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Abstract

Background—The prevalence of pseudoresistant hypertension (HTN) due to inaccurate BP 

measurement remains unknown.

Methods—Triage BP measurements and measurements obtained at the same clinic visit by 

trained physicians were compared in consecutive adult patients referred for uncontrolled resistant 

HTN (RHTN). Triage BP measurements were taken by the clinic staff during normal intake 

procedures. BP measurements were obtained by trained physicians using the BpTRU device. The 

prevalence of uncontrolled RHTN and differences in BP measurements were compared.

Results—Of 130 patients with uncontrolled RHTN, 33.1% (n=43) were falsely identified as 

having uncontrolled RHTN based on triage BP measurements. The median (IQR) of differences in 

systolic BP between pseudoresistant and true resistant groups were 23 (17 – 33) mm Hg and 13 (6 

– 21) mm Hg, respectively (P=0.0001). The median (IQR) of differences in diastolic BP between 

the two groups were 12 (7 – 18) mm Hg and 8 (4 – 11) mm Hg, respectively (P=0.001).

Conclusion—Triage BP technique overestimated the prevalence of uncontrolled RHTN in 

approximately 33% of the patients emphasizing the importance of obtaining accurate BP 

measurements.
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Introduction

Uncontrolled RHTN is defined as systolic blood pressure (SBP) ≥ 140 mmHg and/or 

diastolic blood pressure (DBP) ≥ 90 mmHg with use of at least 3 antihypertensive 

medications.1–3 Falsely elevated BP levels contribute to pseudoresistant HTN, that is, BP 

levels that appear uncontrolled, but actually are not. The prevalence of pseudoresistance 

among persons with apparent RHTN is estimated to be as high as 50%.3,4 The most 

common causes of pseudoresistance are inaccurate BP measurement technique, medication 

non-adherence, under-treatment, and white coat HTN.2,3 Of these, only pseudoresistance 

secondary to inaccurate BP measurement has not been previously quantified.

Proper technique is essential to accurately measure BP. However, during delivery of routine 

health care, guidelines for accurate BP measurement are rarely followed.5 Errors commonly 

made during routine BP measurements include: use of an incorrectly sized cuff; placing the 

cuff over clothes; relying on standing or supine BP measurements; deflating BP cuff too fast; 

omitting 3–5 minutes of rest before BP measurement; taking the BP simultaneously with 

other ongoing activities like completing forms or answering questions; and introduction of 

operator biases associated with non-automated devices.6–13 The combined effects of these 

errors in technique may over or under estimate BP levels resulting in the misdiagnosis and 

mismanagement of uncontrolled RHTN.

Quantification of the degree of error in measurement related to inaccurate BP technique has 

not been previously reported. In the current study, we determined the prevalence of 

pseudoresistance attributed to measurement error during routine BP measurement in 

consecutive patients referred for uncontrolled apparent RHTN to our hypertension specialty 

clinic. We further attempted to identify patient characteristics more commonly associated 

with pseudoresistant HTN due to inaccurate BP measurement.

Methods

Participants and Study Design

Consecutive adult patients referred to the University of Alabama at Birmingham (UAB) 

HTN Clinic for evaluation and treatment of RHTN between June 2013 – November 2015 

were retrospectively analyzed. Patients with SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg 

obtained during routine intake measurement while prescribed 3 or more antihypertensive 

medications at the time of their initial visit were considered as having uncontrolled apparent 

RHTN. For the purposes of this study, routine intake or triage BP measurements obtained by 

clinic staff were compared to BP measurements obtained in the same patient at the same 

visit by trained physician examiners. Falsely elevated or peudoresistant HTN was identified 

if the triage BP was elevated (SBP ≥ 140 mm Hg and/or DBP ≥ 90 mmHg) but controlled 

(SBP <140 mm Hg and DBP <90 mmHg) when measured by trained physicians. True 

uncontrolled RHTN was identified if the triage BP was concordant with the trained 

physician measurement (SBP ≥ 140 mm Hg and/or DBP ≥ 90 mm Hg). Data on patient 

demographics, medication use, cardiovascular risk factors and BP measurements during the 

initial and subsequent clinic visits were collected. The protocol was approved by UAB’s 

Institutional Review Board.
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Routine intake BP measurements

Triage BP measurements were taken as part of intake procedures by clinic staff using an 

automated BP device (Welch Allyn, New York, USA) with adult small, regular and large 

sized cuffs available. Typically a single BP reading is obtained as part of the electronically 

documented vital signs for the visit. The clinic staff had not had any special training in BP 

technique beyond what that they learned during their respective professional education and 

on-the-job instruction from fellow staff members and no standardized BP measurement 

protocol was utilized. The BP is generally measured with patients sitting in a common, often 

busy, intake area and often while being asked questions related to their current medical 

history and medication use. The BP measurement is usually taken almost immediately after 

having the patient sit adjacent to the nurses’ station. Blood pressure cuffs are variably placed 

directly on the skin or over clothes.

BP measurements by trained physicians

BP measurements were taken by physicians following AHA recommendations.5 These 

measurements were obtained using an oscillometric device BpTRU (VSM Med Tech Ltd. 

Coquitlam, Canada) that automatically obtains serial BP measurements. BpTRU is a 

validated device which has passed the standards of the British Society of HTN and the 

Association of Advancement of Medical Instrumentation and is more consistent with the 

ambulatory BP readings compared with single office visit measurements.14–16 The BpTRU 

device takes 6 consecutive BP measurements one minute apart providing an average based 

on the last 5 measurements. BP measurements were taken following a standard protocol: 

having patients sit for 5 minutes in a quiet room, back supported, feet on the floor, with the 

arm used for measurement supported at chest level and placing the appropriately sized cuff 

(adult small, regular or large) directly on the skin on the non-dominant arm. Once the device 

was appropriately in place, the physician left the room and allowing for unobserved BP 

measurements.

Statistical Analysis

Summary statistics were obtained and non-normally distributed data displayed as median 

and IQR. The prevalence of pseudoresistant HTN was calculated for the initial and follow-

up visits in patients with uncontrolled BP levels as measured by BpTRU (primary analysis). 

The differences between SBP and DBP measurements taken at triage intake and by trained 

physicians were obtained in this group. Mann-Whitney test was used to compare BPs 

between pseudoresistant and true resistant groups as determined by BP measurement 

technique with p<0.05 considered significant. Individual associations of age, sex and race 

with differences in SBP and DBP between the two measurement techniques were assessed. 

A secondary analysis including the entire study cohort was conducted to compare the 

difference between triage and BpTRU SBP across different triage SBP categories. All 

statistical calculations were performed using SPSS (IBM, USA) software.

Results

Of 192 patients prescribed 3 or more medications during their initial clinic visit, 58 patients 

with controlled triage and expertly obtained BP measurements, and 4 patients with 
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controlled triage and uncontrolled expertly obtained BP measurements were excluded. As a 

result, 130 patients with uncontrolled apparent RHTN were included in the primary analysis. 

Of those, 115 and 68 patients had second and third follow-up visits, respectively. Overall, 

patients referred for uncontrolled RHTN were more likely female and obese with a median 

age of 59 years and with a median use of 4 antihypertensive medications, most commonly 

angiotensin converting enzyme inhibitors or angiotensin receptor blockers. Table 1 shows 

the baseline characteristics of the entire cohort and the pseudoresistant and true resistant 

groups.

At the initial visit, 43 out of 130 patients referred for uncontrolled RHTN were 

misdiagnosed as uncontrolled based on a falsely elevated BP reading during triage, when 

compared to the expertly obtained BP reading. This translates into prevalence of 

pseudoresistant HTN of 33.1% attributable to poor BP technique. The prevalence of 

pseudoresistant HTN during the second and third follow-up visits in the same patients was 

30.1% and 29.6%, respectively. For patients in the true resistant group, the median (IQR) of 

routine intake SBP and DBP measurements were 171 (157 – 184) mmHg and 92 (81 – 103) 

mmHg, respectively and the median (IQR) of expertly obtained SBP and DBP were 159 

(151 – 173) mmHg and 89 (78 – 96) mmHg respectively. For patients in pseudoresistant 

group the median (IQR) of routine intake SBP and DBP measurements were 155 (145 – 

163) mmHg and 85 (77 – 93) mmHg, respectively and the median (IQR) of expertly 

obtained SBP and DBP were 129 (122 – 135) mmHg and 75 (67 – 81) mmHg, respectively.

At the initial clinic visit the median (IQR) of differences in SBP between routine intake and 

expertly obtained measurements among pseudoresistant and true resistant groups was 23 (17 

– 33) mmHg and 13 (6 – 21) mmHg, respectively (P=0.0001). The median (IQR) of 

differences in diastolic BP between routine intake and expertly obtained measurements 

among the two groups was 12 (7 – 18) mmHg and 8 (4 – 11) mmHg, respectively (P=0.001) 

(Figure 1). Race, sex, age and follow-up visits had no impact on the observed differences in 

SBP and DBP measurements taken during triage and by trained physicians (data not 

displayed). Differences in SBP when comparing triage with the trained physician readings 

were larger in patients with higher initial triage BP readings (Table 2).

Discussion

The current study provides the first estimate of the prevalence of pseudoresistant HTN based 

on routine vs. expert BP measurement in patients with apparent RHTN. The prevalence of 

pseudoresistant HTN among patients referred to a HTN specialty clinic at the time of the 

initial visit attributable to poor BP technique was 33.1%. The prevalence of pseudoresistance 

did not change significantly for as many as 2 follow-up visits. Therefore, approximately 1 in 

3 patients referred to a HTN specialty clinic for uncontrolled RHTN may have 

pseudoresistance due to inaccurate BP measurement.

Thus far, studies investigating the prevalence of pseudoresistant HTN have focused on 

determining the contribution from white coat HTN, under treatment, and medication non-

adherence. Using data from Spanish ambulatory BP monitoring registry, De la Sierra et al. 
reported a prevalence of white coat HTN of 37.5% among 8295 persons with seemingly 
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uncontrolled RHTN.4 Similarly, in a prospective study of Brazilian cohort with RHTN, the 

prevalence of white coat HTN was 39%.17 Under treatment of RHTN has been quantified in 

outpatient community clinics, where only 22,189 out of 44,684 persons (49.7%) with 

apparent treatment resistant HTN were treated optimally with effective antihypertensive 

treatment regimens based on using a diuretic and at least 50% of the recommended 

maximum dose of all agents.18 Grigoryan et al. found that among persons with uncontrolled 

RHTN, none were prescribed a mineralocorticoid antagonist and 91% were prescribed a 

suboptimal dose of diuretic.19. The prevalence of medication non-adherence among persons 

with RHTN has been estimated at 36% using a pill count method and 53% using urine drug 

metabolite measurements.20,21 Adding to these other causes of pseudoresistance, the current 

study indicates that approximately 33% of patients referred to a HTN specialty clinic for 

RHTN are falsely identified as having uncontrolled RHTN based on routine clinic BP 

measurements.

Myers et al., in several studies of general hypertensive cohorts, have reported that BP 

measurements obtained using the BpTRU device are usually lower than expertly obtained 

measurements using manual sphygmomanometer (155 ± 5/88 ± 2 mm Hg vs 174 ± 5/92 ± 2 

mm Hg, respectively) and correlate closely with the ambulatory BP monitor (ABPM) 

readings (155 ± 5/88 ± 2 mm Hg vs 146 ± 3/82 ± 2 mm Hg).22,23 BpTRU measurements 

seemingly avoid overestimation of BP resulting from single office measurements (136 

± 17/78 ± 11 mm Hg vs 141 ± 15/80 ± 10 mm Hg).24 In the current study, the differences in 

triage and expert BP measurements were even larger than the above reports, suggesting that 

falsely elevated office BP readings may be even more prominent in patients with apparent 

resistant hypertension. Although the BpTRU device was used in the current study, the 

observed discrepancies between routine and expertly obtained BP measurements are likely 

related to important differences in the entire BP measuring process including having the 

patient sit in a quiet area for 3–5 minutes before beginning the BP assessment, use of 

properly sized cuffs, avoiding any interaction with the patient during BP measurements, 

correct positioning of the body and arm, and application of the cuff directly over the exposed 

arm. Undersizing of BP cuff, sitting without a back support, crossing the legs, placement of 

the arm with the BP cuff above or below the level of right atrium or holding the arm up 

against gravity can cause errors in BP measurement5,7,8,10,25,26 In the current study, in 

contrast to triage measurements, the expert measurements were obtained using a standard 

protocol in accordance with the AHA guidelines ensuring proper body position and the 

placement of correct size cuff.5

Background noise, patient anxiety in the presence of a provider, and patient-observer 

conversation contribute to falsely elevated BP measurements.27–30 In the current study, the 

routine intake BP was measured in a common intake area with surrounding noise and 

distracting activities. Commonly, the BP measurements were taken while questions being 

asked to patients regarding their current medical issues and medication use. In addition to 

having a 5 minute resting period prior to BP measurement, use of the BpTRU device by 

physicians allowed patients to sit quietly during BP measurements in the absence of a health 

care provider to reduce anxiety and minimize the effects of background noise and 

conversation. While BpTRU measurements with or without a 5 minute rest period have been 

reported to be lower compared to routine clinic measurements,31 some studies have reported 
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that a 5 minute rest period prior to using the BpTRU device results in BP readings even 

lower than daytime readings obtained with ABPM.32,33 The current analysis was based on 

having included the 5 minute rest period prior to use of the BpTRU device per current AHA 

guidelines. Whether guidelines should be revised to not have a 5 minute rest period with use 

of devises that take serial readings is an important methodological question for subsequent 

studies.

Manual sphygmomanometers are still often used in clinic or office settings. Observer 

variability in auscultatory technique, digit preference, ability to detect auscultatory gap and 

Korotkoff sounds and rate of cuff deflation significantly impact the accuracy of manual BP 

measurements.34–37 Use of automated BP devices eliminates the aforementioned errors. 

Since the routine intake measurements in our clinic were taken using an automated device, it 

is likely that the prevalence of pseudoresistant HTN may be even higher in clinics that rely 

on manual BP measurements. The impact of gender, race and aging on BP disparities 

resulting from inaccurate BP measurement has not been previously reported. We stratified 

race as African Americans and non-African Americans and age as ≥ 70 years or < 70 years 

and found no association between race, gender or age and the differences in BP 

measurements taken by routine and expert techniques. In addition, 4 patients had controlled 

BP measurements at triage, but uncontrolled during expertly obtained measurements. 

Although speculative, a reactive rise in BP due to repeated cuff inflations is a possible 

explanation for this discordance.38

Strengths of the current study include comparing routine BP measurement with expert 

technique by physicians trained per AHA recommendations in the same patient only minutes 

apart. All physician obtained BP readings were done using the same standardized procedure 

and with use of a validated BP device. Study limitations include findings based on a 

retrospective analysis. Also, the routine intake BP measurements were consistently taken 5–

10 minutes prior to expert measurements in all patients. It has been shown that order of 

measurement affects BP, with subsequent measurements having lower values.39 Both the 

order of measurement as well as the 5–10 minute interval between each of the two 

measurement techniques, could have contributed to the observed differences in BP. In 

addition, BpTRU disregards the first reading and provides an average of five subsequent 

readings. An average of multiple measurements could also explain a portion of the observed 

BP discrepancies between the two techniques; perhaps by regression to the mean.34 A 

prospective trial with randomization to the timing and number of BP measurements would 

be needed to differentiate between these effects. Such a trial should include ABPM and 

outcome measures in order to corroborate that accurate BP measurement better predicts 

target organ damage or hard outcomes. It remains unknown to what extent the triage BP 

technique at UAB ’s clinic reflects practices in other clinics in the community.

The current study adds an estimate of inaccurate BP measurement to the reported causes of 

pseudoresistant HTN in addition to medication non-adherence, white coat effect, and under-

treatment as shown in Figure 2. The current analysis demonstrates that routinely obtained 

BP measurements overestimate the prevalence of uncontrolled RHTN by approximately 

33% when compared to measurements done by hypertension specialists. These results 

highlight the importance of adhering to guideline recommended BP technique to avoid 
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overestimation of BP and thus minimize potentially unnecessary diagnostic testing and 

excessive medical therapies.
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Highlights

• Poor BP measurement technique contributes to pseudoresistant 

hypertension (HTN).

• The prevalence of pseudoresistant HTN due to inaccurate BP measurement 

was 33%.

• Routine clinic BP rarely underestimates the true BP in resistant HTN.
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Figure 1. 
Box-Whisker plot of median (inter-quartile range) for differences between triage and 

expertly obtained blood pressure for pseudoresistant and true resistant groups.

Differences in both systolic blood pressure (SBP) and diastolic blood pressures (DBP) 

reported. *P = 0.0001, ^P = 0.001.
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Figure 2. 
Estimated prevalence (mean, standard deviation) of each of the causes of pseudoresistant 

hypertension.

*references 20–21; ‡ references 4,18,40,41; † references 19,20.
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Table 1

Baseline characteristics of patients with uncontrolled RHTN

Variables Overall cohort Pseudoresistant True resistant

Number of patients (%) 130 (100) 43 (33.1) 87 (66.9)

Age (years), Median (IQR) 59 (51 – 70) 63 (52–72) 58 (48 – 67)

Body mass index (kg/m2),
Median (IQR)

32.9 (27.1 – 38.1) 32.8 (27 – 39) 33.3 (28.7 – 38.0)

Female (%)* 95 (73.1) 17 (39.5) 78 (89.6)

African American (%) 59 (45.4) 18 (41.8) 41 (47.1)

Comorbidities

Coronary artery disease 12 (9.2) 6 (13.9) 6 (6.9)

Diabetes mellitus* 48 (36.9) 9 (20.9) 39 (44.8)

Hypercholesterolemia 50 (38.4) 18 (41.8) 32 (36.7)

Smoking 46 (35.4) 17 (39.5) 29 (33.3)

History of stroke/Transient
ischemic attack

7 (5.4) 3 (6.9) 4 (4.6)

Estimated glomerular
filtration rate ≥ 60
(ml/min/1.73m2)

84 (64.6) 31 (72.1) 53 (60.9)

Medication use

Number of
antihypertensive
medications, Median
(IQR)

4 (3 – 5) 3 (3 – 4) 4 (4 – 5)

Diuretics* 86 (66.1) 23 (53.5) 63 (72.4)

Mineralocorticoid
antagonists

29 (22.3) 7 (16.2) 22 (25.3)

Alpha blockers 50 (38.4) 12 (27.9) 38 (43.7)

Beta blockers 93 (71.5) 27 (62.8) 66 (75.8)

Vasodilators 39 (30) 10 (23.2) 29 (33.3)

Centrally acting agents 51 (39.2) 12 (27.9) 39 (44.8)

Angiotensin converting
enzyme
inhibitors/Angiotensin
receptor blockers

109 (83.8) 38 (88.4) 71 (81.6)

Calcium channel blockers 83 (63.8) 28 (65.1) 55 (63.2)

Aspirin 63 (48.4) 22 (51.2) 41 (47.1)

Statin 51 (39.2) 20 (46.5) 31 (35.6)

IQR = inter-quartile range,

*
p < 0.05
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Table 2

Differences in SBP between triage and BpTRU measurement techniques

Triage SBP levels (n = 192) Median (IQR) mmHg of difference in SBP

< 120 mmHg (13) 8 (4.5 – 11.5)

120 – 129 mmHg (24) 11 (5.3 – 14.8)

130 – 139 mmHg (25) 17 (12 – 20)*

140 – 149 mmHg (26) 16 (7 – 19.3)

150 – 159 mmHg (25) 17 (7.5 – 22)*

≥ 160 mmHg (79) 20 (12 – 28)*

SBP – Systolic blood pressure. All groups were compared with the reference group < 120 mmHg.

*
p < 0.05
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