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Determinants of masked hype
rtension in the general
population: the Finn-Home study
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Introduction Home blood pressure (BP) measurement has

allowed the identification of individuals with normal office

and elevated out-of-office BP (masked hypertension). It is,

however, not feasible to measure home BP on all office

normotensive individuals. The objective of the present study

was to identify demographic, lifestyle, clinical and

psychological characteristics suggestive of masked

hypertension.

Methods Study population was drawn from the participants

of a multidisciplinary epidemiological survey, the Health

2000 Study. The untreated nationwide population sample

(n U 1459, age 45–74 years) underwent office (duplicate

measurements on one visit) and home (duplicate

measurements on 7 days) BP measurements

and risk factor evaluation. Psychometric tests assessed

psychological distress, hypochondriasis, depression

and alexithymia. Masked hypertension was defined as

normal office BP (<140/90 mmHg) with elevated home BP

(>—135/85 mmHg).

Results The prevalence of masked hypertension was 8.1%

in the untreated Finnish adult population. The

cardiovascular risk profile of masked hypertensive patients

resembled that of sustained hypertensive patients. High-

normal systolic and diastolic office BP, older age, greater

BMI, current smoking, excessive alcohol consumption,

diabetes and electrocardiographic left-ventricular

hypertrophy were independent determinants of masked
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hypertension in multivariate logistic regression analysis.

Masked hypertension was also independently associated

with hypochondria.

Conclusion Masked hypertension is a common

phenomenon in an untreated adult population. Physicians

should consider home BP measurement if a patient has

high-normal office BP, diabetes, left-ventricular

hypertrophy, or several other conventional cardiovascular

risk factors. J Hypertens 29:1880–1888 Q 2011 Wolters

Kluwer Health | Lippincott Williams & Wilkins.
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Introduction
Blood pressure (BP) measurements taken in the office

may not always correctly characterize a patient’s typical

BP level. The increasing use of out-of-office BP measure-

ment has led to the identification of patients who have

elevated ambulatory or home BP despite a normal office

BP. This condition, called masked hypertension, is found

in 7–17% of the general population and has been associ-

ated with increased cardiovascular risk [1]. A significant

proportion of patients may therefore fail to receive

needed treatment for hypertension when only office

BP measurement is used. It is, however, not feasible to

routinely measure out-of-office BP in all individuals with

normal office BP values. Therefore, researchers have

tried to identify characteristics that would be suggestive

of masked hypertension.

Previous studies indicate that masked hypertension is

frequently associated with other cardiovascular risk factors.
Masked hypertensive patients lead an unfavourable life-

style and have demographic and metabolic risk factors that

are intermediate or similar to those of sustained hyperten-

sive patients. Furthermore, masked hypertension has been

related to a higher frequency of target organ damage

than normotension [1]. Masked hypertension has also been

associated with diseases such as sleep apnoea [2].

Psychological stressors have been suggested to influence

masked hypertension but only a few studies have

assessed psychological factors. All of these studies

have been performed in selected patient populations.

One study suggested that masked hypertension might

differ from white-coat and sustained hypertension in

terms of personality and mood pattern, whereas another

study failed to find any significant differences [3,4].

Several previous studies have investigated deter-

minants of masked hypertension using multivariate
orized reproduction of this article is prohibited.
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Fig. 1

4195 subjects from 45 to 74 years of age sampled

3659 subjects participated in health 2000 study

2012 subjects participated in home
measurement substudy

1647 subjects did not participate
in home measurement substudy

553 subjects excluded from primary analysis
472 use of antihypertensive medication

43 had not performed ? 14 measurements
38 missing questionnaire, laboratory or

health examination data

Untreated participants
     1459 subjects included in
primary analysis

Untreated non-participants
     1270 subjects did not use
antihypertensive medication

Flow of participant selection.
analysis. Two determinants, male sex [5–8] and high-

normal systolic office BP [5,6,9,10], were proposed

by most, but not all, of them. Other suggested deter-

minants included older age [5,7,8], obesity [8,9], current

smoking [6,7,11], habitual alcohol drinking [9], low

physical activity [11], high-normal diastolic office BP

[6] and the use of at least two antihypertensive

drugs [9]. All of the previous studies, except for one

[8], were performed in selected hypertensive patient

populations.

The objective of the present study was to evaluate the

prevalence and determinants of masked hypertension in

an unselected Finnish adult population. We investigated

a large nationwide population sample using home BP

measurement to identify demographic, lifestyle, clinical

and psychological characteristics of masked hypertensive

patients. Only patients with no antihypertensive medi-

cation were included in the study to avoid any con-

founding effects.

Participants and methods
Participants
The study sample was drawn from the participants of a

multidisciplinary epidemiological survey, the Health

2000 study, which was carried out in Finland from the

fall of 2000 to the spring of 2001. A nationally represen-

tative sample of 8028 individuals aged 30 years or over

was drawn from the population register using a two-stage

stratified cluster sampling procedure. The stratification

and sampling procedures have been previously described

in detail [12].

Of the individuals aged 45–74 years (n¼ 4195), 87%

(n¼ 3659) agreed to participate in the interview and

attend the health examination (Fig. 1). Two thousand

and twelve of these individuals were selected to

participate in the home BP measurement substudy

(Finn-Home study) on the basis of monitor availability

(800 monitors) and willingness to participate. Patients

who were using antihypertensive medication (n¼ 472),

had not performed at least 14 BP measurements at

home (n¼ 43) or had missing laboratory or health

examination data (n¼ 38) were excluded from the

study. One thousand four hundred and fifty-nine indi-

viduals were thus eligible for the present analyses. As

shown in Table 1, there were small but statistically

significant differences between the participants and

nonparticipants of the substudy. Participants were

younger and had higher educational level and lower

office SBP levels than nonparticipants. The prevalence

of diabetes was lower among participants than among

nonparticipants.

The study protocol of the Health 2000 survey was

approved by the Epidemiology Ethics Committee of

the Helsinki and Uusimaa Hospital region, and all parti-

cipants gave signed informed consent.
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibite
Flow of the study
An initial health interview was held at the patient’s home.

Centrally trained interviewers gathered information on

basic background and socio-demographic factors, health

and illnesses and the use of medication. After the inter-

view, participants of the home measurement substudy

received monitors for measuring home BP during the

following week. A self-report questionnaire for the Beck

Depression Inventory (BDI) and General Health Ques-

tionnaire (GHQ) was left for the study participants to fill

in. A physical examination was performed 1–6 weeks

later at a local health centre by centrally trained doctors

and nurses. Each participant underwent height, weight

and office BP measurement and determination of serum

lipids and glucose levels. After the physical examination,

participants received another self-report questionnaire

for the Whiteley Index and the 20-item Toronto Alex-

ithymia Scale (TAS) to be filled in at home and mailed to

the National Public Health Institute. Details of the

methodology of the project have been published else-

where [12].

Blood pressure measurements
Office BP was measured by a trained nurse using a

conventional calibrated mercury sphygmomanometer.

Measurements were taken in the sitting position after

a 10-min rest. The last 5 min were spent in the measuring

room with the cuff around the right upper arm. A cuff

with an appropriate bladder width was used. SBP and

DBP were defined according to Korotkoff sounds I and V.
d.
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Table 1 Comparison of participants and nonparticipants of the study

Characteristics Participants (n¼1459) Nonparticipants (n¼1270) P

Men (%) 47.0 48.7 0.4
Age (years) 55.8 (8.0) 56.5 (8.3) 0.03
Education level 0.03

Upper (%) 25.6 24.2
Medium (%) 30.9 27.4
Lower (%) 43.5 48.4

Office SBP (mmHg) 135.2 (19.7) 137.7 (21.0) 0.001
Office DBP (mmHg) 83.0 (10.5) 83.7 (10.9) 0.09
BMI (kg/m2) 26.9 (4.1) 27.2 (4.6) 0.1
Current smokers (%) 21.4 24.5 0.05
Excessive alcohol consumption (%) 7.0 7.7 0.4
Diabetes (%) 4.4 6.2 0.03
BDI (points) 7.1 (6.6) 7.2 (6.5) 0.7
TAS-20 (points) 46.2 (10.9) 46.1 (10.7) 0.9
Whiteley-7 (points) 13.6 (4.0) 13.7 (4.1) 0.4

Data are shown as mean (SD) or percentage for each subgroup. Diabetes was defined as fasting serum glucose level at least 7.0 mmol/l and/or a history of use of oral
hypoglycaemic agents or insulin injection. Hypercholesterolaemia was classified according to fasting serum total cholesterol level (�7.0 mmol/l) and/or use of statins.
Weekly alcohol intake of more than 24 units in men and 16 units in women was considered excessive consumption. BDI, Beck Depression Inventory; BP, blood pressure;
TAS, Toronto Alexithymia Scale.
Office BP was determined as the mean of two measure-

ments performed at a 2-min interval.

Home BP was self-measured with a validated, automatic

oscillometric device (Omron model HEM-722C, Omron

Corporation, Tokyo, Japan) according to the current

guidelines [13,14]. After receiving written instructions

and individual guidance, study participants took duplicate

self-measurements every morning (between 0600 and

0900 h) and every evening (between 1800 and 2100 h)

on 7 consecutive days. Measurements were taken in the

sitting position at an approximately 2-min interval.

Preparations for self-measurement of BP were the same

as for office BP. Home BP was determined as the mean of

14 duplicate measurements (28 measurements). The

mean number of performed measurements was 26.7� 3.7.

Classifications
Participants were divided into four subgroups according

to their office and home BP values: normal office and

home BP; normal office BP with elevated home BP, that

is masked hypertension; elevated office BP with normal

home BP, that is white-coat hypertension; and elevated

office and home BP, that is sustained hypertension.

The currently recommended cut-off levels of 140/90

and 135/85 mmHg [15], respectively, were used to define

office and home hypertension.

Current smoking was defined as a daily use of tobacco

products. Diabetes was defined as fasting serum glucose

level at least 7.0 mmol/l and/or a history of use of oral

hypoglycaemic agents or insulin injection. Hypercholes-

terolaemia was classified according to fasting serum total

cholesterol level (�7.0 mmol/l) and/or use of statins. To

determine heavy drinking we selected a definition that is

commonly used in Finland [16]. Weekly alcohol intake of

more than 24 units in men and 16 units in women was

considered excessive consumption. One alcohol unit

contains on average 12 g of 100% alcohol. Leisure-time
opyright © Lippincott Williams & Wilkins. Unauth
physical activity was evaluated using a self-administered

questionnaire. Participants were classified as having a

sedentary lifestyle if, in their leisure time, they read,

watched TV and did other activities in which they did not

move much and which did not strain them physically.

Nonsedentary lifestyle included individuals who, in their

leisure time, walked, cycled and moved in other ways at

least 4 h per week; exercised at least 3 h per week; or

practised regularly several times per week for compe-

tition. Probable sleep apnoea was defined on the basis of

self-reported snoring and other breathing symptoms as

previously described [17].

Psychometric evaluation
Psychopathological symptoms were evaluated using sev-

eral self-report questionnaires, which included the seven-

item Whiteley index rated on a five-point Likert scale

(Whiteley-7, range 7–35) [18], which measures worrying

and convictions about illness and somatoform disorders;

a minimally modified version of the 21-item BDI (range

0–63) [19], used for assessing the existence and severity

of symptoms of depression; the 12-item GHQ-12 (range

0–12) [20], used to detect the presence of nonpsychotic

psychiatric morbidity, especially depression and anxiety;

and the 20-item Toronto Alexithymia Scale (TAS-20,

range 20–100) for measuring alexithymia, a personality

trait encompassing difficulties in emotional regulation

[21]. A higher score in all previous psychometric tests

indicates a greater risk of the respective psychological

symptoms or traits.

Electrocardiographic measurements
Standard resting 12-lead electrocardiograms (ECG)

were digitally recorded by using a Marquette MAC

5000 device and stored as digital data on a Marquette

MUSE CV 5B system (Marquette Hellige, Milwaukee,

Wisconsin, USA). All ECGs were over-read, and the

computerized diagnoses and measurements corrected if
orized reproduction of this article is prohibited.
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needed, by a single physician experienced with electro-

cardiography before being stored into the database.

QRS duration was measured to the nearest 4 ms and the

QRS amplitudes to the nearest 0.5 mm. Electrocardio-

graphic left-ventricular hypertrophy (ECG-LVH) was

assessed with two commonly used ECG criteria: the

Sokolow–Lyon voltage (SV1þRV5/6) [22] and the Cornell

product which was calculated as RaVLþSV3 (with 6 mm

added in women) times QRS duration [23]. Threshold

values of 35 and 2440 mm�ms were used to identify

LVH using the Sokolow–Lyon and Cornell product

criteria, respectively.

Statistical analysis
Results are reported as mean� standard deviation or

percentage. A chi-squared test and t-test were used to

compare the participants and nonparticipants. The stat-

istical significance of between-group differences was

tested by analysis of variance (ANOVA) with post-hoc

pair-wise comparisons (Tukey test) with age and sex as

covariates. The Bonferroni method was applied to main-

tain the overall significance of pair-wise comparisons of

the categorical variables. A Wilcoxon or Kruskal–Wallis

nonparametric test was used to analyse the variables with

skewed distribution (BDI, GHQ-12). Univariate logistic

regression was used to identify the factors that were

significantly associated with masked hypertension. All

significant variables except home BP were entered in the

multivariate logistic regression model. A P value less than

0.05 was considered statistically significant. Classification

trees using chi-squared Automatic Interaction detector

(CHAID) method [24] were developed to study the

relationship between masked hypertension and categor-

ized independent factors within office normotensive

individuals. In this interactive process each split of

the subgroup (node) of the classification tree is based on

chi-squared maximization. We assessed the predictive

value of diabetes by developing classification trees with

varying minimum number of cases in the nodes of the tree

to be split. With large minimum numbers the split of a

node cannot be based on predictors with relatively small

number of prevalent cases. With smaller minimum num-

bers the splits are based on all predictors in order of their

significance. All statistical analyses were conducted with

SAS version 9.1 (SAS Institute Inc., Cary, North Carolina,

USA) and PASW Statistics 18 (SPSS Inc., New York, USA).

Results
The prevalence of masked hypertension was 8.1% in the

study population. Among untreated office normotensive

individuals, the prevalence of masked hypertension was

14.2%.

Demographic and lifestyle characteristics
The characteristics of patients with normotension, white-

coat hypertension, masked hypertension and sustained
Copyright © Lippincott Williams & Wilkins. Unaut
hypertension are presented in Table 2. The proportion of

men was higher in the masked, white-coat and sustained

hypertensive groups than in the normotensive one.

Masked, white-coat and sustained hypertensive patients

were also older than normotensive individuals. The edu-

cational level did not differ between masked hyperten-

sion and the three other groups.

Masked and sustained hypertensive individuals had a

greater BMI and waist-to-hip ratio than normotensive and

white-coat hypertensive individuals. Masked hyper-

tensive patients were more often current smokers than

the other individuals. Heavy drinking was more common

in masked and sustained hypertensive patients than

in normotensive individuals. Sustained hypertensive

patients were more sedentary than normotensive individ-

uals (Table 2).

Clinical characteristics
Diabetes was more common in white-coat, masked and

sustained hypertension than in normotension. Moreover,

the proportion of patients with diabetes was highest in

the masked hypertensive group. The sustained hyper-

tensive group included a higher proportion of hyperch-

olesterolaemic patients than the normotensive one. The

prevalence of probable sleep apnoea was significantly

different between all the four groups, but the pair-wise

differences did not reach statistical significance (Table 2).

Blood pressure was significantly lower in the normoten-

sive group than in white-coat, masked or sustained hyper-

tension groups. Masked and white-coat hypertensive

patients had intermediate office and home BP values.

Office heart rate was higher in the white-coat and sus-

tained hypertensive groups than in the normotensive one.

Masked and sustained hypertensive patients had higher

home heart rate than normotensive individuals and

white-coat hypertensive patients. Mean difference

between office and home BP (i.e. white-coat effect)

was negative only in masked hypertension (Table 2).

Target organ damage
Table 2 presents the prevalence of electrocardiographi-

cally determined LVH in each subgroup. Normotensive

individuals had significantly lower prevalence of ECG-

LVH than the other individuals. The prevalence of LVH

increased from normotension over white-coat and

masked hypertension to sustained hypertension.

Psychological characteristics
Masked hypertensive patients had higher Whiteley-7

scores than normotensive individuals or sustained hyper-

tensive patients. Sustained hypertensive patients had

higher BDI scores than normotensive individuals. Sus-

tained hypertensive patients also received higher scores

on TAS-20 than white-coat hypertensive patients. GHQ-

12 scores did not differ significantly between the groups.
horized reproduction of this article is prohibited.
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Table 2 Characteristics of the study population

Normotension White-coat hypertension Masked hypertension Sustained hypertension Pa

n (%) 715 (49.0) 221 (15.2) 118 (8.1) 405 (27.8)
Men (%) 39.0 51.6M 62.7MMM 53.8MMM <0.001
Age (years) 53.9 (7.2) 56.2 (8.1)MMM 56.9 (8.1)MMM 58.6 (8.5)MMM,yy <0.001
Education level <0.001

Upper (%) 31.6 21.3 18.6 19.3M

Medium (%) 31.3 35.8 34.8 26.4M

Lower (%) 37.1 43.0 46.6 54.3M

Office SBP (mmHg)b 121.0 (10.6) 146.0 (10.0) 129.6 (7.9) 156.0 (16.2) <0.001
Office DBP (mmHg)b 76.7 (7.2) 88.2 (7.8) 80.6 (7.0) 92.0 (9.7) <0.001
Office heart rate (per min) 65.7 (9.9) 67.9 (10.5)MM 67.5 (9.8) 70.0 (11.5)MMM <0.001
Home SBP (mmHg)b 114.3 (9.8) 124.0 (7.3) 139.8 (10.1) 148.2 (13.4) <0.001
Home DBP (mmHg)b 73.3 (5.8) 77.6 (5.0) 85.2 (6.1) 88.8 (7.3) <0.001
Home heart rate (per min) 67.5 (8.2) 68.2 (9.3) 70.8 (10.0)MMM,y 70.5 (9.2)MMM,yy <0.001
Office–home SBP difference (mmHg) 6.8 (10.4) 22.0 (10.4)MMM �10.2 (11.2)MMM,yyy 7.8 (15.3)yyy,§§§ <0.001
Office–home DBP difference (mmHg) 3.5 (6.7) 10.5 (6.5)MMM �4.5 (8.4)MMM,yyy 3.3 (8.0)yyy,§§§ <0.001
BMI (kg/m2) 25.7 (3.7) 26.5 (4.0)M 28.4 (4.3)MMM,yyy 28.8 (4.1)MMM,yyy <0.001
Waist-to-hip ratio 0.89 (0.08) 0.91 (0.09) 0.95 (0.08)MMM,yy 0.94 (0.08)MMM,yyy <0.001
Sedentary lifestyle (%) 19.6 21.7 27.1 27.7MM 0.01
Current smokers (%) 21.4 15.4 34.8MM,yyy 20.7§ <0.001
Excessive alcohol consumption (%) 4.2 7.7 11.0M 10.1MMM <0.001
Diabetes (%) 1.3 4.5M 11.9MMM 7.7MMM <0.001
Hypercholesterolaemia (%) 22.2 28.1 28.0 35.3MM <0.001
Probable sleep apnoea (%) 7.4 8.0 12.0 12.6 0.03
ECG-LVH (%)c 11.0 18.6MM 22.0MM 29.8MMM,yy <0.001
BDI (points) 6.6 (6.4) 6.5 (6.0) 8.2 (7.8) 7.8 (7.0)M 0.03
GHQ-12 (points) 1.7 (2.9) 1.4 (2.6) 2.1 (3.2) 1.9 (2.8) 0.2
Whiteley-7 (points) 13.4 (3.8) 13.6 (3.7) 14.7 (4.5)M 13.6 (4.1)§ 0.02
TAS-20 (points) 45.0 (10.8) 45.3 (10.6) 47.8 (11.2) 48.4 (10.7)y 0.04

Data are shown as mean (SD) or percentage for each subgroup. Analyses were adjusted for age and sex. BDI, Beck Depression Inventory; BP, blood pressure; ECG-LVH,
electrocardiographically determined left ventricular hypertrophy; GHQ, General Health Questionnaire; TAS, Toronto Alexithymia Scale. a Comparison between all four
groups. b All pair-wise group comparisons P<0.001. c Cornell product �2440 mm�ms or Sokolow–Lyon �35 mm. MP<0.05 vs. normotension. MM P<0.01 vs.
normotension. MMMP<0.001 vs. normotension. yP<0.05 vs. white-coat hypertension. yyP<0.01 vs. white-coat hypertension. yyyP<0.001 vs. white-coat hypertension.
§ P<0.05 vs. masked hypertension. §§§ P<0.001 vs. masked hypertension.
Determinants of masked hypertension
We further examined factors that distinguished masked

hypertensive patients from the other groups. At first we

performed univariate logistic regression analysis (Table 3).

We separately analysed office normotensive individuals.

Of the demographic and lifestyle characteristics, older

age, male sex, higher BMI, greater waist-to-hip ratio,

current smoking and excessive alcohol consumption

were significantly associated with masked hypertension.

Among the clinical characteristics, diabetes, ECG-LVH,

high-normal systolic and diastolic office BP and faster

office heart rate were related to masked hypertension. Of

the psychological characteristics, higher points on BDI

and Whiteley-7 were associated with masked hyper-

tension. The same variables, except for age, office heart

rate, alcohol consumption and ECG-LVH, were found to

be associated with masked hypertension among all

study participants.

To identify factors that were independently associated

with masked hypertension, we performed two multivari-

ate logistic regression analyses. The first model included

the whole study population. All of the significant vari-

ables in univariate analysis except BP were entered in the

multivariate regression model. As shown in Table 4, male

sex, higher BMI, current smoking, diabetes and higher

points on Whiteley-7 were independent determinants of

masked hypertension.
opyright © Lippincott Williams & Wilkins. Unauth
We further examined factors that distinguished masked

hypertensive individuals from normotensive ones. The

second regression model in Table 4 included only office

normotensive individuals. Older age, high-normal systo-

lic and diastolic office BP, higher BMI, current smoking,

excessive alcohol consumption, diabetes, ECG-LVH

and higher points on Whiteley-7 were independently

associated with masked hypertension. Male sex was no

longer a significant determinant of masked hypertension

after ECG-LVH was added in the multivariate model.

Among office normotensive individuals, the prevalence

of masked hypertension increased with office BP levels

(Fig. 2).

Finally, a decision tree was constructed to identify indi-

viduals who were most likely to be masked hypertensive

(Fig. 3). The first division was based on office SBP

threshold of 130 mmHg. Thirty percent of patients

who had office SBP above the threshold were identified

as masked hypertensive. The model classified correctly

87% of patients.

Discussion
The present study showed that masked hypertension,

detected with home BP measurement, is a common

phenomenon in the Finnish adult population. As the

cardiovascular risk profile of masked hypertensive

patients resembles that of sustained hypertensive
orized reproduction of this article is prohibited.
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Table 3 Age-adjusted and sex-adjusted odds ratios for masked hypertension in univariate logistic regression analysis

Office normotensive individuals (n¼833) All participants (n¼1459)

Variable Odds ratio (95% CI) P Odds ratio (95% CI) P

Male sex 2.63 (1.76–3.93) <0.001 2.01 (1.36–2.96) <0.001
Age (years) 1.05 (1.03–1.08) <0.001 1.02 (1.00-1.04) 0.1
Education 0.1 0.4

Lower vs. upper 1.60 (0.92–2.78) 1.35 (0.79–2.29)
Medium vs. upper 1.72 (0.99–3.01) 1.48 (0.86–2.54)

Office SBP (mmHg)a <0.001
120–129 vs. <120 mmHg 2.37 (1.22–4.58)
>130 vs. <120 mmHg 7.79 (4.23–14.35)

Office DBP (mmHg)a <0.001
80–84 vs. <80 mmHg 2.02 (1.22–3.35)
>85 vs. <80 mmHg 4.56 (2.73–7.62)

Office heart rate (per min) 1.03 (1.01–1.05) 0.01 1.00 (0.99–1.02) 0.7
BMI (kg/m2) 1.18 (1.12–1.24) <0.001 1.09 (1.05–1.14) <0.001
Waist-to-hip ratiob 2.33 (1.64–3.31) <0.001 1.63 (1.18–2.26) 0.003
Sedentary lifestyle (yes/no) 1.50 (0.95–2.38) 0.08 1.30 (0.85–1.99) 0.2
Current smoking (yes/no) 2.11 (1.36–3.26) <0.001 2.14 (1.42–3.24) <0.001
Excessive alcohol consumption (yes/no) 2.94 (1.45–5.99) 0.003 1.55 (0.82–2.91) 0.2
Diabetes (yes/no) 8.10 (3.32–19.77) <0.001 2.90 (1.53–5.49) 0.001
Hypercholesterolaemia (yes/no) 1.17 (0.74–1.84) 0.5 1.01 (0.66–1.54) 1.0
Probable sleep apnoea (yes/no) 1.11 (0.56–2.18) 0.8 1.03 (0.55–1.94) 0.9
ECG-LVH (yes/no)c 1.96 (1.18–3.26) 0.009 1.14 (0.72–1.82) 0.6
BDI (points) 1.04 (1.01–1.07) 0.008 1.03 (1.01–1.06) 0.02
GHQ-12 (points) 1.05 (0.99–1.12) 0.1 1.05 (0.98–1.11) 0.15
Whiteley-7 (points)d 1.07 (1.02–1.13) 0.005 1.07 (1.02–1.12) 0.003
TAS-20 (points) 1.01 (0.99–1.03) 0.3 1.01 (0.99–1.03) 0.5

BDI, Beck Depression Inventory; BP, blood pressure; CI, confidence interval; ECG-LVH, electrocardiographically determined left-ventricular hypertrophy; GHQ, General
Health Questionnaire; TAS, Toronto Alexithymia Scale. a Odds ratios of office BP were calculated only for office normotensive individuals. b Odds ratio represents the
increase of risk by 0.1 units (10%) increase in waist-to-hip ratio. c ECG-LVH was defined as Cornell product �2440 mm�ms or Sokolow–Lyon �35 mm. d Participants
who had not completed Whiteley-7 questionnaire (n¼112) were included in the univariate analyses.
patients, identification of this form of hypertension is

necessary for more precise evaluation and management of

hypertension. Even though home BP measurement is

less expensive, widely available and better accepted than

ambulatory BP measurement, it cannot be performed on

all office normotensive individuals. We investigated an
Copyright © Lippincott Williams & Wilkins. Unaut

Table 4 Factors independently associated with masked
hypertension in multivariate analysis

Variable Odds ratio 95% CI P

Model A: all participants
R-square¼4.1% (n¼1347)a

Male sex 1.84 1.21–2.79 0.004
BMI (kg/m2) 1.09 1.04–1.15 <0.001
Current smoking (yes/no) 2.21 1.43–3.42 <0.001
Diabetes (yes/no) 3.02 1.53–5.94 0.001
Whiteley-7 (points) 1.06 1.02–1.11 0.009

Model B: Office normotensive individuals
R-square¼19.5% (n¼778)a

Age (years) 1.05 1.01–1.08 0.009
Office SBP (mmHg) <0.001
120–129 vs. <120 mmHg 2.19 1.04–4.61

130–139 vs. <120 mmHg 5.86 2.87–11.94
Office DBP (mmHg) 0.002

80–84 vs. <80 mmHg 1.32 0.71–2.43
85–89 vs. <80 mmHg 2.99 1.62–5.49

BMI (kg/m2) 1.17 1.10–1.24 <0.001
Current smoking (yes/no) 2.57 1.50–4.42 <0.001
Excessive alcohol consumption (yes/no) 2.99 1.27–7.02 0.01
Diabetes (yes/no) 8.69 2.95–25.61 <0.001
ECG-LVH (yes/no) 2.51 1.37–4.59 0.003
Whiteley-7 (points) 1.08 1.02–1.14 0.01

BP, blood pressure; CI, confidence interval; ECG-LVH, electrocardiographically
determined left-ventricular hypertrophy. a Participants who had not completed
Whiteley-7 questionnaire (n¼112) were excluded from the multivariate analyses.
untreated nationwide population sample to identify

characteristics of patients who would most benefit from

home BP measurement. Older age, high-normal systolic

and diastolic office BP, greater BMI, current smoking,

excessive alcohol consumption, diabetes, ECG-LVH

and higher score on Whiteley-7 were found to be
horized reproduction of this article is prohibited.
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Fig. 3

Normal office BP (n = 833)
Masked hypertension: 14.2%

Office systolic BP <130 mmHg
(n = 590)
Masked hypertension: 7.6%

Office systolic BP ≥130 mmHg
(n = 243)
Masked hypertension: 30.0%

Age ≥55 years
(n = 180)
Masked
hypertension:
    10.6%

Age <55 years
(n = 367)
Masked
hypertension:
    3.5%

Diabetic (n = 10)
Masked hypertension: 
          80.0%

Non-diabetic (n = 233)
Masked hypertension: 
          27.9%

Diabetic (n = 13)
Masked hypertension: 
          46.2%

Non-diabetic (n = 577)
Masked hypertension: 
          6.8%

Nonheavy drinker (n = 547)
Masked hypertension: 
          5.9%

BMI ≤25 (n = 87)
Masked hypertension: 
          16.1%
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          23.3%

Classification tree (CHAID method). BP, blood pressure; ECG-LVH, electrocardiographically determined left-ventricular hypertrophy.
independent determinants of masked hypertension

among office normotensive individuals.

The prevalence of masked hypertension has ranged from

7 to 10% in general population-based studies using home

BP measurement [25–29]. Similar prevalence (8% in the

untreated Finnish population and 14% in the office

normotensive group) was observed in the present study.

Lifestyle and metabolic risk factors have been frequently

associated with masked hypertension in previous studies

[8,25,26,29–31]. The demographic, lifestyle and meta-

bolic characteristics of masked hypertensive patients in

the present study resembled those of sustained hyper-

tensive patients, whereas white-coat hypertensive

patients had somewhat healthier lifestyle habits. Smok-

ing and diabetes were most common in the masked

hypertensive group. In line with previous studies,

masked hypertensive individuals also had high-normal

office BP and higher home heart rate than normoten-

sive individuals and white-coat hypertensive patients

[26,31,32].

Several previous studies have shown that masked hyper-

tensive patients are more likely to have echocardio-

graphic LVH than normotensive individuals [1,27,29].

In clinical practice, ECG is commonly used to detect

LVH due to its wide availability and low cost. LVH

diagnosed by the Sokolow–Lyon index or the Cornell

voltage-duration product has been shown to be an inde-

pendent predictor of cardiovascular events [33]. In the
opyright © Lippincott Williams & Wilkins. Unauth
present study, the prevalence of ECG-LVH in masked

and white-coat hypertension was intermediate between

that of normotension and that of sustained hypertension.

This finding is in line with previous population studies

which investigated the association between masked

hypertension and echocardiographically determined

LVH using home BP measurement [27,29].

Psychological distress has been proposed as a possible

explanation for masked hypertension. Only two previous

studies have investigated psychological factors in masked

hypertension. One of them suggested that masked hyper-

tensive patients have lower score for type-A personality

and are less depressive than white-coat or sustained

hypertensive outpatients, whereas the other failed to

find any significant differences [3,4]. The present study

is the first to evaluate the psychological characteristics of

masked hypertension in a general population. Masked

hypertensive patients received a significantly higher

score on Whiteley-7 and were thus more hypochondriac

than normotensive individuals and sustained hyperten-

sive patients. Masked hypertensive patients also tended

to have higher points on BDI and to be more depressive

than normotensive and white-coat hypertensive individ-

uals. Alexithymia has been previously associated with

untreated essential hypertension [34], but difficulties in

emotional regulation, as measured with the TAS-20, were

not associated with masked hypertension.

One previous population study has investigated the

independent determinants of masked hypertension. This
orized reproduction of this article is prohibited.
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study was performed on 694 Chinese and reported that

the risk of masked hypertension increased with age and

BMI. Masked hypertension was associated with male sex

but not with smoking, drinking or energy expenditure. [8]

In the present study, older age, high-normal systolic and

diastolic office BP, greater BMI, current smoking, exces-

sive alcohol consumption, diabetes, ECG-LVH and

higher score on Whiteley-7 were found to be indepen-

dent determinants of masked hypertension among office

normotensive individuals.

One previous study has investigated the determinants of

masked hypertension using classification tree procedure.

This study was performed on 1150 elderly treated hyper-

tensive patients with controlled office BP. In line with our

results, the first division in the tree was based on office

SBP threshold of 130 mmHg. Among patients with office

SBP under 130 mmHg, two variables, male sex and age

(with a threshold of 70 years), were chosen in the model

[5]. High-normal systolic office BP is one of the most

often suggested risk factors for masked hypertension

[5,6,9,10].

The present study has both its strengths and limitations.

It was performed on a large nationwide population

sample and home BP was measured over a period of

1 week using currently recommended measurement pro-

tocol. However, only two office BP measurements were

taken at only one visit. This may have affected the

reliability of the subgroup classification and lead to an

underestimation of the prevalence of masked hyperten-

sion. Study participants were slightly younger, had lower

systolic office BP levels and were less often diabetic than

nonparticipants, which may have attenuated between-

group differences. Some groups in the decision tree

model (e.g. diabetes) were based on small numbers of

patients, which may have affected the proportions of

masked hypertension. The present study was a cross-

sectional study so no causal inferences can be drawn from

the relationships between variables.

In conclusion, we found a substantial prevalence of

masked hypertension in the Finnish adult population

using home BP measurement. The cardiovascular risk

profile of masked hypertensive patients resembled that of

sustained hypertensive patients. The proportions of cur-

rent smokers and diabetic patients were highest in

masked hypertensive patients. High-normal office BP,

older age, greater BMI, smoking, excessive alcohol con-

sumption, diabetes and ECG-LVH were found to be

independent determinants of masked hypertension

among office normotensive individuals. Our findings

suggest that masked hypertension may also be related

to hypochondriasis and depression. To identify masked

hypertension, physicians should consider home BP

measurement in patients who have high-normal office

BP, diabetes, ECG-LVH, or several other conventional

cardiovascular risk factors.
Copyright © Lippincott Williams & Wilkins. Unaut
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17 Kronholm E, Sallinen M, Suutama T, Sulkava R, Era P, Partonen T. Self-
reported sleep duration and cognitive functioning in the general population.
J Sleep Res 2009; 18:436–446.

18 Fink P, Ewald H, Jensen J, Sorensen L, Engberg M, Holm M, et al. Screening
for somatization and hypochondriasis in primary care and neurological
in-patients: a seven-item scale for hypochondriasis and somatization.
J Psychosom Res 1999; 46:261–273.

19 Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for
measuring depression. Arch Gen Psychiatry 1961; 4:561–571.

20 Golderberg DWP. A user’s guide to the general health questionnaire.
Windsor, UK: NFER-Nelson; 1988.

21 Taylor GJ, Bagby RM, Parker JDA. The 20-Item Toronto Alexithymia Scale:
IV. Reliability and factorial validity in different languages and cultures.
J Psychosomatic Res 2003; 55:277–283.
horized reproduction of this article is prohibited.



C

1888 Journal of Hypertension 2011, Vol 29 No 10
22 Sokolow MLT. The ventricular complex in left ventricular hypertrophy as
obtained by unipolar precordial and limb leads. Am Heart J 1949; 37:161–
186.

23 Molloy TJ, Okin PM, Devereux RB, Kligfield P. Electrocardiographic
detection of left ventricular hypertrophy by the simple QRS
voltage-duration product. J Am Coll Cardiol 1992; 20:1180–
1186.

24 GV Kass. An exploratory technique for investigating large quantities of
categorical data. Appl Stat 1980; 29:119–127.

25 Stergiou GS, Baibas NM, Kalogeropoulos PG. Cardiovascular risk
prediction based on home blood pressure measurement: the Didima study.
J Hypertens 2007; 25:1590–1596.

26 Hara A, Ohkubo T, Kikuya M, Shintani Y, Obara T, Metoki H, et al.
Detection of carotid atherosclerosis in individuals with masked
hypertension and white-coat hypertension by self-measured blood
pressure at home: the Ohasama study. J Hypertens 2007; 25:321–
327.

27 Sega R, Trocino G, Lanzarotti A, Carugo S, Cesana G, Schiavina R, et al.
Alterations of cardiac structure in patients with isolated office, ambulatory,
or home hypertension: data from the general population (Pressione
Arteriose Monitorate E Loro Associazioni [PAMELA] Study). Circulation
2001; 104:1385–1392.
opyright © Lippincott Williams & Wilkins. Unauth
28 Marquez Contreras E, Casado Martinez JJ, Pardo Alvarez J, Vazquez I,
Guevara B, Rodriguez J. Prevalence of white-coat hypertension and
masked hypertension in the general population, through home blood
pressure measurement. Atencion Primaria 2006; 38:392–398.

29 Hänninen MR, Niiranen TJ, Puukka PJ, Jula AM. Comparison of home and
ambulatory blood pressure measurement in the diagnosis of masked
hypertension. J Hypertens 2010; 28:709–714.

30 Hansen TW, Kikuya M, Thijs L, Bjorklund-Bodegard K, Kuznetsova T,
Ohkubo T, et al. Prognostic superiority of daytime ambulatory over
conventional blood pressure in four populations: a meta-analysis of 7 030
individuals. J Hypertens 2007; 25:1554–1564.

31 Stergiou GS, Rarra VC, Yiannes NG. Prevalence and predictors of masked
hypertension detected by home blood pressure monitoring in children and
adolescents: the Arsakeion School study. Am J Hypertens 2009; 22:520–
524.

32 Manios ED, Koroboki EA, Tsivgoulis GK, Spengos KM, Spiliopoulou IK,
Brodie FG, et al. Factors influencing white-coat effect. Am J Hypertens
2008; 21:153–158.

33 Ang DLC. The prognostic value of ECG in hypertension: where are we
now? J Hum Hypertens 2008; 22:460–467.

34 Jula A, Salminen JK, Saarijarvi S. Alexithymia: a facet of essential
hypertension. Hypertension 1999; 33:1057–1061.
orized reproduction of this article is prohibited.


	Determinants of masked hypertension in the general population: the Finn-Home™study
	Introduction
	Participants and methods
	Participants
	Flow of the study
	Blood pressure measurements
	Classifications
	Psychometric evaluation
	Electrocardiographic measurements
	Statistical analysis

	Results
	Demographic and lifestyle characteristics
	Clinical characteristics
	Target organ damage
	Psychological characteristics
	Determinants of masked hypertension

	Discussion
	Acknowledgements
	Conflicts of interest


	References

