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Abstract

The authors examined the proportion of US adults that would have their high blood

pressure (BP) status changed if systolic BP (SBP) and diastolic BP (DBP) were mea-

sured with systematic bias and/or random error versus following a standardized pro-

tocol. Data from the 2017–2018 National Health and Nutrition Examination Survey

(NHANES; n = 5176) were analyzed. BP was measured up to three times using a mer-

cury sphygmomanometer by a trained physician following a standardized protocol and

averaged. High BP was defined as SBP ≥130 mm Hg or DBP ≥80 mm Hg. Among

US adults not taking antihypertensive medication, 32.0% (95%CI: 29.6%,34.4%) had

high BP. If SBP and DBP were measured with systematic bias, 5 mm Hg for SBP and

3.5 mm Hg for DBP higher and lower than in NHANES, the proportion with high BP

was estimated to be 44.4% (95%CI: 42.6%,46.2%) and 21.9% (95%CI 19.5%,24.4%).

Among US adults taking antihypertensive medication, 60.6% (95%CI: 57.2%,63.9%)

had high BP. If SBP and DBP were measured 5 and 3.5 mm Hg higher and lower

than in NHANES, the proportion with high BP was estimated to be 71.8% (95%CI:

68.3%,75.0%) and 48.4% (95%CI: 44.6%,52.2%), respectively. If BPwasmeasuredwith

random error, with standard deviations of 15 mm Hg for SBP and 7 mm Hg for DBP,

21.4% (95%CI: 19.8%,23.0%) of US adults not taking antihypertensive medication and

20.5% (95%CI: 17.7%,23.3%) takingantihypertensivemedicationhad their highBPsta-

tus re-categorized. In conclusions,measuringBPwith systematic or randomerrorsmay

result in themisclassification of high BP for a substantial proportion of US adults.
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1 INTRODUCTION

The importance of accurately measuring blood pressure (BP) has

been emphasized for more than 80 years.1 The American Heart

Association (AHA) has issued multiple scientific statements to inform

clinicians and researchers of the proper technique for measuring

BP.2,3 Also, the 2017 American College of Cardiology (ACC)/AHA

BP guideline provides instructions for obtaining standardized BP

measurements.4 However, recent studies show that BP levels in

routine clinical practice are typically overestimated as compared

to when measurements are obtained following a standardized

protocol.5–8

The 2017 ACC/AHABP guideline lowered the systolic BP (SBP) and

diastolic BP (DBP) levels used to define hypertension and it has been

estimated that 115millionUS adults have elevated BP or hypertension

when BP is measured following a standardized protocol.9 Also, the

United States population is aging and the prevalence of obesity has

increased over the past several decades.10,11 Obtaining accurate BP

measurements is more challenging in older versus younger adults

and individuals with progressively larger arm circumferences.12,13

Inaccuracy in BP measurement may lead to the over-use of

antihypertensive medication in some people and under-use in

others.14

Given the high prevalence of elevated BP and hypertension in the

United States anddata thatBP is not being accuratelymeasured in rou-

tine settings, it is important to ascertain the impact of potential errors

in BPmeasurement on the prevalence of high BP among US adults.We

used data from the National Health and Nutrition Examination Survey

(NHANES) 2017–2018 to estimate the proportion and number of US

adults whose high BP statusmay be over- or under-estimatedwhenBP

is measured with a systematic bias or random error.

2 METHODS

The NHANES was designed to assess the health and nutritional sta-

tus of the non-institutionalized US population and is conducted by the

National Center for Health Statistics (NCHS) of the Centers for Dis-

ease Control and Prevention (CDC).15 For the current analysis, data

from the 2017–2018 NHANES cycle were analyzed. Participants were

identified using a stratified, multistage, probability sampling method

and the current analysis was restricted to adults aged 18 years or older

who completed the NHANES interview and examination (Figure S1;

n = 5533). Participants who self-reported being pregnant (n = 55) and

those who did not have at least one valid SBP and DBP measurement

(n= 292) or were missing information on antihypertensive medication

use (n= 10) were excluded. A total of 5176 participants were included

in the analyses. The protocol for NHANES 2017–2018 was approved

by theNCHS of theCDC Institutional ReviewBoard.Written informed

consent was obtained from each participant. The analysis of NHANES

data was considered exempt research by the University of Alabama at

Birmingham Institutional Review Board.

2.1 Data collection

Data were collected during an in-home interview and a study exami-

nation. Standardized questionnaires were used to assess demographic

characteristics that included age, sex and race/ethnicity. Height and

weight were measured during the study examination and obesity was

defined as a body mass index ≥ 30 kg/m2. Blood and urine sam-

ples were collected during the examination. Serum glucose, glycated

hemoglobin and serum creatinine were measured using standardized

methods. Diabetes was defined as a fasting glucose ≥ 126 mg/dl

(≥ 200 mg/dl for those who were not fasting), glycated hemoglobin

≥ 6.5%, or a self-reported diagnosis of diabetes with the use of insulin

or oral glucose lowering medication. Estimated glomerular filtration

rate (eGFR) was calculated using the CKD Epidemiology Collabora-

tion equation.16 Urinary albumin and creatinine levels were measured

andused to calculate the albumin-to-creatinine ratio. CKDwas defined

by an eGFR < 60 ml/min/1.73m2 or an albumin-to-creatinine ratio ≥

30mg/g.

2.2 Blood pressure measurements

Trained physicians measured SBP and DBP up to three times using

a mercury sphygmomanometer and an appropriately sized BP cuff

following a standardized protocol. The first measurement was per-

formed after participants had been seated quietly with their feet flat

on the floor and arm and back supported for 5 min. Subsequent mea-

surements were obtained at 30-s intervals. The mean of all avail-

able measurements was used to define SBP and DBP. Among par-

ticipants included in the current analysis, 36 (0.6%), 73 (1.3%), and

5067 (98.1%) had one, two, and three SBP measurements, respec-

tively, and 48 (0.8%), 102 (1.8%), and 5026 (97.4%) had one, two or

three DBP measurements, respectively. Quality control included re-

certification of physicians every 3months with retraining if needed. All

physicians participated in annual retraining. Additional information on

theNHANESBPmeasurement protocol canbe foundonline.17 HighBP

was defined as SBP≥ 130mmHg or DBP≥ 80mmHg.4

2.3 Statistical analysis

All analyses were conducted stratified by antihypertensive medica-

tion use. Characteristics of US adults were summarized as percent-

ages for categorical variables and mean with 95% confidence inter-

val (CI) for continuous variables. The proportion and number of US

adults with high BP were estimated using the measurements from

NHANES and then after assuming BP was measured with a fixed bias.

First, we assumed that SBP and DBP was measured 5 and 3.5 mm Hg

higher, respectively, and 10 and 7 mm Hg higher, respectively, when

compared to following a standardized protocol and we added these

amounts to themeasured SBP andDBP values fromNHANES. Second,

we assumed that SBP and DBP was measured 5 and 3.5 mm Hg lower,
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respectively, and 10 and 7mmHg lower, respectively, compared to fol-

lowing a standardized protocol andwe subtracted these amounts from

themeasured SBP andDBP values inNHANES. Themagnitudes of bias

of 5 mm Hg for SBP and 3.5 mm Hg for DBP was based on the accept-

able limit for error in SBP when validating a BP device and compari-

son of within-person standard deviations of SBP and DBP resulting in

approximately 5 mm Hg difference in SBP being analogous to 3.5 mm

Hg difference in DBP.7,18,19 The magnitudes of 10 and 7 mm Hg for

SBP and DBP, respectively, were selected based on prior studies of the

differences in SBP and DBP between routine care and research-grade

measurements.5–8 This analysis was conducted for the overall popula-

tion and in subgroups defined by age (< 65 and≥ 65 years) and obesity

(obese and non-obese).

Next,we simulatedSBPandDBPbeingmeasuredwith randomerror

using a bivariate normal distributionwith the correlation between SBP

and DBP errors as observed in the NHANES data (ρ = 0.46). First, we

assumed measurements were obtained without bias but with random

error that had a standard deviation of 15 mm Hg for SBP and 7 mm

Hg for DBP. These standard deviations were selected based on data

from prior publications on the differences in SBP and DBP values in

clinical practice versus research studies.5–8 We estimated the propor-

tionwith 95%CI of US adults whose high BP statuswas different when

measured in NHANES versus with random error using 10 000 Monte

Carlo simulations. Second, as BP measured in a routine clinical prac-

tice is often over-estimated,wedid an analysis simulatingBPmeasured

with random error and bias.5–8 For this analysis, in addition to simulat-

ing randomerrorwith standarddeviationof 15mmHgand7mmHg for

SBP and DBP, respectively, we simulated a bias of SBP and DBP higher

by 5 and 3.5 mmHg, respectively, and 10 and 7mmHg, respectively. In

a secondary analysis, the proportion and number of US adultswith SBP

≥ 130mmHg or DBP ≥ 80mmHgwere estimated using the measure-

ments fromNHANES and then after assuming only SBPwas measured

with fixed bias and random error, separately, and after assuming only

DBP was measured with fixed bias and random error, separately. The

above analyses were repeated defining high BP as SBP ≥ 140 mm Hg

or DBP≥ 90mmHg.20,21

All calculations were weighted to obtain nationally representative

estimates for the non-institutionalized US population. These weights

were recalibrated based on the proportion of participantsmissing data

by age, sex, and race-ethnicity, assuming that data within these strata

were missing at random. Data analyses were conducted using STATA

V16 (Stata Corporation, College Station, TX, USA) and R version 4.0.3

(RFoundation for StatisticalComputing, Vienna,Austria).Data to repli-

cate this analysis are available on the NHANESwebsite.15

3 RESULTS

Overall, 23.0% of US adults were taking antihypertensive medica-

tion. US adults taking versus not taking antihypertensive medication

were more likely to be older and non-Hispanic black, and have obe-

sity, diabetes, and CKD (Table 1). The distributions of SBP and DBP for

TABLE 1 Characteristics of US adults taking and not taking
antihypertensivemedication in 2017–2018

Taking antihypertensivemedication

No

(N= 3688)

Yes

(N= 1488)

Age group in years, %

18–34 38.2 2.7

35–44 18.8 6.0

45–54 15.2 16.5

55–64 16.1 28.3

65–74 7.5 25.4

≥75 4.1 21.0

Female sex, % 51.7 52.2

Race/ethnicity, %

Non-Hispanic white 61.4 64.0

Non-Hispanic black 10.3 14.9

Hispanic 17.7 10.6

Non-Hispanic Asian 5.8 5.4

Other 4.8 5.0

Obese, % 37.5 56.7

Diabetes, % 6.5 33.3

Chronic kidney disease, % 9.2 35.5

Systolic blood pressure,

mmHg

120 (119 - 121) 134 (132 - 135)

Diastolic blood pressure,

mmHg

72 (71 - 73) 73 (72-75)

Numbers in the table are column percentage except for systolic blood pres-

sure anddiastolic bloodpressurewhich aremean (95%confidence interval).

US adults not taking and taking antihypertensive medication are pre-

sented in Figure S2.

3.1 Prevalence of high BP

Among US adults not taking antihypertensive medication, the preva-

lence of high BP was 32.0% (95%CI: 29.6%, 34.4%) (Figure 1, left

panel and Table 2, left panel). If SBP and DBP were measured to be

5 and 3.5 mm Hg higher, respectively, than the levels estimated as in

NHANES, 44.4% (95%CI: 42.6%, 46.2%) of US adults not taking antihy-

pertensive medication would be estimated to have high BP, represent-

ing an increase of 12.4% (95%CI: 10.6%, 14.5%) or 23.6 (95%CI: 19.5,

27.6) million US adults. Assuming SBP and DBP were measured 5 and

3.5 mm Hg lower, respectively, than the levels estimated in NHANES,

21.9% (95%CI: 19.5%, 24.4%) of US adults not taking antihyperten-

sive medication would have high BP, representing a decrease of 10.1%

(95%CI: 8.9%, 11.4%) or 19.2 (95%CI: 16.7, 21.7) million fewer US

adults. If SBP and DBP measurements were 10 and 7 mm Hg, respec-

tively, higher and lower than the NHANES estimates, the prevalence
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TABLE 2 Estimated prevalence and number of US adults with systolic blood pressure ≥130mmHg or diastolic blood pressure≥80mmHg
when blood pressure wasmeasured following the NHANES protocol andwhen it is measured with bias

US adults not taking antihypertensivemedication US adults taking antihypertensivemedication

BPmeasured following protocol BPmeasured following protocol

Yes

No – BPmeasured

with bias Difference (95%CI) Yes

No – BPmeasured

with bias

Difference (95%

CI)

Bias 5mmHg in SBP and

3.5mmHg in

DBP

5mmHg in SBP and

3.5mmHg in

DBP

NHANES estimate Higher BP NHANES estimate Higher BP

Prevalence

(95%CI), %

32.0 (29.6, 34.4) 44.4 (42.6, 46.2) 12.4 (10.6, 14.5) 60.6 (57.2, 63.9) 71.8 (68.3, 75.0) 11.2 (9.0, 13.8)

N (95%CI),

millions

60.8 (54.6, 61.7) 84.4 (77.7, 91.1) 23.6 (19.5, 27.6) 34.5 (29.8, 39.2) 40.9 (35.5, 46.3) 6.4 (4.8, 7.9)

NHANES estimate Lower BP NHANES estimate Lower BP

Prevalence

(95%CI), %

32.0 (29.6, 34.4) 21.9 (19.5, 24.4) -10.1 (-11.4, -8.9) 60.6 (57.2, 63.9) 48.4 (44.6, 52.2) -12.2 (-15.1, -9.8)

N (95%CI),

millions

60.8 (54.6, 61.7) 41.6 (35.9, 47.3) -19.2 (-21.7, -16.7) 34.5 (29.8, 39.2) 27.6 (23.5, 31.6) -6.9 (-8.7, -5.2)

Bias 10mmHg in SBP

and 7mmHg in

DBP

10mmHg in SBP

and 7mmHg in

DBP

NHANES estimate Higher BP NHANES estimate Higher BP

Prevalence

(95%CI), %

32.0 (29.6, 34.4) 61.0 (59.0, 62.9) 29.0 (26.7, 31.4) 60.6 (57.2, 63.9) 82.7 (79.4, 85.6) 22.1 (19.3, 25.2)

N (95%CI),

millions

60.8 (54.6, 61.7) 116.0 (105.5,

126.5)

55.2 (48.2, 62.2) 34.5 (29.8, 39.2) 47.1 (40.6, 53.6) 12.6 (10.0, 15.2)

NHANES estimate Lower BP NHANES estimate Lower BP

Prevalence

(95%CI), %

32.0 (29.6, 34.4) 15.4 (13.4, 17.6) -16.6 (-18.7, -14.6) 60.6 (57.2, 63.9) 38.3 (35.2, 41.5) -22.3 (-24.5, -20.2)

N (95%CI),

millions

60.8 (54.6, 61.7) 29.3 (25.1, 33.5) -31.5 (-36.3, -26.7) 34.5 (29.8, 39.2) 21.8 (18.7, 24.9) -12.7 (-14.8, -10.6)

Abbreviations: CI, Confidence interval; BP, Blood pressure; NHANES, National Health and Nutrition Examination Survey; SBP, Systolic blood pressure; DBP,

Diastolic blood pressure.

of high BP would be 29.0% (95%CI: 26.7%, 31.4%) higher and 16.6%

(95%CI: 14.6%, 18.7%) lower thanwhen estimated by NHANES.

The prevalence of high BP amongUS adults taking antihypertensive

medications was 60.6% (95%CI: 57.2%, 63.9%) (Figure 1 right panel

and Table 2, right panel). If SBP and DBP were measured to be 5 and

3.5 mmHg higher, respectively, than the values estimated in NHANES,

71.8% (95%CI: 68.3%, 75.0%) of US adults taking antihypertensive

medications would have high BP, representing an increase of 11.2%

(95%CI: 9.0%, 13.8%) or 6.4 (95%CI: 4.8, 7.9) million US adults. If SBP

and DBP were measured to be 5 and 3.5 mm Hg lower, respectively,

48.4% (95%CI: 44.6%, 52.2%) of US adults would be estimated to have

high BP, representing a decrease of 12.2% (95%CI: 9.8%, 15.1%) or 6.9

(95%CI: 5.2, 8.7) million fewer US adults. If SBP and DBP were esti-

mated to be 10 and 7 mm Hg, respectively, higher or lower than the

NHANES estimates, the prevalence of high BP among US adults taking

antihypertensive medications would be 22.1% (95%CI: 19.3%, 25.2%)

higher or 22.3% (95%CI: 20.2%, 24.5%) lower than when estimated by

NHANES.

Estimated differences in the prevalence of high BP among US

adults< 65 years of age and≥ 65 years of agewhen SBP andDBPwere

measured with bias versus as estimated in NHANES are presented in

Table S1 and estimated differences for those without and with obesity

are presented in Table S2. Estimated differences in the prevalence of

high BP when only SBP and only DBP, were measured with bias versus

as estimated in NHANES are presented in Table S3.

3.2 BP measured with random error

Among US adults not taking antihypertensive medication, 21.4% (95%

CI 19.8%, 23.0%), including 15.4% (95%CI: 14.0%, 16.7%) without high

BP and 6.0% (95%CI: 5.1%, 6.9%) with high BPwhen BPwasmeasured

without randomerror, had their highBP status re-categorizedwhenBP

was measured with random error (Figure 2). Among US adults taking

antihypertensive medication, 20.5% (95%CI: 17.7%, 23.3%), including

11.4% (95%CI: 9.4%, 13.4%) without high BP and 9.1% (95%CI: 7.2%,
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F IGURE 1 Estimated proportion of US adults with systolic blood
pressure≥ 130mmHg or diastolic blood pressure≥ 80mmHgwhen
blood pressure is measured following a standardized protocol and
when it is measured with bias

11.0%) with high BP when BP was measured without random error,

had their high BP status re-categorized when BP was measured with

random error. If BP was measured with random error, the prevalence

of high BP among US adults not taking and taking antihypertensive

medication increased by 9.4% (95%CI: 5.8%, 12.9%) and 2.2% (95%CI:

-3.0%, 7.3%), respectively (Table S4). The proportion and number of

US adults whose high BP status would be re-categorized when BP is

measured with random error and bias are presented in Figure S3 with

the difference in the prevalence of high BP presented in Table S5. The

prevalence of high BP among US adults not taking and taking antihy-

pertensive medication increased by 7.6% (95%CI: 4.0%, 11.2%) and

3.0% (95%CI: -2.2%, 8.3%), respectively, when only SBP was measured

with random error, and by 4.7% (95%CI: 1.2%, 8.2%) and 1.8% (95%CI:

-3.1%, 6.7%), respectively, when only DBP was measured with random

error (Table S6). The proportion and number of US adults whose high

BP status would be re-categorized when only SBP and only DBP were

measured with random error are presented in Figure S4.

3.3 Prevalence of high BP when defined by SBP
≥ 140 mm Hg or DBP ≥ 90 mm Hg

Among US adults not taking antihypertensive medication, when SBP

and DBP were measured 5 and 3.5 mm Hg higher and lower than the

NHANES estimates, the prevalence of high BPwas 5.6% (95%CI: 4.3%,

7.2%) higher and 4.5% (95%CI: 3.5%, 5.9%) lower than the NHANES

F IGURE 2 Estimated proportion of US adults with systolic blood pressure≥ 130mmHg or diastolic blood pressure≥ 80mmHgwhen blood
pressure is measured following a standardized protocol cross-classified bymeasurements obtained with random error
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estimate, respectively (Table S7). Among US adults taking antihyper-

tensivemedication, the prevalence of highBPwhen SBP andDBPwere

measured 5 and 3.5 mm Hg higher and lower than the NHANES esti-

mates, was 9.5% (95%CI: 7.2%, 12.5%) higher and 9.7% (95%CI: 7.7%,

12.4%) lower, respectively. When BP was estimated to be measured

with random error with standard deviations of 15 mm Hg and 7 mm

Hg for SBP and DBP, 13.2% (95%CI: 11.8, 14.6) and 19.9% (95%CI:

17.3, 22.5) of US adults not taking and taking antihypertensivemedica-

tion, respectively, had their high BP status re-categorized (Figure S5).

The prevalence of high BP was 7.4% (95%CI: 4.3%, 10.5%) and 4.9%

(95%CI: -0.2%, 10.0%) higher for those not taking and taking antihy-

pertensive medication, respectively, compared with the NHANES esti-

mates (Table S8).

4 DISCUSSION

In the current study, it was estimated that the prevalence of high BP

may be over- or under-estimated substantially among US adults if BP

were measured with modest upward or downward systematic bias as

compared to when BP is measured following a standardized protocol.

In addition to the impact of systematic bias, it was estimated that ran-

dom error in BPmeasurement could also result in the misclassification

of high BP for a high proportion of US adults. It was estimated that

tens of millions of US adults could potentially have their high BP status

affected due to systematic bias or random error in the measurement

of BP.

Anumber of studies have reported that BPmeasured in routine clin-

ical practice is higher than when measurements are obtained follow-

ing a standardizedprotocol.5–7 One study comparedBPmeasurements

from 275 patients in outpatient practices with subsequent measure-

ments obtained on the same day following the BPmeasurement proto-

col used in the Systolic BloodPressure Intervention Trial (SPRINT). The

meanSBPandDBPmeasured in clinical practicewas12.7 (95%CI: 10.7,

14.7) mm Hg and 12.0 (95% 10.7, 13.4) mm Hg higher, respectively,

than estimates obtained following the SPRINT protocol.7 Also, among

802 Multi-Ethnic Study of Atherosclerosis participants, SBP and DBP

were 6.0 (95%CI: 4.2, 7.8) mm Hg and 3.5 (95%CI: 2.5, 4.4) mm Hg

higher, respectively, during a routine outpatient visit versus the clos-

est study visit, where a protocol was followed to measure BP.6 As esti-

mated in the current study, the differences in SBP and DBPwhenmea-

surements are obtainedwithout following a standardizedprotocolmay

result in themisclassification of high BP status for a large proportion of

US adults.

In the current study, the impact of bias or random error in BP mea-

surement was larger around the SBP/DBP threshold of 130/80 mm

Hg, as compared to 140/90 mm Hg, due to more US adults having a

BP around this threshold. This is consistent with a study from rural

China that reported when SBP and DBP were estimated to be 2 and

1 mm Hg higher than their measured values, respectively, the preva-

lenceof hypertensiondefinedby theSBP/DBP thresholdof130/80mm

Hg and/or taking antihypertensive medication increased from 56.2%

to 61.9% (Δ = 5.7%) and when using the threshold of 140/90 mm

Hg, the prevalence of hypertension increased from 33.4% to 37.3%

(Δ = 3.9%).22,23 A prior study using data from the US NHANES II

reported reduction in the prevalence of diastolic hypertension (ie, DBP

≥ 90 mm Hg) by 17% when DBP was modelled to be 2 mm Hg lower

as compared to when measured following the NHANES protocol.24 In

addition to providingmore contemporary data, evaluating the effect of

bias and randomerror in SBP andDBP, the current study quantified the

population level impact of small to moderate biases and random errors

in measurement of BP on the prevalence of high BP among US adults

by age and obesity status.

There are a number of patient, technician anddevice-related factors

that may result in BP readings being systematically or randomly dif-

ferent than the true value.25,26 Over-estimation of BPmay result from

not following the recommended steps for measuring BP,25 or using a

single BP measurement as compared to the average of two or three

measurements overmultiple visits as recommendedby clinical practice

guidelines.4,27 Under-estimation of BP may be due to use of an over-

sized cuff, a fast cuff deflation rate, and hearing deficits of the observer

if using a manual device.25 Random error may result from not follow-

ing the same protocol consistently, or terminal digit preference.28,29

Following a standardized protocol, having trained individuals measure

BP,30 use of validated devices18 and taking the average of multiple BP

measurements3,4 can help minimize both systematic bias and random

errors and provide amore precise BPmeasurement.

Prior studies suggest a widespread lack of proficiency in following a

standardized protocol formeasuring BP bymedical students, clinicians

and medical staff.31,32 A survey of 2302 medical professionals con-

ducted by the American Medical Association and AHA reported more

thanhalf reportednever receiving re-trainingafter learning tomeasure

BP in school.33 Measuring BP correctly involves properly preparing a

patient by seating them with their back and arm supported, feet flat

on floor and legs uncrossed followed by selecting an appropriate size

cuff, placing it correctly over patient’s bare arm, having a rest period

prior to obtaining an initial BP measurement and between measure-

ments and instructing the patient to relax and not talk when their BP

is being measured.4 To ensure BP is measured correctly, re-training of

clinicians andmedical staff should occur on a regular basis.4,34,35

It is often difficult tomeasure BP accurately in obese and older indi-

viduals. According to the current study, not measuring BP accurately

may result in the misclassification of high BP for a large proportion of

obeseandnon-obese individuals andyounger andolder adults.Overes-

timation of BP among obese individuals due to use of under-sized cuffs,

may lead to the over-use of antihypertensive medication.12 A study of

305 participants with BP measured three times using an oscillometric

device and amercury device in random order showed that the discrep-

ancy in BP measurements from the two devices was larger in partici-

pants aged 75–86 years versus 48–64 years.36 Accurately measuring

BP is important to prevent adverse outcomes of over- or undertreat-

ment in these populations.

Education programs have been ineffective in improving the accu-

racy in BP measurements.37 The development and implementation of

quality control metrics by regulatory and accreditation committees in

partnership with policy makers, insurance providers and healthcare
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systemsmay result inmore accurate BPmeasurements being obtained

as part of routine clinical care.38

The current study has several strengths. NHANES provides nation-

ally representative estimates for the non-institutionalized US popu-

lation. BP was measured following a standardized protocol. Rigorous

training and re-training of physicians on the BPmeasurement protocol

was performed. The results of this study should be interpreted in the

context of knownandpotential limitations. BPwasmeasuredat a single

visit in NHANES. Clinical practice guidelines recommend the diagnosis

of hypertension be based on themeanBPover twoormore visits.3,4 BP

was measured using a mercury sphygmomanometer, an approach not

used in most clinical practice settings. However, a recent comparison

study between manual and oscillometric BP measurement devices in

NHANES2017–2018 found a small difference in SBPandDBP (<2mm

Hg) when a standardized protocol is followed.39 Finally, bias and ran-

dom error were assumed to be uniform across all levels of mean BP.

However, it is possible that thesemay be larger at higher BP levels.

The current study estimated that tens of millions of US adults may

have their highBP statusmisclassifiedwhenBP ismeasuredwith a sys-

tematic error. Also, the high BP status for tens of millions of US adults

could be affected evenwhen BP ismeasuredwithout bias butwith ran-

dom error. These data emphasize the need for healthcare providers to

use validated BP measurement devices, receive ongoing training and

re-training in themeasurement of BP and to follow a standardized pro-

tocol to ensure the accurate assessment of BP.
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