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Abstract

Background—There is no definite consensus on the CV burden associated to Masked 

hypertension (MH) or White Coat Hypertension (WCH) — conditions that can be detected by out-

of-office blood pressure measurements (24 hour Ambulatory Blood Pressure Monitoring, 24 h 

ABPM).

Methods—We investigated the association of WCH and MH with arterial aging, indexed by a 

range of parameters of large artery structure and function in 2962 subjects, taking no 

antihypertensive medications, who are participating in a large community-based population of 

both men and women over a broad age range (14–102 years).

Results—The overall prevalence of WCH was 9.5% and was 5.0% for MH, with 54.9% of 

subjects classified as true normotensive and 30.6% as true hypertensive. Both WCH and MH were 

associated with a stiffer aorta, a less distensible and thicker common carotid artery, and greater 

central BP than true normotensive subjects. Notably, the profile of arterial alterations in WCH and 

MH did not significantly differ from what was observed in true hypertensive subjects. The arterial 
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changes accompanying WCH and MH differed in men and women, with women showing a greater 

tendency towards concentric remodeling, greater parietal wall stress, and PWV than men.

Conclusion—Both WCH, and MH are associated with early arterial aging, and therefore, neither 

can be regarded as innocent conditions. Future studies are required to establish whether 

measurement of arterial aging parameters in subjects with WCH or MH will identify subjects at 

higher risk of CV events and cognitive impairment, who may require more clinical attention and 

pharmacological intervention.
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1. Introduction

Arterial aging, characterized by aortic stiffening, thickening, and elongation [1], has been 

widely recognized as a key risk factor for cardiovascular disease (CVD) [2–3] and cognitive 

impairment [4–8]. Greater stiffness of large arteries is also associated with development of 

future hypertension and augur metabolic alteration in relatives of diabetic patients [9]. 

Assessment of Early Vascular Aging (EVA) thus provides an innovative and promising 

approach to foster effective management of an individual's CVD risk throughout the course 

of life [10].

Established CVD risk factors are known determinants of arterial aging [11,12]. Blood 

pressure itself has a large effect [1], though recent results suggest that its role may change or 

even decrease at older ages [13–14]. Furthermore, the complex relationship between blood 

pressure and arterial aging is further complicated by two recently recognized blood pressure 

categories: masked hypertension (MH) and White Coat Hypertension (WCH). Both of these 

can be detected by out-of-office blood pressure measurements (24 hour Ambulatory Blood 

Pressure Monitoring, 24 h ABPM): WCH is characterized by high office BP but normal BP 

at 24 h ABPM, MH is characterized by normal office BP but high BP at 24 h ABPM.

The burden of WCH and MH has long been debated. Both WCH and MH subjects show a 

detrimental metabolic profile and a greater prevalence of organ damage, such as left 

ventricular hypertrophy [15–17]. Recently, arterial alterations of potential prognostic 

relevance have been reported in WCH subjects [18–19].

However, the long term CV seems to differ between these two conditions. WCH has not 

been associated with a significant increase in CV events [20–24], whereas prospective 

studies indicate that the risk for CV events in MH approaches that of subjects with true HT 

[24–25].

The present study aims to investigate the association of WCH and MH with arterial aging, 

indexed by a range of parameters of large artery structure and function, with covariates 

considered for anthropometric, lipid, and personality traits in a large community-based 

population of both men and women over a broad age range (14–102 years).
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2. Methods

2.1. Study population

The SardiNIA study was conceived as a study investigating the genetics of complex traits/

phenotypes, including CV risk factors and arterial properties, in a Sardinian founder 

population [26]. It is a prospective population-based cohort study comprised of 6148 

subjects (60% response rate) of all residents aged 14 years and older in 4 towns of the 

Sardinia Region of Italy.

Baseline data were collected between November 2001 and December 2004. The entire 

cohort was re-examined every 3 years. During the third exam (2007–2010), established CV 

risk factors and arterial properties were measured, again. The entire population was invited 

to undertake a 24 h ambulatory blood pressure recording. These data were used for the 

current analyses.

Traditional CV risk factors were measured as previously described [26].

2.2. Ambulatory BP monitoring

24-hour ambulatory BP monitoring (24 h ABPM) was performed with an oscillometric 

device (Spacelabs 90207, SpaceLabs Inc., Wokingham, Berkshire, UK) with a cuff of the 

appropriate size. Readings were obtained automatically at 15-minute intervals throughout 

the day (defined as between 7:00 AM and 10:00 PM), and at 30-minute intervals throughout 

night (defined as between 10:00 PM and 7:00 AM). Total 24-hour ABPM recording of each 

subject lasted a minimum of 20 h. The accepted time-interval among recordings of each 

patient was less than 1 h. Subjects were instructed to engage in normal activities but to 

refrain from strenuous exercise, and to keep the arm extended and still at the time of cuff 

inflation. Subjects were instructed to keep the position they were when the measurement 

started.

In accordance with previous reports from the PAMELA Study [27], White Coat 

Hypertension (WCH) was diagnosed when subjects had an office BP ≥140 mmHg for SBP 

systolic or 90 mmHg for DBP with a 24-hour average BP <125 mmHg systolic and <79 

mmHg diastolic. Masked Hypertension (MH) was diagnosed when office BP was <140 

mmHg for SBP and <90 mmHg for DBP, while the 24-hour average values were ≥125 

mmHg for systolic or ≥79 mmHg for diastolic. The remaining subjects were classified as 

true normotensive (NT) or true hypertensive (HT) based on normality or elevation, 

respectively, of office and ambulatory BPs.

Sensitivity analyses were conducted adopting the threshold of 24 h ABPM ≥130 mmHg for 

systolic or ≥80 mmHg for diastolic [28].

2.3. Arterial structure and function

Aortic PWV was measured as previously described [12]. High-resolution B-mode carotid 

ultrasonography was performed by use of a linear-array 5- to 7.5-MHz transducer (HDI 

3500-ATL Ultramark Inc) as previously described [12]. The subject lay in the supine 

position in a dark, quiet room. The stabilized BP after 15 min from the onset of testing was 
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used for subsequent analyses. The right CCA was examined with the head tilted slightly 

upward in the midline position. The IMT measurement was obtained from 5 contiguous sites 

at 1-mm intervals, and the average of the 5 measurements was used for analyses. All the 

measurements were performed by a single reader (AS). CCA systolic and diastolic diameter 

(d and D, respectively) were identified via ECG gating and measured similarly to IMT.

CCA wall-to-lumen ratio (%) was calculated as:

CCA cross-sectional area (CSA) was calculated, as:

where ρ is the arterial wall density (ρ=1.06), Re=CCA IMT+CCA D.

CCA stiffness was evaluated by the stiffness index (no unit):

where SBP and DBP are systolic and diastolic BP, Δd is the difference between the systolic 

and diastolic right common carotid artery diameter, and D is the diastolic diameter.

Measurement of central pressures was determined from radial waveforms using the validated 

SphygmoCor device (AtCor Medical) [23]. Augmentation index (AIx) was calculated as 

Augmentation pressure (the difference between the second and first systolic peak of the 

arterial waveform) expressed as percentage of PP. AIx was normalized at the heart rate of 75 

bpm (AIx@75), to overcome the impact of between subjects difference in heart rate.

All measurements were made in duplicate by a single operator.

2.4. Statistical analysis

All analyses were performed using the SAS package for Windows (9.1 Version Cary, NC). 

Data are presented as mean ± SD unless otherwise specified. Differences in mean values for 

each of the measured variables among groups were compared by ANOVA, followed by 

Bonferroni's test for multiple comparisons. ANCOVA analysis was adopted to compare 

means across Hypertension groups after controlling for age, sex, BMI, current smoking, and 

diabetes mellitus.
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Univariate regression analysis was performed and Pearson's correlation coefficients are 

presented.

A two-sided p value < 0.05 indicated statistical significance.

3. Results

For the primary analysis, subjects taking antihypertensive medications were excluded (466 

participants or 13.6% of the study population). Among 2962 subjects taking no 

antihypertensive medications, the overall prevalence of WCH was 9.5% and 5.0% for MH, 

with 54.9% of subjects classified as true NT and 30.6% as true HT. Subjects with WCH 

were older and tended to have greater BMI than all other groups of subjects (Table 1). 

Subjects with MH showed the greatest prevalence of diabetes mellitus (15.6% versus 3.5% 

in true NT, and 10% in WCH and true HT) and in the use of antidiabetic medications. 

Notably, WCH had higher 24 h SBP than true NT (and, by definition, lower than MH and 

true HT) (Table 2).

Both WCH and MH (Table 3) were associated with stiffer aorta, less distensible and thicker 

CCA, and greater central BP than true NT. Additionally, both WCH and MH presented 

arterial alterations similar to that observed in true HT.

More specifically, PWV, CCA IMT, and arterial distensibility, evaluated as strain and as 

stiffness index, did not differ between subject with either WCH or MH and subjects with 

true HT. Conversely, AIx@75 was greater in WCH and smaller in MH than in true HT.

Sensitivity analyses, conducted adopting the threshold of 24 h ABPM ≥130 mmHg for 

systolic or ≥80 mmHg for diastolic recommended by current Guidelines [27], yielded 

similar results (Supplemental Tables 1–4).

Secondary analyses were carried out after inclusion of subjects consuming antihypertensive 

medications. As illustrated in Supplemental Tables 4A–4B, results are similar to those found 

in the untreated group.

3.1. Gender differences in the impact of WCH and MH on arterial structure and function

ANCOVA analysis revealed that several arterial parameters (PWV, CCA IMT, CCA 

circumferential stress, etc.) differed between men and women (Sex effect column in Table 

4). Additionally, the impact of WCH and MH on arteries was gender-specific (significant 

interaction term Sex*Hypertension category column in Table 4). Therefore, Fig. 1 illustrates 

least square mean values form easures of arterial structure and function in different 

Hypertension groups after adjustment for diabetes mellitus, smoking status, and BMI, 

respectively in men and women.

In men, as compared to true NT, WCH was characterized by a greater parietal arterial stress 

(p < 0.01) in the absence of changes in arterial geometry (CCA wall-to-lumen ratio). An 

increased reflected wave, as estimated by AIx@75 (p < 0.01), and a not-significant more 

distensible artery (CCA Strain) was accompanied by similar PWV and CCA IMT. In men, 

MH was characterized by circumferential wall stress that did not differ from true NT (but 
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was significantly lower than in WCH or in true HT, p < 0.001). The net effect on arterial 

wall stress may be the result of the opposing effects of greater CCA IMT – which would 

increase vessel wall stress – and a compensatory dilation (greater diameter) in a still 

distensible artery (similar CCA strain as compared to true NT) – which would decrease 

vessel wall stress. No hypertrophic remodeling was observable (wall-to-lumen ratio super-

imposable to that observed in true NT subjects), though arteries tended to be stiffer 

(marginally significant greater PWV).

In women, as compared to true NT, WCH was characterized by a greater parietal arterial 

stress (p < 0.001) in the absence of changes in arterial geometry (CCA wall-to-lumen ratio). 

An increased reflected wave (p < 0.001), as estimated by AIx@75, resulted in a significantly 

stiffer artery (greater PWV, p < 0.05). As compared to true NT, MH was characterized by 

higher circumferential wall stress (comparable to values observed in WCH and true HT) 

reflecting a significant tendency towards concentric remodeling (greater CCA wall-to-lumen 

ratio) (p < 0.001). The maintained distensibility of the arterial wall (CCA strain marginally 

greater than in true NT) was not sufficient to protect the artery from thickening (greater 

CCA IMT, p < 0.001) and stiffening (greater PWV, p < 0.001).

4. Discussion

The diffusion of 24 hour blood pressure monitoring has led to the identification of two novel 

categories, WCH and MH, characterized by a great discordance between office BP and BP 

profile over 24 h [27].

A previous study investigated the relevance of WCH and MH as risk factors for the 

development of true HT) and identified aging and metabolic alterations as predictors of the 

greater risk of true HT attributable to WCH and MH [27]. The progression to true HT, 

observed in subjects with WCH or MH was faster than previously reported [26], which may 

be a consequence of the arterial alterations observed — primarily in arterial stiffening 

[9,29].

We propose to evaluate their potential association with central arterial structure and function, 

known risk factors for CVD [2–4] and cognitive impairment [5–7]. A recent population 

study in Taiwan reported that WCH was associated with arterial aging [19]. Specifically, 

carotid IMT, aorta PWV, and augmentation index were greater in WCH than in true NT, and 

all these arterial measurements were similar to levels observed in true HT [19]. Our study 

confirmed that WCH is associated greater arterial stiffness, thickness, and parietal stress 

than in true NT. Novel observations are represented by the finding that MH also was 

accompanied by alterations in arterial properties that were mostly similar to those in WCH, 

except for wave reflection in which MH was not associated with increased augmentation 

index. In general, the association of WCH and MH with arterial parameters was similar to 

what was observed in true HT.

The cross-sectional and observational design of the present population study does not allow 

insight into the mechanisms leading to WCH or MH, but suggest some possible factors. We 

previously noted one contributing factor, the relevance of personality in WCH and MH [30]. 
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Specifically, anxious individuals were more likely to have WCH, and those who were less 

conscientious had an increased risk of masked uncontrolled hypertension [30].

On a merely speculative basis, we may hypothesize that WCH and MH may represent 

different “stages” in the vicious cycle between elevated blood pressure and arterial stiffness. 

These “stages” reflect the active remodeling to which arteries continuously undergo in 

response to (hemodynamic) stimuli inducing further hemodynamic alterations.

True NT subjects are characterized by low arterial wall stress and low distending pressure 

with great arterial distensibility and lower reflected wave and arterial stiffness. In WCH, the 

higher arterial wall stress associated with higher pressure and arterial thickness is associated 

with higher arterial distensibility, likely because the arterial wall composition (extracellular 

matrix) is still characterized by components with higher intrinsic distensibility.

Whatever the biochemical basis, the physiological consequences are that subjects with MH 

are able to maintain a considerable arterial strain in the presence of higher arterial wall stress 

at the cost of concentric remodeling (greater wall-to-lumen ratio) of large arteries. When the 

arterial wall is exposed to these factors for longer time and the arteries thus encounter 

substantial structural change, the higher parietal stress is accompanied by lower arterial 

strain with thicker and larger arteries.

Gender affects such a process. For instance, in women with MH the greater arterial stress 

parallels the increase in central pressure (as compared to true NT) with less arterial 

thickening. In men with MH, the arterial thickening triggered by higher wall stress is partly 

compensated for by arterial dilation (and maintenance of a sort of “eutrophic remodeling”).

Notably, subjects with MH – in the whole population as well as in men and women – 

showed higher prevalence of diabetes and use of antidiabetic drugs (that should make artery 

stiffer and thicker) and a greater use of statin and nitrates (that should improve arterial 

properties). Nonetheless, subjects with MH had a stiffer aorta (PWV/MBP), while carotid 

artery was thicker (greater CSA) but more distensible (greater strain and lower stiffness).

Clearly these notions are speculative. However, given that none of the arterial changes 

occurring with WCH, MH, or true HT are benign and all have been associated with greater 

risk of CV events and cognitive impairment [2–7], routine assessment of arterial properties 

should be encouraged to better manage subjects potentially at higher CV risk. Whether a 

single arterial measurement (such as arterial stiffness, indexed as PWV) or a set of these 

parameters should be adopted is beyond the goals of the present study.

The central BP values observed in different 24 h ABPM profiles merit comment. A large 

difference between central and peripheral systolic and pulse pressure exists: it decreases 

with age, but remains substantial even in octogenarians [31]. Central aortic pressure is 

thought to more accurately reflect the cardiac afterload and, thus, may better correlate with 

target organ damage and with the risk for CV events. Indeed, studies employing a 

generalized transfer function as a means to estimate central pressure have shown that central 

pressure is more strongly related to target organ damage and cardiovascular events than is 

brachial blood pressure [32]. We observed that central systolic and end-systolic BP values in 
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subjects with WCH were greater, not only than in true NT, but also than in true HT. Thus, 

we should start considering that, regardless of the accuracy of the generalized transfer 

function adopted to calculate central BP, the latter largely reflects brachial BP values.

5. Perspectives

The present study showed that neither WCH nor MH can be regarded as innocent conditions. 

In fact, both conditions are associated with early arterial aging [1,10,25] and thus with 

considerably higher CVD risk. Thus, measurement of arterial aging parameters in subjects 

with WCH or MH may be helpful to identify and follow-up subjects at higher risk of CV 

events and cognitive impairment that may require more clinical attention and 

pharmacological intervention.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Least square means (± SEM) form easures of arterial structure and function according to 

different 24 h ABPM groups in men and women, after adjustment for, diabetes mellitus, and 

BMI.
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