deemed to exhibit elevated BP without confirmation of

hypertension.2 Importantly, a 4.5-fold increase in hypertension preva-

lence from pre- to post-evaluation for palpitations (p < .0001) was

noted in the study cohort (Figure 1A).Morewomenmet the criteria for

(previously undiagnosed) hypertensionor elevatedBP thanmenduring

the course of the study (74 vs. 26%; p= .04).

All 21 patients with hypertension at the start of the evaluation

were being treated with a mean of 1.5 ± 0.8 antihypertensive med-

ications. Despite treatment, the mean arterial BP was still higher in

known hypertensives than in patients with the new diagnosis of hyper-

tension (99 ± 9.4 mm Hg vs. 94 ± 5 mm Hg; p = .004). Only two

additional antihypertensives were started during the course of the

study (one previously known hypertensive patient and one newly diag-

nosed with hypertension) when referred back to the primary care

physician.
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F IGURE 1 Incidence and prevalence of hypertension over the study period: (A) bar graph depicting the prevalence of hypertension pre- and
post-palpitations evaluation. Note a 4.5-fold increase in hypertension prevalence over the study period of 2.2 (0.7–4.1) years. (B) Graph showing
the incidence and prevalence of hypertension in the study cohort between 2016 and 2022.

F IGURE 2 Hypertension characteristics: pie charts depicting hypertension types (A) and categories (B) noted in the study population during
the study period. Note that majority of study patients had both systolic and diastolic stage 1 hypertension.

Figure 1Bdepicts the incidence and prevalence rate of hypertension

in the study cohort from year 2016 to 2022. When evaluated against

historical control data in a comparable age group of 18−39 years3 in

the US general population, our study cohort had significantly higher

prevalence of hypertension at the end of the study period (22.4 vs.

72%; p< .0001).

3.2 Hypertension characteristics in the study
cohort

The average systolic BP (124[120–130] mmHg vs. 112[108–115]

mmHg; p < .0001) and diastolic BP (80[76–83] mmHg vs. 72[69–75]

mmHg; p < .0001) in the hypertensive group was significantly higher

than the normotensive group.

The commonest type of hypertension noted in the study cohort

was combined systolic and diastolic hypertension (45%) followed by

isolated diastolic hypertension (25%). Figure 2A shows a pie chart

depicting hypertension types in the study cohort. Figure 2B shows the

hypertension categories noted across the patient cohort with stage

1 hypertension (130–139/80–89 mmHg) being the most prevalent at

50%.

3.3 Salient attributes of hypertensive patients in
the study cohort

Patients diagnosedwith hypertension over the study period had signif-

icantly higher BMI (29 [24–36] kg/m2 vs. 25 [22–31] kg/m2; p = .03)

(Figure 3A), which was primarily due to higher body weight (82

[68-–104] kg vs. 70 [60–82] kg; p = .01). Height was not signifi-

cantly different between the hypertensive and normotensive patient

groups.

Hypertensive patients were more likely to use nonsteroidal anti-

inflammatory drug (NSAIDs) on a regular basis than patients who

were normotensive over the study period (62 vs. 35%; p = .04)

(Figure 3B). Furthermore, a significantly higher percentage of patients

in the hypertensive group had a family history of hypertension than in

the normotensive group (55 vs. 4%; p< .0001) (Figure 4A). Accordingly,

patients with a family history of hypertension were more likely to be

diagnosedwith hypertension (Figure 4B) over the study period.

Although, the number of pregnant females in the normotensive (5%)

and the hypertensive (9%) groups were similar, a significant number

of patients in the “elevated BP without hypertension diagnosis” group

were pregnant at the time of “palpitation” evaluation (4/11 [36%];

p= .03).
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F IGURE 3 Salient attributes of hypertensive patients: during the
study period, patients diagnosedwith hypertension had significantly
higher BMI (A) and had higher regular use of NSAIDs (B). Both these
attributes are strongly associated with hypertension.

Hypertensive patientswere also less likely to be anemic (22 vs. 43%;

p= .04) than normotensive patients (Table 1). Additionally, significantly

more patients in the hypertensive group were noted to have (mitral

and tricuspid) regurgitant valvular pathology than in the normoten-

sive group on their surface echocardiogram (Table 1) despite having no

difference in LV thickness or LA size (data not shown).

4 DISCUSSION

The salient finding from our study is that the prevalence of undi-

agnosed and therefore untreated hypertension is significantly higher

in a patient cohort aged 18−40 years without a known arrhythmic

cause for “palpitations” than in a comparable age-matched historical

F IGURE 4 Salient attributes of hypertensive patients (cont.): (A) significantly more patients diagnosedwith hypertension had family history of
hypertension. (B) Furthermore, patients with family history of hypertension weremore likely to be diagnosedwith hypertension during the study
period.

control US population. White women with newly diagnosed hyperten-

sion/elevated BP outnumberedmen in this study cohort.

Major emphasis is put on the technique of obtaining BP as per

the ACC/AHA hypertension guidelines.2 Erroneous technique can

overestimate BP readings falsely diagnosing a patient with hyperten-

sion. Given our study is retrospective, there is no way to confirm

that all the BP measurements were made with the recommended

technique. However, there are several facts noted in our study that

suggest that the BP measurements were largely accurate and not an

over-estimation: (1) there were subsets of patients who remained nor-

motensive throughout the study during repeated measurements and

another that displayed elevated BP on some occasions but normoten-

sive on others (elevated BP without hypertension), (2) the patient

cohort diagnosed with hypertension over the study period exhibited

clinical features typically associatedwith hypertension like higherBMI,

family history of hypertension and higher daily use of NSAIDs.2 The

hypertensive group also exhibited cardiac structural changes like a

higher prevalence ofmitral regurgitation than the normotensive group

as previously reported in patients with elevated BP.5

There is abundant literature associating hypertension with car-

diac arrhythmias.6,7 In fact, this relationship is so strong and well

known that a consensus statement was published for the physicians

to use in their clinical practice in 2017.8 Both brady-arrhythmias like

sinus node disease and atrioventricular block and tachy-arrhythmias

like atrial fibrillation/flutter, paroxysmal supraventricular tachycardia

(atrial tachycardia) and ventricular arrhythmias can occur as amanifes-

tation of hypertensive heart disease and in some instances instigated

bymedications used in treatment of hypertension like diuretics.8

Ironically, there is a paucity of literature suggesting undiagnosed

hypertension causing nonarrhythmic palpitations. Our study does

not prove this association, but provides preliminary data for a

future prospective trial to test this hypothesis. There are several
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pathophysiological reasons to believe that this causal relationship

exists. Hypertension has awell-established relationshipwith heart rate

and cardiac contractility, which form the key components of “palpita-

tion.” Increase in the resting heart rate has been associated with an

increased riskof hypertension.9–11 A linear relationship exists between

the two especially in individuals with heart rates >80/min.12 Further-

more, an increase in left ventricular contractility is noted in patients

with early hypertension.13,14

Our study also highlights that younger patients in the age group

18−40 years are being underdiagnosed and hence undertreated for

hypertension. This could be from a number of reasons. Blood pressure

readings for hypertensiondiagnosis havebeen revised recently in2017

ACC/AHA hypertension guidelines2 and the lower cutoffs may not

have caught on in primary care. Palpitation is not considered a classic

symptomof hypertension and therefore can be easily overlooked. Easy

referral access and patient demand for super-specialty care like car-

diac electrophysiology may further dampen the enthusiasm for basic

evaluation for palpitation at the primary care level.

Daily NSAID use is associated with BP increase in both normoten-

sive and hypertensive individuals2 especially in younger women15 and

also increases the risk of atrial fibrillation.16 Despite the above, we did

not observe atrial fibrillation, a well-known cause for palpitations in

any of our study patients on repeated cardiac monitors and follow up

during the entire study period. This suggests that sustained elevated

BPmay be enough to instigate palpitations.

Anemia is a well-known cause for “palpitations” especially with

exertion when both cardiac contractility and heart rate increase to

compensate for low hemoglobin. We found hypertensive patients less

likely to be anemic than normotensive patients consistent with a prior

observation of a positive relationship between hemoglobin levels and

BP.17 This indirectly suggests that anemia was an unlikely cause of pal-

pitations in thehypertensive groupbutmaycontribute to this symptom

in the normotensive group.

5 PERSPECTIVES

Findings fromour study are preliminary data and should fuel a prospec-

tive, randomized, placebo-controlled trial to confirm them.Wepropose

a study in which 18−40-year-old patients who have palpitations

without a known arrhythmic cause as confirmed by enhanced car-

diac monitoring using conventional cardiac monitors, implanted loop

recorder and over-the-counterwearables like KardiaMobile EKGmon-

itor should be asked to maintain a BP log. If indeed hypertension is

diagnosed, then hypertensive patients should be randomized to either

antihypertensive medications or placebo. The patients should then be

followed to evaluate whether their symptoms of palpitations abate

with the treatment of hypertension.

6 LIMITATIONS

Ours being a retrospective research study, there are several limita-

tions including patient selection and symptom recall bias and possibly

inadequate power to evaluate small differences in study parame-

ters. Additionally, this study utilized data originally collected during

the course of clinical care, which may be recorded differently across

providers or be incomplete. Thiswas a single center study in amidwest-

ern tertiary caremedical center, and therefore cannot be generalizable

over other areas with different demographics. Our study was not

designed toestablish causalitybetweenundiagnosedhypertensionand

palpitations, which cannot be categorically concluded from our study.

Lastly, our study lacks a control cohort, in lieu of which we have used

historical control data from age-matchedUS population,3 which has its

own limitations.

7 CONCLUSIONS

When referred for evaluation, the prevalence of undiagnosed hyper-

tension is significantly higher in 18−40-year-old predominantlyWhite

females who do not harbor a known arrhythmic cause for palpitations.

The possibility of untreated hypertension causing palpitations in this

patient cohort needs further evaluation.
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