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Abstract

Objectives: Masked hypertension (MH) -- a blood pressure (BP) phenotype characterized by 

a clinic BP in the normal range but elevated BP outside the office – is associated with early 

hypertension-mediated organ damage. This study examined early target organ manifestations of 

MH diagnosed by home (HBPM) and ambulatory (ABPM) BP monitoring.

Methods: Left ventricular (LV) structure and diastolic function measured by echocardiography, 

urinary microalbumin, and coronary artery calcification were evaluated in 420 patients with 

high clinic BP (systolic BP 120 – 150 mmHg or diastolic BP 80 - 95 mmHg). Evidence of 

hypertension-mediated organ damage was compared in patients with sustained normotension, MH, 

and sustained hypertension based on measurements by HBPM, daytime ABPM, and 24-hour 

ABPM.

Results: The 420 participants averaged 48 (12) [mean (SD)] years of age; the average clinic BP 

was 130 (13)/81 (8) mmHg. In subjects with MH diagnosed by HBPM, indexed LV mass, relative 

wall thickness, and e’ and E/e’ (indices of LV relaxation), were generally intermediate between 

values observed in normotensives and sustained hypertensives, and were significantly greater in 

MH than normotensives. Similar trends were observed when MH was diagnosed by ABPM, but a 

diagnosis of MH was not as reliably associated with LV remodeling or impaired LV relaxation in 

comparison to normotensives. There were trends towards greater likelihoods of detectable urinary 

microalbumin and coronary calcification in MH than in normotensives.

Conclusions: These results support previous studies demonstrating early hypertension-mediated 

organ damage in patients with MH, and suggest that HBPM may be superior to ABPM in 

identifying patients with MH who have early LV remodeling and diastolic LV dysfunction.
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Introduction:

Masked hypertension (MH) is a distinct blood pressure (BP) phenotype characterized by a 

clinic BP in the normal range but elevated BP outside the office. Recent studies suggest 

that the prevalence of MH in adult patients is between 10 and 25% [1-5], and may be even 

greater in patients with borderline elevated office BP. [6]

There is evidence that individuals with MH are at higher risk of adverse events than those 

with sustained normotension (i.e., normal BP in and out of the office), and that the incidence 

of cardiovascular events approaches that observed in patients with sustained hypertension 

(i.e., high BP both in and out of the office). [1-4,7,8] This increased cardiovascular 

morbidity may be a manifestation of hypertension-mediated organ damage in patients with 

MH. Cross-sectional studies have demonstrated a greater left ventricular (LV) mass index 

in subjects with MH compared to those with sustained normotension. [9-12] Others have 

found that MH is characterized by impaired LV diastolic function [13], increased carotid 

intima-media thickness [12], and microalbuminuria. [11,14] Many of these studies have 

been performed in cohorts that included patients with treated hypertension. The methods 

for diagnosing MH have varied; in most studies out-of-office BP has been determined by 

either home BP monitoring (HBPM) or ambulatory BP monitoring (ABPM), but few have 

examined both.

In this analysis, we (1) compared measures of hypertension-mediated organ damage (LV 

structure, LV diastolic function, urinary microalbumin, and coronary artery calcification) in 

patients with normotension, MH, and sustained hypertension; and (2) examined whether MH 

was more reliably associated with hypertension-mediated organ damage when diagnosed by 

HBPM or ABPM.

Methods:

Subjects:

We recruited 420 adults from primary care clinics through a combination of passive and 

active recruitment strategies. To be eligible, potential subjects had to be > 30 years of 

age with no diagnosis of hypertension and on no BP-lowering drugs; and have a systolic 

BP of 120-150 mmHg or diastolic BP of 80-95 mmHg on their most recent clinic visit. 

Exclusion criteria included pregnancy, clinical cardiovascular disease, diabetes, persistent 

atrial fibrillation or other cardiac arrhythmia, dementia, and any condition that would 

preclude wearing an ambulatory BP monitor. Potential participants were also excluded if 

the average BP on the first visit to the research clinic was ≥160/100 mmHg or < 110/70 

mmHg.

HINDERLITER et al. Page 2

J Hypertens. Author manuscript; available in PMC 2023 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



BP measurement:

All subjects underwent BP measurement in the research clinic, by HBPM, and by ABPM. 

Details of BP measurement techniques have been described previously. [6]

Research clinic BP measurements were performed on 4 visits to the clinical research 

center over the course of 10 days. On each visit, 3 seated measurements were acquired 

after 5 minutes of rest using a validated oscillometric device (Welch Allen “Vital Signs”, 

Skaneateles Falls, NY, USA). [15] The office BP was calculated as the average of the second 

and third measurements from the research clinic visits.

HBPM measurements were acquired using a validated oscillometric home monitor (Omron 

705CP). [16] Participants were carefully instructed in HBPM techniques, and were asked 

to perform a series of measurements on 5 consecutive days. After a 5 minute rest, BP was 

measured 3 times in the morning and 3 times in the evening. For each home series, the first 2 

days of measurements and the first measurement of each set of measurements was discarded. 

The remaining 12 measurements were averaged and defined as the home BP. [17]

Twenty-four hour ABPM was performed using an Oscar 2 oscillometric monitor (Suntech 

Medical, Morrisville, NC), a device that has been independently validated. [18,19] The 

monitors were programmed to measure BP at 30 minute intervals during the day and at 1 

hour intervals at night. A minimum of 14 awake readings and 6 sleep measurements was 

required for an ABPM session to be considered adequate. [20] The mean values for awake 

and 24-hour BPs were calculated.

For this analysis, a normal clinic BP was defined as < 140/90 mmHg, a normal home 

BP was defined as < 135/85 mmHg, a normal awake ambulatory BP was defined as < 

135/85 mmHg, and a normal 24-hour ambulatory BP was defined as < 130/80 mmHg. Using 

HBPM, normotension was defined as normal office and normal home BPs; MH as normal 

office but elevated home BPs; and sustained hypertension as elevated office and home BPs. 

A similar classification scheme was employed using awake and 24-hour ambulatory BPs as 

the referent out-of-office measurement techniques.

Assessment of hypertension-mediated organ damage:

Cardiac ultrasound studies were performed in the University of North Carolina research 

echocardiography laboratory. Two-dimensional images of the LV, pulsed wave Doppler 

transmitral flow velocity profiles, and tissue Doppler profiles of the septal mitral annular 

motion were acquired and stored in DICOM format for subsequent quantification by a single 

blinded observer (AH) using an off-line analysis system. All measurements were performed 

on three cardiac cycles and averaged. LV end-diastolic diameter (LVEDD), posterior wall 

thickness (PWT), and interventricular septal thickness (IVST) were measured at end-diastole 

just distal to the mitral valve tips. LV mass was estimated using a cube function model 

with a correction factor, as described in the American Society of Echocardiography 

Recommendations on the Use of Echocardiography in Adult Hypertension. [21] To adjust 

for variations in heart size due to differences in body size, indexed LV mass was calculated 

as LV mass/height2.7. [22] Relative wall thickness, an index of concentric remodeling of the 

LV, was calculated as (PWT+IVST)/LVEDD. Measures of LV diastolic function included 
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peak early diastolic mitral annulus velocity (e’) and the ratio of the early (E) transmitral 

Doppler flow velocity to e’ (E/e’ ratio). Lower values for e’ and greater values for E/e’ 

suggest impaired LV relaxation.

Coronary artery calcium was assessed by cardiac computed tomography (CT) in a subset 

of subjects (n = 322) that consented to this procedure. Studies are performed on a 64-slice 

dual source scanner (Somatom Definition, Siemens, Forchheim, Germany). When heart rate 

and scan time could be minimized the prospectively gated sequential scanning mode was 

utilized in order to reduce radiation exposure, otherwise spiral acquisitions were performed. 

All studies were read by a single cardiologist with training and expertise in cardiac CT (LK) 

who was blinded to clinical and BP data. All lesions with a detection threshold of > 130 

HU were identified. Images were scored for the presence or absence of coronary calcium, 

and if present the coronary artery calcium load was computed using the method described by 

Agatston, et al. [23]

Urinary albumin (using an immunoturbidometric assay) and creatinine (by a kinetic assay) 

were measured on a single morning spot urine specimen. The lower limit of detection of 

albumin was 0.6 mg/dl. Values for albumin were categorized as detectable or not, and 

microalbuminuria was defined as > 30 mg albumin/g creatinine.

Demographic and anthropomorphic data:

Demographic data were collected by self-administered questionnaire. Height and weight 

were measured at the first clinic visit for calculation of body mass index (BMI).

Study approval:

This study was conducted with the understanding and the consent of each participant, and 

was approved by the Office of Human Research Ethics at the University of North Carolina at 

Chapel Hill.

Analyses:

Anthropomorphic and demographic characteristics of the study cohort were calculated as 

mean ± standard deviation or median (25th and 75th percentile), or number (%).

For each method of measuring out-of-office BP, mean (SD) or median (range) values of 

measures of target organ damage were calculated for patients with true normotension, 

masked hypertension, and sustained hypertension. Differences between values for masked 

hypertension and normotension, and sustained hypertension and normotension, were 

analyzed by two sample t-tests if the outcome was continuous and normally distributed, and 

by Mann-Whitney tests if the outcome was continuous but non-normally distributed. Chi-

squared tests were used if the outcome was categorical. Differences between the subjects in 

the 3 blood pressure categories were examined by analysis of variance (ANOVA) adjusted 

for age, race, gender, and body mass index.
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Results:

Characteristics of the study participants are shown in Table 1. The mean age was [mean 

(SD)] 48 (12) years; most were between 30 and 44 years of age (43%) or between 45 and 

64 years of age (46%). Slightly over half were female, and 21% were black. Most subjects 

were overweight (34%) or obese (38%). The average clinic BP was 130 (13)/81 (8) mmHg. 

Home BP was slightly lower, and both daytime and 24-hour ambulatory BP’s were higher, 

than office BP.

The percentages of subjects diagnosed with each BP phenotype by the 3 methods of out-of-

clinic BP measurements are shown in Table 2. The numbers of subjects diagnosed with 

MH were greater using either measure of ABPM than by using HBPM. The relationships 

between the participants with MH diagnosed by the 3 methods are illustrated in the Figure. 

Those with MH by HBPM, for the most part, represented a subset of those diagnosed by 

ABPM; only 3 of those with MH by HBPM did not have this diagnosis confirmed by 

24-hour ABPM, and only 2 did not have MH by awake ABPM. Most (175 of 180) subjects 

with MH by awake ABPM had this BP phenotype by 24-hour ABPM; an additional 28 

subjects had MH by 24-hour ABPM but not awake ABPM.

Measures of hypertension-mediated organ disease for subjects with normotension, MH, 

and sustained hypertension as determined by HBPM are shown in Table 3. Indexed LV 

mass and relative wall thickness were greater in subjects with MH than in normotensives. 

Similarly, mean values for e’ and E/e’ suggested impaired LV relaxation in MH compared 

to normotensives. Values for these indices of LV structure and diastolic function were 

generally intermediate between values observed in patients with normotension and sustained 

hypertension. Analogous data for BP phenotypes diagnosed by awake and 24-hour ABPM 

are shown in Tables 4 and 5, respectively. As observed when MH was defined using HBPM, 

values for LV mass index, relative wall thickness, e’, and E/e’ were generally between values 

for normotensives and sustained hypertensives. However, a diagnosis of MH was not as 

reliably associated with ventricular remodeling or impaired LV relaxation in comparison to 

normotensives.

As shown in Tables 3-5, few subjects had microalbuminuria (i.e., albumin/creatinine ratio > 

30 mg/g). However, approximately 25-30% of those with MH had detectable albuminuria, 

greater than the 15-20% of those with sustained normotension and less than the 35-45% 

of those with sustained hypertension. Regardless of the method for diagnosing MH, the 

difference between MH and normotensives did not achieve statistical significance. Similarly, 

coronary calcium was observed in a minority of the subset of subjects who underwent CT 

scanning, and there was a nonsignificant trend toward a higher prevalence in MH than in 

normotensives.

Discussion:

In this cohort, compared to participants with sustained normotension, those with MH had 

evidence of greater hypertension-mediated organ manifestations, including increased LV 

mass and relative wall thickness and impaired LV relaxation, and a nonsignificant trend 
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toward a greater prevalence of detectable urinary albumin and coronary artery calcium. The 

extent of target organ damage was less than that seen in those with sustained hypertension. 

MH was more reliably associated with early cardiac manifestations of high BP when 

diagnosed by HBPM than by ABPM.

A number of studies have demonstrated increased left ventricular mass in patients with MH 

compared to those with normal BP’s outside the clinic. [9-12] Most of these prior analyses 

have utilized ABPM to define BP phenotypes. In a systematic review and meta-analysis of 

12 studies, Cuspidi, et al, reported that left ventricular mass index showed a progressive 

increase from normotensive to MH to sustained hypertension subjects. [9] There is a paucity 

of data, however, describing the cardiac consequences of MH defined by HBPM. Hanninen, 

et al, examined end-organ manifestations of MH as defined by HBPM and ABPM in 261 

men and women representative of the general population of Turku, Finland, some of whom 

were prescribed anti-hypertensive medications. As in our study, individuals with normal 

office BP but elevated home BP tended to have greater indexed LV mass than those with 

normal BPs in both settings (p = 0.06), while mean LV mass index values were similar in 

sustained normotensives and those with MH defined only by ABPM. [11] Our data are also 

consistent with findings from the Improving Detection of Hypertension study. In a cohort of 

408 men and women not on treatment with BP-lowering medications, ambulatory systolic 

BP was higher than either home or office BP. LV mass index by echocardiography was more 

closely correlated with home systolic BP than with systolic BP measured either by ABPM or 

in the office. [24] Among participants with clinic BP < 140/90 mmHg, LV mass index was 

greater in those with MH by both home and ambulatory monitoring than in those with MH 

diagnosed by only one method or in those with sustained normotension. [25]

Impaired LV relaxation and elevated left atrial pressure are common findings in patients 

with hypertension and may ultimately lead to the syndrome of heart failure. [26] Evidence 

of early diastolic LV dysfunction can be detected in patients with high BP even before 

the development of LV hypertrophy [27], and MH may predict the future development of 

diastolic LV dysfunction. [28] We assessed characteristics of LV filling by pulsed wave 

and tissue Doppler echocardiography. The mitral annulus early diastolic velocity derived 

by tissue Doppler imaging (e’) and the ratio of early LV filling velocity E to e’ (E/e’) 

are reproducible indices of LV relaxation. As previously described by Oe, et al, [13] in 

the Masked Hypertension study, there was a progressive decrease in e’ and increase in 

E/e’, suggesting worsening left ventricular diastolic function, from normotension to MH to 

sustained hypertension. In our cohort, HBPM was more effective than ABPM in identifying 

MH associated with impaired LV relaxation.

Microalbuminuria, defined as urinary albumin > 30 mg/g creatinine, is an important risk 

factor for cardiovascular disease in patients with or without diabetes or hypertension. 

[29-31] Even lower levels of albumin excretion within the normal range may be associated 

with cardiovascular risk. [32-34] The prevalence of microalbuminuria was low in our cohort. 

Detectable levels of albumin, however, tended to be more common in subjects with MH 

than in normotensives, and less common than in sustained hypertensives. Similarly, although 

the majority of our young, relatively healthy subjects who underwent CT scanning had 

no detectable coronary calcification, there was a trend toward a greater prevalence of 
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coronary calcium in those with MH than in normotensives. Data from a large cohort of 

asymptomatic patients without known coronary heart disease demonstrate that hypertension 

is associated with coronary calcification, and that calcification is associated with a higher 

risk of cardiovascular events in individuals with high blood pressure. [35] We are not aware 

of other studies that have examined the relationship between MH and coronary calcium.

In our study cohort, average values for awake and 24-hour ABPM were higher than for 

clinic BP. Clinic BP was measured with meticulous technique, with values acquired after 

5 minutes of rest and averaged over multiple visits, and many of our subjects who had 

modestly elevated BP’s in primary care offices had normal research clinic pressures. Since 

ambulatory BP was, on average, higher than clinic BP, the prevalence of MH as defined by 

ABPM was high. Home BP’s tended to be lower than clinic BP’s, however, and thus more 

subjects were classified as having sustained normotension – and fewer had MH – when the 

BP phenotype was determined by home monitoring. Similar findings have been described in 

other cohorts. [24,36] Ambulatory BP tends to exceed clinic BP in young and middle-aged 

individuals, as enrolled in this study. [37,38] In contrast, home BP is usually less than clinic 

BP across age ranges. [37] The difference between the prevalences of MH by ambulatory 

and home monitoring was greater in our cohort than in some previous studies, perhaps due 

to differences in subject characteristics, monitoring protocols, and BP measurement devices.

MH is associated with a risk of CVD events and all-cause mortality that is twice that seen 

in normotensive individuals, and similar to the risk observed in sustained hypertensives. 

[39,40] This observation led to the recommendation in recent guideline statements that 

patients with elevated BP be screened for MH, and that treatment with antihypertensive 

medications be considered if MH is documented. [41,42] ABPM has been favored as the 

optimal method for measuring BP outside the clinic -- and therefore for diagnosing MH 

-- because of the abundance of data supporting its value in predicting adverse outcomes, 

independent of office BP. [43] Unfortunately, however, ABPM is not widely available and 

is associated with some expense. HBPM is an attractive alternative because it, like ABPM, 

provides incremental value to office measurements in predicting CVD events [43], and 

because many patients already have home monitoring devices and can acquire out of office 

data at minimal cost. [44] Effective utilization of this method requires the use of accurate, 

well-validated monitors; education and counselling of patients so that measurements are 

made with appropriate technique; accurate recording of values; and reliable transmission of 

data to health care providers. Our data suggest that HBPM may be the preferred method for 

diagnosing MH, more reliably identifying patients with early left ventricular remodeling and 

impaired left ventricular relaxation.

Our study has important strengths. It examined a cohort of patients -- untreated individuals 

with clinic systolic BPs within 20 mmHg of the partition values generally accepted for 

initiating medical therapy -- in whom out-of-office BP is important in refining clinical 

decision-making and in whom MH is relatively common. Although previous studies have 

examined the relationship of hypertension-mediated organ damage to MH defined on the 

basis of either home or ambulatory monitoring, few have compared results using these two 

forms of out-of-office BP measurements. Several limitations also merit acknowledgement. 

Our ABPM measurement protocol was designed to provide adequate data while minimizing 
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subject burden; the measurement frequency of 30-minute intervals during the day and 60-

minute intervals at night is in the range endorsed by some international guidelines [41,45], 

although more frequent measurement is recommended by others. [46] We measured urinary 

albumin on a single visit, rather than averaging 3 values. Since our study cohort consisted 

primarily of untreated middle-aged patients, the findings may not be generalizable to other 

groups. Our study cohort was relatively small, limiting the statistical power to fully examine 

some relationships.

In summary, in a cohort of untreated patients with high normal or modestly elevated 

BP’s, MH was diagnosed more often using ABPM than by using HBPM. In patients with 

MH, measures of hypertension-mediated organ damage tended to be intermediate between 

those who are normotensive and those with sustained hypertension. However, MH was 

more reliably associated with left ventricular remodeling and impaired LV relaxation when 

diagnosed by HBPM. These results suggest that HBPM may be superior to ABPM in 

identifying MH patients who have early evidence of target organ damage and who may 

warrant more aggressive BP lowering therapy.
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Figure. 
Venn diagram illustrating relationships of participants with masked hypertension diagnosed 

by home blood pressure monitoring (HBPM), awake ambulatory blood pressure monitoring 

(ABPM), and 24-hour ABPM.
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Table 1.

Participant characteristics (N = 420)

Characteristic Mean (SD) or Number [%]

Age (yr) 48 (12)

Female sex 237 [56]

Race

 Black 90 [21]

 White 314 [75]

 Other 16 [4]

Hispanic ethnicity 17 [4]

Body mass index (kg/m2) 29 (6)

Nonsmoker 389 [93]

Total cholesterol (mg/dl) 200 (37)

LDL cholesterol (mg/dl) 143 (38)

HDL cholesterol (mg/dl) 57 (18)

BP averages

 Clinic BP (mmHg) 130 (13) / 81 (8)

 Home BP (mmHg) 127 (11) / 79 (8)

 Daytime BP (mmHg) 142 (14) / 84 (9)

 24 hr ambulatory BP (mmHg) 138 (14) / 81 (9)

Education level

 Some high school 6 [2]

 High school graduate 25 [6]

 Some college 81 [19]

 College graduate 307 [73]

BP = blood pressure; HDL = high density lipoprotein; LDL = low density lipoprotein
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Table 2.

Number of patients with each BP phenotype according to method of out-of-office BP measurement

Method of out-of-office
measurement

Sustained
normotension Masked hypertension Sustained

hypertension

Home BP 191 49 60

Daytime ambulatory BP 114 180 108

24-hr ambulatory BP 90 204 109

BP = blood pressure
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