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Abstract

Objectives: We evaluated the association between cardiovascular risk factors and the magnitude of the difference in
systolic blood pressure (SBP) between office and ambulatory measurements (masked effect) in untreated individuals
without apparent hypertension-mediated organ damage (HMOD).

Methods: The inclusion criteria were 1) age > 20 years, 2) blood pressure > 140/90 mmHg at the outpatient clinic,
and 3) not receiving antihypertensive medications. The difference between office and ambulatory SBP was calculated
by subtracting the ambulatory daytime SBP from the office SBP. The association between the masked effect and SBP
variability was analyzed in individuals without HMOD (no electrocardiographic left ventricular hypertrophy, spot urine
albumin-to-creatinine ratio < 30 mg/g, and estimated glomerular filtration rate > 60 mL/min/1.73 m?, n=296).

Results: Among the cardiovascular risk factors, ambulatory BP variability was significantly correlated with the SBP dif-
ference. The standard deviation (SD) and coefficient of variation (cv) of 24-h SBP exhibited a significant negative linear
association with the SBP difference in univariate and multivariate analyses adjusted for age, sex, presence of diabetes,
and 24-h ambulatory SBP. A significant association was observed in patients with ambulatory daytime hypertension.
In the multivariate analysis, individuals with a negative SBP difference >-5 mmHg exhibited a higher SD and cv of 24-h
SBP than those with a negative SBP difference <-5 mmHg or a positive SBP difference.

Conclusions: The results of our study suggest that the magnitude of the negative difference in office and ambula-
tory SBP may be a potential risk factor, even in individuals without apparent HMOD.

Trial registration: This trial is registered with ClinicalTrials.gov (NCT03855605).
Keywords: Blood pressure, Hypertension, Masked effect, Risk

Introduction

Hypertension is an important risk factor for cardiovascu-

lar disease and is defined by using a cut-off threshold for

— — _ office blood pressure (BP) or out-of-office BP. Although
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regarding treatment [1, 2]. However, the magnitude of BP
elevation is important because meta-analyses of obser-
vational data have demonstrated a graded association of
progressively increased cardiovascular risk from normal
BP to elevated BP [3, 4], which is reflected in the classifi-
cation and definition of the hypertension grade.

Among the hypertension phenotypes, masked hyper-
tension is associated with a high cardiovascular risk
that does not differ from that in patients with sustained
hypertension [1, 2, 5]. Conventionally, masked hyperten-
sion is diagnosed using a combination of the pre-defined
cut-off threshold of office BP and out-of-office BP [1, 2,
6, 7]. However, no studies have classified the grade of
masked hypertension in relation to cardiovascular out-
comes. A recent study reported that the magnitude of the
negative difference between office BP and out-of-office
BP (masked effect; higher daytime ambulatory BP than
office BP) is associated with mortality in patients with
chronic kidney disease but not in those with end-stage
renal disease [8]. Similar to the association between the
magnitude of BP elevation and cardiovascular risk, the
magnitude of the masked effect may also be associated
with the risk of cardiovascular disease. Therefore, the
magnitude of the masked effect may be useful for clas-
sifying the severity of masked hypertension.

In the present study, we evaluated the association
between the magnitude of the masked effect and car-
diovascular risk factors in untreated individuals with-
out apparent hypertension-mediated organ damage
(HMOD).

Methods

Study population

From November 2015 to November 2019, 470 indi-
viduals who had high office BP (>140/90 mmHg) at the
outpatient clinic, who were not being managed with
antihypertensive medications and required a diagnosis
of hypertension, and who were at least 20 years of age
were prospectively enrolled in the study. The primary
study was designed to validate the diagnostic algorithm
for hypertension using home and ambulatory BP meas-
urements [9]. Individuals with secondary hypertension,
hypertensive emergency or urgency, heart failure (New
York Heart Association class III and IV), clinically signifi-
cant cardiac arrhythmia, impaired renal function (serum
creatinine > 1.7 mg/dL), pregnancy, and history of drug
or alcohol abuse within 6 months were excluded from the
study. Those participating in night labor or shift work,
participating in other clinical studies, having used other
clinical trial drugs within the past month, or using drugs
known to affect BP (e.g., steroids, monoamine oxidase
inhibitors, oral contraceptives, or sympathomimetics)
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were also excluded. The study protocols and informed
consent form were reviewed and approved by the Dong-
guk University Ilsan Hospital Institutional Review Board
(No. 2015-102). Written informed consent was obtained
from all participants before their entry into the study.
Among the participants, the data of individuals with-
out electrocardiographic left ventricular hypertrophy
(LVH) and/or hypertension-induced renal damage were
included in the analysis of this study.

Measurements of office and ambulatory BP

The BP measurement schedule and study protocols have
been described elsewhere [9, 10]. Office BP was meas-
ured by the study nurses. Participants were asked to avoid
smoking, caffeine-containing beverages, and exercise
within 30 min preceding the measurements. After 5 min
of seated rest, three readings of office BP were obtained
at 1-min intervals at each visit using an appropriate cuff
size. The BP of both arms was measured simultaneously
using WatchBP Office (Microlife, Taiwan). The office BP
readings obtained every three visits were averaged, and
the BP of the arm with the higher average BP was used as
the office BP of the index arm.

At the second visit, ambulatory BP monitoring over
25 h was performed on the non-dominant arm using an
automated, noninvasive oscillometric device (Mobil-
O-Graph, LE.M GmbH, Germany) with a measurement
interval of 30 min. The participants were instructed to
continue their normal daily activities during the day.
A valid measurement was defined as valid readings for
more than 70% of the total measurement attempts, at
least 14 measurements during the daytime (09:00 to
21:00) and at least seven measurements during the night-
time (00:00 to 06:00 h).

Blood samples for hematologic and biochemical analy-
ses were obtained after at least 8 h of overnight fasting.

Definition of hypertension by office BP and ambulatory BP
Average daytime ambulatory BP was used as the ref-
erence standard for the diagnosis of hypertension.
An average daytime systolic BP (SBP)>135 mmHg
and/or diastolic BP (DBP)>85 mmHg was defined as
ambulatory daytime hypertension. Office hyperten-
sion was defined as an office SBP >140 mmHg and/or
DBP > 90 mmHg in the index arm.

Systolic hypertension phenotypes were classified into sys-
tolic normotension (office systolic and daytime ambulatory
systolic normotension), white-coat systolic hypertension
(office systolic hypertension but daytime ambulatory systolic
normotension), masked systolic hypertension (office systolic
normotension but daytime ambulatory systolic hyperten-
sion), and sustained systolic hypertension (office systolic and
daytime ambulatory systolic hypertension).
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Assessment of asymptomatic hypertension-mediated
organ damage

Basic assessments of HMOD were performed based
on the presence of 12-lead electrocardiographic LVH,
urine albumin-to-creatinine ratio (ACR), and estimated
glomerular filtration rate (eGFR) [1]. LVH was defined
based on Sokolow-Lyon criteria (voltage of S wave in
V1 +voltage of R wave in V5 or V6 >35 mm or R wave
in aVL>11 mm). Hypertension-induced renal damage
was defined as eGFR <60 mL/min/1.73 m?, calculated
using the 2009 CKD-Epidemiology Creatinine formula
[11], or spot urine ACR > 30 mg/g.

Statistical analysis

Continuous  variables are expressed as the
mean *standard deviation, and categorical variables
are expressed as numbers (percentages). SBP differ-
ences were calculated by subtracting the ambulatory
daytime SBP from the office SBP. SBP variability was
obtained based on the standard deviation (SD) and
coefficient of variation (cv) of the averaged ambula-
tory BP. The cv was calculated by dividing the SD by the
mean SBP. The average real variability (ARV) of ambu-
latory SBP was calculated using the suggested formula
[12].

The correlations between SBP differences and the fol-
lowing cardiovascular risk factors were analyzed: age;
sex; body mass index; low-density lipoprotein (LDL) cho-
lesterol level; fasting blood glucose level; HbAIC level;
eGFR; ACR; SD of 24-h, daytime, and nighttime SBP; cv
of 24-h, daytime and nighttime SBP; and ARV of 24-h
SBP.

Cardiovascular risk factors that had a significant cor-
relation with the SBP difference were selected, and lin-
ear regression analysis was performed to demonstrate
the relationship between the SBP difference and selected
cardiovascular risk factors. Variables showing significant
associations with the SBP difference in the univariate
linear regression analysis were entered into the stepwise
multivariate regression model and adjusted for age, sex,
presence of diabetes, and ambulatory SBP; SD, cv, and
ARV of 24-h SBP were adjusted for 24-h SBP, SD of day-
time SBP for daytime SBP, and SD of nighttime SBP for
nighttime SBP.

Differences between office and daytime ambulatory
SBP were categorized as follows: negative SBP differ-
ence (masked effect; ME) > -5 mmHg, ME -5 to<0 mm
Hg, positive SBP difference 0 to<5 mm Hg (reference;
Ref group), positive SBP difference (white-coat effect;
WE) 5 to<10 mm Hg, and WE > 10 mm Hg [8]. The SBP
variabilities between the categorized groups and hyper-
tension phenotypes were compared using an analysis of
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covariance adjusted for age, sex, presence of diabetes,
and ambulatory SBP.

Differences were considered statistically significant
at two-sided p-values<0.05. Analyses were performed
using SPSS (version 24.0; IBM Co., Armonk, NY, USA)
and MedCalc Version 19.0 (MedCalc Software Ltd.,
Ostend, Belgium).

Results
Of the 470 participants, the data of 296 participants who
had valid 24-h ambulatory blood pressure monitoring
data and did not have HMOD were included in the analy-
sis. Table 1 shows the demographic and clinical char-
acteristics of the study participants. The mean age was
51.6+10.2 years, and 134 (45.3%) participants were men.
Hypertension was observed in 69.9% of the study partic-
ipants (n=207) based on office BP and in 80.7% of the
participants (n=239) based on ambulatory daytime BP.
The SBP difference exhibited significant negative cor-
relations with eGFR, 24-h SBP, daytime SBP, nighttime
SBP, SD of 24-h SBP, SD of nighttime SBP, cv of 24-h

Table 1 Baseline clinical and demographic characteristics of
study population

Variables
n 296
Sex

Male, n (%) 134 (45.3)

Female, n (%) 162 (54.7)
Age, years 51.6+£10.2
Body mass index, kg/m? 253434
eGFR, ml/min/1.73 m? 9924124
spot urine ACR 93466
LDL cholesterol, mg/dL 1328+£325
Fasting blood glucose, mg/dL 103.5+£199
HbA1C, % 57406
Diabetes, n (%) 36 (8.8)
Office hypertension, n (%) 207 (69.9)
Ambulatory daytime hypertension, n (%) 239 (80.7)
Office SBP, mmHg 1405+9.1
Office DBP, mmHg 91.14£8.1
24-h ambulatory SBP, mmHg 1333£115
24-h ambulatory DBP, mmHg 8824103
Daytime ambulatory SBP, mmHg 1379+£123
Daytime ambulatory DBP, mmHg 920+11.0
Nighttime ambulatory SBP, mmHg 124.7+136
Nighttime ambulatory DBP, mmHg 81.0+11.1

eGFR Estimated glomerular filtration rate, ACR Albumin to creatinine ratio,

LDL Low density lipoprotein, SBP systolic blood pressure, DBP Diastolic blood
pressure

The eGFR values were calculated using the 2009 CKD-Epidemiology creatinine

equation. Systolic hypertension phenotype was defined by the level of office
and ambulatory daytime systolic blood pressure
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Table 2 Correlation analysis between systolic blood pressure
difference and cardiovascular risk variables

Variables Correlation coefficient P value
eGFR -0.130 0.026
LDL cholesterol 0.066 0.261
Glucose -0.030 0.604
HbA1C -0.074 0.227
Spot urine ACR -0.089 0.137
BMI -0.112 0.054
Age 0.207 <0.001
Office SBP 0.250 <0.001
24-h SBP -0.556 <0.001
Daytime SBP -0.697 <0.001
Nighttime SBP -0.293 <0.001
SD of 24-h SBP -0.358 <0.001
SD of daytime SBP -0.112 0.054
SD of nighttime SBP -0.147 0011
cv of 24-h SBP -0.197 0.001
cv of daytime SBP 0.081 0.166
cv of nighttime SBP -0.070 0.231
ARV of 24-h SBP -0.184 0.001

Systolic blood pressure difference (office systolic blood pressure — ambulatory
daytime systolic blood pressure)

eGFR Estimated glomerular filtration rate, LDL Low density lipoprotein, ACR
Albumin-to-creatinine ratio, BMI Body mass index, SBP Systolic blood pressure,
SD Standard deviation, cv Coefficient of variation, ARV Average real variability

SBP, and ARV of 24-h SBP and positive correlations
with age and office SBP (Table 2).

Among the parameters of SBP variability, the SD of
24-h and nighttime SBP, cv of 24-h SBP, and ARV of
24-h SBP exhibited significant negative linear associa-
tions with the SBP difference. In the multivariate linear
regression analysis adjusted for age, sex, presence of
diabetes, and ambulatory SBP, the associations between
SBP difference and the SD and cv of 24-h SBP remained
significant (Table 3, Fig. 1). In the subgroup analy-
sis of patients with ambulatory daytime hypertension,
the negative linear association of the SBP difference
with the SD and cv of 24-h SBP remained significant
(Table 3). The eGFR was not associated with the SBP
difference in the multivariate analysis.

The 24-h and daytime SBP values were higher in the
ME > -5 mmHg group than in the ME -5 to <0 mm Hg,
Ref, and WE groups. Individuals with ME > -5 mmHg
also had higher nighttime SBP than those with
WE>10 mmHg (p<0.05). The ME -5 to<0 mmHg
group had higher daytime SBP than the Ref and WE
groups. There were no differences in BMI, eGFR, fast-
ing blood glucose, LDL cholesterol, HbA1C, and urine
ACR among the groups (Table 4).
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In the multivariate analysis adjusted for age, sex, pres-
ence of diabetes, and BP (Table 5), the SD and cv of 24-h
SBP were higher in the ME>-5 mmHg group than in
the ME -5 to<0 mmHg, Ref, and WE groups. Among
patients with ambulatory daytime hypertension, those
with ME>-5 mmHg exhibited higher SD values than
those in the other groups and a higher cv for 24-h SBP
than those in the ME -5 to<0 mmHg, Ref, and WE 5
to<10 mmHg groups. However, there were no differ-
ences in the cv values between the ME>-5 mmHg and
WE > 10 mmHg groups.

Among the individuals with sustained systolic hyper-
tension, 20.8% and 23.3% were in the ME>-5 mmHg
and -5 to <0 mmHg groups, respectively (Table 6). How-
ever, 14.4% and 23.3% were in the WE>10 mmHg and
5 to<10 mmHg groups, respectively. In individuals with
masked systolic hypertension, 68.5% and 20.4% were in
the ME > -5 mmHg and -5 to<0 mmHg groups, respec-
tively. SBP variabilities did not significantly differ among
the systolic hypertension phenotypes.

Discussion

In this study, we observed a significant negative and
independent association of the magnitude of the SBP
difference between office and daytime ambulatory meas-
urements with ambulatory SBP variability in individuals
without HMOD. Individuals with a negative SBP differ-
ence> -5 mmHg had higher 24-h SBP variability than
individuals with a negative SBP difference <—5 mmHg or
those with a positive SBP difference. These findings were
persistent in individuals with ambulatory daytime hyper-
tension. The SBP difference groups were evenly distrib-
uted in individuals with sustained systolic hypertension.
There was no significant difference in ambulatory SBP
variability among the conventional systolic hypertension
phenotypes.

The results of our study suggest that the cardiovascu-
lar risk may differ depending on the magnitude of the
negative difference between office and ambulatory day-
time SBP (masked effect) even in individuals with ambu-
latory hypertension, and the magnitude of the masked
effect may be a better measure for the assessment of
cardiovascular risk than the conventional classification
of systolic hypertension phenotypes in individuals with-
out apparent HMOD. As shown in the Table 6, 20.8% of
patients with sustained systolic hypertension had nega-
tive SBP difference>-5 mmHg and 18.3% had negative
SBP difference 0 to<5 mmHg. In the conventional clas-
sification of hypertension phenotypes, they may have
similar cardiovascular risk. However, if our hypothesis
is proven in the further studies, individuals with nega-
tive SBP difference>-5 mmHg may have greater car-
diovascular risk than those with negative SBP difference
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Table 3 Univariate and stepwise multivariate linear regression analysis for the association of systolic blood pressure difference with
blood pressure variability parameters

Variables Univariate Multivariate
Beta (95% CI) P value Beta (95% CI) P value

All

SD of 24-h SBP 42 (-0.185 to -0.100) <0.001 -0.115 (-0.164 to -0.065) <0.001

SD of daytime SBP -0.048 (-0.096 t0 0.001) 0.054 Not selected

SD of nighttime SBP -0.058 (-0.103 t0 -0.013) 0011 -

cv of 24-h SBP -0.055 (-0.086 to -0.023) 0.001 -0.070 (-0.100 to -0.039) <0.001

cv of daytime SBP 0.024 (-0.010 to 0.057) 0.166 Not selected

cv of nighttime SBP -0.012 (-0.055t0 0.013) 0.231 Not selected

ARV of 24-h SBP -0.061 (-0.098 to -0.024) 0.001 -

Ambulatory daytime hypertension

SD of 24-h SBP 55 (-0.206 to -0.104) <0.001 -0.126 (-0.182 t0 -0.070) <0.001
SD of daytime SBP -0.063 (-0.120 to -0.006) 0.030 -

SD of nighttime SBP -0.057 (-0.110 to -0.005) 0.032 -

cv of 24-h SBP -0.070 (-0.107 to -0.034) <0.001 -0.078 (-0.114 t0 -0.042) 0.001
cv of daytime SBP 0.004 (-0.034 to 0.041) 0.850 Not selected

cv of nighttime SBP -0.029 (-0.068 t0 0.010) 0.149 Not selected

ARV of 24-h SBP -0.070 (-0.114 t0 -0.025) 0.002 -

Systolic blood pressure difference (office systolic blood pressure - ambulatory daytime systolic blood pressure)
Dashes indicates that the variables were not included in the multivariate stepwise linear regression model

Multivariate stepwise linear regression analysis was adjusted with age, sex, presence of diabetes and blood pressure (SD, cv and ARV of 24-h SBP with 24-h SBP; SD of
daytime SBP with daytime SBP; SD of nighttime SBP with nighttime SBP)

95% Cl 95% confidence interval, SBP Systolic blood pressure, DBP Diastolic blood pressure, SD Standard deviation, cv Coefficient of variation, ARV Average real
variability

(a) (b)

35 - 35 -
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Fig. 1 The association of SBP difference with SBP variability parameters. SBP difference was negatively associated with (a) SD of 24-h SBP and (b) cv
of 24-h SBP. SBP, systolic blood pressure; SD, standard deviation; cv, coefficient of variation

0 to<5 mmHg. Likewise, the cardiovascular risk may be Previous studies have reported that increased BP varia-
different between individuals with negative SBP differ-  bility is associated with alterations in the microcirculation
ence>-5 mmHg and 0 to<5 mmHg even though they [13]. which may comprise an early form of organ dam-
have classified as having masked hypertension. age in patients with hypertension [14]. Microcirculation
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Table 4 Demographic and clinical characteristic of five groups categorized by systolic blood pressure difference

Systolic blood pressure difference between office and daytime ambulatory blood pressure

Masked effect Reference White-coat effect

>-5mmHg -5to<0 mmHg 0to<5mmHg 5to<10 mmHg >10 mmHg p*
n 70 52 50 53 71
Age, years 50548720 494496 503499° 5134129 55549.1° 0.005
Sex

Male (%) 34 (48.6) 26 (50.0) 23 (46.0) 28(52.8) 23(324) 0.149
Female (%) 36(51.4) 26 (50.0) 27 (54.0) 25(47.2) 48 (67.6)

BMI, l<g/m2 26036 255433 249+24 249437 252435 0.349
eGFR, ml/min/1.73 m? 10144105 10024131 983+132 987+ 145 975+114 0.371
Fasting blood glucose, mg/dL 10504319 10554199 101.7+£14.7 101.6+88 103.14+12.1 0.763
LDL, mg/dL 13274315 129.74+339 1334£394 133.5£336 134.14£266 0.962
HbA1C, % 58+£09 58+06 56£06 56+£04 57+£04 0.137
Spot urine ACR 108+7.1 98+75 76£52 93+6.1 8.7+65 0.106
Office SBP 1382+9.2° 139.0+9.1° 1386+7.4° 1415469%° 14434103 <0.001
24-h ambulatory SBP 141.8+12.0° 1365410.1° 132.24£83P¢ 130.8+£74¢ 1254410.2¢ <0.001
Daytime ambulatory SBP 1498+11.8° 1415493 136.1+£7.3° 1342 4+69° 127.7 £9.6° <0.001
Nighttime ambulatory SBP 128941537 1279413.2° 1248+£115%P 123.6+£11.3%° 11884133 <0.001

BMI Body mass index, eGFR Estimated glomerular filtration rate, LDL Low density lipoprotein, ACR Urine albumin-to-creatinine ratio, SBP Systolic blood pressure

" p-value given by the analysis of variance, where the different superscript alphabets (a, b, c and d) represent significant differences at an alpha level of 0.05, as given

by the post hoc Tukey’s HSD analysis

p-value of sex ratio was given by Chi-square test between five groups

Table 5 Systolic blood pressure variability among groups categorized by systolic blood pressure difference

Systolic blood pressure difference between office and daytime ambulatory blood pressure

Masked effect Reference White-coat effect

>-5mmHg -5to <0 mmHg 0 to<5 mmHg 5to<10 mmHg >10 mmHg p*
All,n 70 52 50 53 71
SD of 24-h SBP, mmHg 1754507 14.7£32 139+£36 139+£37 13.5£40 <0.001
SD of daytime SBP, mmHg 143£50 127+38 125447 128+4.1 129449 0.396
SD of nighttime SBP, mmHg 11.8+£44 11.3£39 109+44 11.0£4.1 10.3£43 0.875
cv of 24-h SBP, % 124+£33° 108+23 105429 10.7£29 108+3.0 0.001
cv of daytime SBP, % 95+£30 9.0£26 92+35 95+£29 10.1£3.6 0438
cv of nighttime SBP, % 92+33 88+27 88+37 88+3.1 86+33 0.828
ARV of 24-h SBP, mmHg 124+£44 11.0£28 104£29 113435 108£35 0.386
Ambulatory daytime hypertension, n 68 47 43 43 38
SD of 24-h SBP, mmHg 17.6£5.1° 14.7+33 139438 13.7£39 142438 0.001
SD of daytime SBP, mmHg 143£5.1 128+39 12.7+47 124£43 133+48 0277
SD of nighttime SBP, mmHg 11.8+£45 114+£39 10.7£44 109+43 106 £4.1 0.894
cv of 24-h SBP, % 123+34° 106+23 104+3.0 104£29 109428 0.001
cv of daytime SBP, % 95430 89126 92434 91430 99433 0.280
cv of nighttime SBP, % 9.1+£33 88+£28 85+36 87+£32 86+28 0.882
ARV of 24-h SBP. mmHg 125+44 11.1+£28 103+£29 11.0£3.7 11.2+£36 0.345

SD Standard deviation, cv Coefficient of variation, SBP Systolic blood pressure, ARV Average real variability

" p-value by ANCOVA adjusted with age, sex, presence of diabetes and ambulatory BP

@ p<0.05 compared to masked effect -5 to <0 mmHg, reference and white-coat effect groups with Bonferroni correction

b p<0.05 compared to masked effect -5 to <0 mmHg, reference and white-coat effect 5 to < 10 mmHg group with Bonferroni correction
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Table 6 Distribution of systolic blood pressure difference and systolic blood pressure variability among systolic hypertension

phenotypes
Systolic White-coat systolic Masked systolic Sustained systolic p*
normotension hypertension hypertension hypertension
n 91 31 54 120
SBP difference
ME >-5 mmHg, n (%) 8(8.8) 0(0.0) 37 (68.5) 25(20.8)
ME -5 to <0 mmHg, n (%) 13(22) 0(0.0) 11 (204) 28(23.3)
Ref 0 to <5 mmHg, n (%) 22 (24.2) 0(0.0) 6(11.1) 22(18.3)
WE 5 to <10 mmHg, n (%) 20(22.0) 5(16.1) 0(0.0) 28(23.3)
WE > 10 mmHg, n (%) 28 (30.8) 26 (83.9) 0(0.0) 17 (14.2)
SBP variability
SD of 24-h SBP, mmHg 129+£32 13.9+4.0 16.2+3.8 159+£48 0.156
SD of daytime SBP, mmHg 11.6+38 13447 136+38 140+52 0.283
SD of nighttime SBP, mmHg 10.0£45 99438 11.6£4.0 11.9+£41 0.763
cv of 24-h SBP, % 104+£26 11.2+£32 11.8+£26 11.2£33 0.107
cv of daytime SBP, % 92+£30 105£3.6 94+£25 95+34 0.278
cv of nighttime SBP, % 8.6+3.7 8634 92429 9.0+3.0 0.773
ARV of 24-h SBP. mmHg 104+£28 106+£34 114£33 119441 0617

Systolic hypertension phenotypes were classified into systolic normotension (office systolic and daytime ambulatory systolic normotension), white-coat systolic
hypertension (office systolic hypertension but daytime ambulatory systolic normotension), masked systolic hypertension (office systolic normotension but daytime
ambulatory systolic hypertension) and sustained systolic hypertension (office systolic and daytime ambulatory systolic hypertension)

Systolic blood pressure difference was calculated by subtracting ambulatory daytime SBP from office SBP

" p-value by ANCOVA adjusted with age, sex, presence of diabetes and BP

SD Standard deviation, cv Coefficient of variation, SBP Systolic blood pressure, ARV Average real variability

alterations increase large artery stiffness via increases in
mean BP. Increased large artery stiffness elevates central
pulse pressure, which in turn damages target organs and
small arteries in a vicious cycle [15, 16]. It is plausible that
individuals with early microvascular changes may have a
higher risk than individuals without such changes. There-
fore, our results indicate the possibility of earlier vascular
change in individuals with a larger magnitude of masked
effect than in those with relatively smaller magnitudes
of masked and white-coat effects, even in the absence of
other HMODs.

To our knowledge, only one published study (the Afri-
can American Study of Kidney Disease and Hyperten-
sion; AASK Cohort study) has evaluated the implication
of the magnitude of the masked effect on patient out-
comes [8]. The authors reported a U-shaped association
between mortality and the magnitude of the difference
between office and ambulatory SBP. The white-coat effect
was also associated with a higher risk of death. Con-
sistent with the findings of the AASK Cohort study [8].
individuals with a larger masked effect seemed to have
a higher risk in our study. However, high 24-h SBP vari-
ability was not observed among individuals exhibiting
the white-coat effect. This difference may be explained
by differences in the study populations. The AASK
study included patients who were on antihypertensive

medication and had reduced renal function and long
duration of hypertension. The median follow-up duration
of the AASK Cohort study was 9.9 years [8]. The cardio-
vascular risk of the white-coat effect in high-risk patients
seemed to increase over time [17], and other studies have
reported controversial findings [18]. However, our study
was cross-sectional and included participants visiting the
outpatient clinic for a first-time diagnosis of hyperten-
sion. These patients were not on antihypertensive medi-
cations, and the duration of hypertension may have been
too short for the development of apparent hypertension-
mediated cardiovascular disease.

The strengths of our study include the study popula-
tion and method of measuring BP. First, antihypertensive
medications may change the magnitude of the masked
effect and BP variability. Various antihypertensive medi-
cations have different effects on BP variability [19]. The
participants enrolled in our study were not on antihy-
pertensive medications, allowing us to exclude the influ-
ence of antihypertensive medications on BP variability.
Second, we evaluated the potential of the masked effect
as a cardiovascular risk factor in a low-risk population.
The existence of HMOD indicates increased cardiovas-
cular risk and can be associated with increased BP vari-
ability. Therefore, we included individuals without
apparent HMOD. Third, we obtained research-graded
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measurements of office and ambulatory BP. Office BP was
measured after 5 min of seated rest at 1-min intervals,
and measurements were obtained three times at each of
three consecutive visits in accordance with the standard
method recommended in the guidelines [1, 2]. Individu-
als with invalid ambulatory BP data were excluded from
the analysis.

Nonetheless, our study also had several limitations.
First, this was a cross-sectional study. Therefore, the asso-
ciation of the masked effect with long-term outcomes
should be investigated by future studies. Second, we
used daytime ambulatory BP as a reference rather than
24-h ambulatory BP. Daytime ambulatory BP does not
reflect nighttime BP. However, we used daytime ambula-
tory BP in the calculation of the BP difference between
office and ambulatory BP because daytime ambulatory
BP may more effectively reflect real office BP, which is
measured during the daytime. Third, we did not evaluate
arterial stiffness, echocardiographic LVH, the ankle-bra-
chial index, or advanced retinopathy in the assessment of
HMOD. However, few patients in our study population
were likely to have had these conditions, meaning that
the results would not significantly change. Fourth, the
clinical relevance of the masked effect on the cardiovas-
cular outcome is uncertain because, to our knowledge,
only one published study has reported the implications
of its magnitude on mortality. Therefore, it may be pre-
mature to assert that the masked effect can be used for
risk assessment. Its clinical implications on cardiovascu-
lar outcomes should be evaluated by long-term studies
with populations at various risk degrees. If the magnitude
of the masked effect is demonstrated to be an additional
risk factor, the masked effect could be considered in the
diagnosis and treatment of patients with hypertension.

Conclusions

Our study suggests that the magnitude of the negative
difference between office and ambulatory daytime SBP
(masked effect) may be a potential cardiovascular risk
factor even in individuals without apparent HMOD.
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